WD 03/ 057850 PCT/ US03/ 00200 BI NDI NG PROTEI NS AS Bl OSENSORS BACKGROUND OF
THE INVENTION 5 1. FIELD OF THE | NVENTI ON [ 0001] The invention is in the
field of womsesissml ogy. Specifically, the invention is dipceatsesioto0 nut at ed
bi ndi ng proteins containing thiol groups for coupling to sensor surfaces,
anal yte bi osensor devices derived there from and their use as anal yte

bi osensors both in vitro and in vivo. 10 2. DESCRI PTI ON OF RELEVANT ART

[ 0002] Monitoring gluco i iLl.Ll.ate adequate netabolic
control in diabetics iiﬁgﬁﬁﬁgﬁ?ﬁ%?ttggiﬁéghﬁﬁ%@5$§%ghhance the |lives of
many individuals. Currently, nost diabetics use the "finger stick" nethod

to nonitor their blood glucose | evels and patient conpliance is
probl ematic due to caused bﬁgfrequent (several tinmes per day) 15

ain
sticks. BACKGRAUNN O THE MYYENTION peen efforts to devel op non-invasive

or nininallﬁ invasive in vivo and nore efficient in vitro nethods for
freqéenﬂ- ]EEiHQEQEJHﬂStoring of bl ood gl ucose or other

gl ucose-cont ai ni ng bi ol ogi cal fluids. Sone of the npst promsing of these
et hods (haig! Vet Neiclisfenfibn & RIS AAZBF bioHcARSDEA! Sp@IRaflgVhe f entidipRD! € Of
provi ding specific quantitative or sem-quantitative analytical 1 nformation
usi ng a dd@ctbd td wgtatal binding gritéine congdivimgthiot gratips for coudlinged semisvthsuafaces,

t ransduci (detecting) element. 0003 he bi ol ogical. recogni tion el enent
of 5 bi GeansgfSiBrandifleSodTed tisra oy g O o3¢ B SRLESPSERESBoBUnd to- be
measur eqd;teadBintvpva Signal. The selection may be based on biochem ca
recognition of the ligand where the chem cal structure of the ligand (e.qg.
gl ucose) i s unchanged, or biocatalysis in which the elenent catal yzes a

bi odRem2=RNESCRIPTHIN OK RELEYANINART: . [ 0004] The transducer translates
the recognition of the biological recognition elenent into a

sem - qu hative . tJ i .on S . ogi es
are optlbA ™t Ve MEn AR KhcBliitBhs 1 HERR: S A0 RIRRN, ERRIT °F, 2
opti cal dbepesitiaciesitdbdd godh andwbekdrenhaek ohd kwks iofielang éndibidoalba@amently,

f 1 uorescence/ phosphorescence,, 1, WO 03/ 057850 PCT/ USQ3/ 00200

bi o/ che!ﬂl?%gﬁaﬁ%%céé‘ﬁ%g{e BeFreicknpgthof! fgymoender ?lé?lcwg elyass kr¢lagtd ve index.
Convent i3 coBRAE! p@hRAAYCAME b fitn L4l B feflont AIPGHNERITRY dBf) used. or

alternatively, there
15  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

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  ofthe 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 include absorbance, fluorescence/phosphorescence,

1



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

[ 0005] Biosensors specifically designed for glucose detection that use

bi ol ogi cavoB3esmaent s for signal transduction typically usetalsextmorhem cal
or colorimetric detection of glucose oxidase activity. The use of this
met hod i.s assaciated with difficulties that result. fromthe inflyence of
oxygen THEY/EHGN RESPRECTREEEgRes, HRRSER U Oe Rl FHIEBY B R A SPUBT e wi th
el ectr oqla%rteag%gs QIREE FruotRcdfl dbhpSiihds AR Belus&d) of BBethhsvely) tkROEURPL i on of
t he anal yte hat may result in problens when neasuring | ow gl ucose

concent rogporynity foodif@oopicahdetagtian, withewidheneed for @lbek bi osensor devel opnent
is the use of fluorescently |abeled periplasmc binding proteins (PBP s).

AS T eporh Gk, by Ca%gﬁ%ﬁé‘mﬁé s%ecﬁﬂ%g}/ Féﬁgr%dtfgﬁglgéo%(&éégéﬁ th%gwféte%?ﬁbg‘lgalm' tose

bi ndi ng "protein ( enon e a us ose sensor. In

t hi s5worekenhMBR, fovkicadl thasduedon atpicatly tys tlettrheRiatorelovastric uteati @doft 0
provide a protein with a single cysteine residue_at a,f(%;si_ti on at 337
( S337C) .glucgserpidasgaetayifyo nl isgsr of 8hs Radiodiis asseriated with ditficaltiss Hat vl ef t  and

experi entedig ihMHe P&éj RTRRL He prllend f'ﬁHEB' } &F 1 2SI B dGobRHHIET OUS
fl uor ophores were st udi 5% some’ et her g)loc E(tj ?gan? idh%?ng tc))r
i nt er f ervath eledttoded) amoog btrenat Inadditioshdegaon festheinpoosenption @fthe rodde

st udi ed,, | ANBD r‘ﬁt;ul t%ebg in subst ant ilal {ncrease in fluorescence (160%
i nt ensi tAt RAYGRSHHHP PELUCBT HEFMBICaHING 10 SIHCPSq ONCYHAIPENt with the
| ocation of the fluorophore 20 changing froma hydrophilic or sol vent

expgged [6604] F ONMEN rabRiI{ adRnBinE MedaQE BRRbRsor BNl SPAUNE I the @Se y0ul d have been
theoretically predicted for the closing of the hinge upon nmaltose binding.

However fluorgseenthytlaheledmresiptasmiabiddng ereieivs B e Avispprted byfaisd4de. not  bind

ai oot osddons o, BRI s RTESeo DRI R oA OB P RS aniRbafl 3¢

sur f ace-bgaunefupmatiédertensslrf &f gk RorkiVBM Whidh besn@agitive dyyteiMetrbsiducsgpwand

requi red constant hydration (Analytical Chemistry 1998, 70( 23%

5111- 51 Twjtated goproyidp@inretaavitiep sigle cyeising resyqueg aposifigpat 33 (A7 Ghgi neer i ng
of gl i ] bt r { : j.nto a

Gl 35 oL o R PGl WY i REHG B il PR B SRR M o @i e

r esi due entviadtinnghtd duargeagen afaltobebihding e Nuartassfhioraphod wdrasigérd) dvate occur
upon gl ucose bi ndi.ng. linga et al (US 6, 2%7 627) disclose that.the

t r ansni §§P‘E¥rp1?ﬁke@Bﬁ?gftﬂ'WHg%iPSHéFnt@]ﬁ%{%éfghiﬂPF sapformatioratspange .l hepralgh oi t ed t o
const r ugir i gse\WRAGHEY, fﬁ%ﬁﬁ)reﬁ@@dliﬁg%ﬁ@g%%l inEr‘%E@e%"i‘fu%FEsé&%@%i66%)%9&9&1%1 ion

functions that convert a glucose binding event Into a change I'n
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, thé surface-bound protein suffered

25  from reduced activity with time and required constant hydration (dnalytical 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 al (US 6,277,627) disclose that the

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



fluorescence via an allosteric coupling mechanism The fl uorescent
transduction functions are reported to interfere mnimally with the

i ntrinsi cwbiosdsTsgo properties of the sugar binding pocket Pcm/uGSEBsI206 [ 0008]
In order to accurately determ ne glucose concentration in biological

sol utions h. as, bl o terstitial flu C r sol ut.ions or

or opi ¢ AReEALe Sigd Pamissiondutrons pFeorie sacoSt Diiie A G RoRGEsR of
the sengiyBRsoRLeGH £ a%sen@bmﬁg%ecﬁﬁnﬁﬁ Qe E‘I%l%gbernhﬁansﬁﬁb’tﬁin%ﬁ&i&@

and/ or pat hol ogi cal operating range of the biological solution of interest.

W t hout aterepenpgst topnterfers nhiningalhgvidlo thetinminsic bindingpropertips plthe gegasbindangye f or
a partlcular 1@C%§ys|olog|cal and/ or pathol ogi cal concentrati on.
Additioﬁgﬁf ensors may be configured using nore than one protein
each with a d| fferent binding constant, to provide accurate nmeasurenents

oversa (@8] r ange Inbrdgt ticeserapdndaaiiiat glaosseadneintatios 2obiblgichbekwivns z ( US
6,197,534). [0Q009] Despite. the usefulness of nutated GEBPs, few of these
pr ot ei n§utasdlonds Wtefﬁtlfﬂ daidgneanlagsal Uélﬁawrieeasm@fl%étc Himay be destrebls e

reporter dggﬂﬁpﬁmd%'ggthﬁt dT't'l’ic%é }"Qﬂg e letc?fsa biBAsR's0 3k LR Of certain

reporter groups ma |ng constant in an unpredictable
way. Ad@hydiclngichlyandéoripathetgsat o;mmfttr@ mangep frthpbiolegical salutpen offiytehave a

desirab bi n constant,. but not res sily. detectapl e signal
upon anay {hqut gler?g’i’ﬁ’é’“ate ngiag eqnstant, farsb%4 H’éygFPB?Ong‘Bge%’fﬂéf‘ PEHEUBE t he

over i d;pﬂgsuﬁl@glrcglra%dﬁd?%Ethgﬁ)tgﬁﬂ'amﬁl%eﬁ%%ht INddi¥onfly, i AAnRAE hiaGkar reporter
probe aftached to a particular protein for the detection of a specific

anal yte cmsﬁgunel ummgjmredham biee prptew, felao:h with erdaﬁctrpmr’mndam omstant, e proiidect ed

pr obe and arp treS|dusd\$il|r e rotein. t|s no ‘ﬁ r%ntly possi bl e
to predf€t" ﬁ&éeés‘ifﬁ%? AGYT ¥ e BpiBi%e ?Oﬁ‘%e‘ﬁ’%lﬂ’&s %?o(hf) %5 P8nal et hods,
nor is ihclRfss AI$6119788W).0y rational design nethodology to optimze the
choi ce 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 i M0G0  pr oDespity the usnf\éleeamf@aatatew@tﬂkﬂf%Oﬂé@@lmeterr@é)@é%me@ss

| th
tr ahdauob e AR A Rled RLARABL GiARR Shord S URABL M so RS RIRREPOLUEL 02 1 o°
i nt errogad/er ﬁtftﬁhﬁlbgr@cettmnaépi)rﬂ‘el‘ givuphimal heuts dxwz]hfycubledhegeamstaxﬁyn an

"i nterrogat 30 neant. the process of sending ght to, and neasuring
em ttedupprgﬁkctaﬁeo y- o ddtipnadly, apigsenspr C%%lwaagen%’@r a@epbméﬁmge%he prot ei ns

