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Conpositions and Met hods for Measuring Anal yte

Concentrati ons Backgroundof the Invention Field of the
wo pwss48651 [ 0001] The current invention rel at eBCT/0S2004/038330

fusion proteins conprising at | east one functiona

periplasmc binding protein, at |east one |abelin

moi et CompesitienstandeM ethodsdon Measuning Amglyte

enbodi ment, the peripl '&eﬁtp‘&l{-%ﬁor otein is a

functional gl ucose-gal actose binding protein (GGEBP).

The invention alsg relates jo.nethods f,or quantifying

an anal yte, for e g{?ﬂ@iﬁ%@ﬁ? Epﬂe% 108||' tissue or
_biological fluid conprising adm nistering a
Fieldoplesshverétonconpri sing a fl uorescent periplasnic

bi nding fusion protein portion to the cell or tissue, .
[00@H dThrecaistignt ingentioa relatpste Sistancrotsinstdemptisipg g kastrane functional

periplasm c binding fusion protein. Background of the
peripiugaiid biading @d@2ln, Minist oné hecljignomty anird deast @tel fiumsedcent protein.

facilitate adequate nmetabolic control in diabetics is

In oe S8HoARRINE tﬁ@cgéri;ﬁ&%i%iﬁd%g%fbﬁiﬂﬂﬁ a fafctlonvESuedse MM tose binding
i ndi vi dual s. rrently, nost diabetics use the "finger

prot:le%ﬂd "Bﬁft’ﬂ%qn{/ tfgﬁ%sto%la{égﬁ% Ee%oﬂ@%r%ﬁé@@%ﬁ &Vﬁaﬁfte, for

patient conpliance IS p emati c paln

exaca:ljeg% .cg En;ae gejﬁglté Loﬁ%éc?lo%ﬁ%lff@ﬁ 8%}%{%531@%&%@?12%%@%aocomposition

devel op_non-invasjve or. m ninally invasive in vivg and
conpsisnget RyQrpseRRt REAIDIASIRGDIRAING fBsoR BrotqiR pgition o shcedor issue, and
conti nuous nonitoring of blood glucose or other _
meagutiog te-foonesacnsiered thsi Biaedcent pefiplasac bigdime fefion protaipst
prom sing of these nethods involve the use of a

I osensar,. .Bi osensors are devices capabl e of providing
Bac?‘ﬁ’éoé‘ingiogthﬁdg?ﬁ”?lf’ﬁt ive or sem-quantitative anal ytical

nfornmation using a biol.ogical .recognition elenment .

ool BRa s o fietodoit 8 R el Control in
~element. [0003] The biol ogical recognition, el enment of
diabetigh issedrstrbla gpelrani veapld prhagprdictlives elmaryindiyaduadn | Gurrently,

t he conpound neasured | eads to a signal. The selection
mostaijabetichasdie ‘Ginger stidk&mahdd to monitor their blood glucose levels, and patient
compliance is problematic due to pain caused by frequent (i.e., several times per day) sticks.
As a consequence, there have been efforts to develop non-invasive or minimally invasive in
vivo and more efficient in vitro methods for frequent and/or continuous monitoring of blood
glucose or other glucose-containing biological fluids. Some of the most promising of these
methods involve the use of a biosensor. Biosensors are devices capable of providing specific

quantitative or semi-quantitative analytical information using a biological recognition

element which is combined with a transducing (detecting) element.

[0003] The biological recognition element of a biosensor determines the specificity, so that
only the compound measured leads to a signal. The selection may be based on biochemical

recognition of the ligand where the chemical structure of the ligand (e.g., glucose) is
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recognition of the Iigand where the chem cal structure

of the ligand {e.g., glucose) isunchanged, or
wherwsasabysi s in which the el ement catal yzes aPCT/US2004/038330

bi ochem cal reaction of the anal yte. [0004] The

c%]%%g%lg glg glah{ %F{ghaltéqeéﬁ%lgzeet qr %ﬁg%ga 10C emlca pe%ctlon of the
sem - quant i tat ive or quantitative signal. Possible
analytgnsducer technol ogi es are optical, el ectrocheni cal
acousti cal / mechani cal or colorinetrical. The optica
[OOB{I’E Earlfllxgsz{u%}%eélﬂ%asnglggegen ﬁ L Jclt ed%%‘ﬁ %bolfogwal recognition element
blo/chenllun1nescence reflectanc l'ight scafteri.ng
into; SR AARETANYE OF AAukitativs AlesRk &%%eﬁiertea@éqhtc&r tegb%ﬁa%lewe optical,
| abel i ng noi eties such as fluorescent conpounds may be
elegizasliemical, aicoustinal{mhechpyicaltdisplorimettited. Thpoptianhpropeftiss that have
direct optical detection, wthout the need for a
beehataploitefl DR MEle ale@‘bﬂ[tSpﬂﬁorsmﬁée‘/lb}matheﬂ:Eﬁésg bRcHentiluminescence,
gl ucose detection that use biological elenents for

reﬂ%btﬂﬂ@é libhieyaaHitol 00 réyRkiG kddex U @%n@éﬁﬁhﬁﬂ%ﬁ@ﬂ’t@r Cg‘?‘d)up“?, for labeling
colorimétric neans of detecting gl ucose oxida

mo?e‘ﬁte ¥ﬁ yas -[1%1‘6‘%0 F ﬂoﬂuﬁis 'L‘f’yeg ﬁr %t#ﬁaﬁi{lél{/f tgéijetlé fie

e |n cCe o ygen géve tors

d b th el d
oprgight VS‘H § et e ST o cRARER Bhelbt ¢ e
anal yte that can cause difficulties mhen measuring | ow

[009‘5PBQ}%%§6@J‘§3@&‘%‘1@§U @Rfmed [ osé\dERBH ﬂﬁaﬁﬁ\é b &HGal elements for
area of bi osensor ‘deve opnmen is the use of

Slglﬁ%%%h%ﬁl%ﬁgﬁ b d&aﬁ? ShEGBRIch, ?&fc%i‘l&%o%&ﬂétﬂ% n?éa% 8k Bétecting glucose

{0 accura ermne ¢

oncent.ratian i i.ol ogi.cal S su h.as bIo
oxifEQPRYIOr | LR pietiodS etkines a0t AHesRIpuRE e Bfece of
etc., it is desirable to adjust the binding constant
oxygen {gvelss avhditegs ¥dheblereé ard peeblineswiik eleciredetain pdditien, detection
physi ol ogi cal and/or pathol ogi cal operating range of
restlisanivonsumgptioal of slod artalydethat canntaesedifficifildshvohen rhéesuring low glucose
appropriate binding constant, a signal may be out of
concém@ion®r a particul ar physiol ogi cal and/or
pat hol ogi cal concentration. Additionally, biosensors
may be confjigured using nore than one protein, each
IOOQﬁfA rapiglyf sdvpeging wenafl gagsmsﬁrsql%/ﬁbpme@t p5rios ngeofbiotaseensly labeled
measurenents over a w de range of gl ucose
peripbasoaa birdirngysteins $BBPs)e Ig ordetSaccBedtely Metermine glucose concentration

in biological solutions such as blood, interstitial fluids, ocular solutions or perspiration, etc., it
is desirable to adjust the binding constant of the sensing molecule of a biosensor to match the
physiological and/or pathological operating range of the biological solution of interest.
Without the appropriate binding constant, a signal may be out of range for a particular
physiological and/or pathological concentration. Additionally, biosensors may be configured
using more than one protein, each with a different binding constant, to provide accurate
measurements over a wide range of glucose concentrations. (See, e.g., U.S. Pat. No.

6,197,534 to Lakowicz).
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6,197,534 to Lakow cz).[0007] Despite the useful ness

of nmutated PBPs, few of these proteins have been
waleasgmsds and exam ned, either with or w thout P€EPS200€038330

groups. Specific nutations of sites and/or attachnment

ertain repo oup ct to nodify a binding
["@to’h Despite e uaf*rfulﬁeﬁﬁrf’é” s @Pﬁ%@ W OA dlafise PERteins havedeen designed and
bi osensor containing reporter groups may have a
exayainpd, ither withdr wifhewnepaater grovps. Hpacifiemutationnofsites and/or
easi |y detectable signal upon anal yte bindi ng. Sone of
attdachenenvef derteinngp réar tgosups niwgtactiet modifne biitgl donyiahyineh a
particul ar reporter probe attached to a particul ar

une@cRbl waF AdieiHeleetioRnr cAntRkd fép%rt@inﬁjoﬁ(]%semhf hd & desirable

nature of the speC|f|c I nteractions between

bln]ﬁ ﬂg%%h?t tpf)ﬁ%t 1t Wgasgf 'dgte{:tgﬁffe%@% %ciltarﬁ% [ 81 1ng. Some of

S no curren Y POSSI

e i.nteractions using existing
theg it it Flear b Gaun o By BF e e UiTerobe ighod o
al so not possible to enploy rational desig
parfigilapreteyforitee deiedtion 26 aspreifihanabee és the @p@rq el thp ppsslis
In fact, the effect of the reporter group on either
interhetions bdtlwegn tioneicatet poobd dnd aspec aéiil cediduesbf theerbietidiIng not
protein is not predictable. [0008] Therefore, there is

curgenf§@dsdibletid effedtivelypredist v asdttlbibingnhéseusefadtiohA@lLskisting
nmut at ed periplasm c bindi ng proteins capabl e of

corg(ﬁﬂ%cﬁfal R@tHdds hﬂé@é profad ﬁﬁl@ﬁo@ CrtdCHLE ﬁ&tjjcﬁflﬁfé&ﬁ Wbyt Btional

termne the evels of anal ytes Inas

PRy B B e ol éﬁaﬁmtmﬂw
i nventi on relates t usi on praqteins conpr|3|n
TePPRSSHOYHEN PR thehiafing @?l?s&naghﬁ)@ specifieihgOithe PEid g Rgptein is not
| east one | abeling noiety and at | east one f1 uor escent
pregictsbli n. I n one embodi ment, the periplasnic binding
protein is a functional glucose gal act ose bi ndi ng

The enti.on al so
W"?%“%&afﬁ? Croh b SR S fefted fafifpau 5?%@&5% I fifaged
c j ssue or. bio ical fluid conprisin
Peﬂa‘i’iﬁﬁlﬁ? @%’éﬂ&fﬁofglf%ﬁb@g’gﬁ ¢f SsReRERE pisEnakthat Cfamdv@raé@géﬁ@iy measured
eriplasm c binding fusion protein portion to the cel
to <§fel‘ltﬂil}?§h@ levalsf ppalyigs imysanimde,fihcloding egatienttsfblodrkor interstitial fluid.
fluorescent periplasmc binding fusion protein. Brief
Descri ption of the Draw ngs :
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[0010] FIG 1 depicts a representation of a fusion
protein construct of DsRed2 and GGEBP and a

w0 esessns ati on of the conformati onal change tPEr/USX8BR038330
under goes when bound to glucose. [0011] FIG 2 depicts
a DsRed2/ GGBP tetr r. [0012] FIL.G 3 depicts a
fl uorescence emi ssmpatymﬁﬁhsflna'en@mlbn protein
W thout a |abeling noiety, a fusion protein with a

[0008h&he eerrens inseptieineslatesiodhsipr progting eanuprising atedst ome functional
noi ety bound to glucose. [0013] FIG 4 depicts the

periypashiin Qirclipvesteim at [BafRe? (dHelid® AoldERRd 23843t oA€ flibrestRAt protein.
and DsRed2(d 19A) GEBP(E149C, L238C) - acryl odan, and

In brieOhshdgth e O%e peﬁ;glﬁérﬁié%ﬁdifﬁé protdih ¥s Lhundid2BfhedselgdMtose binding

was denonstrated for each fusion protein,

by e : ' l.adi ng_ curve
profSIRISREYS o iy S i) BB S RGBS Bl R B ror
Thi.s binding curve was graphed.f.romthe ratio of .the .
xaIc, eRicase dnyp S8 Sy O pla B A 4 SPBRIIS R AR Eering & composition
affini t% of 4 mM was denpnstrated for the fusion .
comppriiRg filpeesgepbperipdasarie pindsg sion Reoteinweridnoe thoedb)r tissue, and
The current invention relates to nmethods for
megavaing ithie/flungessancrdltlye Suomscansgamplaminbindingfasior pruoeds.
conprising admnistering a fusion protein to the
sanpl e and neasyri.ng_the ] evel of fluorescence. The
intensity of thdiiehIlgsesintion pdiheReawingsorrel ative
to the appunt of analyte in the sanple. The fusion
[003PLFF.f dwisés 4 Feproveniaiem kR fusiontmetcwuaonsictiofiDsRedband GGBP
conprises a functional periplasmc binding protein
and( PBPieserftatsmcbftthe etnfbezsionalnthah$eaibnieGGBRt urpletioes Whebsund to
at | east one |l abeling noiety. [0016] The detection of
glutdre. anal yte i s nmade possi ble by the conformational
change that the functional periplasmc binding protein
under goes when it binds to the analyte. This
[00¢ binFIsr. Redepistied DeRed?geGRIP tetrather. t ur n, change t he

relative positions of the fluorescent protein and the

oo PRI, B0 ocgl L BEF B (DS 208 BB« i
rmts an ener transfer froma donor nol ecul e (the
mogzﬁﬁ alfg%%l)ﬁot%]il 8’3%1 ahlagqulsng moiety and fusion protein with a labéling moiety

bound to glucose.

