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(57) Abstract: The invention is dnected to entrappcd binding proteins, mutated binding proteins containing reporter groups, com-
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both in-vitro and in vivo. The binding proteins are covalently bound to a flaorescein dye so that the concentration of an analyte (e.g., .
glucose) in a given sample is proportional to the fluorescence signal on a scale. '

o 03/057734 Al




GM HR, HU, ID IL, IN IS, JP,'"KE, KG KP, KR Kz, LC, LRJulyR0O0&S LT,
LU, LV, MA, MD, M5 MK, M\, MW MX; MZ, NO Nz, OM PH, PL, PT, RO RU,
SC, Sb, SE, SG SK, SL, TJ, TM TN, TR, TT, TZ, UA UG US, UZ, VC WN,
YU, ZA, ZM ZW (84) Designated States,(rﬁﬁionalﬁ: ARIPChﬁatent

GV
KE, LS, MV M, SD SLyy&Z03/@57%54 A ZWI NI TR RU AR AR AT AZDE BEK

HE, ES, Fl, FR’ GB: GR,’HU IB IT LU, MC, ML, PT SE, SL SK TR) OAPI
P at n{’uh s two—t@% abbrmz(t:o ertcgﬁ )

[ Cont T @jﬁ "?{' };gg 0,) mﬁ% ﬁg@a@‘&fﬁ{gﬂ‘ e

Bl OSENS mrpmmgw qu q~30 2600 -ti 2400
2200 raaaa&mﬁ 0001 0.001 0.01 0.1 1 10 M GLUCOSE(mM 100 (57) Abstract:

The invention is directed to entrapped binding proteins, nmutated binding
proteins containing reporter groups, com positions of mutated binding
proteins containing reporter groups in analyte perneable matrices, and thew
use as anal yte biosensors both in-vitro and in vivo. The binding proteins
are covalently bound to a fluorescein dye so that the concentration of an
analyte (e.g., glucose) in a given sanple is proportional to the
fluorescence signal on a scale.




2006 3 July 2006
Lerrrerrrreerrreerreerrreerrreerrreerrreerrrerrreerrrerrrrrrrrrerrrnd
\i7167-19¥R193P-8&54784 Al Publ i shed: For two-letter codes and ot her
abbreviations, refer to the "Guid- - with international search report once

Not es on Codes an bak N i LQnpge Defore the
expiration of theWﬁ%ﬂ%@@&f@ﬂgﬁ%&%ﬁg@ﬁgﬁ% regul ar issue of
the PCT Gazette. clains and to be republished in the event of receipt of
amendnents 3 July 2006 Q7767-185819 - P-5074. 70 ENTRAPPED BI NDI NG PROTEI NS
AS Bl OB SRR QRNEEAE RBESR ENTION 1. Field OF the Invention 5

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

i nvent i0rFitl OffHeGal&RickO €ntrapped nutated binding proteins, nutated

bi ndi ng proteins containing reporter groups, conpositions of nutated

bi ndi ng (?r oteins containing reporter gﬁroou‘g;p in analyte perneable matrices,
and3t hdP90llise as Thaanvenbobisds dreslinld obbiotechmolegyt. ripeaiiigally, the ingentpn is

Descri pt i V. it . Voni.t or. | ucose concentrations to
Faor 1 | Direoa B o Bbuafdinid s epdhs M iple Brotele o8B 0ar anc
woul d gphgecenigoeitiohy eSmotatediiydihg fiovdii Untainifl Fepofted Froupdsinakiteabet i cs use
the "finger stick"” nmethod to nonitor_ their blood glucose |evels and

pat i en®CERsRBIG EpEEes, anditheisuseras analyie biogenspribathogydse 2anfinieuent  (sever al
times per day) sticks. As a consequence, there have been efforts to

devel op ARG b'Rel@badP ¢l 1y 15 invasive in vivo and nmore efficient in
vitro nethods for frequent and/or continuous nonitoring of blood glucose
or other glucose-containing biological fluids. Sone of the nobst prom sing
of 19 hes‘.%ﬂﬂ%iat hods Manitotine glisesesoaceftrations todacikiate adBijeste nstabsliacatwéin ces
capabl g. ,of providi specific . quantitati.ve ofr sem -quantitative anal ytica
" nf or naiabSfics R d aOR F Gt v et e B e Sy ne i th a
t r ans dugdsndiabéliRt asd thd Ofingdr 88Ot metROd tOMBBtor thér Blosd gRic6R) lev@eaaNi tion

el enent of a biosensor determ nes the selectivity, "so that only the
conpoufdtien spmpliance isyEoblesstie dve tocmirscaugecdbysiregnght (sevrsaldishesaer 68Y)may be
based Qp . hi ] r ] f i r.e t ] structure
ot he iasnge conEes EIRTE kY e el Ao OR R OBy i G the
bi 04 ogirsabive ecagnaid moreadficientin vired Akihodsfoa flehoah and/6atodti@acis on of the

anal yte. 25 [0004] The transducer transl ates the recognition of the
bi ol ggmpgitoyi%g: ]p?q glgcose or other glucose-containing biological ﬂu?ds. Some of the most
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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

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

20 [0003] The biological recognition element of a biosensor determines the selectivity,
so that dnly the compound desired to be measured leads to a signal. The selection ﬁlay be
based on biochemical recognition of the ligand where the chemical structure of the ligand (
e.g. glucose) is unchanged, or on biocatalysis in which the biological recognition element

catalyzes a biochemical reaction of the analyte.

25  [0004] ‘The transducer translates the recognition of the biological recognition
element into a semi-quantitative or quantitative signal. Possible transducer technologies are
optical, electrochemical, acoustical/mechanical or colorimetrical. The optical properties that
have been exploited include absorbance, fluorescence/phosphorescence,

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

1




elenment into a sem-quantitative or quantitative signal. Po¥4ihh30g6
transducer technol ogies are optical, electrochemcal,

acoust B&7/IBBthanb@al’0 or colorimetrical. The optical properties that have
been exploited include absorbance, fluorescence/ phosphorescence,

bi of ch%_@;}dd&%@&%ﬁ% flublds&t B8fifounltt ARG bE 484 BF bikdnANALY Rlfdgkhy e | ndex.
Conventional "1 July 2006 07767-185819 - P-5074. 70 reporfer groups such as

f | uor esppafunityrfpodinets optasal Detectmadwitboutdhd meeddoi vkabyl, there is the
opportunity for direct optical detection, without the need for a | abel.

[ 0005] (Bignsensors,.specifical desi. gn fqr glucose detection that use

bi of ogilt0T o7 oraitRast SEely R AR Son Rheste JERES o (EE bEA M cher cal
or col eldnisty fof sigedl eembdutiohn ic@nr@@éae@dcﬁaﬁﬁap&tdovdﬁrﬂetria Hetettiom off this

nethod is associated with difficulties that result fromthe influence of

oxy §en guspes exidasg actiyitys dhe useef thismathados gssogiatedavigh difidcudties thatsetulins  with

el ectr qﬁ@% Lt 3 1 on. ' tion of

t he angﬂ);?/['? tehe t hat cﬁ%@&(@gﬂe{%ﬁﬁﬁéﬂ%&cﬁ? ?@g&ﬁg#%gg@?ia&gp Og’w gl ucose
concentwitlt élemoded, @06¢ othersadh diditian\deteetingreukesinaonbingstnsdithaaabitopment i s
the use, of fluo esg‘e tly. tlv,g | abel ed E)eri | asm ¢ binding proteins (PBFP' s).
As repdhdt BRYBEsUELR ll%ﬂ £S PRENCAYTRE 1956 SlUgRserosgonalions. | ahel ed nal t ose

bi nding protein (MBP) was denonstrated to be a useful naltose sensor. In

-this weedos) VBP, Whiapliil{advaReinB akda\be biokailsel 8 eldpir it Rthe WRSIMHbAkEGhIY0
provide a protein with a single (]:%gtel_ne residue at a position at 337
( S387 CJabelrdipsriplasmaici tinding piteinoPBEES). vistrapertadiy Gass (bod WHiemd 19, 66eft and

i | i tal ch 5 | bi ndipg. N
1 Gor opnaresuf B88ef MA G SRR e H R e Ao BT G R g, T o
i nt er f efaddsedehbort ethizondrl] MEBP, ohadh Hab ab et @f cystitetealigdsPwanutadidse st udi ed,

N ((2- iodoacetoxy)ethyl)-Nnmethyl)am no-7-nitrobenzoxadi azol e (1. ANBD)
resul t ®EPVide aprotaibwith gsingle eystsinastidphatia pasitioaab A3 2(Y3BE6% ThinmeREPey upon
mal t ose hi:ndi - Thi i .St - W '

{1 or oBRar s wRguidhil e hERU:Itihding SRANT WRbdibedl LG ORBUL el o
t o1& mopen hytowepieding Nunérvonflentphoass wad lsthdiedy sonbheeéithet brokal ligall| y

predicted. for the closing of the binge upon maltose bjnding. However, this
mut ant H’H}%ﬁge‘?rﬁ“fegﬁ'@dt"ﬂgl s §ereftpgfl?éwna PEeet e aw&laooﬁhp%ﬁ%%m NACG-
di ag “Q%doﬁé’ét&%ﬁgéi:tg??’-ﬁ\t-ﬁﬁ ﬁ}dﬂﬁﬁo’ﬁ-‘nﬁrdﬁ%ﬂﬂﬁhﬂi%le' g&%]ﬁl?) fdstik&lSin sCaSS al so

di scl osed ass on of “tthis protein wth Ti 02 surfaces, however, the
- sur f ac eutistunfidl iperegseiin flwofeseaned (f60&Fnintenkityaghon atdltoise hindinghThis mesubind r equi r ed

corSt S Ah T PRk b38kaDe Bk 8P AR D ) one
g : %% ? RS orsgc%’ gr?ﬁnﬁohﬁﬁﬁﬁﬂo%érefﬂydﬂfpﬁ§ﬁ€ Rhvitdrist Us SFoul S et tiR6iA8Ayd ucose
_predicted for the closing of the binge 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 Ti0, surfaces, however,
the surface-bound protein suffered from reduced activity with time and required constant

25  hydration (4drnalytical Chemistry 1998, 70(23), 5111-5113).

[0007] - Hellinga, ef al. (US 6,277,627), reports the engineering of a glucose
biosensor by introducing a fluorescent transducer into a Galactose/Glucose Binding Protein
(GGBP) fnutated to contain a cysteine residue, taking advantage of the large conformation
changes that occur upon glucose binding. Hellinga et af (US 6,277,627) disclose that the
30  transmission of conformational changes in mutated GGBPs can be exploited to construct

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

2




(GE@BP) nutated to contain a cysteine residue, taking advantaddy 06t he | arge
conformati on changes that occur upon glucose binding. Hellinga et al (US
6, 277, ®2767-1818321+ Be¥4tihat the 30 transm ssion of conformational changes in
nmut at ed GEPs can be exploited to construct integrated signal transduction

functi gRRrdsBatce GRIMEIosRriE wggﬁlg RS G, PHEMlorbRbM RnCRAOR fiddidnsd July
2006 07767-185819 - P-5074.70 tluorescence via an allosteric coupling

mec haniaseweptitied fol intsriesoumimalbawishl thet intrinsicuading poperics of thp ougae Hindmg

interfer . Nj y with the intrinsic binding properties of the sugar
bi ndi né’oglﬁe?élkgt@ﬂn GGBP. [0008] In order to accurately determ ne gl ucose
concentration in biological solutions 5 such as blood, interstitial

f1ui ds,[0e08)! ar sgh didep RSaccRRKSP HEtBImMiAN glulbse conténti@lyn heEbidRgichbdIl®ione adj ust
t he bi ndi ng constant of the sensing nolecule of a biosensor so as to nmatch
the3 prysh Heed amteléﬁﬁﬁlé}m‘ﬁﬁaP%ﬂ@@?%@ﬂsad’ﬁﬁpﬁﬂﬁl%‘g efeaiiaaybe desttabled? ogi cal

sol uti qQR; ' : ' : b it Ldl , a signal
oy be . b Ui bopaall St M enk 8 FRRPLS b o3 P RIEL K ) St ool
concentphgdiologicaliddi/dripati@ldgycal bparsthrpsanse oftiic bivlddicat ssifitiguoBdtensst.ng nor e

t han oqjg.%gtei n, each with a different_ bin ing constapt, to, &rovi de
accur at SRRt & mpEqpriateRyading copstant, Al By be QRLATREHOE APPECHBRs as

di scl Ogﬁé%b%gch%ﬁyﬂr%ﬂﬁ)%&l dShbemBttion. h%%ﬁ;na@ﬁgﬂééeﬁs&ﬂ&a&@@f ul ness of

nmut at e few of these proteins have been “'designed and exam ned,
ei tlfler configured using moue thae pog preteiy eacipwith Splifférentdindinatonstant, vé poivides 15

and/ or attachnent of certain..reporter,groups act to npodi a bi nding
const aAFCUHC LFASYRPFLY Pg?ref"b‘i‘”éie\x&ﬁe Oiglﬂ%? f’eo%él'f’?r’%}lﬁngn%?so@%%%%ﬂ L%o nt ai ni ng
report ¢akGRRYPSSHEM73ME a desirabl e binding constant, but not result in

an easily detectabl e signal upon analyte binding. One of the overriding
factors that determ nes sensitivity of a particular reporter probe

att achd®P09b a palieseits the upsfvlnessipimyHated & Ciltse Eaw ofithete protsipe bays eeinal yte i s
th e of Lf Q6 t b d
i o SebiEn e ant§adthoiPAHe! i of hhBf Qe B RASHEERED 0 2

pr éfli ctand/besteachmicat afckitainsepuireh groups mlagiatisto wsddify LlEiniiug adbnseamdin amret hods,

nor is it possible to enpl rati onal design nmethodol ogy to optim ze the
choi ce uBIFmQ’IC@% vay %11‘588%3%4 ﬁg%;?amsm SAININSTEPORISE SFOYRSINGY ga‘t"’na predict the

ef f ect deamsietmﬁeimg@snﬂlﬁddu@aot e ShaR easiff det 'b%@éigl%w&ﬁ YndPAS Behadfy, t he

position of any r@porter group, or amino acid 25 s tution in tlhe
pr ot ei Mngworf the memiding fictor§ 001 ddterfoncieendi Dyity etgeantitWasepartdr brabent ai ned,

andhor READL 2L ANl oft pUseble bl openeors, el ngL AL S Al
20  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 predict the effect on either the binding
constant, or the selectivity based on the position of any reporter group, or amino acid

25  substitution in the protein (or vice-versa).

[0010] ' To devélop reagentless, self-contained, and/or implantable and/or reusable
biosensors using proteins, the ﬁansduction element must be in communication with a
detection device to interrogate the signal to and from the transduction element. Typical
methods include placing proteins within or onto the surface of optical fibers or planner

30 waveguides using immobilization étrategieé. Such immobilization strategies include, but are

_not limited to, enfrapment of the protein within semi-permeable membranes, organic

3




detection device to interrogate the signal to and fromthe 3Jundacti on
el ement. Typical nethods include placing proteins wwthin or onto the

sur f ac@76f-181519 c&bF07#i7bers or pl anner 30 wavegui des using i mobilization
strategies. Such imobilization strategies include, but are not limted
to, en gm t el PR aTEAR ThefhBeRL& anic 3
July 23)8 07%aﬁﬁeggcﬁsl‘lﬁg&{gﬁ%_@ggl;&ﬂe%g-lag-é%smp mat r i ? g@dﬁ%&?ﬁf orﬁgeéin@%)gpol ymer
mat ri cadtimataly detenmbiel the perfasmasce ofithe workgeglbivagnson | Ehierpaioe byt ddtziler mi ne t he

per formance of t.he worKki. bi. nsor ., .The. priot .art ~details umer ous

P ol e numstad ordid Rt 8t F RO BT bilestish oS Ployfia GRdifoFBt L o For
exanpl exarfip! laymﬂﬁ}gf)@teﬁlﬁs Mﬂé%bGﬁe\*diiiﬁl}é%ﬁfoﬁh@ti&ﬁﬂél% | IO AkraGHRRAE Foss
denaturation, and |l oss 5 of biochem cal activity. I'nmobilized proteins can

exi 8t iohbipchemigal astiFiter Ingpolibized mpieinssan existinadarsc apmbayofpessibleul ar
surfac %ﬁeﬂtg{ior?s)ﬁﬂlggﬁgﬁygrﬂé\%uta? s&?'%?i 1@?} giéagﬁ@gc\ﬁﬁrk g&;{lee o?e‘i'&shor}ep

) %td Su&]?ﬁlla{ active
SItes are expose ers helrl’ actlive sites are not

expos e their amitte tisardeipoadil andtothdin deerged seheakdt itvwtr detinglbing areacitexpaedwi t h t he
anal yt E%ndl nmobi i'é:tzed $r oteins are_al so subject to tine-dependent
denat uf3pd tBps Dt @hleita paderan sdertiva SInting seaginns waththeanalydel Imunbilized of t he

ent ¥ anBRACRL HosD SHHREAH RN ddpBnd TBE duirkfl, ABnankBHich RIS L0 probl e

i ncluding, for exanp an in Ity to maintain ca rati on of the sensing
del® ce iramgbdizgtied, aok Icaching of the eatraiped piaieinsgbsequint imsnmelsjlizatnorTihént at i onal

control tﬁ enabﬂe}e ef fhgﬁgtl\ée use, thus%ﬁg.si cal. flbsor tion d random or
bul k cEPHITEIRPIAR s Sehuding fhRxampls, an f Y f paipfaihcalbrafion i die se8sipg ught in
the |i Heviad sdsignariftl Y gdiefal NRhdiAY RASIHS Hquird srib:Rftohhl ddMRfog tdéniBlebeen
several reports of encapsul ating proteins and other biological systens

i nt o sefpeteeiusetisphysisallabserntiomarnd wadorh or ell coyalent|suifaceatisckmentros sol - gel
processj hod . g... Brenna D Journal of Fluorescence 1999, 9(4),
295- 31%1%3%‘25%%0% %ﬁeeg}g% as E‘r“%ﬁtn‘élﬁl?e gt."“gﬁ“e&ﬁ%ffr X%rﬁlm’é’r‘éﬁ?sgﬁﬁy 1998, 70 (21).

4505-4513). Some sol-gel matrices are optically transparent, naking them

usts ul [60ad] t he dakeledprebdenctvertiasp@al ofanctapdflatih®poband 4@l otk@nsors t hat
rely OB_ g t'iaial transduyctijon, for exanple absorption or fluorescence
spect r B Jé%? sSysteRbde smpliapenganic silisep spatices farmed bya lewdrmpeiatwasied or

I nobi Lk Lingi i S ' DORYegO ash sone
anal ytg ﬁﬁg%eg%ggh%glrﬁg?éﬁ%t}%}gna ’%%gg%{ng&iﬁlg?r%%#onalﬁh% ?’ojr%asg > bi ndi ng
pr ot ei aixd Finya, [ke; Bigosaraht D ahhalyticabEhemstrgd 998, 7621), 4605-¢813 ) nBdme segzet aught

inthe |literature. It has been reported t ol -gel 25 entyapped proteins
can exmabTCtes Wﬁ?&??ltyaqrﬁpgﬁteﬁ“é%mﬁ iﬂ?ﬁﬂ‘ H@efﬂﬁéa‘é@g?ﬁoﬁpmﬁioﬁﬁf’ﬂgf%&]ﬁ@t ant s
thad CchHRLGRmRME 5erfssllsaﬁat\fay?6%%99£4 tlah8RicREH, 80k aRipl dUMEpLi¥ALY | NI

1
envi ronnental conditions. addition, the function of protein entrapped

i n t hefluoresqgate speeiroscopia metizsls. Hopevernth erdette beifmectioddpenttipped on

ggfr ?ﬁ}n%rnio'gi iizgd lgiﬂgiglg lpirorpéikg nglgtnr%rrn%{n M lol ucn%%li'gl,oi att Yea(s)tfsoisn%l a gleyli:esinthelai 0Sensors
conformational change. Conformational motions of binding proteins may be substantially
restricted in most soi—gel matrices taught in the literature. It has been reported that sol-gel

25  entrapped proteins can exhibit dramatically altered binding constants, or binding constants

that change over relatively short time periods or under varying environmental conditions. In
addition, the function of protein entrapped in the sol-gel matrix has been reported to be time
dependent, a characteristic that limits general applicability of sol-gels in biosensors for i

vitro as well as in vivo use.