\gcgr/h IUgo g;%%%egolﬁ&ﬁg BeskAE BuPhotdBLICR an bR ®t@fab 4BEN updn YRR HRIEO

It is clear from the prior art that one of the overriding factors that determine sensitivity of a
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, self-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



wavegui des using i mobilization strategies. Such inmmobilization strategies
include, but are not limted to, entrapnent of the protein within

sem - per rwabBesmeoTbr anes, organi ¢ polymer matrixes, or i ROTg@nd/@2p0| yer
matri xes. The inmmobilization strategy used may ultimately determ ne the
performance of the working hi osensar. Jhe .prior.art detai.ls. 5 nunerous

pr obl en¥ aé(g%‘ﬂé‘?sd’tslé‘& 1xqbilizagon ﬁ%ﬁg’fe?'z%‘ff' d&mﬁ’?’lllﬁahP%gf?:tﬁg‘emFlélgﬁ{gglé Aoy
exanpl e nofBRftePIRLREIPMANGEHE Brdiéih SRS bdbhiepFRABANE FRhbRAR, siBafiges,
denaturation, and | oss of biochem cal activity. |Immobilized proteins can
exi st i molyneampdrixasnerainorganip pebinisir enatirdse Fhaimmebilgatiamstrasegytused may

surface, .. for, £x | e ith.sonme pr i.ns..orien ch th Wi r active
oit e s sl R e e bR PLARE LARGSE bEGES: *HE LBk acldif! T 3511

sites an@méfbul ProtReROsBekiatad olithibs inw@bbitibtiontoT bidlogicgansied s iRoe bi ndi ng
reactions with the analyte. I mmobilized proteins are also subject to

ti me- deSEARISt MABNRROLHRRUNGALSOdB AT SiPletconoraatonag changap ienatyratipipind dosy

| eachi ngfBIOCEQ‘@-cgl%cieﬂg.eﬂnd;ﬂm&&é{%ﬁmecqu%sa t fn% 1afBEORLIHC7 BF pBible NI S
resultsin pro]Iems including, e.g., an itnability to maintain calibration
of the sesstatignsdenvingeartnthr sindgae| fod ekdrhple) witly eoree ploteihs orikintgl qucbtleit ns
require orientatjonal con%f{]o{3 to egabl e their 13 efftgcti ve use, .thus
physi calhSHASHYpEHSIGRPOSShBERESY OtBTP KAy Br ArigRted stiry Bekthsreraqt sl 267

i il i i t bR L s re not
ucedssl ol RO GPPYREPERLACS PGl A ETAL R R Bl

addi t i ommmobsekd proteinated!sopubjeet toginzndependent dchaBGBfiop donaimgoydwanat i ng

det ect abl dr i bl i | | bi ndi for. )
bi 0sene grEioBRaliah 4 IGHERE oF TR e ited erlER b birape to e gty e
addi ti O'i‘@shlltklﬁﬁﬁl‘éblemétiﬁ’élﬁcﬁngie[‘%jj H0inR%iAyeb M AMEin'BaliBfa86n GEBR ssnk@d&idd N

thiol groups for attachnent to surfaces for generating detectable signals
upon anahg signgrdridl. dogseerhi, hoiding frofeinsuysquigprishiatienal gostrolupntiyther THE

one Pt S0t e A POBT b EPIBA R B8R T RRRO e R E IR Bl "

t her et 0imaRd@illzhtiéd sttRasds QMughemshe littithRoRneral g heindt S@icdsslt at ed bi ndi ng
protein is coupled through said thiol group to said surface; wherein said
sensor surface provides a detectable signal resulting froma change in

refractilQU0 ndex viherias: thersus anesd Bithidhip drsienedditisnaldsetidmiisied i e. [ 0012]

Forth h h _ .
urther ﬁg&a%ﬁgtfm'bd}‘é%d}ﬂﬁ p%t%iﬁg glt?ergt}]lge&é?&gabflé)ﬁrbdaﬂa%rﬁofepég%%aeI ndo?in

i ncl udi I'ng at mut at ed bi ndi ng and at
| east onmealyteibihdingg furmsabd Woseadors,t dxvdradtivionkl]y therelie aatedmeahs em sodessgir f ace

wher ei n i.d nut d bi ndi.n rotein is cou 4 - .
28 ag(%tionmlsgflufmutate% 1n<gng protgin anc'l mutatedD éaﬁP’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] The invention provides a biosensor including a) at least one mutated binding
25  protein and at least one thiol group attached thereto; and b) at least one 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] Furthermore, the invention provides a method for analyte detection including
30 a) providing at least one mutated binding protein and at least one thiol group attached
thereto; b) at least one sensor surface wherein said mutated binding protein is coupled

4



WO 03/ 057850 PCT/ US03/00200 through said thiol group to said surface; c)
exposi ng said nutated binding protein to biological solutions containing
varyi ng awelogwsrssoncentrati ons; d) detecting a detect abl e PamdiSos/enzes si bl e
signal resulting fronta change in refractive i ndex; wherein said detectable
and rever5|ble naI results a chan e.in rea%gﬁﬁlve i ndex upon

bi ndi ng @8?%%% r%o‘tpotoéa’éla‘t a%F PGS ER F‘)?‘t‘%ut'&“& MERTOEHS BRI EF

DESCRI PRl dbiédr szﬁttﬁo%\ﬁtmg [VQ aerlf@%cémtAdo%td)%%u yagsQasletget i on
using SPR utilizing thiol couple C GEBP, am ne coupl ed E149C GGBP,

and am m@zetmhlpIsgttalvvrcmdtlmg/ﬁem(afvh)anmpefrac{m'@1nr]eXFth:JRE1 s2id deteptablagss t he SPR

response of .the rotein i nding a
bane! " of e SienlyBsuf e feme e v b HRAapE Pt RERe fa” hPol
coupked sﬁa%@n&gﬁﬁma‘d@@aﬁtrm@gel n to glucose follow ng denaturation and
followi ng renaturation with buffer in the presence of cal ciumchloride.

[0016] FIGURE 4 illustrates the SPR response over tinme for injections of a
range ofBRIEF BESERIRTION-QKTHERRAYWINGSe t hi ol coupl ed E149C GGBP
surface. [0017] FIGURE 5 illustrates a titration curve for the range of

gl ucose [gaRgent r aFQORE 1 ﬁlu%l'?@teéj?ﬁl@os% %Etebﬂté&@sttﬁg?‘gﬁﬂ uhﬁmﬁé@gél COL‘n{gQQIB] FI GURE

6 |IIustrat es the SPR response o coupl®ed E14 t ant
pr ot ei n B149QIG{elR entne eoupdeddidAtGHIRP, sttdrzirame c@ﬁiﬂed:Wulﬁ)typez(OVIDGG@]P FI GURE 7
illustrates the SPR response of an am ne coupl ed E149C GE&BP nutant protein

11 st 4004 g1 0BT M Wt Bairn P EakesbpSe b e i iors I I BB ane
thi b coupiRdrALhI @%Jal ] prabgkns. 5 WO 03/ 057850 PCT/ US03/ 00200
DETAI LED DESCRI PTI NVENTI [0021] The term bi osensor generally

refers to a device that uses specific biochem cal . reactions nedi ated by

i sol at ed0UAkynes, FlERFLJLsEHss the SERyespongs ofthe tielcoypledkdreC &&BR 1o
det ect ‘frh%gﬂtg gﬁ&%ﬁt‘d@&%ll&?fﬁ&' deXatlatifh %ﬁ(? Fdifeing fe%gtrup%ﬁon%t O[ggtﬁ?e of

signal s erern a 'brrosensor ers to"a protein ca
bi ndi ng thiepreseaty dfcaldimn chtoasdpl e, gl ucose or gal act ose) that may be used to
detect analyte or a change in analyte concentration by a

[0016] FIGURE 4 illustrates the SPR response over time for injections of a range of
15  glucose concentrations on the thiol coupled E149C GGBP surface.

[0017] FIGURE 5 illustrates a titration curve for the range of glucose concentrations

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.



detector nmeans as herein described. [0022] The term "bindi ng proteins”
refers to proteins that interact with specific analytes in a manner
capabl e ovopBoyissi ng or transduci ng a detectable and or recensoboreoo 10
signal differentiable either fromwhen analyte is not present, analyte is

present _j | cen ti [ or in a

concent Pﬁ&%ﬁ%@ﬁ%ﬁé F a‘éﬁ&ﬁmm&@]ﬁn}]he nmet hods descri bed. The
detection of signal event includes continuous, programed, and epi sodic
means, if0e219di ng oMR-tériBiosdnséreiénail1f rédRlth a@elion that e 8p&vifid Bioshiadl
generation or detection may be instantaneous or nmay be tinme-dependent
provi di fepchioromediptedibyrisalited erzymes Snprosyréems tisguspcasgances omviegle sellfl yte i s

est abl i . ..Bi ndi [ ' . f such

o gnal s ‘adees SPRlcAge S B By P A el e R o BPREL b AR Ol e
or " &CBRereasa tisiesknber etfidrs tb @fpestsintcapablé yPeindingpo atatyte (foakkampleyglhaisad in
the periplasmc conpartnent of bacteria. These . proteins are naturally

i nvol ve@r Bplagtagdhat may beriged todeissbpnal¥e o8 aghingsdn aralytg sopeengjatioshyar s 20
am no aggg§Mrgﬁgnéggkﬁdgggg%ﬂgﬁ) into the cytoplasm G&EBP is a single chain
protein consisting of two globular / domains that are connected by three
strands to forma hinge. The binding site is located in the cleft between
t he two [0hi ns. Vikertergl (lndieg proteans’ refees tolpirerding ghat interactG@EBPspead®r goes a
conformati.opnal change, centered at the hinge ich.brings the, {wo domai ns
C oget nernlNEs it PRt et ol v Etne Btk e § BErCelanlt pRE ret bl aphi . o5
st rygt UsRmal@ieréAffole ARAG TN Qe Maljtbes £t Ps@ent Maltefs t fn Rk col i

(N K Wwas, M N Was, F. A Qiocho Science 1988, 242, 1290-1295) and
S. Typhicengentratiqrs, over imppeibn agonqntrgionsgependent mapnerCoy memeceighometinds, 1,

41-54) and._ar ai;l ahl e fromthe .Protein a Bank ST

(i ot/ ARRPFE S BHE Y Adioh or A AN et B Bt M @99 ¢ ype
E. coli n{dahE ikdWdiagdnetieradisebls appleiatiens: Revesilobigtalgend@tion or

wWww. ncbi . ni m ni h. goy/ entrez/ accession nunber D90885 (genom.c clone) and

accessi @atectiimbay be FoGmirneans aenaychedinederaident Prvding prarelaipp il thgr om E.
| i 6 N 3 4 L . . . " f
colys d%@%@gg&@ﬁ@ﬁ SR ROR Bhab kN Bindill ARSI Sl n* (T or

exanpl e herein, re ng proteins from
bact er i mannat taiefifecigsuah signalearegaefdfrsd. t hat has been repl aced, deleted from

or added to the amino acid(s) present in naturally occurring protein.
Exenpl ar tations of bindin ot ei i.ncl ude f he, ition aor .
Substi (UM of oy dre GHE RN ARG PHRY BEeGP PPngS BROMSTeiEi ds
(Tur cat tifers8b adlpe Jrpr&tefr naEN foh886h #éberip@smic 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. Typhimurium (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 can 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.