[0013] FIG. 4 depicts the binding curves for DsRed2(C119A)GGBP(1.238C)-acrylodan and
DsRed2(C119A)GGBP(E149C,L238C)-acrylodan, and ligand glucose. A glucose affinity of

1 mM and 5.7 pM was demonstrated for each fusion protein, respectively.

[0014] FIG. 5 depicts the binding curve for DsRed2(C119A)GGBP(1.238C)-acrylodan to
glucose. This binding curve was graphed from the ratio of the acrylodan emission to DsRed2

emission. A glucose affinity of 4 M was demonstrated for the fusion protein.
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the | abeling noiety) to the acceptor nolecule (the
| abel ing noiety or the fluorescent protein), which is
w0 bh@s/osssect abl e via a signal, for exanple, PCT/US2004/038330
fluorescence. The value of the fluorescence neasured
can be intensity or lifetime. Thus, the fluorescent
measur ement c aﬁ%éllﬁﬂr]aéwlilpt)\on ebitheIay¢ntipad to t he
concentration of nmeasured analyte. [0017] Furthernore,
[0 8L dihs swrers invenden redttediosucthoddioheuanitifying ah euagtetima sample, with
nol ecul es capabl e of generating a signal, a change or
thetmethedsstonipristigerdgynisRyinpe foebepioddih @ @ik shmpledinll idaBiting the level
wavel engt hs of the spectrum For exanple, a change in

of RGNS BR ifRndty sMRe MeallREETihLERRYs YAYELERNE Me amount of
can be conpared, thereby creating a "rationetric”

' . .t 1 | f .
SRR 5 A PR B e
ol AR oSS L e LOSLE ) 5 05 k. K

absolute quantity. O course, the quantity of analyte
Proigiy). e ag pastione dabelipg maigisi cati ng t he absence of the

anal yte sought. The quantity may sinply be the
oS OS5 R LA M MR, B fontorationa hang it

.ternatively,.the quantity my be expressed as _a )

furfr PR BT it SR b esbrs) vaenah B dte Berlyial T

of the analyte to a neasured val ue of another conpound
coqfﬁlgmqj@pﬁ]g:’ha@gﬁ willpin furpyichaege: the relatistepodisiods offthe fluorescent protein

di fference may be negative, indicating a decrease in

and the labebing moddty, hedsattaeteditvahy fimctidid PBPant oreyanoter. allBie change in
be expressed as a difference or ratio of the analyte

reldteipoSieibh perifl Al e@Br ot trasfét FoRT £86noR %dTécuiléqitﬁé TBoresdeft protein or

quantity of analyte nmay be determ ned directly from

t : | f S d .
e e AP0 e e P ool Bre 0l B R qrgocent rotein),
the al garithm desi gne o0 correlate the sur ed
wiief o sl R et a6 e Saeln? sEdhe e Sictrocming yite Yeferafdhe
sanpl e. [0019] The analyte to be neasured in the
fluorgigeBersmegsuradean be imdpmsity oy difetivon Thitst the dluarspoens mrasitrgment can
capabl e of binding to the periplasm c binding protein

be ghigactly on irskirettieti¢d ol the cpuoshizative: afseshsired thalyteet hods of
the present invention. The binding of the analyte to

[00%2]%%&@%)}%? E‘ci?c% bi,}ﬁ_g :lrgvgngél? %Igﬁ?,%) L tréig rllltiﬂggs tgvro Iggl%cqust capable of
generating a signal, a change or transfer in energy may be detectable at two different
wavelengths of the spectrum. For example, a change in energy emission at two or more
different wavelengths can be compared, thereby creating a “ratiometric” measurement, which

can be used to normalize values of measured analyte, as well as account for purity of the

fusion protein or analyte.

[0018] As used herein, the quantification of an analyte can be a relative or absolute quantity.
Of course, the quantity of analyte may be equal to zero, indicating the absence of the analyte

sought. The quantity may simply be the measured fluorescent value, without any additional

5
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i nclude, but are not limted to, carbohydrates such as
nmonosacchari des, disacchari des, oligosaccharides and

wpolopsasshar i des, proteins, peptides and am noPEDUSRN4/038330
i ncluding, but not limted to, oligopeptides,

ol tides an roteins, nucleic acids,
ey PEBERBEEORD | KRGO duuamipi Sy DF sigssed as a
aci ds, |ipoproteins, proteoglycans, glycoproteins,
diffsrensei RerewREs O daio ofif g’@mure% Quﬁgs analpiedo aamedsured value of
synthetic and natural polyners. In one enbodi nent, the
angthed opimgpousd anchaling) byt lienitedpar 4 standadd. , Thiddifference may be negative,
car bohydrate anal yte may be a sugar, such as gl ucose,

1nd§l@.|t1ﬁgh(2§@reﬁé’e ih IROSGounMBf MeRdidd SIAE| Yhe &ﬁh%u@;nﬁhy EI%O be expressed
e glucose. [0020] The analyte is neasured in

as @ aﬁﬁelr&lce%? tréfﬁ)ﬁtgttﬂeeﬁrﬁﬁ)ge e s egsdﬁgcpat a dlftnlyent %omft in time. The

envi ronnen e susp con
des,

ured Thus sample in
vyt Sl 15 3 B Rtenigist dieety ﬁaméﬁgmea%lr%ﬁwﬂcawﬂ% or the
tissue or portion thereof, and an organ or portion
mepgged Bporesqsahvaluaaagp be useddn a8 akeositlyal With heclgesithmelgsigned to
be a prokaryotic or eukaryotic cell, for exanple, an
corzglatedhe metduredhampices vafuedn ith’ﬂad[uan‘a'tyl of annlytelidahe omtplar e
not limted to, insect, avian, and mammli an such as,

xam! e,. bovi ne, | ne, rci.ne, canine, feli
W“ﬁ%&ﬁe i aﬁﬁamsﬁ%?f Mg giet éogﬂﬁﬁ@ﬂam ipfgtion inclade any
i nvention should not be limted by the cell type
corgRafegpalis aRbinding e thsinstiplisedn bipfling deotein neetiasedhe fision
i ncl ude, but are not limted to, blood, urine, saliva,
pr%qinwmedlin fHeuhethodsriféhespresdna invehtiom, Tlmfbiﬁﬂ)ilng sfihrainalyte to the
fluid, lynphatic fluids, bile and amiotic fluid. The
perislangic @in(ﬁrﬁgeprﬂﬁﬁmﬁ&ﬁoﬂinatyw niyasR BE réveyEhlb] BRafpeY bﬂanalytes
not be limted by the type of body fluid assayed.

1nch&’l'é "But 28t Gliteddd) dcar #Ean "sulll & ﬁiﬁff ab&faﬁﬁ%ﬁ? fcﬁghges

herein and are used an ani ma parti cu

oh%%gﬂ%]ah g gpﬁg{séé ﬁ’ﬁ esgﬁroﬁeé@suﬁggf 1(%5% glglﬁﬁa a'rs]:éﬁol\pgngldlng, but not

n1the|r t|ve envj ronnent. Thus, the portion of
hmé,tagrbq @113%@% & Relypeniies pad wafus Arokeing nuslgiegisds. eligomncleotides,
the rest of the sanple or froma subject that may
polywinleatides, Hipidsafaply acidsdipopxetaiph.arotehglybimspglyedpreteins, organic
subj ect may be assayed for glucose w thout renoving
compyunds, ihbrgatit comlpduaiz) ivhs, apdirtthitic £d aouBIS®Iyh&E. In one
sanple may al so be renoved fromits native
emB&WteRt) BRI Unalyid Hs bRAFUTRL @ratd. N8 paAidalae, tHB¥arbohydrate analyte may be a

sugar, such as glucose, galactose or ribose. More particularly, the analyte may be glucose.

[0020] The analyte is measured in a sample. As used herein, a sample can be any
environment that may be suspected of containing the analyte to be measured. Thus, a sample
includes, but is not limited to, a solution, a cell, a body fluid, a tissue or portion thereof, and
an organ or portion thereof. When a sample includes a cell, the cell can be a prokaryotic or
eukaryotic cell, for example, an animal cell. Examples of animal cells include, but are not

limited to, insect, avian, and mammalian such as, for example, bovine, equine, porcine,

6
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be processed prior to being assayed. For exanple, the
sanple may be diluted or concentrated; the sanple nay

wheoops4ssi ed and/ or at | east one conmpound, SUCPCHBESZN4/038330
i nternal standard, may be added to the sanple. The

sampl e al so, be.physically tered (e.g., .
Ca%%?:??l}W%‘ng%ﬁ}d T&F‘f“ﬁﬁ‘r’”ﬂ PrEgiesy {hP S‘Fﬂpe&& thefanention should not be
. altered (e.g., adding an acid, base or buffer,
linyifed by ey coblrtype asseyedr Bxamptssjofi hislogieal fluids to be assayérbigslude, but are
of the current invention. Processing al so includes
nofflirexteti togbland/ winepsabisarsyhongalt thed Sarepdtieiapfibid] cdrébrospinal fluid,
assaying. [0022] The nethods of the current invention
lynigHadic @0ids il MiBStAhiaN TAE seopeWTHIRmBhAIEHMhE Brelent invention
sanple. As used herein, "admnistration” Is used to
i i : r i S | nt . C nt t . (1]
s e Sin i PR Bkt o Y 1R SRR L Sh R pation
current .invention.. Thys, for, exanple, the fusion
are L] oSy Befrinnd s LT ERR A8 AETAL rEyE b brfgmarmmal,
the fusion ﬁrotei nto the sanple, or the fusion
Mo Rara¢ankay hysan ghpenhymapgamaée. t he sanpl e by pl aci ng
the sanple on or near the fusion protein. Furthernore,

' ' ] 0 to the.sanple

1002 IFThSeD] Bt ol 80 17 B RS Fp) Bl A PRy Brment.
nor,e effectjvel | ace thefusion protein in

ThiE bR rOriET 0! omieSnmeg neron el tgreAates Pr Eapaeisi drom fhe g of the
enbodj ment of the current invention, the fusion

Saﬂ}iﬂgtﬂeﬂ?mi agsupisst Bat Ay epnten thgsasple-cBer expmele, thefdoedef a subject
optical fiber can then be inserted into an environnent

may haassgpeit fr ghicoseewitlaon renoving inydefthe bluotl fromt tHeipatitietd OFf course,
to, a subject's body. In another enbodi nent, the

thesaraplempyr AéEbdredioved ol ©SRillve efVietinhdil. Pafhdore, the sample may
admnistered in an in vitro setting. Thus, the nethods

5 e o . 2 . L Vo
O B B T o A 6, U e P R it o
e _neasure r nitored continuousl .

confBtatd o BoREmdl B Rl Cin R | AP Bt td et s a interna
e le, t usi on protein may be continuously bound

Sta&‘%?@{'%éﬁya’ﬁé\%g?iwaﬁha saiples f b sarpR)s imay s s plomicellyaltered (e.g.,
signal that may or may not be continuously detected,

cenfeperivnngliagy senanetione pechdng eallyealicrssl (e[g00@ding Bnarcid baseror buffer,
proteins of the current invention nust possess: at

heatigg)gtrion heof inrvohjunnidn with it rasthibds &f thel bnger? i1BtBiitn. Processing also
(PBP), at |east one |labeling noiety and at | east one

inclulés S iR Hnd/or preserving the sample prior to assaying.