30 [0012) Therefore, there is a need in the art to design additional useful mutated

- proteins and mutated GGBP proteins generating detectable signals upon analyte binding for




vitro as well as in vivo use. 30 [0012] Therefore, there is3&lyi9€8 in the
art to design additional useful nutated proteins and nutated GGEBP proteins
generating detectable signals upon analyte binding for 4 3 July 2006 use as
bi osensors, and additionally there is a need for incorporation of these
prot ei pge hsmlgsen%}@'ahﬁ aa@i%ﬁaﬁ%@rerf@a hb&edr {reslggfmi%fo@%aa fofeifd RA!
transmtting and receiving el’ements. SUMVARY THE IN\/E | ON [ 00013]

Di scl ogedlyisenesinpable matsices gpp@térf@mn@ﬁmwmramsadttmaade@bebmrrwlclngelpis ot ei ns and
S mutated binding proteins having reporter groups attached thereto, for
their bi osensors. Furthernore, there may be
provi dgﬁ\g gAfucose tglﬂggbelyglor including (a) a nutated binding protein and
at | east one reporter group attached thereto such that said reporter group
can pr ®00d8] a deDasiabdl Bergingare kentrdppied sab:ctapsnﬂaéMutﬂtemhﬂ@ng pattehinands

exppsed to. glycose and. (h) a matrix per yte where the nutated
gl utos é‘}‘ﬁ%FF%g‘Pg% Piefes Héj‘f%% f?i’t"HF’égfﬁug%ﬁFaFﬁ%; tﬁ%rﬁma F GF BIRFSIABABPE of
encaps i fllBlodeRsdrd) eFuftefrhere, BRALEA be'; 5?1@&@%@'0%19&@61%‘&19%{; (a) 8

conpositions conprising a mxture including ( |'east one niit
gl ucos eiugatbdbinding podteidi and apleasteinn repudtengronp agichod thorep sndhethatgsaniup at t ached

t ner cofiPRcr gPhy PALMPLRNE drelPle S B wd Gl HRBmas et PHESHL at ec

gl ucosed glab@etans o)k mstin eﬂxﬁedb![@lb@nﬁlﬁkdhérbﬁleﬁﬁlﬁl@{eﬂ ucds&ladbse
encapsul ated in tr?e matr?)x 00015 here can al so %('la pr O\gﬁlded a device

i n&® udPigingprotgimandherepagien @@ep mmbiervé engapeitlation invBsPmatiivd at | east one

reporter group attached thereto such that the reporter group nmay provide a

det ect i gna wher ein
he VEDWRIF] el ey A el 8t L St CoBi g s RE BRflta) 11T

per neabt lea?Gne nmtntmhglume/guhenbee binting pmttamtaad aMBkstand répoeter gloapt er gr ou p
can be encapsul at ed tr [ 00016 ere can further be provided a
devi ceaie @ﬁwﬁ% 4@3@%&&@3@#@@& érap%rsopgﬂ i pariraiopksrerfithg (a) a
nut at eﬁcﬁfﬁd@f@?@ﬁﬁﬁ%@%&ﬁ%@ol@k&ﬁiaﬁge Rheteh] fhe MAatdd ghesRYgd ?ose g €r group
attached thereto such that the reporter group ma§ pro et ect abl e and

2515 evprotéibland thegepdrtenpmmptaneenvapsal setl iyl the oetrixgal act ose b| nd| ng protein is
exposed to varying glucose concentrations and (b) a matrix perneable to

Fepor 1 SIUESECo " SHE B o e mreat B R 50 B VBB ey o
aspect pfteih Ime{Bm) ene il ledsb ¥RSHcpORer drb@S Sitdcheddthenti@@h 2h thCRBrter Rk @pensor

conpri Si ng: at | east one nutated bindi n% protein and at | east one
_repor t BEY@F a detectable signal when the mutated MBP can be bound to maltose and

wherein the MBP may include a cysteine present at position 337 and (b} a matrix permeable
20 . to maltose wherein the mutated MBP and the reporter group can be encapsulated in the

matrix,

[00016] There can further be provided a device and compositions thereof suitable for
in vivo use including (a) a mutated glucose/galactose binding protein and at least one
reporter group attached thereto such that the reporter group may provide a detectable and
25 reversible signal when the mutated glucose/galactose binding protein is exposed to varying
glucose concentrations and (b) a matrix permeable to analyte wherein the mutated

glucose/galactose binding protein and the reporter group can be encapsulated in the matrix.

According to a first aspect of the present invention, there is provided a glucose
biosensor comprising: a) at least one mutated binding protein and at least one reporter group

30 attached thereto such that said reporter group provides a detectable and reversible signal
s ‘




30 attached thereto such that said reporter group provi des Juljgibegt abl e and
reversible signal 5 3 July 2006 when said nutated binding protein is
exposed to varying glucose concentrations; and b) an anal yte perneabl e
matri x capabl e of entrapping or encapsul ating said nmutated binding

pr ot ei RyheR sAd %ﬁftﬁbd‘gmﬂﬁlgebr&%ﬁlqg ExRBBER vaPTing BRICBEAIRBNHAYR bAPE) arf hETE 1S
provi ded a net hod gl'ucose detection CORprising: a) providing at |east
one nuaBaliEe pgnmabbengam@paﬁ@oﬁmh@pmgg opensepsulatingcrak miteted birsheg r epor t er
group a; gﬁhed thereto; b) entrapping or encapsulating said nutated
glucosg galactose binding protein in an analyte perneable matrix; c)
exposi ng said nutated glucose/gal actose binding protein to varying gl ucose
concentrations; and d) 10 detecting a signal fromsaid reporter group.

According to a third aspect of the present invention, there is prOV|ded a
conbosi t i onAcEyneite pigcond #B&ch?@hspresaﬂﬁweaﬁ% tbfrra@dgrerlgaql asredvd 17 ndi ng

Pr ot &1 BuaaNl ikibn LGAsiARG) pALAE Ak SHPRLLA LRDBEhEGLEMb AR ¢ e

group consisting o e at 05|t|on 1, sericne at position 1, a
cyst ei pmtein apd)sulbast)nndﬂepoﬂengtsmmatmeh@ithpmm b oentﬂa@pmg oC gstapiulatingt s_apbsi tion

19, a ¢ e at n 43, cystein 0 on 74, a cystei.ne at -
Sosi ¢ Ottt eBhRke SRl o deRiR Y ey peBpebls Rk dertre i a
cyst ei pfitaéd @ﬁ&is&ﬂgﬁl&ct%&@bmﬁm%ﬁét@inﬂ@v @Ogﬂhéds@ @onc%ﬁt?atuﬁ:scééﬁtcﬁ' ne at

position 149, cysteine at position 213, a cysteine at position 216, a
cyﬁieldéfﬁﬂ@ a8l repotsrgredme at position 287, a cysteine at
position 292, a cysteine at 20 position 152, a cysteine at position 182, a
cyst ei ne at-position 236, and a cysteine at position 296; an analyte
perneable matri x; and at | east one reporter group. BRI EF DESCRI PTI ON OF THE

DRAW NGS [AQOsidiA téb Ehitd hsiplebtﬁifﬁ&’l}ﬁ’ﬁsdlhﬁvéﬁtﬁﬁhgﬂlei’e’hsfpkdt@qu&sﬁmﬁponSe to
gl ucose of , 25 A213C/ L238C NBD am de in solution. 3 July 2006
07767- $UBRFAYNE 2 pIHpre 7@@%@1@110@@/@120@?@ b@flmgtpé%te%nlaﬁ@@ aéiﬂ%tr%lénent of

entrap | yte rel ative
o S0l T el B R ot B R R R e i n the
- abEencsermedt poséseni e og'ﬁtemaraapgmmaorr Hl, atcysteint at paitiin BY) a cpstfind @2sitleinG 4

illustrates reversible nal froman.e apped. blndln telnfromone
erbod! KRR ESL T, HRTEHERLRTN nd R ERE SoRsarEl Cof BTGNS o

gl ucosg kit 10, DistciLA poaN6S 117, aldyRETe at position 113, a cysteine at position
137, a cysteine at position 149, a cysteine at position 213, a cysteine at position 216, a
cysteine at position 238, a cysteine at position 287, a cysteine at position 292, a cysteine at
20  position 152, a cysteine at position 182, a cysteine at position 236, and a cysteine at position

'296; an analyte permeable matrix; and at least one reporter group.
BRIEF DESCRIPTION OF THE DRAWINGS

[00017] FIG 1 illustrates the change in fluorescence response to glucose of
25 A213C/L238C NBD amide GGBP H in solution.

S5a




-DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00021] The term bi osgengp2oogeneral | y
refers to a device that uses specific biochem cal 10 reactions nedi ated by
i sol at @d@76é+izspaesP-5¢MT0nosyst ens, tissues, organelles or whole cells to
detect chem cal conpounds, usually by electrical, thermal or optical

si gnal used I " b y i e of

“bi ndi ngo?@%ginal tht-‘}bit gli“ &ﬁ%@s Sgée]ﬁﬁse %%m I%fg'? ré‘it{épgﬁ‘g}’@ﬁ gl%g#&gﬁg anISe in

- anal yt ebsanee end psénea obynadytd etlatttedo solatios. as herein described. Mre
specifically, a biosensor of the invention includes at |east one nutated 15

gl ucos l,act 0s i.ndi rotein and.at. | east. ong reporter, group ajtached
Sher ot QOBROTS" On b LN Reke Bl Bl ihiine B{iitin 81 oo B i e Sente
gl ucosehgatcactagsetdiohstiong protein and the reporter group capable of
encapsul ation in the matrix. [00022] The term "binding proteins" refers to

proteins that interact with specific analytes in a manner capabl e of

tr aAsdd®90g] or pA3GiGillugiratesqevasiblesignabramen anggppes) indingprogqigy fram one
differ %H{Hoﬁﬂﬁ&ft %ffﬂ%ﬁ)'i‘es%ﬁtqm&ti%h%]?dwihg ehgb‘r?e,u?e% ‘35‘1@8085 of HMo¥s frth@ Signal in
t he presence of varying concentrations anal'yte ove Ime, or in a
concentinditateheateperafions. manner, by neans of the nethods described. The
transducti on event includes continuous, programred, and episodic neans,

i'ncl.udi -1 i Reversi bl e signal

tr ansd%%ﬁhﬁ%ekﬁéﬁﬁﬁmﬁmpendem , provided a correlation
with the 25 presence or concentration of analyte is established. Binding

pr ot ei 1§00} at ed The t&HChlosensdreRAgallY otk it@ 8 detitahatiuret spuRifay osHeafiedl r ed.

[ 00023] The.term ™ gal act ose/ gl ucose binding protein" or "GGEBP" or "maltose
bi ABi ngcastiensnpdiated by isghped enzymssdmmanepystenes, dpses,organellescorarhale erllsi n

nat ur al | [ 1.C nar .erha. e proteins
are nat@%%%@& ﬂ?’ﬁ@%} {:/nggp(}uﬁﬁ% Hgl!rlf@am% eé&glg&afnth%gﬂlgép%{r%ﬁ f%?ﬂag%s;{ﬂﬁ% ecul es
(e.qg., hewpas Shiosdmstrd refeisds a pasteinsapdile pEfihditg$) anahfte tHahthaybedseldoy 2006
07767-185819 -P-5074.70 cytoplasm For exanple, GEBP is a single_chain ‘
pr ot ei Hetestraabis A grangapt @agmoa»cm&r@on@a@ai%tqr mgans pcheeRfEsr®adny t hree
strand : hj i ndl 1 LSyt i the cleft between

t he tV\DM%Fg 1 ﬁfg&ﬂ%éeﬁﬂ’g?nggggetﬁ%{r%tqglﬁlgmﬁh%ﬁg%ﬁ% il%géirﬁ'?g?t%&gBP under goes a
coif or ghtcosaigdlactbsrigeding proteiu ewtl attledshendiepgeer grdnipcdttabhddntyeretonmmdtaro donai ns

together and 5 entraps,glucose in the hindin ite. X-ray crystal) ographic

St F ot SR Rersabled aanirie heTran e riitetel O B PG P B PO e o |

(N. K réfib?t%r%Ml.\pNapa\ﬁl/@&ﬁengapsﬁlaﬁ&r'hﬂﬁ@%a%ﬂ.ence 1988, 242, 1290- 1295) and S.
S. L. Mwbray, R D. Sm

Typhi murium (S. . th, L. B. Cole Receptor 1990, 1,

41-54) and are available fromthe Protein Data Bank
[00022] The term “binding proteins™ refers to proteins that interact with specific

analytes in a manner capable of transducing or providing a detectable and/or reversible

20  signal differentiable either from a signal in the absence of analyte, a signal in the presence of
varying concentrations of analyte over time, or in a concentration-dependent manner, by
means of the methods described. The transduction event includes continuous, programmed,
and episodic means, including one-time or reusable applications. Reversible signal
transdgction may be instantaneous or time-dependent, provided a correlation with the

25 presence' or concentration of analyte is established. Binding proteins mutated in such a

manner to effect transduction are preferred.

[00023] The term “galactose/glucose binding protein” or “GGBP” or “maltose
binding protein™ or “MBP” as used herein refers to a type of protein naturally found in the
periplasmic gdmpart_ment of bacteria. These proteins are naturally involved in chemotaxis

30 “and transport bf small molecules (e.g., sugars, amino acids, and small peptides) into the
p _ _




(http://ww. resb.org/pdb/) as 2GBP and 3GBP, respectively. 3y 2006d type E
coli GGBP 10 DNA and am no acid sequence can be found at

WWw. nc 87 7oAt LBasAt hP-§&¥//ént rez/ accession nunber D90885 (genomic clone) and
accessi on nunber 230520 (am no acid sequence). Preferred GEGBP is fromE.
col I . [9RPEAH. Fib:ahik, HEISP R SAAE 8hdin pidtGh cBXNRERT WY bRLERY HBBP") as
used herein refers to binding proteins from bacteria containing am no

aci d( s)domtinstthatavecapaesied By Bukpsttiands wdfofm @ hingel Thebinfingsite tsrloeadetbitt t 0 t he

' ' ' | ' .of.ei P | h
aubsti 11 STbeRlEER Bt o Dofplad Wnek AL Ll ik oo, SRR
resi duesnfofbigorl iapaklcitedat e HiMge, WdsdhtbiRgs tHteO ot s TWEAhdrang Of

bi ndi ng gr oteins _include the addition _or substitution of cysteine_ groups,
non? nattarars gluease iy the ipding sis. Xupy srystaiiogrephie strugtpreg havemen deterained 1996

271, 38 5 s %:B.@t u Lald v . - ive

am no. g%]i %’g %vﬁ%ﬁ%?%g%ft Ive grﬁ‘lmn%lgam d'sKggy%f(;M\}?\gglJfa %rﬁtAf'uéﬂl é%@lgl%ﬁe?lg

at t achi@8s, 0, 12590e1295pakisti Typhinosiph(X 0. Mesybons Ry ©. Sepih; LeB. Goleups. By
"reactiyve" anj cjd js ant mn cid that _can be nodified with a

| abel i #ﬁ%ﬁ@ﬂ%n&@gﬁ)éﬁ%ﬁ%’{éﬁ? Bng%fg‘e%foteltha&ﬁ with a thiol reactive
dye. -BRGL ) i j I I i ; pne, and
o1 her 5 B . e Tl O O

i né0r pdNed edd emir@macid gpquensecar be foudd ety wiw. hehi mbm sngovBintieajogegsion

Techni que ic Pr.es 1996, San " Di eqo 4-16 faor classjification
of am Ages BOGRETereatin Songbid e onreoe B2 P o R RBRL of 't he
GGBP prredfeiréd GOEPUE FonPECAM3E €l ne substituted for a lysine at position

11(K11C); a cysteine substituted for aspartic acid at position 14 (D140 ;
a cysteine substituted for valine at position 19 (V19C): stei ne

ac
subst i 10RRd] f or aNpuatedybindingerefeing 5r exapple SmukisicGBE ’):5}83‘%565 hereBubst i t ut ed
for a LRe: i1 4C) - . L e] LI ut for a tyrosine
at posttieand Syt bh Hond Sucot Chta Rl Kb MR REL AR 20 2 YT0P 0
1105 ( TiMGutedforydleedikompdrsiddediteitic hoiinsid(seprasenpinsiatirally ddcirfi 12C) ; a
double 7 3 Jul 2806 07767-185819 - P-5074.70 mytant |ncluding a cysteine
subst | PIRIEE fEferblygpsly e fituhaas. delstions|or inserions ipvolvesigwst thap demingr  an
| euci ng; jo 1.1 % juc@ S¥aE [ | ysi ne
at pos?%liagﬁﬁﬁ%g’ Ih(gﬂl%lpgl %%; a %Ig% g?%edus? S'bstl Pﬁf%fg?"?%f&gbfljfg@ﬁ’gf I5a}{)tei|?)lgsi tion
137 ( KiighGle, thaaddisereonsabstithisan ofitysidinefgroupg) ndremdteraly bccvating egintol agids149

- (El 49Q),;. a doubl e, put ant i i steine substituted.5 for . | utam c
Soi o akTyBefte o S Gl 435617 e Tt BBt ebbersR ot Sioeffoutly On 535

- (E349/ héRBktiv@ariig bRl WihAhcte MRS hdids B RIAESTR thSdRalcht MtREMER of
histidine at position 152 and a cysteine substituted for nethionine at

posi t i electrezhemithb orpht@PeSponsivedepirites groups. By "reactive” amino acid is meant an
- amino acid that can be modified with a labeling agent analogous to the labeling of cysteine

with a thiol reactive dye. Non-reactive amino acids include alanine, leucine, phenylalanine,
and others, which possess side chains which cannot be readily modified once incorporated in
25_ a protein (see Greg T. Hermanson, Bioconjugate Techniques, Academic Press, 1996, San

Diego, pp. 4-16 for classification of amino acid side chain reactivity).