19991-19998) and repl acenent of substantially non-reactive amno acids with
reactive amno acids to provide for the coval ent attachnent of

el ect r ochwoiosas7ssr phot o-responsi ve reporter groups. By ‘Prceamsbd/eio am no
acid is neant an amno acid that can be nodified with a |abeling agent
anal ogo t he l.abeli 0 steipne. with thio ive d .

on- roadPPll 10° an iR Bitling ERUGR Brtiemste BBl CRkongt IR and

ot hers, rahrLtd RRRSESStthIRoAMALRE cothifithg@anRRho b@dgaﬁt has veedlkdplRdd,once
incorporated in a protein (see Geg T. Hermanson I oconj ugat e Techni ques,
Acadeni deprtessizomiggededtontheredss aqngs) presest ngraturalis eqoliiiing profeitof  ami no aci d
side ch eactl y 0Q25] enpl ar t.h rotein
i ncl ude(’aéaxe(r:n ST neatlsu%)g{ {)]tngfn&f’ r‘fl?t)ém“ Cg %tﬁé;éc?&ﬁ%é&g% Sui)gmfl F%Ig? S%lelq ;a
cyst 8i negrowlshéd-ndt@allf occirting binir @edsqTatcapiosd 4/ omBlél HAADH96 27A, By St ei ne
substltuted for valine at position 19 (V 19C); a cysteine substituted for

aspar agﬂr?@ AP0 &nd FWCQ@e{"l\?f?@ﬁ’smr&laélyél?&r‘??étl%B@t@t%ﬂ‘@d"*ﬂb’fea‘éwﬁl yci ne at
posi ti onfd, (&i¢) ro@‘ide&ttﬁ’é val e?i%'?t?é hf-ngﬁte(ﬁf e‘ié%[ro@heﬂ%(:ﬁ%r%ﬁof% fsﬂ)??liﬂ%on 107

(Y107C); a cy stel sti tute oni ne at ositl
cystei neepo:tm Brdupt.eBy f'mactse’ ianena@bcip Gsnedno an iﬁnﬁm(a%ildlm@) can:bedmubﬁed ®0h mut ant

i ncl udi nglé cysteine substituted for a serine siti.on and a.serine

substit J hnﬁ&ger& anglggeusdo the lag%lmgl o Fyseige ¥t fz*ct}lﬁogée@éwe %yec qQnsfeagtive

subgpi t uf8do hQls Rcluds bRRinR! 1eRARL tsdheﬁs,la%ﬁe (st bdleks, vihiQYSds8RRide lél%§ihé tut ed
for a lysine at position 137 ( ). a cysteine 'substituted for glutamc

aci d at wluosh ¢dnpnt uemgacilsamedlﬁedancﬁ)mmreomﬁtdanta pirotein(eéaigreg T yHsrmamen,
substituyt.ed for anm ¢ at posi i and a,s ne, s itu edfor
et ne HiocopyiePhirhBghd 3t RS oklgp sor s e’ AT SleSiiAen A
cystei n@nﬁy@gélugm@Halﬁ%acmﬁgz)l di ne at p05| tion 152 and a cysteine
substituted for nethionine at position 182 (H152C/ ML82C); a doubl e nutant

|nclud|n8 a serine substituted for an al anine at position 213 and a

cyst ei nd002pst i t Fixemplasy matatioss phthe &SGBP pepdein |1wu®920xsmwmg@$for a
Syt ¢ o T e B 11 Pk ) B e s Bl P BB b dotd o Mt BBy o'

i ncl udi ngystetngstiestineed flrsualingiitgodsition 18Vad@yiangstaine ?ﬁﬁdtﬂtlg/@dlf& h&;ﬁgﬂne a
cysteine substituted for a leucine at position 238 (A213C/1238C); a
cyst ei nét BB ‘&M O %?.‘/Séﬁan%tbﬁﬁﬂa%ﬁdﬁ& BBlYPHS it PSHION B (VLB Cysiemsy st ei ne

Subst | e ek AP OB oS e e Bra b LR,
PCT/ USO&bGiﬁQﬁ)(blO EHISOE) reecys telrst substitet&dffmrseane atsmaatttond lads tl 243); zpdsutﬂe on 287

(D2 ne substit d f an. ar |ni.ne |t|on 920); a
Cyo el nenduii EiREa i Rhs sihsffeor o S0uiia piv Do T2 B e sibsfindelt
for a leucine at position 238(S112C/L238S); 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 leucine at position 238 (A213C/L238C); a cysteine substituted
for an methionine at position 216 (M216C); a cysteine substituted for aspartic acid at

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



(V296C); a double nutant including a cysteine substituted for glutamc acid
at position 149 and an arginine substituted for alanine at position 213
(E149C, A2 ¢BRBosamsariple mutant 5 including a cystei ne subgCirtusoga20@r an
glutam c acid at position 149, an al anine substituted for a serine at

iti 13 d.. i bstituted f I I t It 238
(1400 Anaae posuly e ToraR aSpic pad bost B 28T (P o a e sHBUEEBL P L ut el
for an Ghtaning at pesittbreio2ABROLCRA cIé8ine 3bstidbd o @ vaHRS bt godfied 2ber an
al ani ne at &Sﬁltlon 213 and a serine substituted for |eucine at position

238 ( E14¥2p¢On 3dpublsgsitant Apeluding a gy steina pdisitited for glutapmewpidiahpaaterel40.  Ani no

acid resj J . | i UE. i, having 309

oot duoant S «LHIRE boHiBAE! o} ah{AE PURIAGIAS EFRCACR IR, oFplidieant S P,

any 5sulisdladihg aklyteine substigoedsios an ghinmeic acidnt positib £49)ah alk@inggubgieuted. 9. ,

qucosngaIacIose binding proteins fromCtrobacterfreundii or Sal nonella
p

t yphi nurfPifierive glportiontldcidiassringbsiiuiedionlsagng AtpeiBgcHS respect i vel y).
| DENT| FIUERT R o0 L3 ypa AT Pl el SRR AR S ST g il o
S, E149C,a8id18 Bodi@&B $49, kh atgihibe duliStituddIfGr aNdl3fiine GYA@SitiolDIBGind Blsetid SI 12C
S 126, Lzsgbss%tulgd }o%?euclél]é?)az %osition 238 (E149C/A213R/L238S). 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 alternative source (e.g., glucose/galactose

binding proteins from Citrobacter freundii or Salmonella typhimurium, sequence accession

numbers P23925 and P23905, respectively).



E149C E149C, A213C E149C, A213R E149C, A213S E149C, A213T E149C, A213L
E149C, A213Y El 49C, A213C, L238C El 49C, A2l 3S, K223N El 49C, K223N

E149C, L2380 0383ASC, L238S El 49C, K223N, N256R  El 49C, N256SPCEAA9§))(¥BH6R  El
49C, M 182C, A213 C,L23 8 S ElI 49C A213S,L238S El 49C, A213R, L238S H 152C
H152C, A213S H152C, A213R H 152C, K223N H 152C, M 182C M 182C A213C
A213C, L238C A213C, L255C M16C D236C L238C D287C R292C

Table 1. Examples of GGBP-H6 NBD Mutations

IDENTIFICATION
wild type

AlIC

AlS
AIS,E149C,A213R,L238S
AIS,E149C,A2138,1.238S
K11C

D14C

Vi9C

N43C

G74C

Y107C

T110C

S112C

S112C,L238S

KI113C

K137C

E149C
E149C,A213C
E149C,A213R
E149C,A2138
E149C,A213T
E149C,A213L
E149C,A213Y
E149C,A213C,L238C
E149C,A2135,K223N
E149C,K223N
E149C,L238C
E149C,L238S
E149C,K223N,N256R
E149C,N2568
E149C)N256R
E149C,M182C,A213C,L238S
E149C,A213S,L.238S
E149C,A213R,L238S
H152C
H152C,A2138
H152C,A213R
H152CK223N
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 inanin 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.



V296C [0026] The nutated binding protein or GE&BPs of the present invention
may be used 5 in an in vitro or in vivo anal yte assay which, for exanple,

i s capablwoaBo$mbd owi ng the Kkinetics of biological reactiPpomaSpsieboi ng an
anal yte or glucose, as well as in clinical assays and food or beverage
industriﬁb estin 9 WD. 03/ 057850 PCT/USOS/OOZO? 0027]. The tation may
serve of mor e 19f TR BoROT TRYF Of SEYRHR! BUIPQSesy Lok FAMRIedcur r i ng

pr ot ei N pARYallReo B ?%@otiei!ﬁ B8 mbRtNARERr td1Enah PO BretIBh et inaRibllith Wi Bfe t he
protein; to conjugate, bind,” couple, or otherw se associate the protein to
a parti omtein; tocepnigetsl binid.oreuptet o1 othepateyassaciase thepretaingo atparteedjaist its

bi ndi ng const.ant with respect to.a. rti.cul.ar. al yt .Qr_any. .conbi nati on
Cher eof < BoYaTon Hetrie PFRBEE N et PR G iRl £0GtT i Bre @ 6 Rer " ac

as bp ndipagicpRF hiyts, or ahf@ombimtioRdreRfat es” or "bi nds", as used herein,
refers to binding partners having a relative binding constant (Kd)
sufficiently strong tqo allow detection of binding to the protein by a

det ect i d¥02%bans. ThEeResitRiyn satien| palyin d MNale @GRS IRYIBE PHINCFY ce
anal yt e 1ak (M GBsol irdidlof «bilgs PALERH Bejleth, péfi:‘@% b Hin‘@t;ﬁa?tnggrl%.@in Wienitde
I the Rd >valu e bin |n§

analyte of Interest 1s glucose, val ues for partners are
pr ef er abindingetonstent (&) woffeicdd strofg toallabyalstec86n ofbind{n@aa #e protetrhtey r esent

inventiagn, it has been own t hat nutated GEBPs ma use to detect

o1 cose SBIRRATHECRY- JRE KEIHG DT FOCHIER o Frecomrnbanane! e T e FRsyh « he
thigh GaPUR prdRICH bBUAY I0HSRe FA8! SRicAhSaril @O BF inkRed ig5MeRs anbikdi ng. To
"provide a detectable 15 signal", as used herein, refers to the ability to

r ecogni xalugs & ahredunding pantresp anetpyefofably hetmesmrabogid.0Glerhyt tot abont Zbmiyl.nat i on
in a manner that enables the detection of |igand-protein binding. For

exanpl e;adya; ONE € di nent.. the. mu d Ps are atta 0 a,sensor
surface[(\)/\(}nzgée det g{g Sy %se}&%lg‘rlcgg Otral’rlgt g%sl ces?f%?%v?ln fg FZ@?(P@@% rPtzﬁéqqy s Phdex,

al ters waéiea ghltasisinding bprahéting heptaeinméd b 9ensbhalrfe6 ebegioMe ghibcose

bi nding. 20 [0030] Mitated GGBPs nmay be engineered to have a histidine tag
on the BrAPelhickiprewadssiadpiectable dgpal ypen glyeossdinding.j e {‘aromiderdstesiablsr ot ei ns
are i d WS i Ll ol j id i i fication
of 3ot Skal s B, [ B abitty B ARerkcR Shab e Bl moBed Vi Suhud:

cont ai nswdacalppettinsombinasivn dh Aemnaadhareabidesathk eeoiidn s Elggndgratems not

conprom se.t he, bi ndi activity of the nutate P. 25 [0031] In one
aspoct  Biidie oY SSEHRLS: RADA fm%ﬁsimteﬁé s BTG RES peiopad ' AGPYOR
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  Dbiosensor. 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 in vivo application,