[0022] The methods of the current invention rely on the administration of a fusion protein to
a sample. As used herein, “administration” is used to indicate any means that brings the
sample into contact or close proximity with the fusion protein of the current invention. Thus,
for example, the fusion protein can be administered to the sample by adding the fusion
protein to the sample, or the fusion protein may be administered to the sample by placing the
sample on or near the fusion protein. Furthermore, the fusion protein can be administered to

the sample by using various structures or apparatuses that can more effectively place the
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{e.qg., fluorescent) protein. As used herein a
functional PBP is a protein characterized by its
wo boosesgsirensi onal configuration (tertiary strRCT/USHE)S/038330
rather than its am no acid sequence (primary
structure) and. is characterized by a_| obe-hinge-Iobe
ﬁls}oé’gﬁrB‘i’?!n B8 PRI CRBlARIRS é‘e BiHBlea A onREANRIe n one embodiment of
specifically in a cleft region between the |obes of
theyqyerepBpyentiony the feriereproteiisisoptgi iigodn amoptival fiber, aml thheptical
cleft region will then cause a conformational change
fiberaat ieenPiBRndehniat] imales endietendrt diat ofnthihe trenahiple including, but not
possi bl e. Periplasni c binding proteins of the current
limiitaY &3] bisO ettNChdiye TARNoREQHHJAIhER! thE P8ISS teit BPthe present
structural characteristics described herein; and
: [ . - di ' l s f .a otein
e B 8k S AP P o 3Pffney T HS K B £ P8 bt
hn;tguctugp ﬁI QE@rPBPs.is wel.l within the capabilities
SHHBHE G Y8 TR AR B RPOIOTAR 1t WE OV IIORREHD| es of PBPs
i nclude, but are not limted to, glucose-gal actose
[00RB B rRb RS HetnbFBRhay BEhERS R MG PnBhiods
ri bose bi ndi ng pr%i nay( RBP), ar atgi nolserb‘»i ndi ng l\ﬁ@ngthe
' ol t | ndi .0t ein .(DPBR .
mefioft £t B AR rAoRER P, B RS BItgh iy contimuousty
r,Qtein BP), . hj stidine bindin rotein (HBP),
vouBa3 eIV s it o e OB e 2 Sl bty s v g be
protein, oligopeptide binding protein (OppA), or
confiapoysky q‘iqy‘gg,ecg Hep@wWing ypon kg ‘lie%@éloétdﬁéllce-pr ot ei ns that

belong to the famlies of proteins known as

' 0h Grfbadi in L PBP- 1 ke, | :
0088 115 S50 BritRGI TG RO Rriobf sy bBisels i Sgiona
per R PO e e di P o ior g ) oné huminescent

adj acent helices. The gl ucose-gal act ose bi ndi ng
(e-gprf‘lk}toé%ﬁer{tmmn-béﬁ gprssharein aangbppal FIRR is| a pratein ghagdcterized by its
proteins, whereas the maltose binding protein (MBP)
thrasedimagzornad cerfeguPBiol (tdetarylstrhietnid) yrathfer thantigiantno 4di€ sequence
ri bose binding protein (RBP) is also a nenber of the
(pribRRy §tarhiry) Bid 1D ERAr8HBSzed By 6L AREE 6B 1B EXRBPRESW R normally
periplasmc binding proteins are ['isted rn Table

bind ad &Pl fe E%S'sciﬁaﬂ ﬁ% Egﬁsgﬁeglg{lggggéﬂ .tl?eefoingS (%51%: f]g?e ITﬂi’tﬂgmore, the

Prot el ns ne nat _ cles a
bin(ﬁng 8% An ﬁ{a‘i"yﬁe '10‘nr %%'c?e%l%g%h%hlthen cause a conformational change to the PBP

that makes detection of the analyte possible. Periplasmic binding proteins of the current
invention include any protein that possesses the structural characteristics described herein;
and analyzing the three-dimensional structure of a protein to determine the characteristic
lobe-hinge-lobe structure of the PBPs is well within the capabilities of one of ordinary skill in
the art. Examples of PBPs include, but are not limited to, glucose-galactose binding protein
(GGBP), maltose binding protein (MBP), ribose binding protein (RBP), arabinose binding
protein (ABP), dipeptide binding protein (DPBP), glutamate binding protein (GluBP), iron

binding protein (FeBP), histidine binding protein (HBP), phosphate binding protein

8
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AraS Arabi nose/fructose/ xyl ose S.sol fataricus argT
Lysi ne/ argi ni ne/ornithine Sal nonella typhinmuriumart|
w@e@sns4sss E. coli artJ Arginine E.coli bl 310 Unk@Dus2004/038330
E.coli (putative, nmultiple sugar) bl 487 Unknown E. coli
(putative, oligopeptide binding) bl516 Unknown E.coli
(Phoshgy rghﬁalﬁmerbgnqm)mt%nmiw@p@md)e (iRdEmng prot OppAD, ebflgrivatives
CAC1474 Proline/glycine/betaine dostridium
theaendt asbatllds athenpodteinBithzd bblox g tathe fEndisk of piStos katven as periplasmic
mal ate, fumarate) CbtA Cell obiose S.solfataricus chvE
binitgagrowirt el @Bipeliice P ®Ppdii1ashnik batdenEprotdih 1ike IRPBP-like II). The
CA- di car boxyl at e Rhodobact er capsul at us dppA Di pepti de
PBE(::‘I?%: l‘)ang_k}’@%-fiﬁé)ﬂ pgﬁg%l? ?lﬁﬁeamg)oéiﬁﬁmgﬁéﬁo&%ﬁ§comprised of parallel -

Icitrate
sheets and adjacent ahelices. The glucose-galactose binding protein (GGBP) belongs to the
PBP-like I family of proteins, whereas the maltose binding protein (MBP) belongs to the
PBP-like II family of proteins. The ribose binding protein (RBP) is also a member of the

PBP family of proteins. Other non-limiting examples of periplasmic binding proteins are

listed in Table L.



fepB enterobactin-Fe E. coli

E.coli FIiY Cystine E.coli GcS
w@lwsosssyal act ose/ mannose S. sol fatari cus gl nHCT/US2004/038330

ad uconate E. coli

(protein:

GLNBP) gntX G

fhuD Ferrichydroxamat e

uconat e

0 em Yent rqcolltlca H sJ Histidine
Ta@ 30‘[ F’e'e r%'i‘gﬁ%h“ ﬁ %F‘P@é‘i‘?‘%&%%ﬁ‘%mﬁnfl uenzae

L hQ/I soleucine E.coli HuK

leucine

Gepe pgme (pr ot ej n:

| Spbstkate i t odext rin/ OPEYEE E. col |

alsBpr ot ei n:

MBP) nul

BAdlosz 0se/ gal act ose E. ¢

&l doli( pr ot ei n:

araB(BP) npbdA Mol ybdalt

Ardbinadei MopA

E.coli

Ard$ al anyl - ganmma- D- gl m@dmése/fﬁwmbﬂxm@ di amlspeRlrRLAL €
argfask nitrate/ nitri{eyiheRsiGhl/Br¥ioCa T %lﬂtdﬁeﬁ%%}phzmurmm
_artlﬁE CI ot 1 0I IpBC ChOl I H(’% P T ITS—OppA & ggpeERtTa
art]° Toel e Afginine E.coli
b1310 Unknown E.coli
(putative, multiple sugar)
b1487 Unknown E.coli
(putative, oligopeptide
binding)
b1516 Unknown E.coli
(sugar binding protein
homolog)
butE vitamin B12 E.coli
CAC1474 Proline/glycine/betaine Clostridium
acetobutylicum
cbt Dicarboxylate E.coli
(Succinate, malate, fumarate)
CbtA Cellobiose S.solfataricus
chvE Sugar A.tumefaciens
CysP Thiosulfate E.coli
dctP C4-dicarboxylate Rhodobacter capsulatus
dppA Dipeptide E.coli
FbpA Iron Neisseria gonorrhoeae
fecB Fe(1lI)-dicitrate E.coli
fepB enterobactin-Fe E.coli
fhuD Ferrichydroxamate E.coli
FliY Cystine E.coli
GlcS glucose/galactose/mannose S.solfataricus
glnH Gluconate E.coli
(protein: GLNBP)
gntX Gluconate E.coli
hemT Haemin Y.enterocolitica
HisJ Histidine E.coli
(protein: HBP)
hitA Iron Haemophilus influenzae
liv] Leucine/valine/isoleucine E.coli
LivKk Leucine E.coli
(protein: L-BP
malE maltodextrin/maltose E.coli
(protein: MBP)
mglB glucose/galactose E.coli
(protein: GGBP)
modA Molybdate E.coli
MppA L-alanyl-gamma-D-glutamyl- | E.coli

10




PhnD Al kyl phosphonate E. col i
pot D putresci ne/ sperm di ne E. coli
r bsB RPODES2004/038330
typhi murium sbp Sul fate

E. coli
woelogamssi es E. col i
E. coli

SapA Peptides S.

PhoS (Psts)

proX Betaine E. coli

Phosphat e
pot F

I hiam
E.coli tctC Tricarl RSHES | 2 typhi muri um TreS
nasFr ehal ose S. sol f at dmltmﬁ@{mttﬂl‘leoA Zi nc_Tr epohdelwiabll dvidam
nikdgpB sn- gl ycerol - 3{phidsphat e E. coli Xyl F|®ddadise E. col i
opB@eC Unknown E. col i| Cheuhétive) Ybed(Q tl) B Subtilis
OpghUtamat e/ aspartat & greeRidiidePut at 1 Ve,  SUDRL LMY 1phimurium
o A AU 1 WA i
PheS'(1§fs) (P "Pllosphate P ’ ~coll
oD putrescine/spermidine E.coli
potF Polyamines E.coli
proX Betaine E.coli
rbsB Ribose E.coli
SapA Peptides S. typhimurium
sbp Sulfate Salmonella typhimurium
TauA Taurin E.coli
TbpA Thiamin E.coli
tctC Tricarboxylate Salmonella typhimurium
TreS Trehalose S.solfataricus
tTroA Zinc Treponema pallidum
UgpB sn-glycerol-3-phosphate E.coli
XylF Xylose E.coli
YaeC Unknown E.coli
(putative)
Ybel (Gltl) glutamate/aspartate E.coli
(putative, superfamily: lysine-
arginine-ornithine-binding
protein)
YdcS(b1440) Unknown, E.coli
(putative, spermidine)
YehZ Unknown E.coli
(putative)
YejA Unknown E.coli
(putative, homology to
periplasmic oligopeptide-
binding protein — Helicobactr
pylori)
YgiS (b3020) Oligopeptides E.coli
(putative)
YhbN Unknown E.coli
YhdW Unknown (putative, amino E.coli
acids)
Y1iB (b0830) Unknown (putative, peptides) | E.coli
YphF Unknown (putative sugars) E.coli
Yirf Acetoin B.subtilis

[0025] In one embodiment of the present invention, the methods and compositions utilize

more than one functional PBP. For example, two, three, four or more functional PBPs may

be linked, cross-linked or genetically engineered as fusions (fused) to one another, or they
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(putative) Yej A Unknown E.coli (putative, honology to
periplasm c ol i gopeptidebinding protein - Helicobactr

WER006/054855/gi S (b3020) A i gopeptides E. coli (purEl/Usmp4/038330
YhbN Unknown E.coli YhdW Unknown (putative, am no