[00025] EXemplary mutations of the GGBP protein include: a cysteine substituted for

a lysine at position 11(K11C); a cysteiné substituted for aspartic acid at position 14 (D14C);

a cysteine substituted for valine at position 19 (V19C); a cysteine substituted for asparagine

30 at position 43 (N43C); a cysteine substituted for a glycine at position 74 (G74C); a cysteine
~ substituted for a tyrosine at position 107 (Y107C); a cysteine substituted for threonine at
~ position 110 (T110C); a cysteine substituted for serine at position 112 (S112C); a double

7




mut ant including a serine substituted for an al anine at pos3duyd0213 and a
cysteine substituted for a histidine at position 152 (H 52C A213S); a
cyst ei RE73UBBLT tb®H7¢ or an net hionine at 10 position 182 (ML82C); a
cysteine substituted for an alanine at position 213 (A213C); a double

nut ant pRgMYAREnS a CYdidiRe &ﬂ)sﬁﬁﬂ@&i fob Hk&shel 0 podfior | BNAdiEscAhe PR tifukddTor 13 and
a cysteine substituted for a |eucine at position 238 (A213C/ L238C% a

cyst ei r&é lepgbwtat pogiden 23% (SAM2CH28RPL nickeicias sywtimtedior Biﬁll(q\& pegjion 41T yst ei ne

subst | IO i C
subst i it B8k §vaERRGInsfinfed e Bl phGB0E P gUEleS dovsfhifitblldiea
subst i tfoxt gotafind¢ acid atsvaitiond 4a<(Ed49II), @dsmlﬂe it ﬁlc(dai’ri?g7@ysteand:stﬁbtﬁuﬁe

substi tut ed for ,an arginjne position_ 292 éRZQZC a cysteine

subdt i o/ WL Waml%a%ﬁ'i npsitign 168@9@ P SPrTEcRbsiDied dor lewcing atogitiondsint

i ncl udi H:Eﬁﬂ-l 149, an
al ani n Egﬂ'ﬁ stl ? g@bwﬁ{gh{serl neSfi %tse?‘%e:ggg%tge rgngﬁdsngér)iﬁ tgblgﬂ%stl tuted
for | ellﬁzlaadat:qumne substitueiFor edd@ AR e siioh 282 &$}52(HMISI¢.)) e doultlant

i ncludi ng a.cyst.ei ne bsti t ut for_ an glutamc d 20 at position 149,
an-ar PRI NGRS # Sertng e i s gt ot gosies oL e Qypind SBHEd
subst i trapt Ll stidfing atlp%gfﬁbﬁ%@tﬂp@écmms?%&yét%&é%%sﬁ%&éﬂ&%ﬁmoﬁmglaadr upl e

mut ant i ncl ud |n(g a serine at position 1, a cysteline at position 149,
ar §9 ni pesition pEL(MIFIC)2a gysieite substitutedefonan Pomine aipositk@R218AA213C); a

S/ E149 13R/ d l.udi 1,
~ oystiat e Mt HERing o AEIRS RSiat0t e ey aitediohdl e Byt ot "
posi ti gibstidiftedfor @ Muciielal A9 AR I ANZ8H) 2133aNh ysteiriubpitatedéaamt | ncl udi ng

a cysteine at positjion 149 a cysteine at position 182, a cysteine at
posi t i Bretanneg Apogitivary1AEM] 66} crys@mezslastit-{taiﬁg@smcz@wl\zmth@éé)

Addi ti ¢ | ) acid residue
nunber re@f‘ %gtﬁﬁeﬁbg%ﬁﬁhﬁga%%aﬁgﬁggp&” EZ% @%Sﬁ%l n‘?g% resi dues, as
det i | esbstialtalrfor amspanic xid kesRMVAINEG (BORTO); a@yaeme sutgtieatédfod by arginine
substanti ally honpl ogous 30 seq Liwgce froman alternative source %&.}g.,

i fronel | a

gl Uﬁosév PRSIt 252 RBPYH ) A §YHFBE snbsttutechior a cpkinet ROSIEPT 2801 0Y296(ar 2 |
t t
3y e R R b e e P o e O ot e

mut at edulistindedpr piserirei au@omﬁom RE3 mdeas sanine substianéd fon lmymeat pe®|ton 23&nN in
vitro h,. for exanpl.e s, capab of follow ng
the ki ﬁ%‘ﬂ?@@%ﬁg@%% adtipler @%ﬁ BAuding  SH3jsiAg Sulsticaied {7F an L{rltﬁmc Pidcose) ,
aspgel hi pARidnN 49! i UiERlinABaYHted Tk drofshifd at%%kﬁ%ﬁ@% 'aﬂ@b!%ér[de%bbétﬁ&t%& ng. The

concentratlon of the 5 binding proteinint matrix 1s preferably |ess
t han t g lenoi atgositions 23 (E14PCHA2 EfR/LmSp;ramadmplwnutant trehuslireg meelne [at)0027]

The Mt 8L TR stfle e pOifor 149130 Gredlind S RsflonP A POR P serind ot SRR, ©
| 238 (A1S/E149C/A213R/L2388); a quadruple mutant including a serine at position 1, a
cysteine at position 149, a serine at position 213 and a serine at position 238
25 (A1S/E149C/A21358/1L.2388); and a quadruple mutant including a cysteine at position 149, a
| cystéine at position 182, a cysteine at position 213 and a serine at position 238
| (E149C/M182C/A213C/L2388). Additional examples are listed in Table 2 hereinbelow.
Amino acid residue numbers refer to the published sequence of E. coli having 309 rc_:éidues,
as detailed below, or the corresponding amino acid residue in any substantially homologous
30  sequence from an alternative source (e.g., glucose/galactose binding proteins from
Citrobacter freundii or Salmonella typhimurium, sequence accession numbers P23925 and

P23905, respectively).




naturally occurring protein may be nutated in order to chany&lht3986| ong-term
stability of the rotein; to conjugate the protein to a particular
encaps W18 1 afP¥%-78r pol yner; to provide 10 binding sites for detectable
reporter groups; to adjust its binding constant with respect to a

parti cypes26rnal ytme cifragti of eAtdpSdhtc® thutdied BRling[PQRAShf iR pkdient NSt ant

i nvention, analyte and nutated protein act as binding partners. The term
" associiBy@sion gy bgjuserkin angn yFeqorts vep anplytesgssadt whish.fgt ergnpde. ineapsblRavi ng a
relativ [.ndl . fici.entl. I to al,] ow.d i on of
bi ndi ngoqktf%}%ﬂgé g%olﬁlgﬁﬁg ggf)lgi@ahget%é% n%élgvotrlr‘élé é}l a%igtelggg'n%hﬁgqgg)’ géaﬁgltljl ated as
t he consémtlimtdl assagd arfd foed anbéwtapediidusitial testii| Thd dc@itekieh 6f ihe bound, or
vice versa. Wien the analyte of interest is glucose, the Kd _values for the
bi ndi ngmﬁﬁ?g Prapedn w@e BraR psaetsraplst IgRsd Ramuihes bindnpeomstapiikieh obibe B0t vt

[ 00029],ikitd IR €sent invention, it has been shown that nutated GGBPs may
be used to det'ect glucose binding by attaching thereto a reporter group
that provides a detectable 20 signal upon glucose binding. To "provide a
det ect d80®7%i gnalThe matimeniahsared one arefae of severdh purpmbisl iFoy examplecogni ze a

h i t f. t i t hat I th
ot oot mafr BRI RS i Ry B ey h Bifer i e B sk sFly REME 1 he
nut at egréiBPH cobfiafel tEeprotdi tef patb@ar @RASsuRNiof Mty WHRSIemee ieplodidee
characteristics alter ui)on a change in_ protein conformation that occurs on

gl heos dinlingiiteg fordstestableeperies erauppodiadigt its bindingTonsp midrregpestip 3 s a
I um ne 1 r I putated GGBP with an affinity for
gl ucosi)?jf{ﬁg{aL gl%fﬂ'tg‘l ‘93353 cglgjt%ke&gﬁg%ﬁlg?esofg?ft in lum nescence characteristics on

gl ucose binding. The change in the detectable characteristics may be due
to an §00028ht i on hi thetihetare inventomanblyteaind tondtated pedteih @uing Himdihgparmetsat ed
GGBP. 00301, The, lum nescent | abel may be a_fluorescent |abel or a
phos phdME<EBNAS{OLHES or Jgn S yie HoInF Fd8 LaKling RS hayleareltye be
- eXCi te@iﬂcﬁn%édﬁ@ﬂaﬁt%%@fﬁ@?& Y@ aﬁ@&td@{e@timﬂiﬁflﬂ% h}sﬂ-j]gfprdtéiﬁlﬁéna I's
preferred. 3 July 2006 07767-185819 - P-5074.70 [00031] "In on
enbddi wetection heanse Jbe Kamayr twugaldudated 4sl tho copkotraionAd fres adalierae whjch
"fluor re" refers to a nolecul e that absqrbs. ener and thep emts
[ gnt . TRESESRieR R goubd ahsieatt Fned Mo fras orstrer Rebtspube Ba“gr oups i n
this i RyRBE foP thd BIRdIHE BafthetOArRTREEMADly HRMER dbBE: 0.00RAAN Rebout3oiYRL A
(tetramet hyl rhodam ne-5-i odoaCcetatnide), Quantum5 Red" , Texas Red ™™
Cy3, N-(s %—i odoacet oxy) et hyl ) - N-net hyl ) ani no- 7- ni t r obenzoxadi azol e
(1 ANBDJU0039hcr y| &ythe presenisinrintion ihbesdiskn plevem that mutagdydaBPs mayhsmeed Luci f er
Yel | ow, BPapgny; e 1.doet h | 1
(N- (4, Zq %?t%f %})urco_ 1 ééﬁég %t%%‘%@?%@?%% %%Woggr éroX]L Qh%yptfog%ama (agtbctable

20  signal upon glucose binding. To “provide a detectable signal”, as used herein, refers to the

* ability to recognize a change in a property of a reporter group in a manner that enables the
detection of i gand-protein binding. For example, in one embodiment, the mutated GGBPs
comprise a detectable reporter group whose detectable characteristics alter upon a change in

_ protein conformation that occurs on glucose binding. In a preferred embodiment, the
25 . reporter group is a luminescent label that results in a mutated GGBP with an affinity for
glucose that exhibits a detectable shift in luminescence characteristics on glucosé binding.
- The change in the detectable characteristics may be due to an alteration in the environment

"~ ofthe Iabel bound to the mutated GGBP.

[00030}] The luminescent label may be a fluorescent label or a phosphorescent label.
30  The use of fluorescent labels, which may be excited to fluoresce by exposure to certain

" wavelengths of light, is preferred.




4-bor a- 3a, 4a-di aza- s-indacene- 2-yl)iodoacetam de (Bodi pyS0ih52861 A) ,
N- (4, 4-difluoro- 5,7-diphenyl- 4-bora- 3a, 4a-di aza-s-i ndacene-

3- pr opifdty11$384R + Ba¢4cet yI et hyl enedi ami ne 10 (BODI PY(r) 530/550 | A), 5-
((((2-iodoacetyl)anino)ethyl) anino)naphthal ene-1-sulfonic acid

(1, 5- 1 46803)p) . and oﬁ@éﬂﬁ@éfdimeﬁi’ ﬂi& éi‘%mu%/l@a'ﬂﬂ grRpa6aR: dedhiRiA S 6) .

Preferably, | ANBD is used. detectabl e intrinsic properties of a
f I uor opRBprePhensdrefers to gml@v attabsorbs ﬁmt%;g}é@hd ﬂiem@mﬁ&llglgﬂ MNwslemifingdi ng.

Sone pr.Q hanges yeose d|n L. ncl ude

P or bR Rfbles BF pbUBRCTEY yoBil adicharE PRPET S Indatii R BERERHRT st r opy
or pol apiunatihg fhodamthes PSTMRIA @éﬁairﬁeﬁhﬁfhoﬁhﬁﬁfe%fb@ﬁ@@tzﬁﬁdé}s QaaatumChanges in
t hese fluoro horeﬁﬁrotcﬁértles may be induced from chan_?es in the fluorophore

envPr oidnt TexasR sH- G(%mﬂowqﬁ@}f)etbm)%mgyé)ammp @mnm?ﬂmmt | (r)]n
Envi NBD
respectURUpRY R EE Ry TR Am b AN R Rl e Taicliet TR, " 1 S

i nt er a@lyispDapyiyi® (2-beorasabitingddettBA)shifeantid @ VA, 4L diflesACE, 3,8 TStetbhihBth@l-second
reporter group, for exanple when FRET (fl uorescence resonance__ener

t r ansf drborp-gadawlipzays- }ﬂﬁlﬁ?qné'r 2-yhipdgecetamidg (Bedinrd 7666\ lAdV{4hé- dﬂﬂ%@ogﬁor es.
-[ 000325 ﬂi@ﬂ&ﬂ@ Iy BE&% éﬁa Bazd-5 HHaRSRERL gl)ﬁiﬂ y&lﬁN i%d&g:%{ thiinedi ﬁlé

cont enpl at t’hat ér reporter grod or exanpl e
el é¢t r BODIPYE 530éﬁﬁ)rmf),r5 qc(®momylwmﬁo)eﬂwé)chnm@mepmhaaeneell-mﬂ:foata on in the

her copot &l ARG ER EgbpR-atiadeine. PUFioBRERATISe GIAESY an. -

el ect r??&'era[)@oﬁﬁﬁhﬂrik' EJE&'F rMB{yedeté&aHléansﬁéﬁ‘aﬁ&uEﬂﬁi‘a d#6phore reporter

spectroscopi ¢al Iy detectable’labels, for exanple S det ectable by NMWR
( nucl egrouparekd moniseroth tondstgct ghlaqseﬂnncuag.dSOI[lecﬁiM]heTﬁat meperhibit gr oup may
be atta hed to t at.ed .pr.oteiLn or s b n conventi.onal neans
enown EhirteRs v HteY ok RES6E hRorBiastrs BRigb B et E B ned vi a. 30
ani nes flabresn HiikotfdpY ol PERIriPAti dnh S dPIpRERAI Rhi HFOMEBFesccds P Bihisdlony Preferred

I's coval ent coupling via thiol groups on eéStEI ne residues. For exanple,
for nuCheezes aopse Byerppiaie gropertiss gy \peindeed fivsrchngssin the flucgomhorg0 | ocat ed

post ¢ Shvipiche SRS RS e pinf R0 LR edSin ARl (Rl bt o7

posi t i sensitide dyB@Qichla@ DANBD) arppaiticiliarly uddfal mﬂﬁi& irégpedt. Qdlr cmgbé ofon 238,
positiqgn 287, and position 292 are preferred in the present invention. 5

[ 00035 umgmpéw%%mqwm& o intsEagHORS With theanplyteaNsefor f9BY f or att achi ng
repyrt gftera&fdﬁlé Qﬁtl?é’ ofiPre E) &%ﬂ}ﬁ lf(ﬁsextsaﬂl fb i e}tﬂi@? (ﬂﬁqr %QE%%%&C’ or
tam erm

mut at ed protein. oace ronoac e e are wel |
known tiergy tramsded l&/&'sedrm mbhits chingdes in distance between two fluorophores.

- [00032] Although the use of fluorescent labels is preferred, it is contemplated that
other reporter groups may be used. For example, electrochemical reporter groups could be
used wherein an alteration in the environment of the reporter gives rise to a change in the

25  redox state thercof. Such a change may be detected, for example, by use of an electrode.

[00033] Furthermore, it is envisaged that other spectroscopically detectable labels, for

example labels detectable by NMR (nuclear magnetic resonance), may be used.

[00034] The reporter group may be attached to the mutated protein or GGBPs by any
conventional means known in the art. For example, the reporter group may be attached via
30  amines or carboxyl residues on the protein. However, especially preferred is covalent

. coupling via thiol groups on cystéine residues. For example, for mutated GGBP, cysteines
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may be used for this purpose. [00036] Fl uorophores that ope¥&ade20aé | ong
excitation and em ssion wavel engths (for 10 exanple, about 600 run or

gr eat el07&G18HT oS- 7@mi ssi on wavel engt hs) are preferred when the nol ecul ar
sensor is to be used in vivo, for exanple, incorporated into an inplantable
bi 0sengggataieMipe@tibd NE pdkitiBn 9] NBitRRAGIBoded Py 80QHMNY4, Jok@egnbyy, there are
few environnmentally sensitive probes available in thi's region of the

spect r pesiding 1 p@rpeaition ddAeositionH 18 rpasitiond 3@+ posdionud8s pasitadn P2opgsitionHowever ,

t hi ol - ctive Livativ of - n pe 15 pared. faqr. exanpl as
taught 20g gotnOTh pRloRER 8 bt o hyEioshaloB iR i prmflin BEBRRSRe 326
Conj ugatestieent ai ni ng these fl uorophores, for exanple, attached at various

cysteine groups contained in nutated GGBPs, can be screened to identify
which results in the | argest change in fluorescence_uypon gl.ucose bi nding.

[ 00037100354t ed Aasphioliz@rtive grqup KBORR BB artimaydsyseh Iare{ta (g FgPHEer ed or

20 mut @lﬂzstsﬁclhﬁvfﬁlo??ﬂ%%itgh%gstéiﬁg oPhh &%@g@;&iﬁ{ég@ ﬁf&ﬁﬂus, C-terminus,

or both. H stidine usion proteins are t he nol ecul ar

bi ol ogyodaaettdmide, bicthaacetsthilepermélenste ere vodll krpwot thiohseactixe mplaiiey thahggi ng
syst ens roduc(ﬁfcgr teins wth a tag containing about six histidines and

or ef er AHNPEITE é@)‘@ﬁ’ﬁ’@o%es not conpromnise the binding activity of the

nmut at ed GEBP. 25 [00038] As used herein, "matrix" refers to an essentially
t hr ee- poU36pi OnalFuoesPHorRNHR Mpe@tda b1t Gdeithtioddl chifiésich wavdl érphidi (Rgt Or
encapsul ating at | east one binding protein for the purpose of nmeasuring a
del@ct gbtaplei dent 640 WRORSIeRigE MELEI0B 108 ERSSioneyavelengths) arg pecleraadayhendbni p

bet wee : ' f. tF trl n indi nr b, 1 ncl ude, but
ar e o iR 3URELERE Beedn B, R Cktp B el WA RO PLERY, 00

conbi naidsemdr Hndee@ie skaDbihe opayat balow &)0aim P Mybdcptlpahsveare fehe matri x and

bi ndi ng protein_jncludes heterogeneous. and hgnogeneous djstyibution within
and/ or coyERPanAlyseasiivegropescavarable in this regien oTthe speatyum and peshapgngne o op
07767- fhgtﬂ% - oquﬁ{,,' Gk ' Ss,

nmet al , %‘g ast Eé%cggg@ggg?dr%gﬁgﬁg t e%ie%&pﬂf{_ﬁ%cﬂﬁé‘é{iﬁv% hg‘%%vi eg C?Igir)@t he -

bi bhili ngrepacsdefon exarapischscaupht by EnrénGrubern &t duBatemgngash Chbrmmé3q00),drl, 1&kanpl e,
be incgrgo&at.ed at the distal .end of a fiber or other small mninmally

i nvasi vE8opl-BBESAFLCqRERIRIAgG iase fuqopRessTHECXmpls, atRAhed A VATOMA LYSIHIBS enabl e an
epi sod 'ﬁﬁoutpﬁ B thiA® HSmu@led GEBPE A BB derb&RA S ﬂiehf?ﬁ;t»b‘lﬁcll? #dshRMn thé Bh@rat i on
fromthe transducing elenment to the patient my  be provided, for exanple,
by t el ehangeyn fluprsseghee wnosi glucose bimdingg nmeans known in the art, for exanple,
as taught in US 5,517,313, US 5,910,661, US 5,894,351, and US 5, 342, 789 as

[00037} Mutated GGBPs useful in the present invention may be engineered or

20  mutated to have a histidine tag on the protein N-termiinus, 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 produ?e proteins with a tag containing about six
histidines and preferably such tagging does not compromise the binding activity of the
mutated GGBP.

‘25 [00038] . As used herein, “matrix” refers to an essentially three-dimensional
environment capable of immobilizing, entrapping or encapsulating at least one binding
protein for the purpose of measuring a detectable signal from a ligand-protein interaction.
The relationship between the constituents of the matrix and the binding protein include, but
are not limited to, covalent, ionic, and Van derWals interactions and combinations thereof.