10



sensing in vivo. In this aspect, the biosensor is encapsulated into a
matrix that nay then be wused as an inplantable device. The "matri x" can be
i n any dewproalsmsd orm or shape, including a disk, cylindecr/ysateizo

m cr osphere, porous polyner, open cell foam or the like, providing it is

perneable to anal The tri dditio aII revents. | eaching of the 30
bi osensét 85%‘%{‘:11%3? <¥Bp %als%?ﬂ“%?b 1¥%1§ ITanga ié‘geléff ?"QHy ot her

i Nt er 1 OgafehAmalibobt ddi@tioR'of h tRANgk M kil %bﬁbeh@atﬁlﬁﬁ\%oﬁlh 1 WatirddayTidieas

bi osensor. Wen used in an in vivo application, 10 WD 03/057850

PCT/ USO Bie0te2atination Obldotgetmunch;x,ﬁw couaén@omolsreerw@ suenisati¢ detpgpion
physi ol ogi cal e of. ana nd detectiq f change
1 anal SR TRER S BRI D00t SR AT I B aler S o

det est i @Re hﬂ@altétﬂ&&dﬁn@@%t&bl&ﬂ& at paa@hamrelogroamﬂ)rena&mwnc tolebeanedr shffacgreans.
Thus, the envisioned in vivo biosensor of the present invention conprises
at | eastn 3 yHeYIEREERERIGAHAPRIBS BF Srcapsilaineg matrik such thaffhe pHitged Binding f or

at t aCh o Rleih Grol BN echld ARy LR ARRLG: RAETRAM G RAARAL DK

encaps rx suc e mut nding protern pro es a
det ect al¥ expasedl toenpyisg ladyts t@rahtraoangmdihedettdisbleratdterersthladgmg cp be ei n
i's exposed é &gryln anal%éﬁ concentrations, and the detectable and
rever si Bflated fgyfhgicopcentrgiion oldhegédlyto t he concentration of the analyte. 10
[00321 The binding protein biosensors of this invention are capable of

nmeasyri pgn3ey det gk ibAidY HRIPHiBEentdR 0P tHPIREAtidnCarfPARblATah 4k Bring or

concentrations wthout reagent consunption. In some enbodi nents, their
sensiti dﬁﬂeytlrtg)mem@myltae(lt@ayn@n@m moldiendlytsyonemirationsoviteougseagento neasure t he

Iom1ana| te concentrati res | es of
|t er ot FOTIPERRGE Bt S Ao ENG thi REBERTIF batNeinfi P BT g0

i npl ant abbeuskd t@h@ﬁﬁﬂ@ﬂfeﬂo%ﬁalﬁe&oﬁ@é&raﬁmm}b% pb&chtili@atvetimet o or
bel ow the skin of a nmanmal" %ﬁ@¢ernal dermal junction to interact with

t he i nt eargplies phinterstitialifluid; @@d@ oppdienirason) istsy ¢bip. The unplgntaliiée bi ndi ng
Pr Oﬁf' n bR)SQIFs%FsSrRé% in Wmd Qﬁp&d&%ﬁﬂat b d]ﬂﬁéﬁ{ﬂftéd)fﬁtcp&%/ 1&1&1&, N d{ b rﬁ% L Tsc’

noni ana nti nuous as V\D

appr opr Iepikiemﬁal-dehﬁal jUhScRion 06 1rtmactthﬁt}t the &iﬁtaﬂéﬁﬁal(ﬁul@, tﬁﬁmad bt dther blalbg{cGDSS 1 I n
ot her enbodi nents, the biosensors senpsitivity to analyte (for exanple

gl ucoseYluids. dibeRinding profeéybigsgpsers. Qfstéﬂplteéertt@s\ienwrbarﬁvma@y@sme@%ws [ 00341
I «
n anot '&@; neasg}stg‘e&ﬁtm 49l fhoBEAf g,g o Measn&%%md ﬁgzéﬁﬁpdga;é Mhe

bi ndi ng rrng re act ve I ndex c¢ an e fractiv Is used in
i ts comuser or netheitregtmdnt of a tdeliticat i 0 of the velocity of a specific radiation
in a vacuumto the velocity in a

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



25 given nedium The direction of a ray of light is changed (i.e.
refracted) upon passage from one nediumto another of different density or
when traveoasngrsao medi um whose density is not uniform Swecraisogoated ecti on
or neasuring devices for refractive indexes are refl ectance

spectrophot oneters, and other refractjve i ndex-hased detecti on neans, for
egarrpl ef%ewgieam%? S"rséiJSWa{%%‘ ALY BHYOIGEVIF StPIGs R ARG ErfRd 30

[ 00351 LRaiisswiPedinedhot fhe kRfeBeEMd AfMRNbE BRdingUSPRGRa 2SR RReANRNCE
(SPR) is wused to nonitor such refraction. SPR may be used to determ ne the

bi ndi ng tprropfescofyomolendanigndsg gsougionhesy e Horgthe dhengesnmesso nol ecul es,
assess how Cth Ot{h acgi ven nol ecul i S pre ent. and a&tive,. and

quant | ¢ SORSERITGRAT oS Of 4 S¥BSOE SHdpge bl M lipdiRe 00 BisGhistbRRgocesbR mmy be
used to visualize the progress of bionolecular binding through tine by

defi i ngo03sg chan@eRi s bikd ipok GHeGHRhSrAENcAvLItHAL inkegdl k&fltion, wansaalighur f ace
during the binding and di ssoci ation Pro_cess. 5 [0036] SPR is based upon the
phenome HaHelse theugl a mediumppfihigher refeaciiphindgn e @ igfpsp) igketally dgraalihg t hough a
medi um [ r | ' S - nal Iy

refl ect g@%&%ﬁéﬁéﬁ%@%&‘?ﬁ%% me iog?novg? r%@?é #de )r{g%%iaéx?cllalﬁ}dﬁlzgt?(e. g.

sol ut i ondffeiendy oblifded anigkentTh B PRodetaption aheirtensitn oSPR relid¢otat ligin is ddngpened ensi ty

of the reflected light is danpened.by the presence,.of tal surface at
the | nt BY AECRERRCE AR Mgl5T EGHCE &t RdnBerecfdls P eflipnIBREFsa6kur s at a
vel g deﬁﬂt@&@ty}?ﬁ@&ir@ at MMIEEAchiBeIBREN VB i9 Beééﬁ@eerﬁt%wtﬁ@Péfﬁé@ti{/é‘ﬁhfé‘é@ ofthet he

two nedia, réferred to as the "resonance angle". As proteins adsorb at the
i nt er f atwo ofedidhecferredotorae thed resohanqeehgkit Aseroteideadwoftb attbe suérfitce ofitheear t he

interface changes, shifting t angl e at ich the reflected Light. is
darpenedve FIegre Oiep Ry it od i tom sty 5 S Sparses ST R s R, ¢ he
conf i guagivhiRR thisRHeded HgHREd eak&.@ﬁiﬁmmbsﬁbn&&ef&ﬁgz 2d with a thin
metal film In one aspect of the present invention, or binding

protein is immbilized onto this surface. [0038] As used herein, "sensor
surfacel003] ers t & preembrdimpeinthgsenfigiintion wied MatsIPR eonsists ofdi Bigfpar t ner i s

sur f ace : . PR gprsiss ol i
Sur e Caae 1 ¢ AR BARARRE ¥ op AL 1fe ieod NCARbA OB LT inal” STe.

upon whiedieid@s insmblbiliesdeshtatisusurob.e nmetal havi ng conducti on band el ectrons
capable of resonating with light at a suitable wavel ength. A variety of

o oi 1 vEIsfor a. - Al DeiebpsFpsor S en s dndhe G iongeon Migrag et
glrrggrgin t”%ﬁé biniHg RRASIOS imMbbAGEd Fot the HIBPERMIT e aSirfRAE tdractild Sidbx afgduci ng
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 1s 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

12



configuration may be, for exanple, incorporated at the distal end of a
fiber or other small 25 mninmally invasive probe to be inserted wthin the
ti ssue oVoaspsissent to enabl e an episodic, continuous, @CTaSogeEmed

readi ng, or conbinations thereof to the patient. [0039] In an exenplary
case, the nutated GEBP(s) may be immobilized onto a sensor surface covered

Wi th a mlibésacabatfol dTany oRbéw @bt dand d@ﬂaﬁ%ﬁla\kfﬂmbhryixﬁﬁé atked to the
sensor surface to forma flexible hydrogel of estimted thickness 100-200

nm or 200dwayswoiniidepnil N-glxt-Naimgthy|amisepropy)qagradigtde edory N§ive a
nunber i (% rou Jow for a variety of
i nmobi | %%tgfgf %&%@%@%l&%?ﬁgﬁg?clnthgrz]igx‘ﬁgog Sgﬁérjr%n r,OﬂJ‘t"huscé) procedure 12 WO
03/ 057850 PCT/ US03/00200 wutilizes activation of the carboxy groups of the
dext ran [6@40]wi t h dn@hother entafdiltient tycseosyrsudacadommbeitimnds déreprivgtl oNa
(di mlgt hyl am nogrho&yl %)rcar b.odié mde to formNHS esters, which enables

iy

coupPi ngHPE*YH ROSBIOPEd 8m2a Bt ei ns. [0040] In anot her embodi ment the
sensor surface conposition is conprised of a 5 carboxynethyl |ayer

posi tioneghipn a chiditidAPAdhobitidhtidnaRethodsiRThaY BAide@n fRIIGQES: ihbatiofmy be
used in the present invention include coupling by thiol/disulfide
exchangéncladegsiuptieg by thiolidisplfids/enchanggealdelouls cowplpig hydrazide Bronp ¢eyplings oup

cboa nahEs R Gt P AR o BRI bG8 Best oin 1 10 e cved:

by creating a thiol coupling/disulfide bond to any of the herein described
cyst ei ng0042%si duedn afpréfbeedrerboditheln, thaiimgngbildtadbn ofinutatédigindiep posteiaus f ace
or an adj acent layer thereon.  [004 In one enbqdi nent, after, successful

i B | i HEYSHPYFCRNS mfodtce%p@&#@%de 46 e aR¥ gF 3@ dereie descrbed qystefme

anal ysi §.difes l&?t}ﬁq{?gt‘d&ﬁ%%di%%ﬁio@ﬂ bo¥th UREHRLGR suﬁh%ef GBI £ORARRE fakdgns of

anal yte are 1 njected over t sensor surface in duplicate or triplicate.

For 15 exanple, glucose, at a constant concentration, is introduced into a
buf fer flDOHB] abovdniheembedisent, sfierf wceessinbinunebibraipned shomuttad heRBP on
formati at the sensor surface is nonitored. .. This procedur y be

fol l owegﬂeo?néorcﬁu%@%% iag(t“?e %ﬂﬁ?&@ayrﬁ’e\XB?@%?%hg WFcééy’gﬁeﬁﬁrSgéfﬁ%’éen bsent from
t he buf fghceadtiblieo flandBteCod (rfect&f ovep IR sexsoll s FRei i duPitateSor tpIA4e dF or
Finally, the sensor surface may be regenerated (for exanple by a short

expdéur exawplg, Bluedssy ata consfanipdncendration, e itipdueddanioanial ffer flgwe abiiedle The
Oy R G RS RSTE o A8 SR SRE B e on
on the rEvepBeediréitagbe fhlIRvEANSQr disdoeiatior phaseOipagath Ng fade ghloesd Isabsaiar ge
from the buffer and the time-course of complex dissociation is recorded. Finally, the sensor
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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density wave phenonmenon that arises at the surface of the netallic film
This takes the form of an evanescent wave that extends beyond the sensor
surface awmoodesmsi s nmass changes on 25 the surface. A seqRemamso®60200

bi ndi ng- progress curves may be obtai ned cont ai ni ng i nf ormati on on chem cal

rate constants and_.on the th nam c e t of the
inter acFT"E?ﬂdm[e@ﬁcfﬁf %‘l’%ﬁl?)‘?@laﬁﬂd’b‘qﬁ@? R IRS atn‘B@/y ﬁ\? g?? ?‘F gp&a%a %0 as
SeNnsor gksge o'fBuﬂE}f‘g dei@?QQlcﬁﬁE'Kd"iﬂ%’B‘e tN&BLLACORE (Uppsal a, Swede_n)
apparatus 1s used. In this 13 WD 03/057850 PCT/ US03/ 00200 enbodi nent,

software is available with this systemthat may be used to fit the data to

a rangé0Ms] bi ndi ﬁ@erﬁmﬁeqiﬁspemt ehragxaf theyelbactivaindgk an 8. vigioousithghe
ti me- dependent. ¢ eofthe efrc \VA) X|nteV|c of the
Sur'f ace T e Ay 8 cabibah @1%%68&?3&9 Fsae e s haflt! Y oyt i o 1