E.coli acids). Yl b08 Unknown utatiye

mag g dinked fross. igtbh FotPLHAN ST A Fotons, s )to enels molecule
Yirf Acetoin B.subtilis [0025] In one enbodi nent of

that s mvlsiplerattarmenttsiten, Intoe spestfiroersbedisientorfiibe turianh s1vention, one,
utilize nore than one functional PBP. For exanple,

twa, Waree dhfoae furfetiunal GBB peotéing areifosed| (vidBRsepiidy bbR1) to a DsRed2
I i nked, cross-linked or genetically engi neered as

(ﬂdo@ésb&ﬂ%r&t@ﬂﬂ? ehanicd, RIRsRHRE BElow. eI YetPfndr A& &fhr N-termini
cross-linked or genetlcally engi neered as fusions

w1tﬁfv$%ﬁ@rﬁﬂ1e tfﬁldﬁ%ﬁ&lr@f}}%@gl o?%ﬂle? f&rﬁ Bnﬁ ?’?Dlﬂg]!n ng ?%ust uﬁlgg such

attachnent sit n one Specl IC e

ord%urrent@bnve@%t#ﬁggﬁesgﬂelﬁg%Fré;so gqldggtgonal

DsRed2 (fluorescent protein) tetraner, as described

[0026] Bitctibhal HEHRRSZhd Slrf Al Bivetdsh ihOMbe, Nk SfeHoR hm‘i\ﬂeﬁ l?o Wild-type
whi ch t he functlonal GEBPs, or other functlona

PBP®Y B% Hﬁ‘t@‘fihéfé H 112 ﬁwe& RlLpa: 3{%&“8? of the binding

t éc es or syn nlques

Spegflfféﬁ% 8{1’&‘/ Elgcg o Ejhet h‘?ﬁl gxp[e)}%@ P%%ﬁ?&gl %2 | g]ﬁ%ﬁ @nctlonal PBPs

. ereof, vi ded that the frqgnent retain at |east a _
1nc£u£géfzrwﬂt,1vgq mHants) effhe g/ﬂd-type PBP, provided that the derivative PBPs retain

at least a fraction of the binding specificity and/or affinity of the wild-type PBP. The terms

% L

“derivative,” “mutant” and “variant” are used interchangeably herein.

[0027] As used herein, the terms “protein” and “polypeptide” are used interchangeably and
are used to refer to any peptide or protein comprising two or more amino acids joined to each
other by peptide bonds or modified peptide bonds. “Polypeptide” is also used to mean
shorter chains, commonly referred to as peptides, oligopeptides or oligomers. As stated
earlier, functional periplasmic binding proteins of the present invention include derivative
PBPs that may comprise an amino acid sequence other than the naturally occurring amino
acid sequence, provided that the addition, deletion or mutation of the wild-type amino acid
sequences does not completely ablate the function of the periplasmic binding protein. In
other words, the present invention also contemplates functional derivatives of periplasmic
binding proteins, such that these derivatives still possess at least some specific affinity for the
same analytes as the wild-type proteins. Thus, as used herein, functional periplasmic binding
proteins include wild-type and functional derivatives thereof. Functional derivatives of the

present invention may be made or prepared by techniques well known to those of skill in the
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specificity and/or affinity of the wld-type PBP

Addi ti onal exanples of functional PBPs include
waensesssves (nmutants) of the wild-type PBP, prpOWUSmd4/038330

that the derivative PBPs retain at |least a fraction of

d ff ft
DB b A B bR enig g dvc
"variant" are used |nterchangeably herel n. [0027] As

syiBesis- herein, the terms "protein" and "pol ypeptide" are
used |nterchangeably and are used to refer to any

OPBP 1350 Ao PRt e S PRGBS my o
e B o By e oS3 e, b hemia

ol i gopeptides or oligoners. As stated earlier,
modifiratipe trghnigees whigh afecwell ke wiginghe agi SgctomOﬂif@aporssaeﬂ tell
i nvention include derivative PBPs that may conprise an
desribadindeisid texes wehemotehdztailel atonbpephs tas kel a¢ 10 @ 6lbtihd@ research
am no aci d sequence, provided that the addition,

lite @RS INIBi AEatTBb Bhr 6tul hinfAferMd He bYRB e el the peptid
1 sequenceg J%es not conpnetery abfgtgﬁﬁﬁ ° uﬁctﬁ%% 8Pq?le

ba&ﬁ])%ncp et‘ﬁé zﬁhﬁ% @cﬁl s@d@ﬂts g a[i’ld%eeé.rﬁtnto of ?ILDQQ Lt ﬂis It ‘tvhﬁ be

resént 1 nvention O conte uncti ona

derlv S of erl C b|nd| rotetn such that

oot el T s e P AP St Mesl bl S8E Se i iotns degrees
affinity for the sane anal ytes as the wld-type

at W@tﬁbﬂtﬁ in giysn palypgriide. HEp@iagiven priyneptids nwerrcpptaasmpte than one
bi ndi ng proteins include wild-type and functiona

modéfidatian.i ExanplbeofobdifiFatmsiorade, tetrdre avt iragedfo, glyeosylation,
present invention may be made or prepared by

acdtylatioh, geydations IADIKABVEY14ttont BafRtion, cokalbht dtAckRIJF flavin, covalent
Exanpl es of such techni ques i ncl ude, but are not

attidhfﬁeh?&if 4 1mdMbRYE RE éléntaaﬂg%}gﬁ%ﬁ 6Fa ﬁt}fﬂ&&ﬁﬁ' o?nu%lggt%&] derivative,

The functional periplasmc _
coJa. t{ftntatta(t)cgm ?{ﬁ' llil?altd%? g‘égde CL eof flgeu 8% aiegﬁ attac%m I‘ I ed,
-transl ati on processlng, , ,
Ph%ag?tt#@&?tl R Htkatt’egymaEm Séﬂf{tté bonérfematt% f¢raethylation,
art. Such nodifications are well described in basic
formafior obenyalent erosseliniest &irmatiomohegting Hermatwnweiplyragdutamate,

vol um nous research literature. Mdifications can
formytation pganwhe-carbbrylbtien, eiycgpeptidnd SPI ancHod dorghtibAchydroxylation,

pepti de backbone, the am no acid side-chains and the
iod@iHtiog, MREthFRAGDIrist@N MM, oxidhtioM, btot&ﬁytic processing, phosphorylation,
prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated addition of amino
acids to proteins such as arginylation, and ubiquitination. Polypeptides may even be
branched as a result of ubiquitination, and they may be cyclic, with or without branching.
See, e.g., T. E. Creighton, Proteins--Structure And Molecular Properties, 2nd Ed., W. H.
Freeman and Company, New York (1993); Wold, F., “Posttranslational Protein

Modifications: Perspectives and Prospects”, in Posttranslational Covalent Modification Of
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appreci ated that the sane type of nodification my be
present in the sanme or varying degrees at several

W@ 2108054885 a gi ven pol ypeptide. Al so, a given PCT/US2004/038330
pol ypeptide may contain nore than one nodifi cati on.

Pr %%grg gigglgl}sg{lo,?%%i X%?gg%sgﬁeﬁ% e :X?H‘aélp% Sel%er et ar;l 1i\/(f:‘ecéhods in
ADP-ri bosyl ati on, am dati on, coval ent attachnment of
Erpynaih B i G000 ddiisnet of, AT ENoANS Sny 06 L4s4LER02).

attachrrent of a nucleotide or nucleotide derivative,

100390 B} SRR AR ot Bl g RSy T bl Fes are

cross- | inki cI|zt|on di sul.fi de bond fornmati
deraai it COSEP PbFcii LBy TB o RiER Skihe GCRT b include o

formation of cystine, formation of pyroglutamate,

cystanayibatitugd, foyyahisinecrhpouiign At (16h) Clgh yysdeipe autistiwteddor aspartic acid
anchor formation, hydroxyl ation, iodination,

at positiownl IAt(anC),rmuy's&trmwhhﬁtitﬂﬁd f@:rxrhétaioinﬁﬁ:, at po€itieo 1§ (Me6C), a cysteine
processi ng, phosphoryl ation, prenylation,

subsBREN BAYAIRIR at %Silﬁ&?l@ ayiom, o %&Qt&ﬁé k@R tinksPRS Eﬁfarz@ﬂfe at position
medi ated addition of amino acids to proteins such as

43 gﬁ%@y h ét&ﬂe Hedddi Y b? L}{l?‘[ a? BO%F 8111 ¥R ?ﬁtﬂ% c%&ge substituted

ven ‘be branc as are CIUItI

for gI}&%sm?%t %)eSI § 1(&5 ({Yoltfﬁbgra&ryéve\:dﬁiehs% %{t}ﬁﬁg E(B}‘:}bpgﬂlﬁle a?posmon 110
Mol ecul ar erties, 2nd Ed. H. Freeman and

(T1d8kp by steRisyy gﬁﬂt}%‘te d farggyne Wi?oéflthﬂ L12¢(PbLA@) adentie Pt including
Protein Modifications: Perspectives and Prospects”, in

a cyrbeine substitugad fonaker@med pesitiobtil fndserine sultstiRrted ﬁirras,lelﬁine at
C. Johnson, Ed., Academ c Press, New York (1983);

pos&ﬁjﬂzmsmz(amw&)tm@deemeﬁsuﬁsmwmlfor 4 BRin8 26p&sifor 1L 113C), a
and Rattan et al. , Ann NY Acad ScL, 663: 48 62 (1992

cysteA2Qbstititdsr £ &Ilu&H ldiﬂiq(l%b}’@ ENdys eﬂYe%B%%E%dtf&eglutamlc

functi onal rrutat are atives o t he

. tions . of e GGBP
acif 5%0%&@&5?3%?5@(?% su%b?? i fhepd i EEAlpRE Stifheed for an
oSi ti ysteine substituted for aspartic
glulzgig acig abé%%ﬂe?rbfﬂ%%ld(acsf@eﬁ subgtigy & br JRucis peR S or
nmet hi oni ne at position 16 (l\/IlGC) a cysteine
(19068385 adiotble ek iaclagingesyFiine SEhGOH for aoyahutoniseacid
substituted for asparagi ne at position 43 (N4A3C), a
posityst Bidrmdsudysteidesubglititod fa lgongs figositiopass (ELIHCTB238C), a double
(Gr4C), a cysteine substituted for a tyrosine at

muR@sinti@helddystetie Ribsdtuted fGﬁ/ai{ S1AeS HAg bt fosiifsh T4 and a arginine

t hreoni ne at position 11
substituted for alanine at position 213 (E149C/A213R), comprising a cysteine substituted for
histidine at position 152 and a cysteine substituted for methionine at position 182
(H152C/M182C), a double mutant including a serine substituted for an alanine at position
213 and a cysteine substituted for a histidine at position 152 (H152C/A2138S), a cysteine
substituted for an methionine at position 182 (M182C), a cysteine substituted for an alanine

at position 213 (A213C), a double mutant including a cysteine substituted for an alanine at

position 213 and a cysteine substituted for an leucine at position 238 (A213C/1.238C), a
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(TI 100, a cysteine substituted for serine at

position 112 (SI 12C), a double nmutant including a
W@ Y®EM54885 substituted for a serine at positi onPAWBSENH038330

serine substituted for an | eucine at position 238(Sl

12C/ L238S), a cysteine substjtuted for a lysine at_ .
cysang sybshtuterior mt MEEEININGatPPsition 4406 §Mled p1-). g fepng substituted for

| ysine at position 137 (K137C), a cysteine substituted
asphgic agidistaositioad3d (B23¢Is b cysieind bs{ifterbloy an deudimglak position 238

mut ant i ncluding a cysteine substituted for an
(L33 aY) ardiysteiisdbstutpd Sortai agparid Scid atpesitiar 287e(DR8IEY,i 4 dysethe

for |leucine at position 238 (E149C/ L238S), a doubl e

: B ) :

squ%’fiEu?é{;‘H n%b!cr: ng gggmgg atgpodé?fﬁl?r? %1}1%9@1%)% hydtEde k@stiffled for a valine at