30  The spatial relationship between the matrix and binding protein includes hetero geneoﬁs_ and

" homogeneous distribution within and/or upon any or all of the mafrix volume. The matrix
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well as in Beach, R D., et al. |IEEE Transactions on | nstrun®&hedtoén and
Measurenment (1999) 48, 6, p. 1239-1245. Information includes electrical,
mechani%#7;18Bh-Bré@7A9 ¢, 10 radi ation suitable for deriving anal yte
concentration or change in concentration, as is suitable. [00039] In one
aspect Rfy BNQ@nIRESHE orlgh¥i8NhbiPanic! A8ssPMOREBERNic, 6t HR®thaliOfs RARbY [Rie SENSi NG
in vivo. In thi's aspect, the Dbiosensor is ‘encapsulated into a matrix that
may t hemattis praysded fersthe hindmgl paateabtransdecing el emtecon figunatiet whish niway, &y

desirabl e form or shape incl udi 1 e or re of di.sk,. cyli.nder, patch,
nanoparteep B M BORRE 4 M i ha et b F o Sudl mitihiy P IREPR 0 £ o
per meah 8e idedetbvithia thel iudBE 4 paticad db bhHNAdd spidRY emitinubeaeli ng of the

bi osensor. The matrix permts light fromoptical sources or any other

i nt &r r dyegramge repding te thepatiepb finfaimatien Epindhe arsdpcing elsaest tofhopggient he

bi osen | [ ' ' \: | E%ﬁﬁ{- ' be
expose éf’yob eﬁ}gﬁgg‘f gﬁrt ‘%’%F&@e ’ lpl)) ﬂflés{'lgﬁé?%% B’(E:)Jg FE rg{é‘%g’;h 'S ;Iﬁkgr?g ag% e m%%:l lart,

det er mfoadxaople s thapletdh itims,617,31 % E§010,66 AR §,824,80naadUiSad,342)78usl d be
desired, .. wherea he determ.nation or detection inclu conti nuous,

pr ogr attfdfs la#&aébks%%al-_ @%@fﬂfﬁfﬂﬁ%ﬂs}nswgwﬂl{%a eegEUetn vivo

bi 0sengpgo0yys! §1p, PEREEIUS, 'Iﬁ%%?ﬁﬁ&f‘in@ﬁﬁ&{élécﬁﬁcﬂ,tmeélﬁﬂﬁ:%l, QfEadiiat €d bi ndi ng
protein in an analyte pernmeable entrapping or encapsulating matrix such

t hap t ediatinnesuigablb fordienyingranabiacqneentiatios oncliimge it eiicenteativny asvier si bl e

si gnal Zg \i\,hen the nutated binding protein is exposed to varying anal yte
concentPaT%ns, and the detectable and reversible si gnal can be related to
the concentration of the analyte. The inplantable biosensors nmay, in some
enbodi eeU39] be THPASEpEst of HOpretenbRivenridnt the Pidsensdlr iPused ToiiRblyse _

epi dermal -dermal junction to interact with the interstitial fluid, tissue,
or ot h&ensing ig|véngi dathis pgpcets thebigsspspads ensapsulsied into 3 meiririhateay fen pat i ent

may be i examl 3 ok ViaclVl L0, - . ot her
oans RGO T PHSRICRRRR. Ane oty VA PETRy iR dPaipPn e

matl§i X ons opmepssfetiskd cdindet, pathprdnophréicltpintirbspherepporousnpsliyiper, apascelat eri al s
capabl e of m nim zing adverse reactions with the body. Adverse 12 3 July
2006 079 DIRSEHg 1Lis Pempenhletn analxte, (19R anatek ddide Y@r?‘f?ersl]avé:?ﬂqgrﬁzf|%nat i on,

protei 'Eicfs@ﬁ‘éghgﬁhe ﬁ%&ﬁéif‘epﬂﬁ& i@ ffom hgﬂri”]%h'i‘ Eourééi%??#?‘étﬁﬂntérﬁ%%ﬁ%é‘g%l?fto toxic -

mat eri al s. materials or “treat S are we nown a iced in
t he ar tor fribor the xapopkregroap td pasg Hrolgh thebimeensG. When Bstdhalken iCyvive. ; Hel ler, A ;
1995, 16(5), 96,, an

Connor abpkceton (¢ BErnger Vb amidds pal ey PR EERER T ana0041] ' The

bi 9genand deBmiRfiGITAIRRLSH 6Fa bitinge fh ARIYé XorfdhtkaRA Wwitlldbapsdirl) y from a
whereas the determination or detection includes continuous, programmed, and episodic
- detection means. Thus, the envisaged in vive biosensor of the present invention comprises at
least one mutated binding protein in an analyte permeable entrapping or encapsulating
matrix such that the mutated binding protein provides a detectable and reversible signal

25  when the mutated binding protein is exposed to varying analyte concentrations, and the

detectable and reversible signal can be related to the concentration of the analyte. The
implantable biosensors may, in some embodiments, be implanted into or below the skin of a
mammal’s epidermal-dermal junction to interact with the interstitial fluid, tissue, or other
biological fluids. Information from the implant to the patient may be provided, for example,

30 by telemetry, visual, audio, or, other means known in the art, as previously stated.

- [00040] - Preferably, the matrix is prepared from biocompatible materials or

' incorporat_esrmaterials capable of minimizing adverse reactions with the body. Adverse
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hydrogel . The pol ynmer portion of the hydrogel may contain f3hdtz086al ity
that is suitable for hydrogen bonding or coval ent coupling (e.g. hydroxyl
gr oups Y7EH1IAB1IYr BOYE,70et her | i nkages, carboxylic acids and esters and the
like) to either the prot ein or reporter group. 10 [00042] Nunerous

hydr Og%aﬁ:hﬁﬁé’fo'i"?m 6 indhudd) RERSE0h, HONEN bR, kG MesRIRISundY be, for
exanpl e, pol ysacchari des such as agarose, dext% carrageenan, alginic
aci d, rs&paniﬂﬁnddQQChMg@éQmor ndmhat&uvbmatﬂnalmwam@ks axe wel kgown and

. BT b E P s ARt Qi 2o PRRASIR B TS oyl e

gl ycol \Hubben) Iy AE Bfonfite/5ly 1995 18(3), 1Y-596, m@ﬁhhote AR, coppbRE.s of vinyl
et her and nal ei ¢ anhydri de and derivatives thereof. Derivatives provi di ng

f or ScoiglentA- 331%@@§Pfsdl98alﬁ@ﬁmﬁésl@7roe preferred. Synthesis and bi onedi cal
and pharmaceutical applications of hydrogels based on, conprising

pol ypeﬁbﬂ(ﬂﬁf ha\'ﬁlel%?(?s@nsogﬁg&@x%ﬁ?apwla%dm%a&%( dgﬁg&agxﬁﬁ%it&'yy(@%?

"Bi osensor s Fundanental's an catl ons ner
Kar ube h@zdnbg@_ The pmylmoportqoubﬁ ﬂ&:ﬂgvdrdgbbnmafe Gorﬁmfncfnnbtidnalwyltlmt isysuReleis$or i n

1988 hy f ter- soluble, W
cr os)sl it g&ﬁf@}g@’? ??(%1 n% %/ frhlfﬁ’\é‘g’ gp{gg{qng%l%ﬁ%qshﬁgﬁlpﬁﬁ%ge& .
fornyl %%X*ﬁ@éﬂidé’dnﬂ'ééﬂ&%ﬂh%hﬂkd}fﬁ%ﬁm@%@btcﬁ%e r ghfp, [ 107845- 59-0] )

avai |l abl e rom Pol ySci ence Warri ngton [ 00043 n one enbodi nent of
t he enc&‘?sul ation process, one or nore hydrogels in 25 water is added to
t hd0mut89043] bi ndiNwsnesees hsidrogels ey bajused drs theutresent iswentionoAhp Avdregels pH i n

Lhe, 20 ot M, SROUalOn RREREAAR, SRR B I THRRRE™ o1

Usi ng tstiirch, bﬁnﬂmHegbtedeaﬂdtuaeswmeemucﬁra@Ie g.f edbo0aidtioN derfieaRes of dager- bl ock
casti ng, reverse enmul si on p0| erEI’I zati on, screen_ or contact pl’l nti ng

£1 ui d- seelldiapisagicanlynenty sush a8 RUARTINHPlcA9S nokcoBearid mat ri ces in
honol | Eemae R o iihel i, SPAMHR I3 PNIIRALE ityartle (0P L E e
usés 13opolymbens of@ﬁfyl eﬂ’@ﬁﬂld]ﬁﬂeﬂ:gmhy@icﬁ(hﬁd &ﬁv@tﬁ&@%}eofhé)amnves may, in one
oSO ieb STl orighed by S S B S SaiPoneSguming) o
met al ghh%c%t&%‘ﬁ%ﬁp%&{%ﬂé 08 Ry&BBL18h N In) &ngﬂ%ﬂgéamﬁegnﬁé}ehﬂlbegﬁl

precur mat eri al's, preferabl one or onpbnent s whi ch
hydr ol ydesouabdbyemnmbmsdrad;ear@es ‘(\Sftehegh‘&ls&dnsgleupdmmtd&an(huch that the

ol antsppriondeadBl b & BB Tt RBRRAR S S ot evnsdeRover i e,

20 Oxford University Press, in 1988). An exemplary hydrogel matrix derived from a water-

- soluble, UV crosslinkable polymer comprises poly(vinyl alcohol),N-methyl-4(4’-
formylstyryl)pyridinium methosulphate acetal (CAS Reg. No. [107845-59-0]) available
-from PolyScience Warrington, PA.

[00043] In one embodiment of the encapsulation process, one or more hydrogels in
25  water is added to the mutated binding protein in an aqueous buffer solution having a pH in
the range of about 4 to about 10 depending on the protein. Subsequent curing of the matrix,
for example, crosslinking, provides physical form. Using this technique and a conventional
fabrication process (e.g. block casting, reverse emulsion polymerization, screen or contact
printing, fluid-bed coating and dip or spin coating) one can obtain matrices in various _
30  configurations (e.g. granulates, nanoparticles, microparticles, monoliths, and thick and thin

. films) suitable for in vitro and in vivo use.
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resi stance to cracking and ot her physical defects, maintenahddy 2006 pr ot ein
function, and conpatibility with the protein and/or reporter group, and
conpat PHIOT185 9% R-#07¢-A ani mal or subject to which it may be inpl anted.

Suitabl e organic materials include polyols such as 10 gl ycerol, ethylene

gl ycol joqeapy!| enahg et maPahwaé binbedieicat, be @bmﬁﬁm dfigdifidesoleels. exanpl e,
as taught by G 1| and Ballesteros Journal of the Anerican Chem cal Society
1998, Bed sol-gglsanclaky gt lepst ppeialipered Sergstednaepardiions camprised®li n the art

can apﬁél%?éapfeﬁn§t ﬁ&c}e@}é&&ﬁ red S Slalnd G in :gflgitﬁﬁ@g{h%lslo%f élgﬁec?lgs%gi ctabl e for
a giveh protein so(f-g reporter group ® conbi nation, iy opt1m zation of
sol - gemapsriaty) psdierablg ogaor motoorpatie bbmpoitnpy whieh Aydrolyticalbncchdemsetabomigal s may

be expected fqr an i ven bi nding protein-reporter pair. It has heen found
by >t h&ﬂ%ﬁ? gl glyeﬂgra?r Wi habheresuzant S@ﬂg?w#w §UPHE rreperifiesiyalit ed
enhanceg gy %ple,%faﬁi%on.g E{d?i@dﬂ(i:‘% &?&%ifeé‘ﬂicﬁide W LONRR éﬂhﬁﬁ%ﬁgzﬂveﬁ?ﬁl&or mance

attributes of the nmatri X, nations thereof relati to that of
ot her mmistance $o onckingeslstheghhysicarisfdcks madftenan@oef proteat fuoctiaf, apér f or nance

AR P R P RS B PSR, v

of  cogiljeat®whth iMRhNBE inflinted. hSditaMAbrodlit Btorial3RAddLSSy &R shidt f10ds known
in the aft. [00045] Sol-gel matrices useful t he present invention

| i udslyerobefhaflensrebyseh seomslene elxpobmolyshnlenogidol ind e I fyexamplehods and
| néf udely lengrebyekoe wbipolshsiioghicoliendile s fgerar |
e | & QRIS R Ry AR S TEUR bl CRl B Bl SRR, S20BGLORT C

not |i BH8BE59R0, It Blundemmba shat Hodatkitled 10 thahe sadisprédidtaftat f#sibulese material s
may be augrrent ed with the organically nodified silicates, (ornosils) and
f unct i BesarPbere genesalhneat predigiatle & ausivemprateisl-gelrepPHFSPYhg and

Tt acne oo SRRl Sl 0P 05, 80y BreORIS b hit conlpBtft afif Bicéin sSiBHE o

" hilr otmaterials thyy boeedsd firang ighen dieling plois rdportspaig el has en faardisbyhavi ng a
br ef er SiiepPFREhESoF b GRTgPasd e BB D e PR EAP s BB N Buen
coval eﬂ&h@%ﬁﬂ%ﬁg@%@@@@%ﬂ@% ¥ AeApAEr e HhiEand hereof . In the

case of three, . Xy substituent precursors, at |east one of
t he r enmibinagonsibereofiralativetoghasiod odisr ynatgces ov aduentd solitoums dhareofsi | i cone

t hr oug ar.bon 4 Jul 006, 07767- 185819 - P-5074..70 d the remaining
subst | DRERIFAEH of BertermHude PRI ff Qo TiRGT BRAT TP SRR om al Kyl |
ary ., péforifncddfrifieslof iR encapstlfing GMIRONNY be @SHiSVed, Arekample, beRayyf silyl,
~nitro, and hal ogen. [00046] I'n one enbodi nent of the encapsuiatlon process,
one or cmbinatefial metlipds griothes stajisticsh desssiadssign sngtiods kaows imihgrast- yzed in wat er,
ei t her spontaneously or under

-[060045] Sol-gel matrices useful for the present invention include material prepared by
conventional, well-known sol-gel methods and include inorganic material, organic material
or mixed organic/indrganic niaterial. The materials used to produce the sol-gel can include,

25 but are not limited to, aluminates, aluminosilicates and titanates. These materials may be
augmented with the organically modified silicates, (ormosils) and functionalized siloxanes,
to provide an avenue for imparting and manipulating hydrophilicity and hydrophobicity,
ionic charge, covalent attachment of protein, and the like. As used herein the term
“hydrolytically condensable siloxane” refers to sol-gel precursors having a total of four

30 substituents, at least one, preferably two, and most preferably three or four of the |
substituents being alkoxy substituents covalently bound to silicone through oxygen and

' mixtures thereof, In the case of three, two, and one alkoxy substituent precursors, at least

~one of the -retﬁaining substituents preferably is covalently bound to silicone through carbon,
| - 14




5 acid or base catalysis to formderivatives with an organi Jyy20p6l
conponent present in a nolar anmount relative to the hydrolytically
condenddBi7d85iY oka47&7Up to about 10:1 to 1:10, preferably to about 5:1 to
1:5, and nost preferably to about 1:1. To this mxture, prior to final

gel | at iz98 thd @n@ﬂﬁ&@sumﬁufaﬁ N @t di‘gazﬁ’é RinBlidhalify SMecRAUBAH 2RV fafAr
sol ution havi g th@laH I n the range of about 4 to about 10 dependi ng on the
1

prot ei remipg, eyang) cargoxabresien odefingn epexys sildnsitrgi anel halegent o t he fi nal
matrices. [00047] In another enbodi nent, the hydrolytically condensable

si | OXa“ﬁJSBX rol yzg neélﬂb ﬁ%ﬁfoﬁ%é}%gﬁﬂﬁ%h}%&%gp ?{ 8Tm% e:doefr acid or base

catal ys formderrvatives I's " mxed with a

wat er - smdndﬂbraceﬂ)lqlcxbﬂmnsﬂﬂamné is Hydrdlgdeldean wateef cithet s{.bhﬁme@ﬁl)ydjfﬁﬁﬂeﬂ ncl ude
po:vévi ngll al cohol (PVA) y- (mal ei.c acid co- oI efin) sodiumsalt 15
A) , 46id,pL0asg Pmlm |tcr eawa‘)esgem T ATEHNE PQ WQ&}HPO&FM BEeC ARy | |

pyrolll Hg(ﬁﬁ Iy rs of
mal ei ¢ %ﬁ%ﬁéﬁj Bgﬁ)mlanﬁgg%{% g?ldergly\%%@%oqxg%%g@%ﬁ&gﬁj&w% f1 ?ﬁgge{n ‘salts

"t her eof prefesabletceabobie]: 1 o diSuand postaseferably tamhmtl luim To thes maethdey paomoni um  and
the lik Pref er abl te | ubl e mer co ent.is from O to
bbout S epRBhoRatad fr Bl pifing gt A Aruogs PRRG AV PR RBE fer
embodi rminth%hﬁlglawﬁmmwts%w 1@%9@{&@)&%%&&&%“%%@@{ aed in water,

ei ther spontaneously or under acid or base catalysis to rmderivatives

wi 48t heondessgiaen reaghising give riss terthedihalunatricone or nore functi onal i zed silicone
additives (FSA) in anmounts fromO to about 0.6% nole ratios to

hydr ol I
e ved00ERl Y DA ARRRA Urbol A hyar kBT AlohabrRaRIR ol Blp s
der i vatin watet, éither @Eﬁtﬁﬁé@sly&rmﬁﬁmf@@‘}msé tatAyiowydihaeav{tAEE@Sh thand bi s

sil ane derlv tives: for, exanple, (bis(3-nmethyldi nmethoxysilil)propyl)
pol ypr SRSANEROlYRl; g anixes) with amﬁgiu%iwém%m@ﬁﬁad|wﬁb 16 Wt OIS

ter- ddi t
S T S AR R S e
i n1fat éPMSéﬂ)mnéy-(@pyimlﬁnm@amdl)ys,odmm sehl@V S0 ahdgpolpasy, pabHidpae ﬁ’\t’R) form 30
deri ' ' t t de t bl e f
et r apheliteeic st R iR e St gt Mt oifent | oned
sol - gelethee GRAICIUER SRfAnPandlsals th&@o\f fgp%nﬂg @3d1%§5§3@sszfm5ﬁﬁﬁoﬂﬁm

conventlonal fabrication process (e.g. k casting, reverse emil sion
pol yme mt@akkwbtmmom@memd toe liko nPl&&rahiV,l th@ wng:r—s@luhiednobenbrmomngltamﬁlomu p or

spin c can pbt r xerogel- matrices in various
config r Eg%ga?q“””méﬁﬁﬁﬁhaW)'F §W%ﬁ icles, mcroparticles, nonoliths,
and thick and thin filnms) suitable for use in vitro and in vivo.

- 20 [00048] In another embodiment, the hydrolytically condensable siloxane hydrolyzed

" in water, either spontaneously or under acid or base catalysis to form derivatives with the
organic polyol, is mi_xed with one or more functionalized silicone additives (FSA) in
amounts from 0 to about 0.6% mole ratios to hydrolytically condensable siloxane.
Exemplary FSA’s include alky! derivatives: for example, methyltrimethoysilane (MTMOS):

25  amine derivatives: for example, 3-aminopropyl triethoxysilane (ATEOS); and bis silane

~ derivatives: for example, (bis(3-methyldimethoxysilil)propyl) polypropylene oxide (BIS).

[00049] In another embodiment, both the water-soluble polymer component and the
functionalized silicone additive are mixed together with the hydrolytically condensable
siloxane hydrolyzed in water, either spontaneously, or under acid or base catalysis to form
‘30 derivatives with the organic polyol, to provide for a matrix suitable for entrapment or'.
' encapsulation the binding protein. Using the aforementioned sol-gel technique and a
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5 [00050] In another enbodi ment the matrix may be formed froshdicabysi s
menbranes. The dialysis nmenbranes can be constructed to physically

encaps #7431 ehtd’430t he protein. Coval ent attachnment to the nenbrane is
considered wthin the scope of the as described enbodinent. The nenbrane

shoul d Bev&ikeRaATalRa86n 9fbc@£|(@.g%laék YREAN trefaiie QinflsidH ‘Eblyh{éﬁkati(ﬁf‘al ytes of

I nterest can readily perneate the nenbrane whil st high ol ecular weight 10
mat er i scwenoutahtdst printing, ifluidbkdicoatingandalip ngspincoating) hee caagbtaif aerhgelrut at ed
bi ndi ng_proteins, . |leaving the.nenbrane matrix. The | ecul ar wej.ght

ot - of r Retery Biash FRVasts SR aER e (e apies, PSRy BREFIER - enen
and i s édolithy, diethidkianti ih fioRe) fuaabik faruswid Wrbhing iavde. Typi cal ly,

menbr anes havi ng nol ecul ar wei ght cut-off between about 1000 to about
25,000 Daltons are suitahle, Using this techpique, matrices in various

conPi guP30bns arte anethgrenbodinent thignatrik gpayactopred, ﬁ'_ﬁ’fr"dﬁﬁﬁﬁs memprapss-can be
prepar eg, cﬁﬁgs%&x]amg}adé o bseoco?lg‘t?ﬁc?%ﬂi’tlg g;%g%cﬁ%ﬂﬂénc%fa'té’ 5P U fbiagh. t he

bi ndi ng protern an reporter grou I"nati'ons of one or ‘nore
hydr ogdlavakeot attpehmetrid tieh rabmbiase issovsidered withFothe axepepifehe & desatbeid n

entr appe r en sul ed withj,n, ,a hydrogel or spl el, can he pl ed

o hoP R tharimel R Hermb e ol P bl asel fi ptechr sftiab SRR BRI o e 1or

- 1l antaghiyRe of hidedt RbR rAd Y Bbtdhte RE mieMbPRRIvlH]sPhiZh TR Sculdr 3RSART
ity h | ft [o%g

propertie$S or perneabili o the analytes o hé matrix. 52] The
matlPi x neatentakpyedldde resideipd bmt enterivigneli indghgease of thehwated bmdmegfrotehiss

S SRR LR BB BB RS e biS ) 0

enbodi fRdRt the afdieinientionéd felqiiréniterit and & iftah Yieskitbyf eitaaindidr RaththRsgnsors, to
be used to neasure the | ow anal yte concentrati ons known to be Eresent in

| ow vollynicalnmpenabrangs havingseleeylan weighticyt-offibetwoep ahaetliI08 toplenb ASBPE  nay,
i'n so TR | ' - QF, - |0 Qf S
cpi dor mapongite Yo, 98k s B0k Maicls i SR ORI Pociie
or 16t heuitdblofop gkl vifrb ahdls vildhéan Heiplepangl. pr ot ei n bi osensors of the present
I nvention provide for the neans to nonitor analyte 30 continuously,

epi sodical |y, or "on-demand" as ul d .be apprapri.ate t.o the user or to the
treat mitUss]" o c riaRisp Shntomglatd, pyMEHEE AR Bisshradine oA o [ 00053]

I'n ot heg, g%gﬂ%@fcémbﬁﬁﬂéﬁstdf‘(}&ﬁr Rlord RRIrOLASBIEA! nd BalRSid nidnforkdelr exanpl e

gl ucose) 1s that they may be used to Test OBl 6od analyte |evels or the
concentFoaetanplefa prateal sitrapped e docaisolgiedavittin) ahydoegebpr sl igek casbepldacoth nay be

e P T Ak 1 s 12

20  within a subject, or to manipulate mass-transport properties or permeability to the analytes

A of the matrix,

[00052] The matrix entrapped (_jr encapsulated binding protein biosensors of this
invention are capablé of measuring or detecting micromolar (10°° molar) to molar analyte
concentrations without reagent consumption. In some embodiments, their sensitivity to
25  analyte may enable the biosensors, to be used to measure the low analyte concentrations
| known to be present in low volume samples- of interstitial fluid. The implantable biosensors
may, in some embodiments, be implanted into or below the skin of a mammal’s epidermal-
dermal junction to interact with the interstitial fluid, tissue, or other biological fluids. The
binding protein biosensors of the present invention provide for the means to monitor analyte
30 continuously, episodically, or “on-demand” as would be appropriate to the user or to the

_treatment of a condition.
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5 interstitial fluid, and conbi nations thereof. EXAMPLES [ 0D0&4300&he
follow ng exanples illustrate certain preferred enbodi nents of the instant
i nvent 061e7-180819 aft-807A@@ i ntended to be illustrative of all enbodi nents.