RU 55 coemeeqp@ﬂdihggp@ﬁwn@xdﬂyw Bpg/protein/pgn’pr ot ei n/ 2. [ 0046] | n anot her
enbodi ment, the concentration of anaI yte in a biological solution or other

solution may be deter ned usi ng used herein,
sol ut i oh046] n)| udd angj qnsbomsleeqt,.t E@aele%atwat{slaaalmépgalc?laglpaﬁol%lem ar or

I nterst o} biglr {dittidh m%ﬂge d&&%h&ﬁﬁénﬂi@ﬂi h% @9{d hek&n| D944 lbofeal BRI fInd!

appar at uses using to assess binding between partners are currently
avai | ablirehidesdse 1srmdémb§edBv ddarde perspipg minagcuBwed entesBli ATORE)and and | nt er sens
I nst runent oort Net herlands (I BI'S), Texas Instrunents, and
sever al C?‘QEB‘F&?%A%%% It SPRinstruments. A recent review by Myszka et al.
of such devices is found in J. Ml. Recognit. 2001 14: 261-268. 15 [0048]

In agp alderpati ve CoxhpstBPpardi ks agihi SPR'tGd%sﬁBiﬁdﬁQb@%h‘b%d@ﬁr@g
optical fiber Ionagkgerl od grating (LPG to detect binding between anal yte

and t he cnagrdlyeayailagBfthode madde hyrlaigeore, Upnsala Swadan(Bapp] gand Infasseng
coat | ”gi? fx%ﬂ}e% s'ﬁ\'?gAﬁq@%fJHﬂtt ﬁlteﬁl%rlﬁﬁd’ @é@ a’l{")%xgs FhstlB&hes COM AL 0L fﬂgnz ensor

surface commerci a equi pIrent 1 rom

| nnovat ﬂa‘bﬂ&toﬂyﬂmﬂt SBRaﬁéfﬁiﬁwhg;, A/ﬂecamdesle@ b@/lMQSzMaEt alJofwsh deticéd is fald0, NSF
Desi gn 20_and nuf, Research Conf., Vancouver, Poster Nunber SBIR-510).

The LPGI%I):M?Ie%CQﬁH’!t 20pyht: 28 2égpartl cul ar wavel engt h based on grating
period, fiber refractive index and the refractive index of the surroundi ng

msdﬁ.*f’m Zf Fini Gy 20 ORI h e R gﬁffﬁentt hefrd@hvasiderh S Beasubldl L{S§{ active

i ndex c anges and causes a shi n the wavel ength ‘of scattere i ght seen
by optical fiber long period grating (LPG) to detect binding between analyte and the mutated

GGBEP of the present invention by applying affinity coatings containing the mutated proteins
to a fiber containing sensor surface (for 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 LPG Monitoring of the LPG fiber sensor may be acconplished through a
Lunascan 25 system (Luna |Innovations, Inc.) consisting of a spectroneter,
det ect or ,womaws™sd er, | aptop conputer with interface andPEEUSosDe200

mechani sm for int errogati on of nultiple LPG sensors. Attachment or surface

i mrobi li zation of _on e nut ated bindin rqQqteins by the
above- m@&ﬂ"l Ybned t 2R goc{”@eﬁtﬁ ?tsg}ondgﬂc%gfay c 3 Hgicesil end or one or

nore p r i her
enbod n%%%“"aé’@%ﬁgwprmeééﬁ?a‘%%@?ﬁ%%??%s{“‘ e B S BB G200

[ 0049]  Iproteinh Snitahih QfiMeEhviceswe dbtstativeo thieseidegcribay by &ualbguitimt Biosangersal

m cr obal apce t suitabl e layer thereon for thiol coupling
of nmut al‘& 105 g}&%‘\{%ﬁ ?g} ﬁia%?g% devices are illustrative of those
described by Guilbault in Biosensors & Bioelectronics 1999 14, 633-670. 5
EXAMPLES [0050] The foll ow ng exapARPILE$uUStrate certain preferred
enbodi ments of the instant invention, but are not intended to be

illustrative of all enbodi nments [0051 Exanpl e 1: Method for the
expr essil#$0hnd purTPFif‘blHthlB&%%mﬁﬁlélﬁﬁtrW %ﬁr@ﬂmgrefwe@wmhodm@%ﬁth% Tags. 10

[ 0052] ?ig&?lt i eFOSE Bulite E@ini&i‘l@&% &ﬁgﬁsn‘aﬂv@ofElPérhbocﬁerﬁtsprOt ein was

altered I'ntroddcing the amno acid cysteine at various positions
t hrough site-directed mJt agenesi s of the Myl B-1 gene. These proteins were
t hen exw(lsslised i nEEamplgl Ii: Metblodfor itel exgres§100 8@] pGasmaon ef mutaay Broesns of

My1B- 1 i ed as follows. The wld- type MylB-1 gene was cl oned
into a W}%&% Ant hony Cass, Inperial College, 15 London,

Engl and). Mutant pl asm ds were generated fromthis parent plasmd using

casset t 0052 at genGGBP RrRAeE b therMBHRYI g2 8¢l irdl J0. AT rS&ﬁtUﬁWﬁ&red by
essentially as described by Kunke 1991 and cl one E. coli JMLO9
( Pr onegdntiddueingghecamgiao apedysishe aW%)ﬂoth)ahtms tbr%lgmsa@dmt@d mytagendsised by

desor! oo gET o PlesB kel y B e ARE Rt B 2 R R a8 ' Dl o s

20 grown over ni ght at 37C w th shaki ng (220 rpm) in LB broth containing 50
g/ L af@sdi! | i n (CaBefapjutagbhesioafdvipl Bitwagrasedhplighed ds falloed. Thd®@ld-n 1 L

fresh LB/A and was incubated at §7va|th shaki ng ﬁntl the 00 of the
cul t ur e XREMBlErl @eBe wes sloaed iniha PHE 1§k xecton (Bt REC&Edi t i on

of 1M IBi&d EhfBndeNMBRhONLESids FREd SAESRBom this parent plasmld using cassette

mutatgenesis producing randomized amino acid sequences, essentially as described by
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 JM109 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 growth was diluted 1:100 in 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 ImM 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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MD) final concentration with continued incubation and shaking at 37C for
4-6 hours. The 25 cells were harvested by centrifugation (10,000 x g, 10
m n, 40C)woO[0805K8F0 The nut ant protein was harvested by osmpCirawssiiaho and was
purified by colum chromatography. The cell pellet was resuspended in a

sucrose uf f mM Tri s % sugr.ose EDTA i ncubat ed
L omn P st EpaletpaT bt 4 ohl Bedunud e Wit b oo 1

4C) ThéheSduBpenithads iMebafeawheek Qlfdfceﬁﬁﬂué‘éﬂpfl“}@ﬁemﬁlﬂmg %Eema&%%m%

PCT/ US03/ 00200 The cell pellet was resuspend, and ice cold, sterile

dei oni z@aoleg ®ithdhe p@ﬁémlkatedawm%tﬁﬁs anfsyaneangifugedsonasegnal EH0dhx gc B and
centrif ﬁgﬁ%c hg“hégga'e&‘kﬂt{b%k?tgg\g{ ?i?tte?eﬁtthx\%gh a?%gmgga&‘tﬁeﬁl t&gsp% Rk, col I ect ed

supernatants s cen once 4C). The

pool gd Shepteatyeinvaifafel (Sigﬁhﬁﬂdhdnﬁlbﬂl@i St MlSUW)dSWWN wvadadettd tHet er. 5
Streptonycin sul fate (Sigma Chem cal . Laui s, \,%29 5% w v, . was added
to the shyskateand %ﬁat%%og% P%%%m@h@élow&fi bg@eﬁmﬁuaaapné QPO 2.l f ugat i on

(12, 000 X0, THOHBE Dt zvéghsgg&?c@@%e&g& g WRSARIGH ceanaey r@gl%cbogS' ng the

Am con Centriprep 10 tte di al yzed
over ni gMWAH fiistrs ElraklloTe,iNCH@I didlyBdXvetni ghtidedin@12mM hias-#HEHIpH 80, Ehockat e

was centrifug (12,000 x 30 mn he 10 resuItJn sup rnat ant was
added taﬂ\é @9%(11}1;1%? Yé?‘bgloﬁﬁé\?:wﬁ%@?mitﬂ)“&ﬁg Septtirog e UaBiny rsham

Pha c t t hed
%6”'" li% Sﬁg 3 f&t?‘rgé%a% mﬁﬁe' Eﬂ%{%ﬁc{%ﬁ omagg-gl%ﬁﬁ%pﬂg%ls was a;S)pI i ed

to t he cﬁhmrsl’lamd?iﬂnﬁacam:Bicmm Pecaawat, NI¢ ate@lS milbiminnuTlzandolypmo ek wasloxdt ai ni ng

fractions |dent| i ed by.. SDS-PAGE w t ssie Brilljant Bl ue

o i Par G soyiohisaey. o incar Geed im0 209 Nk evas gbplicd Bite SHINTD 2 ed

over ni ghhd f4CHond SR H811RRAS ﬁ*ﬂ@hﬁu&iﬂbf&&ﬁ@oﬁimﬂ%ﬁ?ﬁ% wfe idbhtjfEylpymMTONI UM

bi carbonate (pH 7.4) concentrated using Am con ntriprep 10 filtérs, and
st ored &DS4RAGE wmlmcoqmamenglykl;lentoBlue Flamizgrinowi Ammxc’a&ldba)atTée d‘xaatm)azsed

pr O;ﬁl n_was 00&%@%& (hililﬁged %% (443?3%113] e 08%@}8&%&? I(]g#l fi atl on of

engi neend am @it YicasbdtedbHET RdnBeHRAGANR éﬁA@[coh@éntrﬁﬂ&ﬁﬁi fRers, and
mut agenesis. Site-directed nutagenesis (Qui kChange, Stratagene, La Jol | a,

CA)  wastopsrdtdf Ged -2 Cavitleglycerdl. vitbuamenimdieasbaiwtd dalyhel proErOweect or by
repl aci g%ﬁﬁq mno acid with another, specifically chosen am no acid. The
cassett t'%§%nesi s net hod