_ _ and a’cysteline
po S HE A Y BREAS R R R T g i ai
S N RIS CNE—

conprising a cysteine substituted for histidine at o
forpesine apogitignd3& (RIAQCARBRILBIt dhesr desivaties GLSHTsnee described in
at position 2 (H152C/ ML82C), a doubl e nutant including
U. 8. Beentriepdichtidn PuidledtidroNoa2083/8h53026a20(3d61 348 66 a1l 3003/0130167,
and a cysteine substituted for a histidine at position

whilbhZré T8 Adeated By fafstRicNaVB&PSHBIUSRbfuhetiorNderivative thereof
met hi oni ne at "position 182 (M 82C), a cysteine

is tg gJE Elltlé FuliE@shal ?BPQ{ge@{nQHé Birdk iRRALSA gtila%/té ﬁ?ﬂé@tec‘tﬁi is either

e mutant including a cysteine Substituted for a
i al ani ne a{:? gosi tion 213 and a cysteine substituted for
glugpse o lagiosat position 238 (A213C/ L238C), acyst ei ne

substituted for an nethionine at position 216 (M160C),
0030 D5k OF AR RupSEes b &&fvaﬂﬁ?&l b&ptided fh Bk nReRIdE bdcompositions
[ 23}(; (D236C), a cyst esﬁgge subst i u%l%? for an | eucine at P
it . {04 i f.0O . .

of 18 %hltr%ﬁ']n@él%gﬁ ﬁ%ﬁéo@%ﬁ%&%@%@%ﬁ (;ngé 6w tgllﬁ r‘}[lge fusion protein,

asparti c acl posi Cys

oo B S B CR R Be R b PR R botain
(V296C), a triple nmutant including a cysteine. . )

of enerpymergiexsfeing resigheg inte Hia rrinaary grietufsoxfithe Brctiompl peigplasmic
an arginine substituted for an alanine at position 213

binding peotsar, soee siithetlatteling dhoigies sadcinrtbe errend sietliods a@@8ompositions
(E149C/ A213R/ L238S). These derivative GGEBPs are

cand@sgitachabihtduigh. ch&midZbinesits, AfeRlak eeduiction, BuidatieAt dodfughden, and
2003/ 0153026, 2003/0134346 and 2003/0130167, which are

oA &Y kO ALRO P @Fariyler ﬁfﬁggﬂ?&cﬁ% 8RB bOised to attach labeling

uncti onal derivative the

moieties, e.g., a fluorophore, to a naturally occurring or engineered cysteine in the primary

structure of the polypeptide.

[0031] The fusion proteins of the current invention also comprise a labeling moiety. A
labeling moiety, as used herein, is intended to mean a chemical compound or ion that
possesses or comes to possess a detectable non-radioactive signal. Examples of labeling
moieties include, but are not limited to, transition metals, lanthanide ions and other chemical

compounds. The non-radioactive signal includes, but is not limited to, fluorescence,
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Is to be the functional PBP used in the current
i nvention, the analyte to be detected is either
w@bkwsosssdr gal act ose. [0030] One of the purpoBEBUSF004/038330
usi ng derivative polypeptides in the nmethods and
conpositiaons, of, the currept jnvention is to . .
Phoﬁﬁ’@&’rsﬁ%ﬂcﬁt ‘é‘owlaﬁgéP‘?ﬁ%@nﬁﬁﬁ@W“IBﬁFéceBPe-V\]/i%t%e §oopdiment, the labeling
fusion protein, such that the fusion protein s _
moiktytie k doviphhreselegise | fromy thereun congisting phBuorescein, coumarins,
addi tion/ substitution of one or nore cysteine residues
thodantiged, eI MRIAHtegrasiethyirhodaniaé-Stiododcerantidlgn@pantum Red™, Texas
periplasm c binding protein, sone of the |abeling
Red! @%3,&}@(qui%éodo@to&b}%twmﬁéthm&hqﬂ@7aﬁﬁlomm@@1&atzbmr(SANBD), 6-
can be attached through chem cal neans, such as

acr){lggg%?in?&hyl%ﬁrﬂ)%ﬁ@%lg&@%%#g ﬁ%yre%@,%l&?ﬂgY@ﬁ%j 5, Dapoxyl®

ons. r ex _ ! ! reactive group can
el e e A i N
dingbo R TRE TNGT O UL D OF RS S or B Sodiphenyl-4-

al so conprise a labeling noiety. A |labeling noiety, as
borard edatdézeisAipdiene-Atproplieny)-ON- iedeagetylethviang la@mﬁfgg?ﬁIPY®

or ion that possesses or cones to possess a detectable
530M30-1A9 05 -Q%@ioﬂ@acf‘cﬁ@)ﬁﬁﬁno)Eihgmahﬁ'ﬁo)ﬁﬁpﬂtweiei- hgulfimiiebdid $l,5-

i nclude, but are not limted to, transition netals,
TABSANER i @2it0R5- AR IAMARY 546080b£31ani@SRERNGS 6). ter luminescent

non-radi oactive signal includes, but is not limted
t.o, fl.uore g . Di '

oo S0 Bo RS8R LTI SESRBE 8%, s v
noiety is a fluor ore sele d fromihe _group.

as TRINSHEA G TBIEAEP O R FR G o & TR AT et [0y
5-TMRI A (tetranet hykhodar ni ne-5-i odoacet am de),

typicalininepnReexasyith dizpiame ligaweristsph a@lgs;nanthrolme.
N- ((2-i odoacet oxy) et hyl ) - N-met hyl ) am i no- 7- ni t r obenzox

003} R Pl PR s oo
pyrene, Lucifer Yellow, Cyb, Dapoxyl(

thof g OB Y s e SR GUTRPPS AT i e Y IRD alex fupy 485 glexa fluor
, , , -tetranethyl--4-bora-3 a, 4adi aza-

532 alenal Hven24® alexy lodn3Se tlgnt Huoy Bd plsys finpsX . plgxa fluor 633, alexa
N- (4, 4~di fl uoro-5, 7-di phenyl - 4-

fludradd; JaxAfuch Gadaesalexudthne 680.3 Mure paricylajlyNhe labeling moiety may be
'-i1odoacetyl et hyl enedi am ne (BCDI PY(r) 530/550 | A),

acryloliid. (Brdnefiea 61@15&!&1}51@[{1, AR 16bdlitg)maietyie hit aRbfrbdleiie noiety such

-sulfonic acid (1

that a change in the environment of this labeling moiety will change the redox state of the

moiety.

[0033] In one embodiment of the current invention, the measurable signal of the fusion
protein is actually a transfer of excitation energy (resonance energy transfer) from a donor
molecule to an acceptor molecule. In particular, the resonance energy transfer is in the form
of fluorescence resonance energy transfer (FRET). When FRET is used to quantify the

analyte in the methods of the current invention, the labeling moiety can be the donor or the
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| AEDANS), and car boxy- X-rhodam ne, 5/6-i odoacetam de
(XRIA 5,6). Oher lum nescent |abeling noieties

w0 p@bs8s3 ant hani des such as europi um (Eu3+) apdI/UusS2004/038330
terbium (Th3+), as well as netal-ligand conpl exes of
ruthenium [Ru(I1)], rhenium[Re(l)], .or osm um i

acqepkory IThy terigp &@%ﬂf;ll ?n‘i Jr:aCE%m% [e‘k’gén %\%ﬁ‘fiﬁn giltipthie L festeadily
such as phenanthroline. [0032] In particular, the

undlérstood phibeertl Mpetifiea]lyrraidenar is the melegyle drag sk absorb a photon of light
acryol dan, rhodam ne, BODI PY, eosin, pyrene, acridine

an® EiRequently Midfate @hergg tfahsfor to4BBaccaptex moldoculer Thd2ccalt@xaolecule is
fluor 546, alexa fluor 568, alexa fluor 594, alexa

théch%fo%Eulgglgdt rédeR%a e éﬂ@llrgyfiga%%feﬁhﬁ%a@ecf biele Rhér arfdl, BXRrn, emits a

uor or alexa fldor 680. Mre particularly, the
| abel.i.n i ety . vl .
PR G AR e PRt T K 80 ent (hAIRE BRlanes betee the two
noi ety such that change .in the enyirongen t hi.s .
Slupipert REFUHEY RO TSR AP G DBt -6 Rey Rord: where Eis

noi ety. [0033] In one enbodi nent of the current
the effieisné oef energy tramatonradthe distepeg|(inoAngsenis) betyigep thetflogescent
is actually a transfer of excitation energy (resonance
dororercggpton aisdrelr B & tienk @asteiodistance(ie Anggirdnos)aThe E6sspdr alistance,
nol ecul e. In particular, the resonance energy transfer

whidh dait Hef&térﬁﬁﬂﬁd@xeéﬂirﬁéa{tﬁéﬁlﬁﬁfe@dﬂﬁ SRIRBRAc@RR(UBY in the art, is the
transfer (FRET). en FRET is used to quantify the

i M St R A o RS S B FREY AL T o S0
d terns "donor" and "acceptor,” when used in relation to
ORRALCERIPIPA A i |y understood in the art. Specifically,

a donor is the nolecule that wll absorb a photon of

[00349 Mhe For® hé Yurkddk irvah@oreA16s eiehidean fhstfonk Aubfdcent
acceptor nol ecule. The acceptor nolecule is the

prdgéihe%le gugi&?'broﬁegl?seﬁﬁfﬁlcm@ +50GhERS, fhupBEfdle ?@r%%:%@ﬁgoteins. If the

t he "donor™ an In"turn, enits a photon o
The efficiency of ERET.is dependent upon_the distance
fusily RIS /b S Tent HDPRLAES AT MoTe Fen R Clgfps st pIOteIT, the
expressed mat hematically by: E Ro /(Ro+r6), whereE is .
fluprreceaf PTEFIBRERY OF H@M@P&e eliegredlyridenticaly KlHereggrest pigkedns are easily
(in Angstrons) between the fluorescent donor/acceptor
recognizedinuthe srtt aEmpls of fldprss@ntprofdins thatyae partre¥ fusitmereteins of the
rster distance, which can be determ ned experinentally
culddnt igeatiby ithiiel Bt 2ge hexdfitadue sgreen filieresdeht proteind (GFP, AcGFP,
ZsGreen), red-shifted GFP (rs-GFP), red fluorescent proteins (RFP, including DsRed2,
HcRed1, dsRed-Express ), yellow fluorescent proteins (YFP, Zsyellow), cyan fluorescent
proteins (CFP, AmCyan), and a blue fluorescent protein (BFP), as well as the enhanced
versions and mutations of these proteins. For some fluorescent proteins enhancement
indicates optimization of emission by increasing the proteins’ brightness or by creating

proteins that have faster chromophore maturation. These enhancements can be achieved

through engineering mutations into the fluorescent proteins.
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di stance at which FRET is half of the maxi mum possible
FRET val ue for a given donor/acceptor pair. [0034] The
WO e®s0mM8pF ot ei ns of the current invention al sSOPCTUR200€038330

at | east one fluorescent protein. The fusion proteins

include two, three, .four or nore fluorescent .
[0035Y Mttt e TiRtesGeL pioteis Pt RiSHE! of TR detgRRaied with the labeling
invention contain nore than one fluorescent protein,
mojgty fdged.dbelehelingaeistyiren bayroniugatad tnatystene tesiviue ahtipding any
identical. Fluorescent proteins are easily recognized
Ccystang tesidae twithiix thep)sBedd flubtes@mnepmedih opthetREBM Sotvaadr, the@resence of
part of fusion proteins of the current invention

a labelihgif@ictV itf haDBRBOL plotdth bR ihiRrfeft PRI Hel MRLESE 8N lucose. i
proteins {GFP, ACGFP, ZSGregn), T e BB BP8ucose. Creation

DB G LSRN S0 T e o
. i FP, . Z - ] I
cuc?x%g}rg?ﬁ Nt %ﬁl}tial glﬁ%?eéer%\é\%g aﬁ%%gt}getbg gﬁﬁ)s;gffg%ré rﬁtﬁ% %Ip?;n’ protein, e.g.,

GGﬁ) vve{)l as the enhanced versions and nutations of

e Lo sit-nepidicalbycongugatedrwity thedahkaking graietei rather than the fluorescent
enhancenment indicates optim zation of em ssion by

Projeyz peionn dn phecpbasimpnisthe fhiogdsters psotein usyd mrthatiisia proteins of the
proteins that have faster chronophore maturation.

curfEne B ertidrais Rk phrticalany,kitscasdin g YeflideRuitpree il (TRREHMNI I one
nmutations into the fluorescent proteins.[0035]

parfiifl@t dnbdiment! e TIsRBE2 NhioREQRLhEHItGA NI iR Y e%%dg %{f&p@ompositions
I ndeed, the

being | abeled with the |abeling noiety.