Label ed nutated maltose binding protein S337C MBP with fluorophore

report %O(BBPbe NBDo i3 LenB & RekS) s@néiﬁvi%gé?%g BREnsVsh aﬁé]gtegfd?%ﬁﬂﬁfﬂ% set
forth by Cass, A et al. (Anal. Chem 71994, 66, 3840-3847). Fluorescence
eni ssi ghicopR it sush dliat theyanathe dsabtd tost tloast aiakytoteyelyonthercedcapsiatign ohin SLM

Am nco fl.uor.i neter . tar.d o, nada).. with slit settings. of nd 4 for
exci t afPB¥e 15%3’1038?[(; ??:?8@'_“8? O’éaiﬁrdso@%)r? T%gﬁ\@%rﬁmé‘?%‘ s‘gsl %S%d %rrff glc %r omator to
conpar ebjolfyidal §5106on ihelddRIbREs hdtiRiRaIEoOblobd§efspiratig @6d/or ocular or

fl uorophore-| abel ed proteins in various matrices to the 15 perfornmance of

t he5 sadterstidaldluid apd cabinetions therpef. i nitial fl uorescence enission intensity
is defined as lo. The relative ratio of the em ssion intensity maxim in

the pr 13sthe protein's respective ligand (1f) to the ligand's
absence “o; I's defined as AF. [00055] Binding constants were determ ned by

titration of increasing concentrations of glucose into a protein solution
wi t h ni[6005d] f ol | dihe fielcoving exahaples ibinstodte gértatopeeferSidiembpdingents ¢fithe were t he

listed aboye, The, K t.er mi ned he fol | ow

el at | S poendor ALEASHGARR odrdrhetSh o ¥ b EreRhobhh s

F=Fu, r i‘rﬁ@at&!’nfaltos?e"ﬁiﬂdiﬂ% {aﬂ&eFﬁ»(%fssB'ﬁc MBB whthRioesheRCRpdiidr @hsHe!NBDised f i S
Y,

fluorescence at infini is fluorescence at zero glucose, and x is the
fré@ cbesiminagesrdancewig the pmsedyrasel]fprth by Cass, detebtlnildied]. Ghere.HE94556,

[ Prot ] PRR2 By el il ity GoQe frolp A oS Feqifg =10y

[ A c]t g SaMlAhRhe] figdriaster (Oigarfo) Cahadad Rétandi sdtiigrf 8fand Mifooaeitatich pr ot ei n,
respectively. [00056] EXAMPLE 1: Thi,s exanpl e descri bes the nethod for the
expr es dndsethngs of S AT e MCHY0 emission mepeshspmatonfo spsrnarg the digandre t ags.

GGEBP 1 g ﬂ%%? Bﬂmﬁ] 8 1dbelel Proteind BH TarRu hithicd@sig! t er ed
by int rﬁlcl)@u ngf%trﬁén%mrb?rtl%@%lﬁ cyslg)galgﬁﬂgratﬁ\?aer ;b(lgugm poiai tions t er ough site
di 1 £ct perforiangeofthic samaé ptdteindvinsBhitioge ke initialshuopesotrek emissEmantensity is

defined as Iy. The relative ratio of the emission intensity maxima in the presence of the

protein’s respective ligand (Iy) to the ligand’s absence (I,) is defined as AF.

[00055] Binding constants were determined by titration of increasing concentrations
of glucose into a protein solution with mixing following each addition of glucose. Slit
20  settings were the same as listed above. The Ky was determined from the following

relationships as adapted from Pisarchick and Thompson (1990):

F = Fint + Fo - Fint (1)
1+ x/Kd

where F is fluorescence intensity, Fiyr is fluorescence at infinity, Fy is flucrescence at
zero glucose, and x is the free concentration of glucose ([Glc]see) as determined by the

25 relationship:
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expressed in E. coli and purified. [00057] Cassette nutagenddils2066 MylB- 1
was acconplished as follows. The wild- type MjylB-1 gene was cloned into a
pTZl8R0\7/'gﬂ&?815(ﬂ".507AﬁQ hony Cass, Inperial College, 10 London, Engl and).
Mut ant pl asm ds were generated fromthis parent plasm d using cassette
mut agenesi s produci ng random zed am no acid sequences, essentially as

descri bed by Kunkel (1991) and cl i ga Life

Sci ence, l‘[/é‘dliCk@rf[GNQ]t.ot-[IPmtkadphﬁéfﬁlc:di@-[\Rmtbn-iﬁds)ﬁtﬁ‘f"i[@db]ib)ﬂ@bquenci ng. The
mut ant protein was 1 nduced rn JMIO9 and purified as described bel ow. An E.
coli JMLO9 col ony containing the m#A ant pl asm d was 15 grown overni ght at
37C with shaking (220 rpm in LB broth containing 50 gg/nL anpicillin

(LB/ Anp). The overnight growth was diluted 1:100 in 1 L fresh LB/ Anp and
was i ncubat exhess [@Tks avid [Rrajbadee Hg total céncemtentions 6glo¢oseland prditiny e was
0.3-0.5, ression of the nutant was induced by the addition of 1nM I PTG
(Life TEPRALIS gi es, Githersburg, WMD) final concentration with continued

i ncubation and shaking at 37C for 4-6 hours. The 20 cells were harvested
by centlod0sepat i oEEXANPOGA : Thi exdfhpld descrilfel thd 0068 For theexpiéssivh apd ot ei N was

harvest ed by osnotic shock and was purified bé .col umm chromatggraphy. The
cel | pénrifgatignof naan pecteiag withowt hisfidingstash (FEBP i grodsd ry the Megid-1pH 8. 0,

20% su gl J: . . f : ... and then
cont i Eoici s oS T o AR By B) i RALhE EREE AN LAY HchdalVBiop Tl kot
on i cepodfoddthraugh sitpirdéotdd mamgeresisyf drecdd]B-a gene OTlekse prdeinoivele tharer i | e

dei oni zed HZS)_V\gS repeated, .and the suspension was incubated on ice and
cent ri FHYEF Th -?"é’r?éﬁﬁrﬂuﬁ edyupernatant was pooled with the other,

col | ected supernatants and was centrifuged once again (12,000 x g, 10 mn,

18 3 Jyboos2P06 Obéﬁ%néﬁé@a%%n%sifomﬁBﬁ%és@cc?& 12 8¢ RfAloSROTRBLEIGMaS

filtered through a 0.8 gmand then'a 0.45 mfilter. Streptonycin sulfate
(Si gnatyDiedviztRdl geoe wastlonedintasa pTD) SR 5ostor (Or. hathonyGesk, {roperind Collpgsekat e and

irred f in fall.owed b i.f. ' 2, in,
400 *rhaniny B0 LRl B RSB SR PR At PP ™
(10, 00&4 Siéaplf()ﬂﬁ&'\lﬁ fan(éMpiel abdifo adNCeqabfbed] sabantielly 6y @dsbtigdiibyagai nst 5 MV

Tri s-HCIq& 8.0, 1 l\gCI 2. The dialyzed shockate was centrifuged (12, 000
x g, 3&uskel (199) andglonedinf.tdofid M9 Pramesatlifogeicnsaddadisen, 4VI). Mutant

pre-equj.l JAE eﬂﬂg}; L r,qRci a
Bi ot'ecmaS]ﬂ?&sS?g%g\lNay,l Rﬁ?f%ﬁqﬁé?%ﬁ% m nﬁéjﬁhérgteo u?ré]ﬁ\f\qgée%\r}\ggh@ with 5-10
- col umpunfiediedescrfbedibear. gh #ea/N M 0D 6010nPcchtdvhing Che mwamnaplpdmidviso t he”
columm and fractions_10 were collected. The nutant protein caontaining

frhet | eSVRRYEnigat 8716 withishaldng(33/apm)jin kB 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 ODgg 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
20 cells were harvested by centrifugation (10,000 x g, 10 min, 4°C).

[00058] The mutant protein was harvested by osmotic shock and was purified by
column dhromatography. The cell pellet was resuspended in a sucrose buffer (30 mM Tris-
HCL pH 8.0, 20% sucrose, ImM EDTA), incubated at room temperafure for 10 min, and
then centrifuged (4000 x g, 15 min, 4°C). The supernatant was poured off and kept on ice.
‘25  The cell pellet was resuspended, and 10 mL ice cold, sterile deionized H,0 Was repeated, and
- the suspension was incubated on ice and centrifuged. The rémaining supernatant was pooled

- with the other collected supernatants and was centrifuged once again (12,000 x g, 10 min,
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Coomassie Brilliant Blue staining (MVapprox. 32 kDa). The F4&bciddns were
pool ed and dialyzed overnight (4C) agai nst phosphate buffered saline (PBS)
or 10 MAKIEARRSH uh$07Hhi&ar bonate (pH 7.4), concentrated using Am con
Centriprep 10 filters, and stored at 4C or -20C with glycerol. The

anmmoni | t I 591 EXAMPLE
2. Thi L54 aggaﬁnlge{%%g%ssgpﬁagi%ﬁ ﬁgltée%gf)?gg V&;@g#}/}f’ %@rl{lﬂﬁggﬁ%ﬁn h? gpwt ant GGEBPs
cont ai ritreptohiysin suifate (Spsa ClsBHPalin. it Bowie MO igh meéerved adiedierthby site-

directe agenesi s or by cassette nutagenesi.s. Sit rect nut agenesi s
(an kontoaleENES simeharce i STt f5 copuRieainb G005 bl Midr vi dus
am no ae¢ .smershba@at&@%?@leﬂ%&s&ﬁtrateﬁmhgﬂ{ea&fnmnmuﬁffbﬁmo %, showiatirc@pot her,
specifically chosen ami no acid. The cassette 20 nut'agenesi s net hod (Kunkel

1991) idisrsd&htidettee D end dindineil pweraighhagadnst d snMnlris-HeepHf8.@d mMedfighh. of t he

GEBP g he d casselte t hen. subcl, I ntqg,.th

oxpr eoan LRt SRR SRREBIED (P DBk & R Rbe - ER TheRolan SuRr s e

i nto t Reas a0 a?f@é@iilibﬁfbd\BEAE [Faét@16g Sephavadeasdlingn (Afprshdh PhamiiBt r uct
pl aces _si x histi residues on the C-termnus_of the GGBP gene. E. coli

st r ai n BagtedpBocaayaydeht af 8.5sLiinr Sheeelymniyasarashedamih fi 1 qobimpwi ng
d |
| AN ARlC AP AP 0. 0% A RCTVRL BEATS W MimagPRading LU,

2510 iwegberdloeted ( mwﬁgueant pmnmauﬁug)ﬁaohyﬁmymdwﬁied@y\m PAGHewith o t he

Iysate nd the was gently m xed _at rogmtenperature ( or 30
é%aa»asal?@gll ﬁéﬁleﬁra&a %M?PRf%ﬁﬂ%a&%#a%mW%ﬁ?dgé‘“{ o this,

0 5 M iR 29b:8ichd (M3 e ind pf ogglga@fbuﬂbrehrgﬁn@e@@% ) of1 68 hnMRshiggded. After

30 mnutes of gently m xing , he m xture was centrifuged (6000 rpm
and t hbidagtoaate (pié Me@ncaﬂtmthbadg Ami@nvzairgaer 50 filters pdndssedred oA C(arM NaCl

10 MM t recentrlfu d. T GEBP- Hi s eIutedfrom
the besfCyhapah. i B R REas MRLDY  SRPRAERE 10 m 19 3
July 2006 07767-185819 - P-5074.70 Tris, pH 8.0) and m xing for 15 mn. The

prof ei noe03bUt i onEWMPIER i BHieédant éﬂé dREiskstthe & 36ssiond aﬁa@hﬁﬁedtm ofM 100
filter (Amcon, Charlotte, NC and then concentrated to 1-3 /mM using a

. Cent ri Pruant GEBPsontaniag Hlsrtd@lep?@eﬁ@ﬂﬁa@u@mﬂ wete gngineqred gither Aysiterst 2 L of
t 0 00601
Exapy g C bl At et el S eIl foldkcllnad? 10

pr ot ei Stmagdsneg Epdolta CA)rvedseerfbimead ﬂoqltextmdi‘wdﬂal afinoGCHIE i dripETONGcy St ei ne
(40nm)l in PBSwastreated th nmM di t hi ot hrei t ol (F%L 10 nnol) for
30 mi nbY Krlacingoneamipe afidgrith womer,crp?@f I¢gyly-oosen amino acid. The cassette

- (1 ggloaggkadees méthod (K HARE 199 13 W% Pectormndd tBFhdchi¥d AffnB¥bRBG: §58cifa

region of the GGBP gene. The mutated cassettes were then subcloned into the pQE70
- expression vector. 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-tefminus of the GGBP gene. E. coli strain SG13009 was used to
25- overexpress mutant GGBP-His following standard procedures (Qiagen). After
- overexpression of a 250 mL culture, the cells were collected by centrifugation (6000 rpin)
and resuspended in 25 ‘mL bugbuster (Novagen, Madison, WI). Lysozyme (25 mg was
added to the lysate and the mixture was gently mixed at room temperature (RT) for 30 min.
Clear lysate was producéd by centrifugation (6000 rpm) and to this, 0.5 ml imidizole (1M)
30 and 3 ml of Ni-NTA beads (Qiagen) was added.  After 30 minutes of gently mixing at RT,
- the mixture was centrifuged (6000 rpm} and the lysate removed. The beads were washed 25
'l ml of solutio_n_(lM NaCl, 10 mM tris, pH 8.0) and recentrifuged. The mutant GGBP-His

was eluted from the beads by adding 5 mL solution (160 mM imidazole, 1 M NaCl, 10 mM
19 ' '




(I'ANBD am de, 0.5 ng) was prepared in DMSO (100 L, 11.9 nmV3&ahd20®636 L (40
nmol ) 10 was added to the protein. The reaction proceeded at room

t enper A B8R -&5¢743% a Dynal rotamix in the dark. The | abel ed protein
was purified by gel filtration on a NAP-5 colum (Anersham Pharnaci a). The

| abel i rigis! 58 1809 aﬂ@hﬁxﬁ & 19 MR THeipasteRtoRfifon WdseRinfodlakdle filtered taeesH | ci ent
(50 MMl _cmt) for that was cal cul ated in GeneWrks 2.45

( | nt el |a|anﬁaz1v%¥)VI IQQﬁEer((mm shedetye, 2)rand then eopcenirateddo debmgilnent  of

dye. contBha CRrar 8 S ity b AR S gh AT 2R e

absor baoludow{l b NaEl, momMZ% mnnMNaPOa,lp}uB@y ed as A prot(280)--A
t ot al (280) - Adye(280), where A dye(280) = A 478 x (A280/ A478)dye |td- The

CoMS AP o B BUBLR i DB REP e ST SRR 0 L o

of @ T SRRGRAAIALYEBHAE 0 R PSRRI BN AThE 6, RERF( B 561 Ut on.

summari zes the change i n fluorescence of various P mitants
| abel edBHi wis tr@[;ﬁnlrwﬂn 2 gnMd wiithjothiraitd] A iuhg 16 epot)tfon30 mirupsticksolaton ef t her

it f at | t 600 Table 2
sty N853R ﬁ?ﬂaﬁgc@)apﬁﬁﬂ“ﬁ N PRk r R T

tat dat
Olear| STENRRNR, 04 Wil FERu S DO (R0 IR 13 MR S POmE S
pr ®0i devad eddadabltiee @btein. b'[lnea:eacamngirmmé@l diroan aopesatukhfor datoa asm;n:m t he

t at t hip f I t July 2006
07767 TamRon hedufy 1181 beld petemuR euriet g at?%m.%? 558l cls

‘Mutant gAmEf%ﬁh&qihaﬁﬂéwﬁzmab%%%@ssdv&@ detbi i %3%%&@&@)&%1§m | ANBD
am de470 / 550043517 I'ANBD ester470 / 550 IAEDANS 6 / 490-7-80-9 Bodi py

530/ 55004fA580t (50557 -ct0) 3dr KERR that 66 Salcukeel-in GengWagksiH45
(IntelliGenetics), £473 (IANBD axnlde)'—ZSmM cm™), and a measurement of O.D. for a

15  standard solution of IANBD amide at 280 nm and 478 nm. The dye concentration in the
protein was calculated as Cyye = Ag7s/€478- The absorbance of protein at 280 nm was
calculated as A pro280)=A torai(280)-Adye(280) Where A ayer280) = A 478 X (Azso/Ag7s)ayesta. The
concentration of protein was then C prot(280) = Apror280y/8280. FIG 1 illustrates the change in
fluorescence response to glucose concféntration of a representative example, A213C/L238C

20  NBD amide GGBP Hg in solution. TaBle 1 summarizes the change in fluorescence of
various GGBP mutants labeled with reporter groups, including reporting groups having

 either excitations or emission maximum of at least 600 nanometers. Table 2 summarizes the
change in fluorescence, and determined Ky values of mutations of one, two, three, and four
amino acid substitutions. This data clearly shows mutations of the GGBP labeled with a
| 25 reporter group can provide desirable attributes as glucose biosensors. The data shows the

* mutation-reporter group relationship for the samples tested.
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Luci fer Yellow | A426 / 530-14-3 Bodi py 507/545 | A507 /| 5452%48y Z00§5640 /
6602011-7 Texas Red- 580 / 610-13 leimde g 375 / 580157122 ox 1 F fromO
to 1 mWE7J8TIR-BH0M.76uM dye]. Unl ess otherwi se indicated all nutants were
wi t hout histidene tags. 21 3 July 2006 07767-185819 - P-5074.70 Table 2.
Sunmary of GGBP-H6 NBD Mutations | DENTI FI CATI ONSol ution Sol -Gel Kd(mVM A

F(%9' Kd(mW2 Dye/Prot A F(% wild type intrinsic 0.0002 AIC AIS +2130. 31
At S, E149C,_A213R_1238S At S _E149C_A213S_1238S+4800.370.9 KI1C101. 8 D14Cl1. 521

V 19C{560. 00010. 38-0. 99 N430400TG§EEC1 28 G74C- 30. 00091 43 Y107(C- 300. 0010. 93
T 1 OC-19_S112C2200P¢msent {hange in Fluorescence for GGBP Mutants’
Dye Excitation/ | S112C | M182C | A123C | A213C | M216C
emission His;
(nm)
IANBD amide 470 /550 0 4 3 51 7
IANBD ester 470/ 550
TAEDANS 336 /490 -7 -8 0 9
Bodipy 530/550 1A 530/ 550 7 -10 33 4
XRIA 5,6 5757 600 21 -19 -38 -15
Lucifer Yellow IA 426 / 530 -14 -3
Bodipy 507/545 IA 507 /545 25 -3
1 Cys 640 / 660 2 0 11 -7
Texas Red- 580/ 610 -13
maleimide
Dapoxyl 375/ 580 15 7 12 2