[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 residues on
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 rpm) and resuspended in 25 mL
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25 (Kunkel) was perfornmed to random ze am no acids in a specified region of
the GEBP gene. The nutated cassettes were then subcloned into the pQE70
expressi wo os@stss0. [ 0057] The pGGEBP-Hi s plasm d cont ai neddingso&eRBo gene
cloned into the pQE70 expression vector (Q agen, Valencia, CA). This
construct places six histidine residues on the Cterm nus of the GGBP
gene. Epugikter Qc\aigen, SEBAOY Wikhs Lysesime 2omgrvasediet® thelysae a8dthecap- Hi s

foll owi ng standard pracedures ver 50 niL

cul t ur eMIKHE ¥y gegtl %@’r‘éedg rP%‘Btgﬂp% %@ ué)gl %non&?%rolg%ﬁé&%ggggce%

reSUSIOE'BgJ| v\%thﬂlg%éorﬂkooé%MM%Z%%E%M@DBUMM 3 buigf T A bhiodsagen,
ozyne (25 ng was added to theRq_f(sate and t he mxtare was

gent I y @»agdl)azmsrad@d t@ﬁge&oaznuwees(om;n&ydmxmg R, the wartureyaycentiieedr oduced
centr a 6000, r nd 3 m
of N - nrooctam 5 Ty Sk Bl e o whflsg B oo AT 0 &

t he NBCK 10 BMRS, ;ﬁ%ta) laﬁaxmentﬁﬁ(g@eocrhe prfand GBS yzaaelstedefmwém The
beads were washed with 25 of sol ution (JI I\W W&IW éﬁ£§ 8 0) and
r ecent r btadydy. add'me 5nnL:§ﬁk““@IEB¥ﬁq4IPM iRridazoleyd % pé 82/ ‘bdd. ng 5
m. sol ut l.on %e TR e’fl'ﬂecl)qgﬁ% r}sohgtlol}{lm%megpatm -ﬁEf'eﬁ thﬂ?)b'glga@enﬁiﬂ)%s Yixi ng

for 15 r‘ﬁﬁg n’'so Ion was i medi at el |tered through a
Cent ri pligs fiYM (ARRo#,i CHaelotté, ARCTaml, thaheaﬁcamaeed th1>3 mdmi heing e GseEiMusat ed to

1-3 /m using a Centriplus 10 Vi |Iter he. pr ot ei s,.di;al yzed
overlg}J gHMEMal@afl %§t The Rroé‘fmé‘taéfiﬁgg 3481" ha%ain%g-i,\%fd?ora%%som (11CM 5)6 v
NaPO4, 8 REN) i mmbl lized onto a

R, Py 20R540 FEAPNERDS, MESD)

car boxynmne sensor surface (Bl Acore) by thiol coupling
usi ng standard thiol coupling chemstry with a flowrate of 51 /mn in 10
mM HEPE$0QS8] 7. 4, Ph@eimbvwdseOmmobitsed cmtmmosamtbblfi@ﬁfanﬁ%ﬂﬁaemr Acor e)

HBS- P buf f t
bl se ) A g DA B Rer RIS g VB pT So ik (RLERu Ak £aéw Beut ©
2-(2- pyro'f@';ﬂ)’rhfﬂ lhh'o%M mzpaggam nel SORDEAYaCIN0. H)SMBUC(E(DREtSMrﬁwtamFB-I% 5,
E149C GEBP ( ny/ was injected at a 1:50 dil Utltﬁ)iwn'hnl O mv so i um

acetlate (BH\ebrS) (ﬁﬁS B)amn@ug buifiee sThassnens iSRG MIRACH Y (@5 TYYtE §Y
ted 1:10.d t 20
arac cosb iR P QRIS kb PP pER S ?ﬁ%f‘é‘ﬁf?‘tz?&;‘%f@?@é‘fﬂu”m”aﬁit ate

PH 4.5 f@aneddindi(PDERY, 0. maﬁlmaa(t@pm 8rig EA#9C @GEBP (1] 8 otgéuil)avas injpgted
dilution in 10 mM sodi um acetate 24 mn ut e 1puI se

of 50 miteysx0cdifyeion iniONBM sodgim amtatg Bgl 4.1#‘1’3? mB?—? Aé%rb%{% %péygjaa £o quench
the r eac(tsl Ogr}m‘il)r\gas i6/TRN8 2P PO HRGES 1nCRY ¥ LRI 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 (CM3) sensor
surface (BIAcore) by amine coupling using standard amine coupling chemistry with a flow
30 rate of 5 pl/min in HBS-P running buffer. The surface was activated with a 7 minute pulse
of EDC/NHS. Proteins (WT GGBP, 2 mg/ml; E149C GGBP, 1.8 mg/ml) were injected at a
1:50 dilution in 10 mM sodium acetate pH 4.5 for 20 minutes. A pulse of 1 M ethanolamine
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protein fromthe surface. Follow ng i mobilization, the protocol DESORB
(0.5% SDS, 50 25 mM glycine pH 9.5) was run to renbve protein aggregates
from t he wpaBessseur f aces of 3000 RU (E149C GEBP), 4500 ROT(wwsas/bind C
anydrase), 2000 RU (A213C GGEBP), and 4000 RU (Gr4C GGBP) were used for

0059 t d ont t hyl dext
(OB SBRSR vag et o e e T s misS B PR Ger e S REIFEY am e
coupl i nGueh@RIoF 480 mﬁﬂaralié@wld 20 Coralildtype GEHBP WekBRel fsrunni ng buf fer.
The surface was activated with a 7 minute pul'se of EDG NHS. Proteins (W

GGBP, 2 ckipgriment£149C GGBP, 1.8 ng/nml) were injected at a 1:50 dilution in
10 mM sodi um acetate pH 4.5 for 20 mnutes. A pulse of 1 Methanolamne 17

WO 03/ 053¢ PCT/ / e tion and
renmove onsgem fi (L:ILE%% 09%%1 %c?fpr O?EI n. gsgggge&waﬁ%ﬁ&ag l{'s foE?% C and
24005 RUHE149C WGRIP WQﬁnMZwbblea uabdxjxmthyle(@pyeéhlﬁﬁmhg stah@ﬁﬁ@}horr toupling

coupl i ng of, E149 P on g%l urf.aces was carri Qut as foI | ows, 5 E149C

GGEBP wa$ ?%Wlﬁh VAt 0 VABERT rynnig by ?egs Usf frd WAFMAY ¢ hi o
coupl i ngeia RN R £ 4 Iﬂmtrpms@ of h@@: SFoBbwead B gurfmhg)fu&é@wom JaBpffer.

The O surface was ivated wt a 4 mn pul se owed by a 4
mn pul §d MfsogmmbérEERM 86. HI49C KIGRRI(Usmigmbiveasphjeded at Eldgﬁlu(mﬁﬁ (@.8

59 m nuf B0 s st o e AL AL A 35 gt s0
cysi@i nenM EYtNAE] 1M NabIM. %Mbéﬁﬁ&%r@%@%ﬂu Fwds WRA t81§68chch s, ilie

reaction, and renove non-specifically bound protein fromthe surface. A
sur f ace ramovg00D-sRerifiedllyknadd praseindsopeitiersarfacs. 4 o0tk oARDPERBougs Usnd of
E149C rFé on. r9 surfaces. E149C GGBP was inmobilized on a d chip using
st andar &t HE %Ibflpllng chem stry with a flowrate of 5 15 |/mn in HBS-P
running buffer. The surface was activated with a 7 m nute pul se of EDC NHS.

E149C G{RBII 1.8 n@mikhg covgsing o 8¢ 4% GEBBRO0A C2 sdithdtsi 81490 GEBIMMasodi um
acetate pH 4.5 for 50 mnutes at_ a flowrate of 1 I/mn. A pulse of 1 M

et hanol &Wﬁ@ izefl oma &1 ghap nsipgpetandard ynigg @%mlqgrfélemé%rdtwha &ﬁw e ve
2?” ‘ﬁﬂie' n BIBSPREnRY %ﬁ’ep T}[eosgﬁ%% @L%? 17 ﬁﬁﬁdt&’péls%f e performed

approprla € runni ng e specific experinent.
a ucoseEiDﬁ]/EHlS AE149@eEEBP (D8f rag/md) \fldtsameb‘@tle.t a)ﬂ 2]dlldtmmri|n 1¢ inMfisoditim cont act

time). ectjons_of_different gl ucos ncentrati o ated three
) ac tate ph 4n ? for 50 minutes ataﬂgw rate o(fel u?/m?n A pulse o lmthanolaPn?nep

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

[0062] All glucose injections were performed at 25°C in the appropriate running

20  buffer for the specific experiment. Glucose injections were 10ul at a flow rate of 10ul/min
(1 minute contact time). Injections of different glucose concentrations were repeated three
times and alternated between the protein and blank surfaces. The protein surface was
regenerated by washing of the flow channel 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 HCl, 10 mM HEPES pH 7.5, 0.5 mM EDTA. After
18



times and al ternated between the protein and bl ank surfaces. The protein
surface was regenerated by washing of the flow channel with running buffer
fol | owed W9 0305785mi ng buffer injection. Sensorgrans werePeirtusesodbmnk
surface subtracted or were double 25 referenced by first subtracting the

gl ucose i cti over. a bl ank .syrface fro t he. (8 d|n Iuco

P ot onhfing nEhe Bitanneigup drdcliond rs EstfineE i BT ORRE klaiai

surf ace%%esid?@d‘bfél&hgﬁ%ttﬁgr&hﬁ@lﬁlffék'fd‘ HBsmn@%M@aevpéndtmmagot ein
surface. The final sensorgram was obtai ned by subtracting the nornalized

buf f er rentewphoiowogemighé normal i zed gl ucose injection. 30 [0063] An
active E149C GEBP surface (3000 RU) was denatured by continuous flow

overnig th1 . fter
T8 w0 o050 Pt OB t08n bt of S i e LD ootk fudipi kI

[ Rj esti Qﬂﬁnt hmwlhzqdqfrﬁt@{gmcbff shatwlﬂBﬁ{HB}iSEﬂas cotyslirgy methséirspayerahesezvakumﬁg ored by
cont | nUBBIETGOB AOF alighte wgro g ep s ThBiCEies Seecs Hhath 2 07 BURIRF i ng
strateg %1?)@ e Rs ot eins are
shown V\nh?ﬁwglheﬂ; cdgﬁé;}%lfeﬁ%ﬁtr:}gtg iﬂsg&lr%&%gr%%vee & db nlblrtllg b%rﬁé er and 100 M
gl ucose corespondipgbétedern V@ and Hidsdcnoksodirmg thmmj@tlem Bach ingecHomwes domeune

i nterval . .Doubl e .ref.erenced _sensorqr. re.avera time f
corres pgfmicﬁﬁ b%‘t‘ﬁé@ﬁelﬁ oéfhﬁleg&u?eg}ﬂagg(’%Pﬂ@ t %‘é‘%ﬁaﬂ?‘g{; H:B%%Elt%?c A
inj egti aRuMem Beanfly ehRdnRbd §i2h& upbe ghu@ofWisk@nE irf Epdriien id &HS.

thiol -coupling Tor the nutated B E§49C 10 results in significantly

enhancedowligg®r bufferrondy.ucose binding in conparison to amno coupling or
buffer only. [0065] FIG 2 depicts the specificity of E149C nutated GGBP to

concent JRTEn b - TB0nrBR Bttt arare auAPL G B AR EREE “hotoi o
refer enpmﬂerslamgr qmamfsdlmfces@mrwgeduwéd #@ doReentiatibh 62160 AMEorC0300s pondi ng

bet ween 10 and 50 seconds during the injection. Each injection  was done in
tripli cgtllatmqiscoueleéwﬂ%%ﬁurfa}cémmﬁb efrpfgmnée @qnéfarsgaénwm@ﬁ@g@ dwEthe to

t he hi

sel eéct i \E}heyf?agl?eo‘%oﬁgs g{%bew eeanr}drs?asgﬁ'%}gf rﬁigggg h%d%fg i H ?%ﬂglgg%lagotns t he
resul t swat dgmmos'phamx etd isemideht frbra tMﬁg&g@Qlﬁﬁanﬁiﬁﬁﬁe rédilyntdt thathiaf-t er
denaturati ?n and after renaturation.  An.ac t hiol - ch%urgl ed E149C GGEBP

coupled mutant than do the other sugars, indicating t e se ect1v1ty of utant 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 with 1 M guanidine HCI overnight. This method did not
result in glucose signals. Glucose signals 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 uM, 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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surface was denatured according to the protocol outlined above. HBS-EP
injections were perforned follow ng denaturation with 1 M guani dine HC
over ni ghtwobhios7sset hod did not result in glucose signal sPCEUsomeR0EI gnal s
were restored following HBS-P and 1.5 nM CaCl2 injections follow ng

continuous flow.in runni buf fer oyernight. bl ef erenced
sensorgF‘éﬁ%ge\ﬂé%”Bnﬁ\yléer%%grgﬁlﬁrcPﬁ&ppﬂ ngit ?Wgﬁ%wgﬁ?‘f%@%ﬁﬁ‘f% f&?@t%a%en 10 and
50 Secol;fﬁj%tiog.uﬁhﬂgin’j&ﬁpﬁ Qa8 pLitehedFReHplicRieect i on was done in triplicate.