. - . : ‘ ne.. .. .
of dr}g i géurg %\{E’ri}g?% %’sl tﬁgﬂxgﬁt ?gg%&égﬁlé ?g%iq %&% & 5&%@ E?z&)etlﬂglcates a cysteine
.uorescent .grot t he. PBP; however, the

Red?2 . ein
to P Rula iR AT arage Hen FY muiiionan sasrGHse g i e amino acid
may | %gerfere with the detection of glucose. Creation
seqyjuce DERMSBEE prfeimer aptations hereafuicant 4xir as héctoyer,ghus in one
at position to alanine) can circunvent this potentia
embodirertetherfesiomprotdin capriset fieurPBBrezoet ipasteiat, sublead DSR2, or
protein, e.g., G&P, to be site-specifically
mutatioisufiedest] W dxamplee DsRBEI(CN G AP Gibriar fc%g ?Jberiﬂgﬂltoaégﬁs of the

fluorescent protein portion. I'n one enbodi nment;

currbhtUR\ &ffcRN he AT RE&ELL B%E nd Br B ?usfi({){'gélfg%iﬁé@{e%i uréesz%,ﬁlf ];",I%]E‘F systems,

current invention Is , particu SC0SO0
ein.(DsRed?2). .l n qne rticul ar .
may IR B onBf & B fhutrR o RE0b o Tbn dhmbiets iuGunontiong of the
nethod%.and cgneositions .
current invention provide Versatile systems that utilize FRET, such that the fluorescent

energy transfer may be from the labeling moiety to the fluorescent protein, or from the

protein to the labeling moiety.

[0036] The signal can be detected or measured using any means that detects the energy
transfer, such as a fluorometer, which can detect fluorescent intensity. The signal may also

be measured or detected visually, without the aid of equipment.

[0037] In one embodiment of the current invention, device in which the functional GGBP(s)

may be immobilized is a sensor attached to a collection of optical fibers. The fiber used in
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of the present invention is the nutant DsRed2(C 19A),
where "(C 19A)" indicates a cysteine to al anine
WORN0ans4sss at ami no acid position 119 nutati on POI/UK®04/038330
DsRed2 wi |l d-type am no acid sequence. The DsRed2
_protein, or nutations thereof, can exist as a :
thig @mbegiment may ke 2 pHuksAled éﬁﬁwﬁ ,Hlet HR opg RgRUIAF gnediment, the
conprises four fluorescent proteins, such as DsRed2,
fiberoptin cantaie sixt digerddfers dranged aophe a cORRA didexCl Theoshy fibers can be
Simlar to the |labeling noieties of the current
useldriy @Y dx@Ratidhénidlii ane grenhtrgliitce hnthe dbtettien Eaisiufin These collection
protein, when used in FRET systens, may be either the

optgc% %&([Sy o AELAR %@&itiﬂﬁ’il §odtsCind/bR tshsed MEne il _@ngb@f%lished, and then

sitions of the current invention provid

ersatil e systens..that. i |4 T t .

e SRS S B By Pkl o e tC Pt F g be apptied
ety to the fluorescent otein, ar om.t he prote

to adjereribe P shgmesitepye eqdar 4 E%QPEP-gEFEF SHasnenbofthe fiber bundle
_ detected or neasured using any neans that detects the
is conaecigd toradfithst eptic spashoplptemetei ohn D thewinsepresimwavelength (e.g.,

detect fluorescent intensity. The signal may al so be
LSns8% caretiiew be deddemidedlunrssdealdeyspeottotiedertcah be usddiasaf detector.

equi pnent. [0037] In one enbodi nent of the current

ExéibiRAsb@es M8Y b&idt Bf, Wit &8 nbhBmited €, ifeiadantpleBiRt $ampERlaser diodes,
be immobilized is a sensor attached to a coll ection of

. . £i o .

or Q2D P e Ry b3 SRR BRI phfiices, cCD

g TR R PR fr SO 2kl PH Dt By 22 my
used as the excitation conduit. and the central fiber

alsg be emplayed & tragsithe HHengseent RIEENcol | ecti on optics may
al so include additional fibers and/or |enses. The

[00;;?5 %[6? Eﬁ?elﬂ ?m%glg%)r? hed ﬁel@t@gtot J%?‘g)ogﬁghg @+né;1gﬁ%g§ % ?t%sé hp&?fein portion

er suit e adhesi ve, rexanp

an be lied t here the sensing el.enent to..one
ond. e ofeBbRsdrotst | Ehe Tiigh BT ER PRHP SO HHGOFIRSGHIoR: of the
bundl e is connected to a fiber optic
curggse évieaporobdiedicsn desspibedEhergin. t he appropri at e
wavel ength {e.g., LS-450) can then be used and a

OSSR ARSI S EnR e el By B gy
role e R SR SR ek BPE WS, 7 55, o

exanpl e, phot odi odes, CCD
[0040] As used herein, “isolated nucleic acid molecule(s)” is used to mean a nucleic acid
molecule, DNA or RNA, which has been removed from its native environment. For example,
recombinant DNA molecules contained in a vector are considered isolated for the purposes of
the present invention. Further examples of isolated DNA molecules include recombinant
DNA molecules maintained in heterologous host cells or purified (partially or substantially)
DNA molecules in solution. Isolated RNA molecules include in vivo or in vitro RNA
transcripts of the DNA molecules of the present invention. Isolated nucleic acid molecules

according to the present invention further include such molecules produced synthetically.
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chips, or photorultiplier tubes. A conputer program
such as Ccean Optic OO Base 32, nmay al so be enpl oyed
W 2006054865 t he fl uorescent em ssion. [0038] ThePCT/USM®N4/038330
invention also relates to conpositions conprising a
fusi on pr in
[004}] éggclgon%té 213%?1%%[%3%@{1% %%ql p}ogqtfglegqg%o eotlge is used to mean a
conpositions of the current invention have been
DNdeswidchiedr pelyaircicotid®0 3 93qubhes ¢fifleeryrimmuelegiddesaings log an BNA
I sol ated nucleic acids coding for these fusion protein
mofRiileic? pslyahiclbhitlcs diRposiejontgpeauinotisf ybamskotided A, G, C and U),
herein. [0040] As used herein, "isolated nucleic aci d

Wh%@%ﬂhgﬁﬁam%qéoxﬁﬁﬁgnﬁc@edfﬁé RTPintHE sl Hic@ deblx JAHoRGbIkStde sequence

has been renoved fromits hative

. _envir,Qn conbi nant DNA nol ecul es
18 r?&@ﬁ?egﬁ)ﬁ’ Pho%uc GO%?ggHg?le nsi dered i solated for the
pur poses of the present |nvention. Furt her exanpl es of

[OM%FN@EI@Q: dN¥mbRE @416 Eisie phebtdavention miytarih thINBrm of RNA, such as
ecul es mai ntai ned in heterol ogous host cells or

meN‘A | §ii8 the(BAh 'b!f AN iﬁéluéilﬂ? Sfof ﬁ{sta%l:é lébl\%l‘ﬁm[rgérﬁﬁﬁih N A Bbtained

solution. Isolate ecules include in"vivo or in

f
by Btogg%rﬂr pf“(h({}l %%l?]ﬁe@- ¢ 31y ?ﬁegSNg;@e?gé g@ﬂ’g & §tr?r¥deh t?)? smgle stranded.
Slngf;‘gq%rraglgg Ao g k&i’}\lgotg g{;% Jg{g: Soggﬁli ? SPg@QTI!}'lna(s: Itlgje:dsense strand, or it

"Nucleotlde sequence"” of a nucleic acid nDIecuIe or
mapy bk firueineedingestiagd leirefesreddans thepma-sepicetigné o

pol ynucl eoti de, a sequence of deoxyrlbonucleotldes

w“?@f?g%%ﬁ%‘t it :‘\éﬁagﬁ‘"‘e Gl 314 BBl e L 1ted ol acid
moldiies JEKF PFOBEI B0y BRG] Bt HE AL e A lashlR ayins the

by the ribonucl eotide undine (U). 0042] Nuclelc acid
nuetentislosbqrenod cadireg for deefisionpreining oft inventiea i$ wyeghto indicate

of RNA, such as nRNA, or in the form of DNA,
fragmenhtsdi legst abaut 15nsckotdss (aNhdanoregesforibly 4Easoiaait A@ dt, still
by cloning or produced synthetically. The DNA nay be

mo%ﬁ%%ke@a Rkl%ﬂ@g& dbQt 39 MR- vbh S PrefePhi1Y] £ 16ust B0 nt in length,

be the COdI ng strand, also known as the

Wh]g:' r!%? P% gﬁl?ag q{%\ éﬁ?ﬁ c prﬁ?é/ _ glg%g{%cﬁ%ﬁgéeﬁ%ef&ﬁ AP coiss fArger DNA
fragments that are 50, 100, 150, 200, 250, 300, 350, 400, or 425 nt in length are also useful
according to the present invention, as are fragments corresponding to most, if not all, of the
nucleotide sequence that codes for a fusion protein of the current invention. A fragment at
least 20 nt in length, for example, is understood to mean a fragment that include 20 or more
contiguous bases from the nucleotide sequence coding for the fusion proteins of the current
invention. Generating such DNA fragments would be routine to the skilled artisan. For
example, restriction endonuclease cleavage or shearing by sonication could easily be used to

generate fragments of various sizes. Alternatively, such fragments could be generated

synthetically.
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[0043] The present invention is further directed to
fragments of the isolated nucleic acid nol ecul es

waele®sns4sexl herein. A "fragnent” of an isol at edP@IUE®04038330
acid nol ecul e having the nucl eoti de sequence codi ng

the fusion proteins of t.he current inventipn js ..
oG43L 1 kel B P LR nto % L0 shftéf el EBplegue comprising
re preferably at |east about 20 nt, still
a DABPRCIRER e T b Hai446 496 onacnsbyeizohin ceuBHORGIPA portion of the
preferably, at |east about 40 nt in length, which are
polysedledtidadn ainugjeicscidomplieoile of thednyenition descaibed lsaves $'Sttingent
herein. O course |arger DNA fragnents that are 50,
hybrfiizatibh Gondfi6hs” 250nde8860d B30 a4@Ad isQfsed #PmBin dverhightihBubation at
are al so useful according to the present invention, as

4268 B  JAHBRYospFiRink e SPRTSiniEniie, %ggég o('*1§0 Hl?{lj NAlh, 1590M trisodium

the nucl eoti de sequence that co r a fusion

ol RSO ALKyl SO o B,
20 B ERS e0oupn. S%cE lR EoE T LRGSR TSR0 B0 1x ssc

of the current invention. Generating such DNA

at 3bprifekt s woul d be routine to the skilled artisan. For
exanpl e, restriction endonucl ease cl eavage or shearing