'F from 0 to 1 mM glucose at 0.5uM][dye]. Unless otherwise indicated all
mutants were without histidene tags.
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S112C, L238S61. 5 K1 13Cl150. 65 K137C-5. 0. 000041. 17 E149C3000. 0802908657
E149C, A213C+1100. 70 E149C, A213R66011. 1 E149C, A213S240" 0. 00231. 1

E149C, AZT63T858091-0P-8076T19C, A213L.2800. 11. 1 E149C, A213Y2800. 11. 1

E149C, A213C, L238C+3931. 08 E149C, A213S, K223N E149C, K223N2600. 0030. 7

E149C, L238C26051. 6 E149C, L238S6600. 081. 36 E149C, K223N, N256R

E149C, N256S10. 93 E149C, NBRARRMA43GOCEBE4MBOMEBREGNA213C, L238S20021663. 2
E149C, A213S, | 23854800. 470. B@utEA49C, A213R, 2385500121 Spl-Gel

H152C2 IRV I YATER 70. 36 HI 52C, AB4AS) ooo.l?ggﬁg\ 52Byefyot 3RA H%e) o Ka(mM)

H152C, R¥2%%2000. 0031 H152C, MBS vig2c1 T R213C500. 1240. 68

A213C, 1a288C24, 67361. 4701 A213C, L255C 50. 98 M216C670. 0080. 91 D236C+230. 43

L238C @,I&BIBQCQQ&R&L%R) 1.3 D287C4a% 1 0.31

A1S,E149C,A2138,.2388 +480 0.37 0.9

KI11C 10 1.8

p14C 1 1.5 21
V19C 56 0.0001 038 . -0.99
N43C 40 0.0002 0.28

G74C 3 0.0009 1.43

Y107C 30 0.001 0.93

TI0C 9

s112¢€ 220 0.05 1.15
$112C,L2388 6 I

S K113C 15 0.65

K137C -5, 0.00004 1.17

E149C 00 0.0002 0.96 57
E149C,A213C +110 0.70
E149C,A213R 660 1 1.1
E149C,A2138 240" 0.0023 1.1
E149C,A213T 350 1 0.6
E149C,A213L 280 0.1 1.1
E149C,A213Y 280 0.1 1.1
E149C,A213C,1238C 4398 1.08
E149C,A2138,K223N

E149C,K223N 260 0.003 0.7
E149C,1.238C 260 5 1.6
E149C,L2385% 660° 0.08 1.36
E149C,K223N,N256R :

E149C N2565 I 0.93

- E149C N256R 200 7428 - 09
E149C,M182C,A213C L2388 200 216° 3.2
E149C,A2138,L.2388 480 047 0.76
E149C,A213R,1.238S 500 12 1.1

H152¢C 210 0.07 1.3 317 0.36
H152C,A2138 100 0.16

H152C,A213R 3 1.2
H152C,K223N 200 0.003 i
H152C,M182C

- M182C 11

A213C 50 0.124 0.68
A213C,1238C _ 24,67 6 14 70 1
A213C,L255C . -5 0.98

M216C 67 0.008 0.91

D236C +23 0.43

£.238C -6, +3} .003 (SPR) 1.3

D28§7C 4 1.1

R292C _ 34 .0.0008 1.5

V296C -10 0.0000° 1.08

"AF from 0 to 1 mM Glc at 0.5 mM [dye]
2Ky measured at 0.1 mM [dyc]

3-AF when measured from 0 to 100 mM Gle
“AF when measured from 0 to 10 mM Gle
*Bstimated; Sigma Plot calc, did not converge
SEstimated; curve did not reach saturation

 {00061] . EXAMPLE 4. This example describes the immobilization of a biosensor of

5 the instant invention using glycérol modified silicate condensate (GMSC). The additions of
- | 2 |




R292C- 340. 00081. 5 V296C- 100. 0000151.08 "' AF from O to 1 nMBPEPuUyz060. 5 nM
[dye] 2.1{d neasured at 0.1 mM [dye] 3 AF when neasured fromO to 100 mM
G c A4AFGHEG I TeRsUrEd fromO to 10 MM A e 'Estinated; Sigma Plot calc.
did not converge 6Ettinmated; curve did not reach saturation [00061]

EXAVPLE dherol kiR SRGISERABMATS), ITHIRIOASHT 0900l ArdiipRaRARY Of _ the

I nstant” 1 nvention using glycerol nodified silicate Condensate (GWC). The

addi t i dlsiniial tepactBoFydrthofificge (THBF) ardsga8ethooshzsilidae GIMOS) atidnodi f i ed
silicate,condensate C),. .The additigns of glycerol .directly foll owed
the | i EPRECR ARSI i Pree arHey Frceseent PSS  or L hosi | | cat e
( TMOS) T@0ISiglybater @tiysivere etakiaRd o SdtermMblé fleYoprishal boRiStiond tbil RBIngng theagent
addi tion order, and TECS: g | ycerol ratios were evaluated to determ ne the

opt # malglxesratipr regation. ofre iAndigonsieers fepndusing andateradef 1G9, 30mbngssr ed
condi ti i r 1 Ayt ) n
nyar o SEelt o QI A ARILBA, 3ok Fhanl of Bech @ s B Gt AELIRED |
1:1 md)trﬂio dsf;all:}l'@sl lm‘ glyg@a. t'llthleqbumimg Id]f:scﬁibes & ﬁiddti%ddrlgca&a?mrdfhtﬁ}i add go;jl f i:led
procedyre of G an Ba steros for. a TECS-base cerol nodifie

si | i cat®llegerae e EE@Ebeted gy madifs Sl%%@owﬁ@aﬁ%@ihﬁwmepﬁﬁﬁ% of

r eagentsine eEB110%i Et\&& ; ks 541 - e iaho1:4 %1 pr TMOXS in
et hant(()lﬁln S adg‘gevﬁl 0 aél?flrggg%%nénrgﬁ%tg%? ggh ?g 10@%%?%%%1?1 %e%(}géﬁGM HC 1
wa$0 ad dé&DSderdMWiSse mathanobwsohdded dma flagk ard @0ladita (f@svaficstNextidfigd gl ycer ol

250, *FHICONFAGRER RGP RS ¢ BEGblefnvRReT) TR Rk e FDREP! HATAHER nt i ned

at a t grRpRifl Ut rbANE vk WiPmod A8G1HEWES -2 Rinr ROFD.- 3°C. hehiwRel) 1BR tRd 42
hours. The optimal tinme was 40 hours. Inconplete 15 glycerati on was

i ndi catreagtignyvessel otasdreotad fierthen andmeimtranek dt eriemperaiusarengo oot ipamdpef ore 36

hours. _React i.ons, nai nt.ai beyo 42..hours pro ed C sol.-gel nonoliths
weh GRERER S RRaTR g at et His SpumBL e B Al R oG o
brist| enesmtior ol Mdidaed titan/dhseablE phisRachdr@ionfor B ctionéGfappbdBefofd 36 | ON

vol une_was reduced by rotary evagoration until it was viscous and
t r anspapwnt Reggtioppmatntpiaedbeyond Ha hovrsweeduged 64136 selrgel wonolithe withn a 4: 1

ratio ' Thi ' > St . vi ded
consi s %geﬁw F %@Eﬁﬁhyﬁ bclrai ﬁrg gc\/@fgsé? rféé%l{nﬁisé \%3 géréﬁ%l %I?ttel easg' ?‘?L@%ﬁ? ﬁ}egf rgge rature.
Waen t heurSkaCtishta( -0T0@athetsolulion volume was reduced by rotary evaporation until it

was viscous and transparent, at which point methanol was added to the solution in a 4:1 ratio
20 by weight. This GMSC solution proved to be stable and provided consistent results for
several monthé when stored at freezer temperature. When the GMSC solution was to be
used methanol was removed by rotary evaporation and distilled water was added in a 1:1
| ratio by weight to the GMSC reagent to catalyze the final hydrolysis/gelation. Monoliths,
thin films, and powders were created with this procedure using an appropriate container to
25  function as a mold. The GMSC sol-gel monoliths were not brittle and had shrinkage of
about 8% after curing at 4°C at 50% relative humidity for 2 weeks (% shrinkage was the
average of changes in diameter and length measured with a microcaliper and compared to
original mold diniensidns). Electron microscopy (SEM) further illustrated the significant
improvements in surface fracturing between monoliths created with TEOS hydrolysis and
30  the monoliths created through the GMSC procedure described above. This set of
experiments demonstrates how sol-gels with improved physical characteristics can be

- produced in accordance with the methods taught in the instant invention.
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used net hanol was renoved by rotary evaporation and distil |3stiyé@0@r was
added in a 1:1 ratio by weight to the GVSC reagent to catal yze the final
hydr ol wsiss/1gahat pesya7dbnol iths, thin filnms, and powders were created with
this procedure using an appropriate container to 25 function as a nold. The

atter SRR o RAMRLES PO e h Py i PUTEEET P R kage s
the ayesRaesVPy GMBTGRE gélf irfWRRER oBfcef Had wEagmgsﬂt@edwlmlmem crocal i per

and conpared to original. nold dinmensions ctron m croscopy (SEM

f ur t heethylanglycal &Cx Qf@ob{eﬁ?)’ﬂﬁfme(gémd (REfpX cEtbyiem gyeal (BG) wae evafluaa@d @i ng
bet h
o o o8 TR TV R e R GBI EDS, | v

den®nsinidé eﬁlohﬁ\malogly@ﬁdalanwmwamhﬁmﬁdedmmsuaﬁ@elaqhafoaahefreﬁgdnfss Seén be
produced i n accordance vmtr;gti}he met hods tau ht in the instant invention. 3

Jul'y 260menaighs weisgreparedmythe propedyrg dewspip precerling gramplg.wsedstor

descri 3 I 53 o) | ol-gels in
W oh o5 Skl A cep %39"’/2“3?*%*?@*“9*%?&?%?3?‘243 AREAREIE NS dBerf R o2 Voo

(EG oshgeh reTablé &nBe:gér;tehﬂml(algEﬁ) deﬂﬁbﬂnyk eheavgiage:of th¢ E&)reamsn engthetied as a

substitute for glyc I n nlxt ere he rati o, of rol. and EG was
ar ed SR e OB diteor et el el et alsHakhe Ao
congt apfotéigfRiokothotcpriche ForFaa R ifemea®, thed8pl® rﬁ@deutlmamenwé epared by
the procedure described in the preceding exanple, cured for two weeks at

4C andPEp¥edabatainieg Higd GOBP-HANBD éfremdBemplakegalcsmibedbelormi ned as  shown
in Table 3. Percent shrinkage is defined as the average of the decrease in

| engt h anet e S ori,g nol j ths used for

dot or mTARE BrA St MRDESas AR Bkt SRR Btist S Neek o osent . For
nmeasurenents, the sanples listed in Table 1 were prepared containing H152
GGBH- H6 NBD (from ﬁx gﬂ e, 3) as described belveyage¥abl €[3. Avermge %
shrijnkage and AF gel-ge é’i Matrix after 2 waglakageSol - gel 1M iCvsg)age % F
shri rukselaﬁ&ﬁm&msmNﬂDofmmon (HI52 (ﬁo‘aﬁpﬁiﬁaMBD . 8- 1. 2yt
Appl[icaBbsl. 53 2. TEOS35. 95 +/ - 0. 241. 39 3.359W8G glizA08[ 01 +1- 189191, 57| 4.
GVBG3TEMEAPRRAGp PVSA, 0. 14501 % MIMOS3. 99 Fk 01 @949 D- |1 7% EG GWBC TEOCS3. 10

+/ - |G EMROPEDS Y B TAR . IBVRA . MPTMIOS - 19306 1/-0.27 I
5. 1% EG/GMSC-TEOS 3.10+/-0.17 1.53

6. 5% EG/GMSC-TEOS 2.48 +/-0.15 1.47
7. 10% EG/GMSC-TEOS ' - 1.37
8. 20% EG/GMSC-TEOS - 1.34
15 [00063] The 1% and 5% EG/GMSC sol-gels (entries 5 and 6 respectively in Table 3)

were found to have significantly less % shrinkage than either the plain TEOS sol-gels or
GMSC modified TEOS sol-gels (entries 2 and 3 respectively in above Table 3).
Polyethylene Glycol (PEG) was also evaluated qualitatively as a partial substitute for
glycerol in similar proportions in GMSC sol-gels and produced monoliths with favorable

20  surface properties and rubber-like flexibility. In summary, partial substitution of either

' ethylene glycol (EG) or polyethylene glycol (PEG) for glycerol in GMSC sol-gels provides

| improvements. in physical properties, for example, minimized shrinkage and reduced surface

fracturing. These sol-gels matrices containing binding protein were found to possess

performance equal to or better than that of protein in solution.

25 [00064] . EXAMPLE 6. Entrapment Of Binding Proteins In GMSC Sol-Gels

'Coﬁtaining Functionalized Silicone Additives (FSA) and Polymers. This example describes
24 | o




7. 10% EQ GVBC- TECS- 1. 37 8. 20% EG GVBSC- TECS- 1. 34 15 [ 00063]3 Jdhe20080 and 5%
EG GWBC sol -gels (entries 5 and 6 respectively in Table 3) were found to
have siogra7flgssant PyoMess % shrinkage than either the plain TECS sol -gels or
GVBC nodi fied TECS sol-gels (entries 2 and 3 respectively in above Tabl e

3). P ] : I ' '
pZirt [ aﬁhéslﬁ)ds&%@nteut é)%%ér}%a %’%ﬁcﬁ@f Or%%lsi;&l(rqﬁvg%tr% °§‘?{81§%rt¥1 ?g}r%é?%bi\g%éogzl ifigel S
and pr cdtregdngbindingtphsteins tdibdth weristhinend @nidncé deér speard ptopesicangod ubber - | i ke

flexibiJity,.In s ry, partial substjtution_of either _ethylene g]ycol
(EQ) orl { biadmgr dihe dyidnsgrotepEgyere iaiaebﬁwé}%ﬂuqrﬁp@vs sdisperiet EXgnBIF des

| npr ovemy Fofei i cal tdq s/ ATH LB wiinkage and
Fetuceq L B O g g e el g

pr ofei wreveeuwsly oymeduce fipelswasentrapiens off v mdé potpimvithin the sblegdleThe han t hat of

tein i Lut.i on. 00064 MPLE,.B. t OF. Bi pdi Pr ot ei
P10 vsolsnet At o ORa el sOIco B A i (B s e okined Fou ey o
Pol y merAdridhCEerfialg b€ LOE@S, V0 e PoRthed additiVesdPR6 ePalilfidd BRBdhts bdtwa/4. 70

the addition of polymer and organic polyol additives to optinize the GVSC
sol - gelOstofabput 39mt.r EDHisiverpiewrelpated py ¥es te thekBVRCrral-gelaimamenntefitmnce

their I i.es | ga i ndiRg. i ndi roteins were
| abel egﬂ%&%&(’? .@%ﬁgoﬁ%%aﬁg_r e ?gis%ﬁl-e’}s%r%pgreago%gg&r%IGeﬁgg)erAgr% ﬁeet%%‘rﬂgl gl n sol utions
wele adaielbndlfromdtstshaagdd soddtioaywekisdbewad getdcomginfioain dastin bed fatipbevi ousl y
to produce final concentratjons .of 2-4 Mprotein wthin the sol-gel. The

pol ymerVes@iti {P¢e00 adhpinueicaf this apixtuse 80 Ll butiagdiBE K £ BEras i) wiibae

obt ai n ; ' =hiAL df ] t i : itives
vere opaTaPLyen B Rlnid ARERL G5 padatords Wit an A AREECLERE Lt e as
addi t i Vemutated Hieditly/BOtaolin spdbison wasathen addedf andrafted tHoeovahanixiry, 606 pbbé rati o.
Thus, rotary evaparation.of the C rea to renpve 10 thanol fromits
stor ag@%}’%wﬁé‘ﬁs%&?e’?%ﬁ F%%@I%BV%%?@?@Eﬁ%]?%w#%ﬁ@?topﬁﬁge%: 1 ratio by
vei ght prokRicy 9518941, B aubaref NHNIThe ThX 4 &:emta&g% thichbprie fvefe JuPBS g PBS or

Tris) with a prem xed water-sol uble pol yner ditive was added along with
‘any FShowmsat #°€andGyeY. relafivertomidity. GMECHS Sprastpeeparédb s theshine provadurt hen -

20oE el RSB o i st at ol s Bt g 5 " ©
35- 3941@01)51%1)5;%%&%(: tHEQIh @M@émM@pﬁ&m@G%ﬁ‘g%s@é@ SpaVir € cured

12-18 "hours at 4 and 50%relative humdity. S ‘prepared by the
sane psoubdlyrexcep that the hpeadyhinwesicaBnBTputwith eitheh 18Wladithe amown obfcid, or

( Bﬁ& ( Bh(r)r%Eiﬁ Lﬂlerﬁ}dpo% s étéﬁi)rggpggt}{\}ely, compared to the TEOS-based GMSC procedure.
Fluorescence emission was measured with a Varian Cary Eclipse scanning fluorometer with
~microwell plate adapter (Varian Instruments, Victoria, Australia). Excitation was at 475 nm
and emission recorded from 500 to 600 nm, typically monitoring emission maximum peak
fluorescence. Slit widths were 5 nm for excitation and 10 nm for emission. Individual I
25  determinations were made for each well and 100 pL of a ligand solution (1 mM maltose in
the case of S337C MBP) was added and Iy readings were obtained, from which AF values
were calculated. The modified sol-gel entrapped proteins exhibited greater initial
fluorescence (I,) in the absence of ligand when compared to equivalent concentrations of the
. same protein iﬁ solution. Figure 2 shows the fluorescence emission before and after glucose
30  addition for GGBP H152 His6 NBD in the H152 optimized sol-gel and in solution. The I,
- spectra for each experiment was normalized to 2 maxima of 1.0, The figure shows about 2-
- 3-fold enhancement of AF obtained for the optimized sol-gel matrices containing binding

- protein when exposed to analyte in comparison to protein in solution. Thus, after

25




pol ypropyl ene oxi de for TECS. GVSC- MTMOS and GVESC- ATECS wer3Juyagpar ed
simlarly except that the hydrolysis was carried out with either

anount o9fs7agisth - RE7d9 N0 acid in the hydrol ysis step,

conpared to the TEGCS-based GVBC procedure.
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cal sul ahewls an firogifiate rRAlgsSEl cogponaind sBfppadlafiosy @iing iLiived teporge éat er
initial fluorescence (1) in the absence of |igand when conpared to

equi valeé?hoﬁbﬁé’éh‘tlﬁg‘éﬁlPBH%lnﬁ)FVql‘I‘?éed-sarre protein in solution. Figure 2 shows
the fluorescence em ssion before and after glucose 30 addition for GGBP
152 HiofosdD | n b 41550k WiaRHreahrABhs RIFISHCOGRE AR NEIS 10 spectra
for each experinent was ‘normaliz to a maxima of 1.0. The figure shows
about 2213Cf1338CaAGBRdEneNBIfandS33BE-MBRBINBIOr t he opti mi zed sol - gel
matrices containing binding protein when exposed to analyte in conparison

Lo prgtern—nsoiyb s This Tabhen 0 doapp208 SAT7GTrRegS - P-5074. 70
opt 1 myzattTon—of U g0 RgeL T pruratTons—paf . éa_,ll ProteEr Mg, 80 efthancenent
of  OF (e, DS e pei | Hz - Shw 1 DRVt o 1158, e SHEn ToEt fﬁmmy be
shifted fQivsol|-gel entrapped| protein-reporter |group sanples as conpared
t o solUislaQRaiadkn AREI 11 o, 13T hese Rugi T11€d 601 - g€l ARRET [ CE$op! ovilde i nproved
physi ¢al properties asosémm in entry 4 efsmbBbl € 3. Tapl eodudBsshows an
appr oxl mauéferr angehisof |conponent s @Bsf orjnul ati1 ons|{gipEsng| | nproved|response
for - eagH Rafget He i ndilviTuals pfotei ns eval’datgd. | [ 00065] Tabl7g 4| Optim zed
sol -gel KdmMil ations for H152C GEBP Hi s6-NBD, MA213C/ L238C GGEBP|H s6- NBD,
and S337iweP- NBD. $#£40627]C GGBP- NBDA2236Y L238C (GGBP- NBDS337C MBIP- NBD
Rangelf nge Pol yoer PNSA14: - 16%wm PNMSA4 - 5 % wt PMSA14 - 16 % wt
addi tijlve PSA additiveAl kyl 0. 18- Al kyl 0. 01- Ani ne0}01- 0.
16mol YETOFTIYY. 03rmol24spuf f er Tr i sPBSPBSx 25k
vs. solution) [10mM] [100mM] [0.1mM]
{sugar
challenge]
(GGBP=glucose/galatose binding protein; MBP=maltose binding protein;
10 NBD=NO9acetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole.)
[00066] 'The formulation optimization experiments described above used Design-
. Expert 6.0.5 (Stat-Ease, Inc., Minneapolis, MN) to design several Design of Experiments
(DOE’s). Among other variables in the formulation that were optimized in each DOE were |
- buffer type (HEPES, PBS and Tris) and pH (from 6.6 to 7.8). Surprisingly, the optimal
15 formulation constituents and concentration ranges were quite different for each protein. In
-all cases, however, substantial performance improvements were obtained for the optimized
formulations in comparison to either solution performance or performance in unmodified
sol-gels. |
[00067] Example 7. This example describes the entrapment of GGBP H152C in UV
- 20 cross-linked hydrogel matrix and the effect of the matrix on the fluorescence change and

- binding affinity. In this experiment SbQ-PVA from Polysciences Inc. was added 100 ul of

-PBS buffer and mixed for one hour to mix in a rotary mixer. 80 ul of this solution was then
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pH Range7.3-7.57.4-7.77.4-7.7 Kd (MW [solution0.36 [0.07] Z&HBPE val ue]
AF (enhancenent 2. 93x2. 36x2. 53x vs. solution)[10nmM [ 100mM [ 0. 1M [ sugar
chal | engry-18528tBPrgdéMoese/ gal at ose bi ndi ng protein; MBP=maltose bi nding
protein; 10 NBD=NOacet oxy) et hyI ) N- rret hyl ) ami no- 7- ni t r obenzoxadi azol e.)