[ 0067] 4 and 5 depict glucose titration on a thiol-coupled E149C GGL3P

surface. FIG 4 shows a sensogram resulting from glucose injections at
concent {68bns of FIG 6 apd 7 depict glocode detpetivmenlimopobiliged EMXobGBIhE1 wer e
normal i zed b ubt racting. the r ondi i nj.ection from
he or obdf oy Fe T bbp o B el RGN R R SO0 PG sE

concent mjddtions ¥t AH00 B Phisiecolflell prditianirfsitbiGlacdse deeniaoisgralert welie 19 WO
03/ 057850 PCT/ US03/ 00200 averaged durl ng the time frame caqrresponding to
bet weenthithigiwonpled surdargsthy sensafgraman FiG ewhich showsthi resylte dionbipusgrien

per f or M ik Bl Y05 R R £ 206P R arihb e ShERE] Q25 ON

i mobi W%%E%@%@Pﬂ)&}[ rfg{élié.c The rsensor gramin F?Igare 6 r’esulsts

f r om r uneti ragnltonfgheosabindib@0 Skhgrgrams evebe dmjbdctefaascedver a 9000 RU

t hi ol -coupl ed protein surface. 3 ucose detection is evident with this

thiol-c d sur ;, the sensorgramin G 7 1i.ch shqws .the results
fromi nf@gb on o%ﬁ?grﬂqpﬁﬁ %W%ggﬁﬁi?nﬂyoﬁlﬁBfflﬁ%@g%l'qoﬁpggf%‘ﬁmﬂ%g “a 2000 RU
am ¢- cRIEdoc UBLACE740ARS A2NIE niRHS hlsd FesAltdiCRSEerRI-BHaned gieasser gr ams
wer e doubl e referenced. [0069] FIG 8 depicts glucose detection %ﬁ}SPR usi ng

t hi ol - cdetpétion. Mimaimedudfenaith 01omMhard EmM @luchs Wegineciad @vathamdinstent s

I |t ed ' |- enh d.qgl .on, i f ith
0. 1w el PUplf oA T EOFE R8T, TENER ek RSP bl

surfac esvdilage'tlramriﬁﬁ eetinit fdine cofitomdihg bBeweh @ 0ragfl 50 sew@ds d@firgahgr ans wer e
averaged during the tinme frame correspondi ng between 10 and 50 seconds

during tiestion; Kpeltinjeston Eag Honminduplicate. wh sugasieey ohthe thipl metgnts andtheifmary of
g . L GORS . My
conbhi nPETHE AR BN h 8ble 2 NAEBIG TR SISCERD 1 deuieae L BED 11 o

negat i v&GBMproediits {re fdprésentalvanshailve aspets (eutley B.and\ respectitedyyn Asist he
table, in comparison to wld tépei'lémd am ne- coupl iad sanpl es, the thiol-
coupl edshaymindhe bl i spamparisemio Wild YRR And APEKrsoYRlcdrampicshethient in

signal oied AAGHAMHHDs of theAflindiWbntibl Shl@hitpro0eth 6 i gRAIGREr
applicabi ity to various sensor surfaces
background. In addition, the data indicated broad applicability to various sensor surfaces

20  (see entries 1 and 9 of thiol coupled protein to CM5 and C1 surface).
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20 (see entries 1 and 9 of thiol coupled protein to CVb and C surface).

20 WD 03/ 057850 PCT/ US03/ 00200 Table 2 Entry Surface Attachnment Chip RU
SPR Si ghawoa/oS8asur ating # chem stry i mob- Anmounts of Gratasses/odbe zed

Buf fer RU glucose 1 E149C G&BP H6 Thiol Cvb 3000 -0.5 4.3 17.7 0.5/
100M 2 %%%GGBP H6 Amine CVb 4800 1.4 3.1 2.1 55/ 100M 3 W GEBP H6
Am ne 029 1.55.9 2.3/ 100M 4 Gr4C GEBP H6 Thiol Cvb 4000 2.7
3.6 22.3 0.2/ 100M5 K137C GEBP H6 Thiol Cvb 4000 4.8 3.2 9.5 4.2/
100M 6EAZL3GuEBP H6 Thi ol AttaMbnest000CH®. 5 @U4 119 SPR.Sékndl aflSaidating E149C GGBP
H6 Thiol: CMb 3000 -1.4 2. 2c@misttyl / denatmmodd sur faoent n€Gucd@0M control)
8 E149C GGEBP H6 Thiol CMs 3000 -3.7 1.5 1liliz¢ed 1.0 / refol ded protein 100
M surface 9 E 149C GEBP H6 Thiol C 1 9000 0.8 1.5Bdffir2 RiBglicosel00M 10

E149C GegBP Hg AW dtBpd, 2000 brhfbl 3 Icm#F 9 hod 1 WEM 3T ERABG AZI3S, L238S

Thiol CM6 10,000 1.0 61.53.4 / 7.3 10 mm 100uM

2 E149C GGBP Hg Amine CMS5 4800 1.4+3.1 21+£55/

100pM

3 WT GGBP Hg Amine CM5 2400 29+1.5 59+23/

100uM

4 G74C GGBP H; Thiol CMS5 4000 27+3.6 223+02/

100pM

5 K137C GGBP H; Thiol CMS5 4000 48+3.2 95+4.2/

100pM

6 A213C GGBP H Thiol CM5 3000 -0.5+04 119+0.4/

1 mM

7 E149C GGBP H; Thiol CMS5 3000 -14 £22 0+4.1/
denatured surface (neg 100pM
control)

8 E149C GGBP H; Thiol CMS5 3000 37+1.5 11.4+1.0/
refolded protein 100 uM
surface

9 E149C GGBP H; Thiol Cl1 9000 08+1.5 102+28/

100pM

10 E149C GGBP H, Amine Cl 2000 04+3.1 -49+53/

ImM
11 E149C,A2135,1.238S Thiol CMS5 10,000 1.0+ 61.5+3.4/
7.3 10 mM

SPR signal has been blank subtracted or double referenced

21



SPR signal has been bl ank subtracted or double referenced 21 WO 03/057850
PCT/ US03/ 00200 WHAT IS CLAIMED IS: 1. A biosensor conprising: a) at | east
one nut atwo obiosmds;ng protein and at | east one thiol group acrashee2dher et o;
and b) at |east one sensor surface wherein said nutated binding protein is
coupl ed r 1h i iol group to said surface; wherein said sensor
surface"%ﬁé&ﬁ%k@fﬁ‘i@ﬁ%igabl e signal resulting froma change in refractive
i ndex when said nutated binding protein binds to analyte. 2. The bi osensor

of clai m 2A vheéRbcsiApkingit at ed binding protein is selected from
gl ucose/ gal actose binding proteins. 10 3. The biosensor of claim1l wherein

sai d anal e, 1539 bHE ARG biﬁﬁhggfc@&ﬁ and at 18 oRé 8362 68p ffackéPhBleto; Wher ei n
sai d nut ated gl ucose/ gal actose ™ binding protein conprises at |east one

am no aci gysyhstd Bﬂé éeg@or Srfadd ShQLASGRERN Rl b%cﬂ#%gl%tém%rc%h 1e8%15r@u§}” at ed
gl ucose/ gal’'actose binding protein conprises at st two amno actd

subsi i t sdid drisl gravp . saldwrfacgsensor of claim 4 wherein said nutated gl ucose
bi nding protein conprises at |east one am no acid substitution sel ected
fromthe gyineaiastsdor B@akt providstatictRtadle 9%l tdsONing Fronfa SRdrigoén at
position 1, a cysteine at position 11, a cysteine at position 14, a

cyst ei neefigetivesindex when sad mutaicdbiading prateipdandsitpanalgte. 3 cysteine at position
74, a cysteine at position 107, a cysteine at position 110, a cysteine at
posi ti oA IR bigsensosoéiclagm 2twinsein said mutatgd bmdimgsureteneis gelegted goBi ti on 149, a
cystei neluat %crﬁi ¥O| og. 13 a . steine at position 216, a cysteine at

posi ti of WCPEHEAY é}e/ ! i“f"?epr% bsition 287, and a cysteine at position 292,
a cystejne_ at .positiaqn 152, a .cysteine at position 182, a cysteine at
posﬁi 011%' %é@,bl‘gwasoa ogﬁkllrﬁi%n"éheé mﬁ%‘giafliﬁm I%EJPOSF.OT'EF}@CQS%sensor of claim4
wherein said nutated binding protein has at |east one histidineg tag. 25 8.
The bi o$enkdwbigsensar of ﬁ%azn\%m%?eé@ﬂ sadintated glusascigalactnse bYnERISEE bi ndi ng

protein,.. ine : .at position 213. 9. The bi osensor of 8
wher ei nc%rgﬁg%egr;g{ta%?%gﬁé?ﬁ?@%ﬁ@ﬁgogr otein further conprises a histidine
tag. 22

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 position 11, a cysteine at position 14, a cysteine at
position 19, a cysteine at position 43, a cysteine at position 74, a cysteine at position 107, a
cysteine at position 110, a cysteine at position 112, 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 8 wherein said mutated glucose binding protein further comprises a

histidine tag.
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WO 03/ 057850 PCT/ US03/00200 10. The bi osensor of claim?2 wherein said
mut at ed gl ucose binding protein includes a cysteine present at position
149 coupwexostes7ssai d sensor surface. 11. The bi osensor of Pd/wgwnaeion said
nmut at ed gl ucose binding protein further conprises a histidine tag. 5 12.
The bi osensor of claim5 wherein said nutated gl ucose binding protein
conpri seg, arhe biegatortofelaimi2nehacindaisiubsthied lgtucombiséme@rcé@nfm‘gh&sr@e group
consi sting of a (l:_%/stei ne gt posiéi on.d;12 andta serine at position 238, a
cyst ei neyshingpresent arposiendAd cqurled fH¥ sy ySIHPSh 238, a cysteine at
position 152 and a cysteine at position 182, a cysteine_.at, position 152 and
a seri nélat Thokipsanger of 18 wherei spidinyatgd gé‘@%ﬁetq“b‘ﬁx%??t?iﬂ éux%dhe@%xpgpsneg 4at
posi ti Oﬁgigi?%ﬂa cysteine 10 at position 149 and an argi nine at position