008, ASBAFRGRREHL SRRl 5 43t A RIS B i s nderstod 1
e e R R B APPSR s o
nucl ei c acid nol ecul e conpri si n?y a pol ynucl eoti de

prefiistd i ahlppst bout @9 ntrrdidrmerermirelgehly #iyenast diorhd? ok and even more

conditions to a portion of the polynucleotide in a
prefunat]e nlbowa 8DV Omb lo€ thel refepénct: Ipelynnsiestideo rsude Siapineatd that hybridize to a
above. "Stringent hybridization conditions” is

portiBAl 8F e 96¥erehbe pEIgmdldotRIBGrd Sschf @ flafm@Ban over ni ght
i ncubation at 42C in a solution conprising: 50%

formam de, 5X SSC (150 nmM Nadl, 15 nM trisodi um
[00d6} Pac@yse, Bolynmledifles hybidigplde e lqrget pordyn ofiie reference
Denhardt's sol ution, 10% dextran sulfate, and 20 g/ m

polgerddotided, g. shpation 56B800mn ilsRagtm GMNAen iotheenett lbygth of the
washing the filters in 0.1X SSC at about 65C. [0045] A

ref@S b PeGinAslebEe, Wl A4 eIl a8 hrBes hQoflind Q) tht BRese@finfention, as are
pol ynucl eotide is understood to nean a pol ynucl eoti de

polgxﬁ.{&ﬁ%@?%%e%onﬁh@ totﬁf&rt,i i#hst 419 of BeFhrelfids Bucefgo%ﬁte sre]ctluences. A

portion of a polynucleotide of “at least 20 nt in length,” for example, is understood to mean
20 or more contiguous nucleotides from the nucleotide sequence of the reference
polynucleotide. As indicated, such portions are useful diagnostically either as a probe
according to conventional DNA hybridization techniques or as primers for amplification of a
target sequence by the polymerase chain reaction (PCR), as described, for instance, in
Molecular Cloning, A Laboratory Manual, 3rd. edition, Sambrook, J., Fritsch, E. F. and
Maniatis, T., eds., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (2001),

the entire disclosure of which is hereby incorporated herein by reference.
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preferably at |east about 20 nt, still nore preferably

at | east about 30 nt, and even nore preferably about
wW@e03054855 of the reference pol ynucl eoti de. SucPCT/US2004/038330

fragments that hybridize to a portion of the reference

ucl eoti.de are_.useful as fragnents. [0046] .
(0B, B Pregte o TGS B tock G of BieAtoelpiasid molecules of the
portion of the reference pol ynucleotide, e.%., a _
prepesttiirestion-vggch ercode pediegs.nalegs exdgiivedvestid tamiisioa proteins.
| ength of the reference pol ynucl eotide, are al so
Vatisitb mayascyrmebesllycodr di awpttal dlhdicpads@ntAnd falleht vamant™ is
as are pol ynucl eotides corresponding to nost, if not

und¥ritoo®@fo b SRIFENEE aleElatOfolHE o 5L GRYeBSpyidy Belvieh ¥btus on a
of a polynucleotide of "at least 20 nt in length," for

chiBHRIBLE of ki o '§ﬁ1$t5%9,deu% ;’GETE%S(I 4035, BIOLE, f%‘ﬁﬂtr}fgﬂé’f&ssons, New

nucl eot 1 des om t he 'nutl eoti d€ sequente of t

r.ef.er ol ynucl eoti.de. As .indicated, such portions
vof LS SEr SRS E Pt yBin B 28 viSape St P BB HGPRY
to conventional DNA hybridization techni ques or as
mutpgenesistelyqugipl i fi cati on of a target sequence by the
pol ymerase chain reaction (PCR), as described, for

i in - [ ' : :
10085 ST Farshfh AL R, B0 1o BB ARl Witions or
adcgﬁgllgsg tﬂ'l%’éltl%;tlgﬁlr%gﬁ éfe}sgglla%?rsg{qlitgl&s (I_l%g%gol%? glger grtrﬂqh),/eéuucleotides. The

di scl osure_of which is hereby incorporated herein by .
vaiigfemay be ajierod 7] copiRrg ISEHeRONrGodEI eaians, F DAy Adigratiqns in the

to variants of the nucleic acid nol ecul es of the
coding sepiinsi maseproiwee, conkriredtiivee ade-cpuaservative amammadoody substitutions,

derivatives of the fusion proteins. Variants may occur
delBBbnd ol ddilitiogsich as a natural allelic variant. An

"allelic variant” is understood to nean one of several

alternate forns of a gene occupying a given |ocus on a
(004} dhs dheingention coptgamlaips isgated r@.o%;c, acgbmelecples compfiFing a

B., ed., John Wley & Sons, New York (1985).
polyiaunelpaiidertalving aoneleotidegequandesat i ssnabpub®s % n dabbicald andsinore

art - known nutagenesi s techni ques. [0048] Such variants

paﬂti@ﬁiaﬁsiﬁatﬂéuéﬁﬁ)oﬁf 96N CAbUD Y7 MU RO D8 T r SHORIIRAdefiSal to
del etions or additions. The substitutions, del etions

poRhudddtidek eﬂéodg@ytg{e RERIVG RS S hdDrfenP BRSO, des. The

variants may tered in coding regions, non-coding
regions, or both. Alterations in the
[0050] As used herein, “identity” is a measure of the identity of nucleotide sequences or

amino acid sequences compared to a reference nucleotide or amino acid sequence, usually a
wild-type sequence. In general, the sequences are aligned so that the highest order match is
obtained. “Identity” per se has an art-recognized meaning and can be calculated using
published techniques. (See, e.g., Computational Molecular Biology, Lesk, A. M., ed., Oxford
University Press, New York (1988); Biocomputing: Informatics And Genome Projects,
Smith, D. W., ed., Academic Press, New York (1993); Computer Analysis of Sequence Data,
Part I, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New Jersey (1994); von Heinje,
G., Sequence Analysis In Molecular Biology, Academic Press (1987); and Sequence Analysis
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codi ng regions may produce conservative or
non-conservati ve am no acid substitutions, deletions

wW@eo0adsisss ons. [ 0049] Thus, the invention contROPUS10e£038330
i sol ated nucl eic acid nol ecul es conprising a

.pol ynucl eotiide having a.nucl | de. sequen .
P PGS o TR W BTSRRI R SevYonddgd. while
about 96% about 97% about 98% or about 99% i denti cal .
theycexa® sgyrmel raeihpérde Ma3sHa il%@lﬂfsh‘%etwa%n e plgRusigedidg pr polgpeptide

current invention. [0050] As used herein, "identity"
sequsnegs tha sarme ‘iddntityids Wgd knpw to fkiHed hisanisd€agloudn&dsgpton, D.,
or am no acid sequences conpared to a reference
SianuL hepliediRlath 48100730(1888)3 M ethiodsnaenmoslytahlpoyedwd Hetetnyipe identity
sequence. In general, the sequences are aligned so

or $itdlhrit R ANGR) scGhdREs BRAE, Hus aRHAIRBR to, those disclosed in Guide

Identity"per se has an art-recogni zed nmeani ng and can

o A T LRI 5Pt
& 1Pl Rocnim g Anniea Mk A8 0T G 5EE amprg progwmsggpy fiso contain

D. W, ed., Acadenic Press, New York %1993); Comput er
meflods grd algefithgisdhelreloulpta identityapd pimitarity. f Examples af congder
Giffin, H G, eds., Humana Press, New Jersey (1994);
progom hietlnjde fo GtermBeeidentiy addalnyidargy betvweh éwo kaquences include, but are
Bi ol ogy, Academ c Press (1987); and Sequence
notAaitaESiosGUSHRb grafd peBIR Delbre@t) d ., PENE Mebsic AcidsetSearbh 12(1):387
St ockton Press, New York (1991)). Wile there exi st
t i it v, het t :
(19396’5%90 g%f Pgﬁé&%gfri\ff poi ype%@ﬁ‘g@%?égj’eerﬁggéw e ]%glrzn%s'd'% (1990)).
"identity" is well known to skilled artisans (Carillo,
[0051] & dolyptusieotife havGh@andclégppleisequebt ht 148:t,107 Sx a8 &pdut 95%
Met hods commonly enpl oyed to determne identity or

“id&htiBal ab latrkfoR@lcWRBEeb 1R SSQEHABE gﬁfodjirggo(i priplashiié bldegRbtein, for
limted to, those disclosed in Guide to Huge

aglﬂﬂ@‘tﬁ  isMAAL AR od to B8R th AuclefERARTLE R0 i pofHlcleotide i
ox ego %8912) anljgl &ari ﬁeo, ﬁﬁl—f g i |ce)t on, gh cEioam portucieotdes
. i e h 48: 1073 (1988).. ter,prqQgrans may .
iae O e b e g PR R 88 ey include up to
identity and simlari tﬁ' Exanpl es of conputer program
aboyh fiKe BRINE BIugRbions Retrfach 4@hnvaleptides okthgirefareneg nirdeqiide sequence
two sequences include, but are not limted to, GCS
encpdingribgnwpd digeae GBBchedmgused ad the referanies s¢quehed. dnAthedsvords, to
Research 12(i): 387
obtain a polynucleotide having a nucleotide sequence at least about 95% identical to a
reference nucleotide sequence, up to about 5% of the nucleotides in the reference sequence
may be deleted or substituted with another nucleotide, or a number of nucleotides up to about
5% of the total nucleotides in the reference sequence may be inserted into the reference
sequence. These mutations of the reference sequence may occur at the 5' or 3' terminal
positions of the reference nucleotide sequence or anywhere between those terminal positions,

interspersed either individually among nucleotides in the reference sequence or in one or

more contiguous groups within the reference sequence.
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(1984)), BLASTP, BLASTN, FASTA (Atschul, S. F., et ah,

J Molec Biol 215:403 (1990)). [0051] A pol ynucl eotide
whaws0#885 nucl eot i de sequence at | east, for exeempU82004/038330

about 95% "identical"™ to a reference nucl eotide

O BB S BB AP IS el o e
nucl eoti de sequence of the polynucleotide is identical
presentiipentian.dioshesdls dlaaf gemgcaclisellywpgingered Witk vectors of the invention and
pol ynucl eoti de sequence may include up to about five
thegobditction odpiadeins pethe éaehtididBy resombotanteshmfudshe
ref erence nucl eoti de sequence encoding the wild-type

bei used as t reference.sequence. |n other
10G%3T g’&,st td¥stt ?ﬁe%etlﬁgfsyme@ i1 RERAHG Piclglfaeubpplgges that are
sequence at | east about 95% identical to a reference
frep pethavihie gaclsutokihe ecll (fprnsisndy bersigysdfor itverprraieé withietbe
in the reference sequence nay be del eted or
chioulesdme of @b osllt(ktablyatanefectadicind @ixpries pioteids ofltibpresaft invention.
nucl eotides up to about 5% of the total nucleotides in

Tht PEIyheEISRIE S aUBRERICERYI0RE of WHB IR pbRAACIESRIes. Such other
ref erence sequénce. These nutations of "the reference

po@?ﬂétﬂﬁ(gﬁrﬁg Eﬁa& WRGfHSaREd Ma%%éideﬂﬁq}(j %b—iﬁﬁ&dﬂc@@bmgégﬁéeﬁq Sined to the

ence nucl eot1de sequencé or an
et n, those .term nal positions, interspersed either
poﬁﬂﬂ%@ﬁ&ﬁﬁpféwéﬂ§W8°ﬂucIeotides in the reference
sequence or in one or nore contiguous groups wthin

[0053¢ I 8icBrRN6EwHB AL ASct OB InvERGoD HRSRRtor nMERY, F@xample, a
also relates to vectors that include DNA nol ecul es of

pla*é&?d PLgsen Ei#t%‘-’&%hf}f&stﬂaﬂ@édt ;ﬂqg&é Yedti2hr QEiﬁﬁ%?c?Efghﬁﬁl-sltanded

ngli neered wth vectors o Invenfion a

od i on .of protei.ns of the. invention reconbj nant .
ropA B HRA 28 b iR Rre on bp i Hlae Sl s as pobRicleotides,
engj neered to incorporate nucleic acid nol ecul es that )
presgrably LNAypY WeH-knpwnriedmiqyes & mtredusing DN Araad RDpintg cells. Viral
transfected) or incorporated within the chronosone of
vedtoms noa be 1eplicutioy compnisheatrepljcationl defkgtines dn phclptem sasofviral
the present invention. The pol ynucl eoti des nmay be

propagatayeacagl @AR oocurWnlin@oiplenialiyip hostertls.des. Such
ot her pol ynucl eoti des nmaybe introduced i ndependently,

co-introduced or introduced joined to the )
[0058] Prafenrebamnengvestors B cpiiaip FRspesis, afoihea for gxpressinroeince

with this aspect of the invention, the vector may be,
polyoucleotaiep hied pmteins of the present invention. Generally, such vectors comprise cis-
acting control regions effective for expression in a host operatively linked to the
polynucleotide to be expressed. Appropriate trans-acting factors either are supplied by the

host, supplied by a complementing vector or supplied by the vector itself upon introduction

into the host.