[ 00066 § Ia eri nents descri ed above used

Desi gn]-mﬁ?g }tgzgu% g g%ﬁi roégge Oel HEFHIONVas GREC EOBCOG’é%aIIé’n sever al
Desi gn deferrmtie8td BBOUS mg/JaDEA&%r miNg) gh@ﬁ&t@{vei«eadisp%hée@snﬂomst\h@n pRtduhat i on
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affinity eri nent rom Pol ysciences In ed 100
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mat i x eusrseble pad remipaausgeadingy. Wsing @ Yiorigh Bebpse fBodmetes oiifhen féhprtO@tlgr otein
sol uti 3 %ﬁerﬂ?%%(ﬁ tl‘zgg(t:}g‘?ﬁpr g}r&gfﬂ ﬁ l\ﬁnﬁP g%hﬁ'erg ¢ %?[:&)eﬁ 1tthl $H y@s shows

t he ab| rx To res e ana yte in a
manner memtﬂane\/heivhlgaa meksulat stitloff ofem)o \Diilteﬁi affised tvothe d3tahiend df ¢he fﬁ,ef ution.

The Kd of the entrapped protein onparabl e to that obtai ne&
sol ut i &plutions were prepared containing PBS buffer 2mM, and 20mM glucose in PBS buffer.

15  With the probe in PBS solution, readings were recorded at 0.02 second intervals of the
emission wavelength 521 nm, followed by insertion of the fiber into the glucose solutions.
Replacement of the fiber into buffer-only solution resulted in the return of initial signal.
Figure 4 depicts multiple cycles altemgting between buffer and glucose solutions
demonstrating the reversibility of the léiosensor entrapped within a permeable matrix within

20  physiological range. Similar results were observed with sol-gel entrapped samples

demonstrating applicability for continuous use.
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[ 000681 EXAMPLE 8. This exanple describes the i mobilizati dhubf2086 bi osensor
of 10 the instant invention into a dialysis nenbrane matrix and ability of
t he mafprigLitR19royg7aen reversi bl e and conti nuous readi ngs. Using a Varian
Eclipse fluorineter with a fiber optic attachment, GGEBP L238C/ A213C

pr ot ei Qgé Min PBS buffer) entrapped with a dialysis nenbrane having a
mol ecul¥af “éUE- of f of 3500 Daltons affixed to the distal end of the fiber.
Sol utigns were prepared containing PBS buffer, 2mM and 20nM gl ucose in PBS
buf f er 1. P5ekipess bigsensor sHBPTIHIPBS sol ution, readi ngs were recorded at 0.02
second intervals of the em ssion wavelength 521 nm followed by insertion
of the fider iaftlenstons mytaied binding profeimand atieast eneagporter grouprastaghdsler i nto

buffer-only so o) : i ; folniti i - aobgure 4
depi ot s mil 1 prgelseh BRY g ol Bup BEVidhs R aelellabledpa S duie s 0 2
denpnstrati ng wheh daidmtsitdditindiyg pfotdih és dxipossdrts atryaiy glaqse dondehtrativns;
pernmeable matrix within 20 physiological range. Simlar results were
observed with %@1-gel entrapped sanples denonstrating applicability for
continuous use. 27 3 July 2006 07767-185819 - P-5074.70 We claim 1. A

gl ucose bosenanabinparmspllg magtyx eapablsd entsanping arsneepsplatiog syd prated n and

at | east one rﬁﬂ@ﬁ%ﬁﬁn&ﬁOUp attached thereto such that said reporter group
provi des a detectable and reversible signal 5 when said nutated binding

protein i xposed varving.gl ucgse ncentrations: .and n_anal yte
Der roat diaireorabdae! YRttt Bt R SR e eny AL 05

bi ngli Ngafiny fialte oncdditatidh@sensor of claim 1 wherein said detectable and
reversibl'e signal is related to said 10 varying anal yte concentrations. 3.

The bi asamg@fosiisof bAkRM] 1 Whefed &id ﬁiuﬂaté&#\i%&%ﬁ pmtaﬁiwglu%s%lﬁg%iaatdsé

gl ucose/ gal act ose bi ndi ng proteln. rosensor of claim3 wherein

sai d gbusldgrygrgizact ose bi nding protein has at | east one amno acid
substitution. 15 5. The biosensor of claim4 wherein said amno acid

subst i guflihebidsenseebfdhiad3 fxhereid suid gluoose/gabmense bindig btein ltassit bHasieonat
position 1, a ,serine at position 1, a cysteine at position 11, a cysteine
at posPEiRHACIgSUbSiEHeRei ne at position 19, a cysteine at position 43, a
cysteine at _position 74, a cysteine at position 107, a cysteine at

pok?d t i §n Thediosgnseyef dpifed sthersassaid aminpiapid substitution is selected from the group

consisting of a cysteine at position 1, a serine at position 1, a cysteine at position 11, a
- cysteine at position 14, a cysteine at position 19, a cysteine at position 43, a cysteine at
position 74, a cysteine at position 107, a cysteine at position 110, a cysteine at position 112,
a cysteine at position 113, a cysteine at position 137, a cysteine at position 149, a cyéteine at
20  position 213, a cysteine at position 216, a cysteine at position 238, a cysteiné at position 287,
a cysteine at position 292, a cysteine at position 152, a cysteine at position 182, a cysteine at

position 236, and a cysteine at position 296.

6. The biosensor of claim 5 wherein said binding protein additionally comprises at least one

hjstidine tag.

25 7. The biosensor of claim 4 comprising at least two amino acid substitutions selected from
the group consisting of a cysteine at position 112 and a serine at position 238, a cysteine at
position 149 and a serine at position 238, a cysteine at position 152 and a cysteine at position
182, a cysteine at position 152 and a serine at position 213, a cysteine at position 213 and a

_ cysteine at position 238, a cysteine at position 149 and an arginine at position 213, a cysteine
30  atposition 149 and a cysteine at position 213, a cysteine at position 149 and a threonine at

positidn 213, a cysteine at position 149 and a leucine at position 213, a cysi:eine at position
28




a cysteine at position 113, a cysteine at position 137, a cysheion@e at
position 149, a cysteine at 20 position 213, a cysteine at position 216, a
cyst ei perealigROLaig.5PN7238, a cysteine at position 287, a cysteine at
position 292 a cysteine at position 152, a cysteine at position 182, a
cystei osi.tion 236, d a cysteine, at ion 296. 6. The blosensor
o7 or ailde B pBRgTHe Edogton 3P Sstbieat Posan RS Al ) SwarBRLEOHROT cast one
~ histidbne 4 aGteirdat fositlbie14p Wc%@fen&f at pb&tioh §3§P%f89§ﬂe§ﬂe%9?é’s§udrﬁﬁ@tanﬂm ani no
acid substitutions selected from the group consisting of a cysteine at
posi t i eserinatposition géﬁ,uancefsf&tnem@mmil@hl@md an acggmlahpomon Pésheydeind 49 and

a seri n n 238 stel 03/ ti.an at

posi 11 PRI Ty el Bp areininS A UBLTPTA A BN APOslRr 1 2 e phARRMS 5, &
cys$ ei aep@itidhai3t 4 OybteldSatqidfition 2¢yaﬁ<ﬁa ay“:stahe PQfosition25838, a cysteine at
position 149 and an arginine at position 213, a cysteine 30 at position 149
and a QygihghitRedbor BOShinl ?Whékdn sid Bﬁﬁain%'ﬁﬂ@teﬁ&tadﬁﬁﬁinhll@l?mﬁﬁr@se%ﬂe@st b eoni ne
at position 213, a cysteine at position 149 and |'euci’ne at position 213,
a cystélsnélnattagaosu tion 28 3 July 2006 07767- 185819 - P-5074.70 149 and a
tyrosine at position 213, a cysteine at position 149 and an asparagi ne at
positién Thébihsemocy’éd:laiimé campp'sisg tfi loast ft€ anuloacrlssbsgitmitomtselectsd fioon 238, a

cysteine at positjon a seri at 03|t|o a.cysteine at
oot o1 O ouPGtsling of g Prffes aibosfion do ssBES atpeich el FEREAT On 152
anggp an %196@23’83 a?ystBRs lat b&éi'tuﬁ)lfw an Qﬂgﬁﬁﬁé z&%oéﬂnoﬁ%?, bh®R sk a8 Pekifidh

aspar agl ne 5 at position 223, a cysteine at position 213 and a cystel ne at
posi t i 8h8; 25w stegie an@smrob% swpsteine et position 2iRend |arcystam§ abpml’nmg%@r dtein
~additiaqgn X at Iea EI st.i di ne tal?? ¢ lg 22 @nsor of
~clai m &% 6}%? P ‘8“ 19, £3e0pSE ‘)esé“’é‘r% Y &1 A REHTS FHPPGRE 268 W Fed from

- the gr eyﬁ@elﬁ@ﬁtqjosﬁioﬁg49fa1ﬁaspmgﬁe BEPGRitiRPDB lah@ Bn 3Anind aSIsitivd 256, Posi ti on
213 and a serine at 10 position 238; a cysteine at position 149, an

ar gi ni g, The PRSdsbOSY Zdish FRUeRirSRId Elﬁdﬁg pﬁﬁ&htaﬂ&ﬁonﬁﬁgeorﬁprfsﬁ§§ﬁbﬁ9 at
position 149, a cysteine at position 21 a cystei'ne at position 238; a
cysdei naehltstn]lmstalgl on 149, a serine at posi t| on 213 and an asparagi ne at '
position 223; and a cysteine at position 149, an asparagi he at position
223 andlafhabbeismeofaflaipos bdirhpmsi@ﬁ ledkOfoul iroi axsksubstitutibncdekictadFronher ei n

sai d bi,ndin rotein ddlIlona conprises at | eas 15 one hIStIdIne tag.
11. ThE9FS '1%%“5&5“’6%0 3 SETRCAT B biarfystginejag BRYSb 9. R Eae T

substi Ldil@N2155hes s&thelk pRitib3H %%Hx@n&é%gy%bl%h 192 BYsténSR" Po@ﬁoﬁtl 49Qsi tion
1, a cysteine at position 149, an arginin position 3 and a serine at

posi-t i ssrin@38positive 2il henda spowi at positidn 238; eyd b eysteinant posision; I8, 4 asfeine

20  atposition 182, a cysteine at position 213 and a serine at position 238.

“12. The biosensor of claim 11 wherein said binding protein additionally comprises at least

one histidine tag.
13. The biosensor of claim 1 wherein said reporter group is a luminescent label.

14. The biosensor of claim 13 wherein said luminescent label has an excitation wavelength |

.25 of more than about 600 nanometers.

15. The biosensor of claim 13 wherein said luminescent label has an emission wavelength

of more than about 600 nanometers.

16. The biosensor of claim 13 wherein said luminescent label is covalently coupled to said .

~ at least one glucose/galactose binding protein.
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serine at position 213 and a serine at position 238, and a ¥yut#i0fe at
position 149, a cysteine 20 at position 182, a cysteine at position 213 and
a seri ngrat1sResl bk@a7@38. 12. The bi osensor of claim 11 wherein said

bi ndi ng pr ot ein additi onal l'y conprises at | east one hi stidine tag 13. The
[ clalml n,.said reporter mne ent | abel .

bi osen Zlc} ﬁl a r
14. Th é?i&ssvsosp Vet Jmingsgert ighehis<ouslent a‘E?é‘P e saig
exci t atak RAsRY %1&6%/ la(gése(?ﬁndﬂ?g oﬁejﬁf‘ﬂy Aetdn ‘@ﬁﬁ aWEﬁE&ed from tlbe

~bi osensor of claim 13 wherein sal d | um nescent | abel has an em ssion
wavel erggeup copfisting ef ﬂmqtscalbomun@@ms rhodsmeines, §:TMBIA Tisbamethghadamiod- cl ai m

one o debssrorsmide b BRRRRTR b ok Re % o8 Ny s TbGerd .

P-5@74 nYthyﬁYamﬂ&@ &h&%ﬂwdw%le({i@m‘m% 11D GRbdy ia%d?ﬁ%ﬁtﬁél%né abel is
covalently coupled to said at |least One gluCose/gal actose binding protein

]E)?/ r eadadrpledan)t pyranq;énbéer;éﬁloe&p@d Dammayt® €2- bmmqoe@mﬁ(kuleﬁﬁd)(ﬂj@fmfamde
| otionc TS b kR Tebbie et ey SOacRbe PO IR DS y) ot hyl ) - N

.9 net h)(i)acﬁﬁ‘ﬂ@‘?fszﬁ A, r]@-’@@%%ﬁ%-@m&lﬁhédyﬁw%a&a 4a-diaza-s-indacene- 3-

6- acryl oyl =2- di met h{/l ari’nonapht hal ene "(acryl odan), pyrene, Lucifer Yell ow,

oy5, D@pm@m(l}%@@abctm@dad@mdmwm@@/ﬂ)m 530ARD Ba), 5-(((2-
( N; @IA' 04 chx' tfa | Q%q'lglg}dﬂ%)gga 718%’)%%1% A—s;ul#on?g 284 ?1615 LﬁEE‘Aﬁ and carbo acerf

N'(4 4 16 Fahnif®d, Gfémaoibeiﬂﬁﬁﬂytxﬁkpbgﬁﬁ 3a, 4a- di aza-s-i ndacene- 3-

propionyl ) - N-i odoacet yl et hyl enedi am ne (BODI PY(r) 530/550 IA), 5-((((2 10
i odacet yl ) am no) et hyl ) am no) napht haI ene | -sul fonic acid (1,5-1AEDANS), and
car boxy- X- odam ne, 5/6-i doacet (XRIA 5,6). 18. The bi osensor of
claim ismﬂé?&"ﬁe@ﬂﬂf‘éi’f&}%f” R RCE e&ggggsge{gfgl@ctos:fg The bi osensor of

claiml1l wherein said anal yte- perneable matrix is selected fromthe group
consi sting of. covalently crosslinked hydrogels, dialysis nenbranes

sol - gell®, Thahiosansor ohwlaiim! wheein wid anslyte-pormenhle matyy dnselictedrirom shem 19

wher ei i ) | ar wei ght
cut - of oz'l?cggout élag(fgg a?é%ﬁ%s(ﬁ&gé%@gf %{,‘?&a@%@gﬂﬁa@&b%ﬁ égfrf&lof claim
191%hecembingtons thatof. x corrpri ses a covalently crosslinked hydrogel

sel ected fromthe group consisting of polypeptides, polysaccharides, 20

pol ysacchari de derivatives, polyvinyl alcohols, polyacrylic acids,

pol yacggl @he ti@sensor of claim 19 wherein said matrix comprises dialysis membranes having a

molecular weight cut-off of about 1000 to about 25,000 Daltons.

21. The biosensor of claim 19 wherein said matrix comprises a covalently crosslinked
hydrogel selected from the group consisting of polypeptides, polysaccharides,
20 polysaccharide derivatives, polyvinyl alcohols, polyacrylic acids, polyacrylamide,
polyethylene glycols, copolymers of styrene and maleic anhydride, copolymers of olefin and
maleic anhydride, and copolymers of vinyl ether and maleic anhydride.

22. The biosensor of claim 21 wherein said crosslinked hydrogel is a polyvinyl alcohol
comprising poly(vinyl alcohol), N-methyl-4(4’-formylstyryl)phyridinium acetal salts.

25  23. The biosensor of claim 19 wherein said matrix comprises a sol-gel selected from at least
partially cured hydrolytically condensable siloxanes condensed with at least one water-

~ soluble organic polyol component.
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pol yet hyl ene gl ycols, copolyners of styrene and nal ei ¢ anhyzlsulyd®gee
copolyners of olefin and naleic anhydride, and copol yners of vinyl ether
and mal ei ¢ anhydride. 22. The bi osensor of claim?21 wherein said
crosslinked hydrogel is a polyvinyl alcohol conprising poly(vinyl

al cohobly, The BRisBor 4 Asind 27 WHbrstEaul hBK dolipRbai i BG6t He WAkl olundd 23 The

bi osensor of claim 19 wherein said matrix conprises a sol-gel selected from
at | eaorganjsapalyelicoyponand selenpast omtgl yesralyetbymbegizedd) mopylkuxglyied, adndensed
with at ig@g’L %f ter- soluble organic polyol conponent. 30 3 July 2006
24. Th&°HFBYet y°8 ~claim23 wherein said matrix corrpri ses at |east one

wat er - .po | .conponent selected fro rol, ethyl ene

o yool BpiBpgeshtpyduh 2 RunEeiama & esgryene shod i@y Bbsensor o

cl ag m 23mbyndaner corrprl sing at | east one water-soluble polyner conponent.
. The biosensor of claim?25 wherein said at | east one water-sol ubI e

pol ymehecofp i r

al coho?t,6 copoﬁ%?g&ogﬁgﬁﬁ%e%n {Hn%r%lsg(;& taod%ﬂ(}ﬁéb&gm%¥ (H{Hr) oI efin

and rralséea;techﬁ'hmthe goup aonkistimg @i pnbwmyd)ﬁlcaﬁmiyéopelylrrmrs @ﬁmiyrelmhmi malarchydr i de,

| | f |t | i 10, 27. . Th
bi o5 enduPAsHetoRRfass oithiandsmripiBRmdeing fbRBre o Gy, D Enddar 1 ves.
28. Thgalplios@iiRifte, %l)ﬁ{v%}iﬁlﬁt%nm}%icﬁ'sﬂlt Sal PofyitsA pprapidoagd silicone

addi tives contains at” |east one organic functionality selected fromthe

9r paip 59! ng}lé bio9hsB1 ofH1ARH 23 ﬁf’t}ﬂa oﬁﬁarﬁﬁlgnfaﬁ'ﬂ]aﬁo qze‘d@ilgzlgne %& car boxy|

ester, I nic, epoxy si| gen od for glucose

det ect b? H?@Eén%bxg (5331?132)7 wih <& iﬁhct[’ rnﬁl‘{ie‘é'sﬂ%oﬁé 2d R0 c%ﬂﬁu{é‘ért at ed

gl ucose ose ng ‘protein an reporter group attached

t her et mastmm%roagmnm@natorﬁn@asp&uieatﬁdﬁgtlﬁagr@hp”rwnaﬁsﬁl@g @ﬁalleyaﬁﬁ&gahﬂ@d, ose bi ndi ng
protein ipn .an anal yte perneable matrix; exposing said nutated

gl ucos@nyie Huelosrng, Gehoxyl, BHeR € elefingcy epaxyy sk, niroceddalogghcent rat i ons: and

detecting a signal fromsaid reporter group.
29." A method for glucose detection comprising:

15 a).  providing at least one mutated glucose/galactose binding protein and at least one

reporter group attached thereto;

b) entrapping or encapsulating said mutated glucose/galactose binding protein in

an analyte permeable matrix;

) exposing said mutated glucose/galactose binding protein to varying glucose

20 concentrations; and
d) detecting a signal from said reporter group.