213, a erne at position 149 and a cysteine at position 213, a cysteine

149 Sna 151 Th RS S Y ARG e BORLblA LS oRAmEp O BB 1 O

t yr oSi NgsaattwolR@Shé hQd s@sBitutdns yelt@bhomtthpgaoup comistihg odmdystainagpar agi ne at
position 223, a cysteine at position 149 and a cxgéei e at s Si t.'ign 238, a
cyst ei ngositionpbk3 aridasering abpRsittonssS; feysigina & AOSKICR|! 6n 2B% 8 STy é\?gf’%l Mo at
position,l49 and qeiny f itd #B04R6h 182, BXSERInRa BbsitidtDBs X dnan 152
and an g?éiahﬁyﬁ{eémaefa%g%?@%?@ﬁag&icl:ystgione at ﬁg)s(?,ti on 152 and an,

aspar agiaReri@d at posiibh 203 a238teirmerd pasityrs2 i and aadysisdnsi at position 33K AEYaeEYst ei ne

at position 255. 13. The .bj osensor of..claim.5 erein i.d . I
o o g by o ansese peattorchah SRR 37 TeLayAda0! uoose
SubSt I { iR 2 PRlRGLERe bl ASNiG4PI 47 D 6RARIS Ll pGidIn 21 Xxelatineat 20 at

positio a'serine at position 213 and a serine at (Eositi_on 238; a
cyst ei neositiop 049 tidomletdifie atpositiagi Hidnecysteipoafipopisian 143 aha HOHR? the at

position 238; a_cysteine at .posiftjon 149 a. St ej L 213 and a
cyst ei nd@OFHOR L3 YReHE L p%‘@%!@l "H'gi aéltasg%%glfl%tn‘; 0(%14{8)% %%’s%?fslrtlééhé;%{ posi tion
213 and i ' i jokition 2383 cydtefes positoml 4pmsd 4 sedine 349, an

aspar agip?l)gngl?@@%%gii ??%S?Iél%éz)%%gné an ar g(i:ygi ne af_@ pog_i tion 256;. a serine at
posilBi orpodifion 26§,stcysteneat ppuEon 1 4hapimniargining gt BEKHEN P> 2CYHEEP A on 213 and
a serine at. ition 238:. a seri.n PQSILi s i pesi tion
Tao, & 9ervinb 3¢ bl FEBin S IBLNAR 2TL RNk pR poutith LY SRy Bh OB | e

at  posi tjogifion493, AdQxsbteineat pésifas2 I3 o aldRteine at petitom@5at posi tion 213 and
a serine at position 238. 14. The bi osensor of 12 wherein said nutated

gl ucose {ai fﬁie%%sg @ 8F Blafik! b 1R Feif QAP ISR Suc@@ Hitidifig pionsn trtnded 5t ledshe
bi osensor of 1 erein said nutated gl ucose binding protein further
conpri seameaombination 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 12 wherein said mutated glucose binding protein further comprises a
30  histidine tag.

15. The biosensor of 13 wherein said mutated glucose binding protein further comprises a

histidine tag.
23



hi stidine tag. 23 WO 03/ 057850 PCT/ US03/00200 16. A nethod for anal yte

detection conprising: a) providing at | east one nutated binding protein and
at | east woastohissé group attached thereto; b) at |east omeTasnsoN0surface
wherein said nutated binding protein is coupled 5 through said thiol group

to said surface; exposi aid nutated binding protein to biological
sol uti oA céﬁ’f‘?ﬂ’?fﬁ?@ m@M&ﬁa%&?WY?l%ncent rations; d) detecting a

detectabl e and reversible signal resultjng froma_ change in. refractive
ndex; 10 viler ei PRO¥iHRE Ridsast ParuiaieA dindingrotein andatJertf oAl €OUY om
change in refractiyged fidf%: upon binding corresponding to said varying
anal yte concentrations. 17. The nethod of claim 16 wherein said detecting

is continu , P i i ol§ i i Of reof . The
mot hod of cPal m AaCRaNE s B RE hereBsa SRR T T bR Reouy, PFC
gl ucese/ gal act osehrdighdaiighiol giotp Mo sal@ surfdee; met hod of claim 16 wherein said

detecting of detectable and reversible signals of varying analyte

concentrati@ns i gxgodingisiid mdfted bhRidpRIrbRth t@fbi@lbgq'icﬂﬂsbﬁxti&'ﬁﬁﬁ&itﬂnﬁ%i d anal yte

is glucose or galactose. 21. The nethod of claim19 wherein said nutated

gl ucose/ gal act oseargingdnalytqnopeaitngtions; 20 sel ected from bacteri al

periplasm c binding proteins. 22. The nethod of claim 19 wherein said

det ecti ng of) det dttciinge drtetabdovandsetdrabkisignal ssulfing floswd changpor t er group of

varyi ng glucose cancentrations is in vivo. 23. The nethod of claim18

wherein said nut éﬁtl\ﬁqlﬂg@%e/ gal act ose binding protein conprises at |east

one_am no acid substituti on.W(ZjES 24. The nethod_of claim 19 erei.n said
eMeF

mut ded gl uEBSEIMHIGLTeRDIH? st gl resgibnpmaediagge PgakcvRdndRt no
aci d substi fui HH@P%??‘;&%‘?‘%}W‘T@% %ry&%%h%()mﬁhenéai d amno acid

substitution Is se the group consisting of a cysteine at

posi tiop,1, T%Aﬁl%{hioﬁ%fgfairﬁqaiv&ﬂe%ﬁl id gﬁtﬁﬁfg‘%g@gm o?é&?&%&’xﬂm%&’ep‘?sod ysteine

at position 14, "a cysteiné at posi yste position 43, a
cyst ei ner aimbinations thereof.

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

15  glucose/galactose binding protein.

19. The method of claim 16 wherein said detecting of detectable and reversible signals of

varying analyte concentrations is in vivo.
20. The method of claim 19 wherein said analyte is glucose or galactose.

21. The method of claim 19 wherein said mutated glucose/galactose binding protein is

20  selected from bacterial periplasmic binding proteins.

22. The method of claim 19 wherein said detecting of detectable and reversible signals

from said reporter group of varying glucose concentrations is in vivo.

23. The method of claim 18 wherein said mutated glucose/galactose binding protein

comprises at least one amino acid substitution.

25 24. The method of claim 19 wherein said mutated glucose/galactose binding protein

comprises at least two amino acid substitutions.

25. The method of claim 23 wherein said amino acid substitution is selected from the
group consisting of a cysteine at position 1, a serine at position 1, a cysteine at position 11, a

cysteine at position 14, a cysteine at position 19, a cysteine at position 43, a cysteine at

24



24 WD 03/ 057850 PCT/ US03/00200 position 74, a cysteine at position 107, a
cysteine at position 110, a cysteine at position 112, a cysteine at 1
posi ti onwbhlB/0smseyst ei ne at position 149, a cysteine at pegusoencBd3, a
cysteine at position 216, a cysteine at position 238, a cysteine at
position 287, a cysteine at position 292, a cysteine at position 152, a
cyst ei NgogiiorP8 atclyaeind 8PpositiaryHi7e npsteine gaositionr} 10366 ystaire 3 PosiEipn {&ne at

ppsipion 296. 26. The thod of clai.m 2 erein._said.: / ;

bi ndi nga pYYeBs ﬁtp&awpflilg?a% PYPreRGAhEPSeR ?é% Cé’étse{“e&ﬁggﬁﬁl’s‘%g’f’%ecgtgz)tg‘g?% 7 The
met hod gf 64,9318, 24, MIRE 8 poshAinth 38! epsahgalpasition 28D) nelisteingaipbsition has at

| east two amno acid substitutions selected fromthe group sisting of a
cyst ei ne92ta qyssingiabpositich 1500 a spieteine @H?qsﬁ@ndt&p%%YSﬁql%atZ@S{tloéaggsar‘@iane at
position 149 and serine at position 238, a cysteine at position 152 and
cys;%!néy%?2$%§¥?$@ﬂ3%§2, a cysteine at position 152 and g serine at :
position

a cysteine oSi.ti 13 i . j: £
Gyt ei ndbai Thesgeiion ShCIETD 2 AeEn SHbENTS Heops o pin BRBuLLED OS5,
positi Oﬁor}légse@qglegst%}qghgkig&e% . position 213, a cysteine at position 149
and a thrednine at position 21g3, a cysteine at 15 position 149 and a

| euci ne 3t P hlBbarsaid RATAGERSaid g RASY iiAoskAindingl protéi hashirleasel

positioM 213, ‘a cysteine at position an asparagi ne at position 223,
a cy ts_t elt\nﬁzlgﬂino z,:jtﬁxﬁsdblsﬁmtidﬁésemncbdafrmy tteedrowp ermsisting of vayskaBe atposiiopdilhe at
posi tion and a serine at psition.25 a .cyst.ei ne . ktion 149 and
an dPgi an¢a sggn%wgp%%%g,cygt%wé B?Shtéonaf@ aﬁlgﬁy ﬁeflg?]aﬁ%oghhoﬁ?%ghé ar gi ni nenat
positi Ogyagiﬁe aBodiRh8IsPGndk ROSInkaPPoskivh Bda astéaParmBitivn 132 aA@aposi ti on
223, an a cystel ne at position 213 and a cysteine at position 255. 28. The
met hod @Erid atippsiAdn Mk raaiystedmiat pogitiond sy aydl2aysisine HPALTAY 238 GtFRIEEt t her

coyrpri ses at | east_one histidinet 29. . T .k | Al i
sai d gl lP@é%‘@Y‘égfé‘& %@gﬁﬁlr}f‘dﬁftﬁ@“ﬁ%?g%’ﬁ cgétﬁ%?gggg&Q@glﬁ%@ﬂﬁe%%o%?:1:; inon
of am ng, agihH 234 bsdkiettei 2 PSsifsh e43 afdl § thegoninkeat goditign 21 aicybteing ag 25

cysteine at position 149, a serine at position 213 and seri.ne at positi
238:15a @psitiennd9 and a fpusing abpositim 213na gYHeIAG 'ﬁté’oéttloﬁ(}él?tapgﬁtff@“%ﬁﬁ apselri Ingn

at position 238, a cysteine. j b ' Lhi on 213
and a cﬁ?ﬁ‘é‘f’ﬂé%’ta %‘éf”ﬁ a&ﬁoﬁ%r;' P?%@dsﬁlgsﬂééép © po@é?t ?cgfnz?hg,kydgaﬁigﬂri ne at
posi ti on,o2iki3nand adda BpREnEl fRitvh 2305d ¢ysaine2? Ppsisionl 149 eyda eérims a4t posi tion
149, an aspar agl ne at position 223 and an. argi ni.ne % position, 256; a
serine gtosiiosi2bh.arcysteing a pasiipmd4Bandan %&@r&eiagﬁ%%‘} é\% ALVEEICRE at

posi ti Onpozsflﬁ%nqgg afid 37 Erigﬂﬁngﬁt ﬂ%?i?iiohiﬁﬁ', ¥%§iei& a?'foBéiﬂ@n 252 PRBid dsphragine at

20  position 223, and a cysteine at position 213 and a cysteine at position 253.

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

comprises at least one histidine tag.

29. The method of claim 24 wherein 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 and a serine at position 238; a cysteine at
position 149, an argihine 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



1, a cysteine at position 149, a serine at position 213 and a serine at
position 238; and a 25 WD 03/057850 PCT/US03/ 00200 cysteine at position
149, a cywoaBmssat position 182, a cysteine at position 2P8tarsdi/eo2seri ne at
position 238. 30. The method of claim?29 wherein said glucose/gal act ose

bi ndi ng pratein additignally. conpri.se t least one . histjdine tag. 5 31.
The. et ABUEIBE SIS 140, ARETERTA SR HOR LE B B e 4 BorUYLr U B STBRET | s
det ect edodifon 34 f ace pl asnon reasonance-based neans. 32. The net hod of
claim 16, wherein said detectable and reversible signal is detected by

I ong pegh 0@ Rlih P LA IR RESm safl glucose/galactose binding protein additionally

comprises at least one histidine tag.

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

surface plasmon reasonance-based means.

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

long period grating-based means.
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