30. The method of claim 29 additionally comprising the step of exposing said reporter

group to an energy source capable of exciting said reporter group to emit said signal.

31. The method of claim 29 wherein said detecting comprises reversible signal detection

25 -corresponding to said varying glucose concentrations.

32. The method of claim 29 wherein said detecting is continuous, programmed, episodic, or

combinations thereof.

© 33. The method of claim 29 wherein step c) is performed in vitro.
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30. The nethod of claim29 additionally conprising the steps&fy#@@posi ng
said reporter group to an energy source capable of exciting said reporter
group boreemsgisai-shysrgnal . 31. The nmethod of claim 29 wherein said
detecting conprises reversible signal detection 25 corresponding to said

varyin cos 0 s tlons ..The nmet hod.of..c rein said

ot bet PAo THE iR oSBT 28 A v #uca Y BTRe bt Siliid Bes RSt sy aof

- 33. Thgmﬁmidlﬂﬂglfbﬁuﬁh@ﬂm 29 vvherel n step ¢c) is performed in vitro. 31 3 July
2006 07767-185819 - P-5074.70 34. The nethod of claim?29 wherein said

gl ucosgkgghaaicana 0@ bﬁﬂ‘h RQ HePLR shld RRSnPdcid A3Litu@BE is SRR Hfrh the group

substitution. 35. he nethod of claim 34 wherein said am no aci
subst i mmal&'omg jof a seﬂt@nc elcbdsitiom 1, heeniyrecy posmmn §, ss¢yistegneodt pasitips i bine at
pos tlon

g Serl at _pos o L ne at si ion 11 5 cysteine
o Ehtde Ratlon 4 b piiitng e Reion 30 4 & Rily TouhiR e ebia S
Cyst ei pesifién 7HQATysted af fosiffort UBL, @ichfeint aﬂﬁﬁitiolnqu 018 éysteinEMPoSitive 132,
p05|t|on 110, a cysteine at position 112,7 a cysteine at position 113 a

cystei ﬁ@}’ﬁfﬁmﬁé%ﬂqsﬂ@ﬁ 11372 cx;st@%atmowéoatl%@s}mem af positien t455 neiypieing gt
positi Qs&@x?z I 3§a;&¥§§]x‘ﬁl}g§po%,§tlo?1°zﬁ'6t 4 Qﬁéééfat %sﬁ%ﬁtzgk,gag?g{egpega; ?@&8&1 3gp. 2

cyste| a cyste s 1 on I'ne~ar

- positi amys'ltaae; attpsitioh@onea agtstqmsattpomomzz ascySteiicait pesifidn 18X) apgsteinean 236,
and a cysteipe at_ position 296. 36. The method of claim 35 wherein said

gl &os@?ﬁ%@%&%é@i »FYREiRgatRostOn 298 ddi t i onal | y conprises at |east one
histidine tag. 37. The nethod of claim 35 wherein said binding protein has

at | eadé 3%mw|0ﬁaltan@ﬁ5mher%mmgh@pwgﬂﬁ@wbbmlmom additéenatlyom t he
group S&Héﬁs%gaﬂgast%n@hﬁ%{ﬂl@‘t% at position 112 and 15 a serine at position
a 29

238; a cystelne and a serine at position 238; a cysteine at

posi ti 2 d ositi.on 18 a cysteine at I tion 152 and
Cseri b Spempfion e ol 35 WheRi SR binatlh igin st RoRens samabEan af ne o
posi ti @Ilﬁllmld s%b@tikﬁﬁ&isrb@le@fedﬂfbﬁi tHeQioupldbAsigiith S &tk aﬂ?oﬁhoﬁ)q)ﬂ fddon 213;
a cysteine at position 149 and a cyst€éine at position 21 a cysteine at

t i @ferinegt gogtien 23%; @@bﬁstﬂ@eat pesifan §49rand p3erine ahposision@381a exstiing &n 149

and a ﬁ? 11!1(§Pg§§a;ehd%t &Q/ a'rtégsng%i?lé}f‘ac ﬁ'iﬁgpoast nolsﬁ2ta'n8rl s%ége %nd a ty_ro_S| ne

at posftion posi t an “asparagli he at position

223; ap6yitdielI3¢ aaysteias at pd%itloh@ 3and adysyisk ot psitic 23808 ichdtéine 238isitdnCy st ei ne
at p05|t|on 149 and a serine at posjtion 256; a cysteine at pgQsition 149

and anl4® gidanpsginine b ppsitioh 21 e; cyae@ygt m%nak49;ﬁ@§|atq%ﬁ$1nf@29%%%¥ﬂ3ar gi ni ne

2% 3POSh biilne #1358 45 L5 DAl RON N Rn 293, ALY ADBRLARIAFuila POST 1 07

20.  leucine at position 213; a cysteine at position 149 and a tyrosine at position 213; a cysteine
at position 149 and an asparagine at position 223; a cysteine at position 149 and a cysteine
at position 238§; a cysteine at position 149 and a serine at position 256; a cysteine at position
149 and an arginine at position 256; a i:ysteine at position 152 and an arginine at position
213; a cysteine at position 152 and an asparagine at position 223; a cysteine at position 213

25 and a cysteine at position 255; a cysteine 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 cysteiné 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
30  serine at position 1, a cysteine at position 149, an arginine at position 213 and a serin¢ 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.
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25 and a cysteine at position 255; a cysteine at position 138ly2008eri ne at
position 213 and a serine at position 238; a cysteine at position 149, an
ar gi ni ne7eaatisposi pk@m.7213 and a serine at position 238; a cysteine at
position 149, a cysteine at position 213 and a cysteine at position 238; a

o 1 of SoeeRobof el 11 et T el BB i B RRREAY O 225

and an cafm@tifdsne 1kt dReMidtidafe t266; a 30 serine at position 1, a cysteine at
position 149, an arginine at position 213 and a serine at position 238;

and a gystpk R AQMik Wi Ein sRidGY R I} r&forfRP Sidub 9 kBdneBerRYcgl NE at
position 213 and a serine at position 238.." 32 July 2006 07767-185819 -

P- 5074 440 Al ' ' . bi ndi n
%40 &ﬁ% ﬁ@%ﬁa 9

pr ot ei naaaﬁlg tnlleoll;ltg @ﬁ@%ﬁ?@é@ Sgad%lheda{‘@lﬁ é%%@ 1&1?%?1 ?%éllﬁ%&? gl/glz]. g& e met hod

of 6] aioimid@e thiap mbout 688 ndn@hettrdast one reporter group is a | um nescent

| abel . 40. The nmethod of claim 39 wherein said at | um nescent | abel has an

exci t atil p Themwthangtdhim3 otherein caidhadinebeut 1a661thad an enshsvavélengthhd met hod
of claim 39 wherein said | um nescent | abel has an em ssion wavel engt h of
mor e t MagTe HBB#bowIPONaRImEesr s. 42, The method of clai m 39 wherein said

| um nescent | abel is covalently coupled to said at |east one

gl ucosé2gdhasethnd dickadind) wheseinispidymingseent lsheldip eovalently cavplpdtspibite
mut at egl, 10, D AL AG DL QL& tﬂm%ﬂg gneri‘ﬁ‘ %g%acégl %ﬁgﬁje%idfz{t?e@stto@a% QR consisting
of fl uorescelgh, COHMar | ns,  f Bnam nes, HORCA

(t @0 r amaiding prowétesmdembmbeckeieetidront e, grédpedndizime o fihord@xs@s counedibh) Cy3,
N- ((2-iodoacet oxy) et hyl ) - N-net hyl ) am no-7-ni t robenzoxadi azol e (I ANBD), 6-
acr yl oyhedamdnased-HMBRH etrmethyidiodaaineatiodoaeriamide]; (uepem Red s Bexayel | ow,

5, | z tam t | f 1L de; .
O o B8 - (iR SR BT R tios P 3PS oraciarals GANRRM Gz ene-
5l . . S B 2 di A
bo?/a2 I:%g iajdi&gdzﬂfglyi( aﬁgg%e gf-?’%’-ﬁg?dggiﬁ%%@%éﬁnf’iébg{é‘g‘?g%eﬁgﬁhQQ’he i gﬁ@%e
( BODI P{Z-bjomd@detambdbefhAl)sulfonamide; (N-(4,4-difluoro-1,3,5,7-tetramethyl- 4-bora-3a,4a-

T AN Aok S N U B0 SO L b e B TR ST SR o
COMPOS bbiatSh MR- ochel bk S Rodacély Bt liHG (SODEA@C 05

bi nding protein having at |éast one am no aci substitution selected from
t he, - gP3WpP5¢ bk BI(((Zripdetetsl)oyisippitnd)antingogphthadenet] -selfande dad(lad- position 1,

a cystej posi ti.on . 8y cystelne at positi «~a cysteine at

pos t 1 IERANS ER Gy Kien GisBiSs. Sl peBhecihut LRRIA 39 pos ¢ on 74 a

cystei n§ %t position 107,.a . | '
. . A composition comprising a mixture of:

20 a) amutated glucose/galactose binding protein having 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 positfbn 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

25 - cysteine at position 137, a cysteine at position 149, a cysteine at position 213, a

' cysteine at position 216, a cysteine at position 238, a cysteine at position 287, a
cysteine at position 292, a cysteine at position 152, a cysteine at position 182., a

cysteine at position 236, and a cysteine at position 296;
b} an analyte permeable matrix; and

30 ¢ atleast one reporter group.

33




cysteine at position 110, a cysteine at position 112, a cysi&iyidoat
position 113, a 25 cysteine at position 137, a cysteine at position 149, a
cyst ei persalis RISl p-b@n7@13, a cysteine at position 216, a cysteine at
position 238, a cysteine at position 287, a cysteine at position 292, a

cystei posi ti.on . a, . cysteine. at ition 182 a..cysteine at

oot ti - T BoGhpeidonoiinie YherFiporidtnR58 gloche alicerd e Bifin b o

mat ri X addifidnaly compised RISt SenistRRPRI gl group. 33 3 July 2006 07767-185819
- P-5074.70 44. The conposition of claim43 wherein said nutated

gl uCOSQ50aHE b ARG MImPIOMRBin sfFHihaiRA Bln COMPlc3 gBleat dugast one
histidine tag. 45. The conposition of claim43 wherein said binding protein
conpr i sembuatibeatamioneacidsobdtitvtins seledtd fommibe guiug condbistingt afta aystsineal ect ed

f the . i St f. tej t 5 position 112 and a.seri t
MR IR T P e LR e T A
cyst ei n8gat cyR@d dt POsifiSR 1 50shdPa GHEHRI APoditioRN 282;tal BBteikBAt posiGHS1 £l 4 at

position 152 and a serine at position 213, a cysteine at position 213 and
a cyst @ispengat nesision 2ok asteing ag pativomel3 and postenesh peybonAiB; #eysiedieni ne at

posi ti , cySt ei . bt 14 1 el LLLon 213; a
Cyst el AbpGtn, PiofahlnR ot sP RN e 3 S aIRe BufHERR 120 4R o cBYENEACT 2
posi-t i @osition 218 aaystemelae pesitiver P49 4nd thtedhing hBpositictyBIBeh Bestéihe piogdsitioan 149
and a tyrosi'nie af position 213; a .  cysteine at pgsiti on 149 and an

aspr adhandie lygwent pesitior 1352 gysieine AleposttiogdéPan ﬁtnfa@n%%w&ltwé'ﬁée@ ne at
posi ti .33 ; i : i; BOSiti 56; a
Cyst ei SpGCat Bocin PAt BBTAEh OB A3 e SR Fon O I I o
posi t i omstdibe atyrditin 238 pa oysteineadt popitien tl #® and4 Serine at peditomSéah cystsineiabn 152

and an asparagi ne, at position.223; cystei ne at.15 posi.tion.213 and a
cyst ei RESIEPN i%ifﬂﬂ BrprsigEe a pey e aé%//Stﬁ’G&ia{ PO~ 2d SBAFHBINGEY posi t i on
213 angdo@1iseiNe FhteP@St héPor? B3R and aﬁk%ﬁﬁh%% SpoRRivh b9 dAtindgt ar gi ni ne

at position 213 and a serine at position , 'a cysteine at position 149,
a tyst positom1Pparsi a ¢xsteilR pasitiom2 &3 staystemeat pogidesi 14%n saBg: atposifion ei ne at

posi ti 14 a.serine.at,position 213 and aspar agi ne at. ption 223; a
Cyst oi b3 480 ik b ROTuE 2808 choydhe A s PO AT REOEA PaflioBRTa PR fe i
20 poSkérimiht o8 ioR 238 al YSteidb abPPSEitidrOTU9] a cPst€ids highddRioAl2 1BAR hicPsteihd Dt an
argi ni ne at gom tion 213 and a serine at position 238, a serine at

posi t i pesition A3& wgyeteine ahposiensi 14%n sarw; at positien AL and anpsparegiss ab13 and a

serine_at... )4.1.0 ; . St ej St el ne at
R e e N L e e N e YT
The0 coppsitibn 256) aGkrigd &ipakiibn Wheewtdinsati pdsitioh duehnglrgiaiieet gadidon @48 bi ndi ng
rotein
P 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 positibn 238.

46. The composition of claim 45 wherein said mutated glucose/galactose binding protein

25  additionally comprises at least one histidine tag.
47. The composition of claim 45 wherein at least one reporter group is a luminescent label.

48. The composition of claim 47 wherein said luminescent label has an excitation

wavelength of more than about 600 nanometers.

49, The composition of claim 47 wherein said luminescent label has an emission

30 wavelength of more than about 600 nanometers.
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25 additionally conprises at |east one histidine tag. 47. Th&hcd@position
of claim45 wherein at | east one reporter group is a |um nescent | abel. 48.
The conpnsiitison-pkoeb@i m 47 wherein said | um nescent | abel has an
excitation wavel ength of more than about 600 nanomet ers 49. The

‘conposi of clai.ma47. wherein said.l.unm. nesce | abel an_eni ssi on
waver o g ompetich o PCH Bt MBSt Bl Sy i R eP 1S 1 8510 -
P- 5074 s4id a5(bast-gih@ §m6mgd15dt@a vaddigg ?ﬂof&xﬂlz v Va6t Witk 84id at 16a3tRAE GRMdted abel s

covalentl COUF said at | east one glucose/gal actose binding protein
by rea®ind andl @nambﬁwéqct@rf@mﬂtefgr@@ capsintingof fuasessein, eqvnaiingenber

S TvR K PR P BT ot b e L R BRI RO yas 5
redgM Reudy, dys(NAQ- m@@&%@mﬁw&m N BRI} Wit BRzokndiatdio RG] azol e

(I ANBD), 6- acryl oyl di mé am nonapht hal ene (acryl odan), pyrene,

I(_Kfl( f4 e racfyh?/illdenﬁ}ﬁlaﬂm@mph?@e)le Edcigrlbdmmmteb ahum}ffeefﬁejflb?vs G5, Dl

, | uor o etrane or a- -S- ene-
2-y1)i g%rgaf&%?agﬁﬁa@édoe@aaﬁﬁ sy Ty(ﬂe)‘* dlﬂpf(ra gﬂrtﬁ‘%ﬂ?} ?Shﬂrfﬁﬁ%ﬁsw _4-
b 3 i u
( ora Pgia??siﬂd@igg%e}i 2 S,gﬁme@tam%eqmeip%w/mmmomﬁa ﬁb@fwybmam ne

5-(((( bOtao?wa‘tﬂedi;tza)amdncﬁ)‘let hﬁvh)mmshbr)mamﬂaledryé@ﬂedmmme)@@ﬁﬁm (1, 5-

colosor VR0 b SrATa- A B i AR AR T 1) < S ect oa

f r om t NEEDANB)Parasioxt X ghdtantifd, 3/ Eiddbicetinfes X mked chydr ogel s, dial ysis
nenbranes, sol-gels, and conbinations thereof. 15 52. The conposition of

clai m 31 whe E&h?osa?dndomlwaps &H&Hﬁ'sﬁﬁ%@%@ %&méam@mﬁﬁpﬁ%eﬂa@%& fom e
nol ecul ar wei ght cut-off of about 1000 t out 25,000 Daltons. The

conpos gtauprronsistiigaif wped entlyhaossiinksHiydrogets, dialyssmpembrses; soladebn amcy
crossli nkﬁd h dtﬂo selected fromthe group consisting of polypeptides,
oI ysat¥h ‘Pf"a%‘é g rysacchari de derivatives, polyvinyl alcohol,

acr aci d, m 20, pol yet hyI ene glycols, copo ynmers of
Henéga ﬁe FofRgsit %ﬂ%yg%%égw T g sgidanaliin corgprsss dialiss megmb é%nesia%sedu de,
and cog%dé&qﬁﬁgh\(bw(gffg;%wtq@gb@qbg?,?nﬁdgy[%{ke c?%o 54. The conposition of

claim 53 wherein Said covalently cros gel conprises polyvinyl
6l\lll- ?nce)'? g?ﬂo’ E?‘J_} Mﬁ% nycifﬁ yT) 63#@%&% %mn%ﬁ fﬁgtggtcg pns cova]fgﬁ%gross'lhe conposi tion
of cl ahyﬂrEQ,el\MaIecteﬂ frosathe grariprdoXsistingouf ppépeptides) p(g?dac&&llrﬂei,ed from at
polysaccharide derivatives, polyvinyl alcohol, polyacrylic acid, polyacrylamide,
20 - polyethylene glycols, copolymers of styrene and maleic anhydride, copolymers of olefin and
_maleic anhydride, and copolymers of vinyl ether and maleic anhydride.

54. The composition of claim 53 wherein said covalently crosslinked hydrogel comprises
polyvinyl alcohol includes poly(vinyl alcohol) and N-methyl-4(4’-formylstyryl)pyridinium

acetal salts.

25 - 55. The composition of claim 51 wherein said matrix comprises a sol-gel selected from at
least partially cured hydrolytically condensable siloxanes condensed with at least one water-

soluble organic polyol component.

56. The composition of claim 55 wherein said water-soluble organic polyol component is

selected from glycerol, ethylene glycol, propylene glycol, and polyethylene glycol.

- 30  57. The composition of claim 55 further comprising at least one water-soluble polymer

componert.
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| east partially cured hydrolytically condensabl e sil oxanes Tdhki88ed with
at | east one water- soluble organic polyol conponent. 56. The conposition
of cl aigw&@hsyhereisorazai d wat er - sol ubl e organi ¢ pol yol conponent is

sel ected fromglycerol, ethylene glycol, propylene glycol, and pol yethyl ene

gl ycol . 57. The .conpasition,of.clajmpb5 further conprising.at.|east one
Sat or - S5 DR EomBPGHER ST 3t & A BRreis LA RR o B dolymE FompRaG i Soke &g 74 70
58. TherahEpEsintyl fdoladl, &pdiyMdpyofdMaERd shdsBhidicimhPdrideO bl En&oby Slefin
conponent 1s selected from polyvinyl alcohol, copolyners of styrene and

mal ei ¢ a8 maleip aehydsidsoingirepelyprisatetny ethenandmplsicenhbityd: poly; and _
copol ygﬁfﬁlsgffoﬁwgilﬂ) %@?gﬂr‘??@g}’{gﬁ@@b‘ﬂ dride, poly (vinylsulfonic acid)

salt, pol'yvi ny e conposition of claimb55 further
compri sdghgmfunctional i zed. sili.cone additives. .60.. The.conpqgsi.tion of claim
56 Bherds dresPaPpfge pf it 3o hEGRF r R R iR e RU RIS A penst one

or gani ¢_functi onal.i.t |l ected. fromt roup consisting of alkyl, aryl,
ani ne, arh sompfsfipd of Jafg s Ha?fﬁtw@ Rzl Shoame addigyesipnidn py |
nitro, 18d3domadrRaae furdfonality selected from the group consisting of alkyl, aryl, amine,

amide, thiol, cyano, carboxyl, ester, olefinic, epoxy, silyl, nitro, and halogen.
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