[0056] A great variety of expression vectors can be used to express the proteins of the
invention. Such vectors include chromosomal, episomal and virus-derived vectors, e.g.,
vectors derived from bacterial plasmids, from bacteriophage, from yeast episomes, from yeast

chromosomal elements, from viruses such as adeno-associated virus, lentivirus,
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plasm d vector, a single-or double-stranded phage
vector, or a single-or double-stranded RNA or DNA
W@ R008l05486Tt or . Such vectors may be introduced PEI/US2004/038330
ce::skas pol ynucl eoti des, preferably DNA by
wel | - known techni ques f i nt roduci n and RNA i nt o
bacudetifuses, yRpaia WaEED F%C%r?ég‘b - YESTE 5&“&%%8%%{“8%% f%‘??l pox-—.
_ replication defective h the latter, case viral .
virugesppregddrabies giewsss and jetigvirpses candrvestors/dsryed dipst eqraRinptiggs
host cells. [0055] Preferred anong vectors, in certain
therE &S RRE S thodk eeiti eaisfeorh plasmxg argblsactaniophagecdepniic ¢lemenigesyich as
and proteins of the present invention. Generally, such
cos@éﬁﬁ BRE Bh&é%ﬁﬁ&é. S&I1 SaydetusE oz @Rpresdion BGicomslagdel veith ieaspect of the
0{ ex Iess!gn in a host operatively linked to the
ol.ynucl eo e [
pre#pgﬁle Al T Palif RS B SRRER oARRERRL pRiBents or ppress
suppl i e y a conpl nt i vector or suppl. t he
ol RBHA S Sres G Pt A C e segreenet Rubftedise,
A great variety of expression vectors can be used to

Svent | i ctb @ppropria

oo 5\:*%3‘21“%%?8%@%%?? e T or Tved TProprate

vectors .. {. I k@k;
expﬁsagm;t,rﬁfs?%ur%n%%@t@%lﬁ%%%%‘é,ﬁ%%a?%?ﬁ@ 2B bRE AT lireet TRNA

rom yeast chr . [

O o BP0 B TGP g P RF fuft o, e phage

papova viruses, such as Sv40, vaccinia_yjruses,
lamhdeRbwremetes tha Bygoligas tipi ad4aspropolertidi tbPregafrs: fag § V40 early

and retroviruses, and vectors derived from
anddawehiaadiesnmdipnemetsfs ofsetrdvint LTRsste macijved fbw@hthe well-known

plasm d and bacteriophage genetic elenents, such as
profifdfi. 0% 2nerabRRGREI6S comdirictmyll bentbiiettes fur tengription,dnitiation and

in accordance wth this aspect of the present

terhiPYESH LD in FRISL& N +&3h, YGHo86mS YiddaHY StelfBr tF@isBtiBhNThe coding
propagat e or express pol yiucl eoti des or proteins in a

poriE AR AREETT PTRREEERL AR bbb Rl ARAue a kefkHon

pression vector |

~operatively linked to appropriate ex Si :

i g8 @ s hei BRI BENEr B TG SRIan (AR g &F L) approprictly
direct A transcription. Representatives of such

positianed teths end of thwaolypeptidy @ bedransiatedt ed to, the phage
| anbda PL pronoter, the E. coli lac, trp and tac

[OOgg]oﬂpgd%Etf’dn, I{}%\éo 5P SF I%El}g’ COI’il:tali]i% c§r\1/t%91 1% gl%hé/ that regulate, as well as

engender expression. Generally, such regions will operate by controlling transcription, such

as repressor binding sites and enhancers, among others.

[0059] Vectors for propagation and expression generally will include selectable markers.
Such markers also may be suitable for amplification or the vectors may contain additional
markers for this purpose. In this regard, the expression vectors preferably contain one or
more selectable marker genes to provide a phenotypic trait for selection of transformed host

cells. Preferred markers include dihydrofolate reductase or neomycin resistance for
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and | ate pronoters and pronoters of retroviral LTRs,

to nane just a few of the well-known pronoters. In
W@emensdsss expr essi on constructs will contain sPCEESI004/038330

transcription, initiation and term nation and, in the

transcrj bed region, a ribpsone bindin Lte for
cukiapyaiie il PEfRuroTH RIS, SPTHIILST SHACHER fpisince genes for

transcripts expressed by the constructs will include a
mﬂﬁw&méiaoﬁgndpﬁwtb%ﬁﬁﬁ@ AUG at the beginning and a

term nation codon (UAA, UGA or UAG appropriately

itioned at.th . i [ :
00BPE sby SRE Ppoils HdaPiophaR PRAKERERHIAR an approprite
contain control region hat regul ate,. as well as .
PrOgHEn OB ABLSH CORREFANTFSS P iafpaved j(pyan appropriate
operate by controlling transcription, such as . .
host wping e yerietyjof dvellgknomindschaigres Ariabletosxpasping thsreia o a desired
[ 0059] Vectors for propagati on and expression
polgpsgidal Rgpredentativa exanidesed apptophiate matskieclade Baotdrial cells, such as E.
mar kers al so may be suitable for anplification or the
col¥, SlePlotny¥BY arkSHIAbRel RO Ailna gl J¥BE;KRfigal kcells, sidtsas yeast cells; insect
purpose.” In this regard, the expression vectors

cel@%ﬁéﬁﬁ@ﬁ%ﬁeﬁo@ﬂ%}]@ Ehﬁfl%g%tem@ c§ﬁ§;%ﬁftﬁzﬁlcﬁll§'ﬁfc§%§ CIRNASOS and

pr ovil enot rait for 'selection o

Bl SR e b Bl S B B S sson consirets
foreukaryotic cell culture, and tetracycline, .

arepygibisAYh ad these) PEWE fththe égtmﬂgﬁ&@a@sﬁi ég thegpregegt digelpspge to select
E. coli and other bacteria. [0060] The vector .

an eppopiiate hosttfreexppessiog oheapethEretsias gEie@resgst EeNtions an
appropriate pronoter, and other appropriate control

ence be i nt roduced. i.nt,0.an ropy.iate. h
10T HEAE5G Pl BT ol 1 e el Pyt e b o 85fE 0. pamso
expression therein of a desjred_pal ypepti de. X
andplgE s antible B0 Qi Amcianf AU S Ve Bt iagrstEipLRstors,
‘bacterial cells, such as E. coli, Streptonyces and
Blatuysvettoss, PP AypNEHIoacpNHESA f pNg46 A cavailehle sigphStatagene (La
yeast cells; insect cells such as Drosophila S2 and
JolBp 020 PhieE®a JIOK 223 -8 spKEP3 378/ pIBR54(5 pRITH aweslabldBrorCBHersham-
and Bowes nel anonma cells; and plant cells. Hosts for
20881 i ' YEtFpLICY SpBEfedret]. pDsRed2-
P P R PR e ST Y PRty
by 1 res i sGl r | a '
EXR%§§-8$ b@idgpfc%ﬂdl, ﬁf&c@l%fl-(g’]f, tp?ﬁ?@llcﬁg-tc 15 %V@H?Jk? ﬁé@@é‘tgﬁ}t‘ (Palo

Xpressrrng one e proterns o

Altio[%ig.t ?E?(Qﬂlples of eukaryotic vectors include, but are limited to, pW-LNEO,
pSV2CAT, pOG44, pXT1 and pSG available from Stratagene; pSVK3, pBPV, pMSG and
pSVL available from Pharmacia; and pCMVDsRed2-express, pIRES2-DsRed2, pDsRed2-
Mito, pCMV-EGFP available from Clontech. Many other commercially available and well-
known vectors are available to those of skill in the art. Selection of appropriate vectors and
promoters for expression in a host cell is a well-known procedure and the requisite techniques

for expression vector construction, introduction of the vector into the host and expression in

the host are routine skills in the art.

26



10

15

20

[0061] Exanples of vectors for use in bacteria

i nclude, but are not |limted to, pQE7’0, pQE6EO and
wEoBs0s5488vai | abl e from Q agen (Val enci a, CA); P@GBUS2004/038330

vectors, Phagescript vectors, Bluescript vectors

[O@F%g rN§EII|1t(1Ege gﬂ% ) rg%\l Is_%ogﬁ‘c}sé gsl 12 above described
KK233£ pDR540, aval | abl e from Arrer sh am
1§ hBﬁfoq%(ﬂ%n 59? BBy olig)cell aswgh Eppangnalian cell, or a
PEYFP-C , pDsRed2-C, pDsRed2- Express-d, and
OVM@@CPIYO'U@M@EEI@S a Xﬁzst‘ﬁélll @vth©host elhicarabs @ pfokaryotic cell, such as a
Clontech (Palo Alto, CA). Exanples of eukaryotic
basteddleeR. Thrchastles]] dintbeatadlyt omntrdneidntl trapdfedtBERith HSV/edahitbuct.
rO44, pXTl and pSG avail able from Stratagene; rSVK3,

PV, pMSG and pSVL avajl able from Pharmaci a; and
IOMQ%%% senstyeiRptothpbrgt ¢oll cambredfectedpy ealcium phosphate
pCW- EG-P avail able from C ontech. Many ot her
traggectonc iIREAR-deytin mbdieted trdnsfedtidon oastiomelipidnsedaated transfection,
avai l able to those of skill in the art. Sel ection of
eleafp@yonstiorg tranadrietien, $nfacttbnr @i @i8hdde! SQ¥IPHRERII Brd des@ibed in
host cell is a well-known procedure and the requisite

mah§ 6RNHAHSSHIrALrERRAES SRR X TFA o GANBLGY Méﬂgﬂi’s in Molecular Biology

i ntroduction of the vector into the host an
(H%é ression in the host are routine skills in the
.[0062] The present invention also relates to host
ceIIs cont ai ni ng the above-descri bed constructs. The
[006dF The ptdteingof he carrbrtdiventien kak Wetdxpreefddlin ashsdifiébfodm and may
manmal i an cell, or a |lower eukaryotic cell, such as a

1nclriﬁ1@§1'bt Sﬁklladd@lbnﬁlt}ﬁmbﬁ’ss buCgtd se%f’e'ﬁoﬁ% Eraﬂgﬁ Bét‘érolo ous

, such as a bacterfial cel ost ce can

gl 5 Ly %%Sr%%r‘ééf?%ﬁ”ﬁwr'ﬁak%%?qq‘%%?%éé%r‘ﬁcmaﬂy
BTG T

cationic I|ipid- medl ated transf ectl on, el ectroporation,
perpisigneaiindhe bpst ceibfdveing prriBeationtes during hdwequeBtibindiipg land storage.
are described in many standard | aboratory manual s,
Alssuzg region dday imay bk added tBaisd mroddi toofdsilitate Mudi@e@itibAr Such regions may
Bi ol ogy (1986). [0064] The proteins of the current

be TeEBE ipEBr BN Brepufifies SLahe 'p%t@ln”%efaﬂﬁﬁloﬁ%rfﬁbﬂ% M&i¥ties to
i nclude not only additional fusions, but al

profffy Bleh@thdet AR Rn L AAG! 1Ml SB%Sy and to facilitate purification,

among others, are familiar and routine techniques in the art. A preferred fusion protein
comprises a heterologous region from immunoglobulin that is useful to solubilize proteins.
For examplef EP A0464 533 (Canadian counterpart 2045869) discloses fusion proteins
comprising various portions of constant region of immunoglobin molecules together with
another human protein or part thereof. In many cases, the Fc part in a fusion protein is
thoroughly advantageous for use in therapy and diagnosis and thereby results, for example, in

improved pharmacokinetic properties (EP A0232 262). On the other hand, for some uses, it
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functional regions. Thus, for instance, a region of
additional am no acids, particularly charged am no

w@eiodws48any be added to the N-term nus of the PCDUSI0N4/038330
to inprove stability and persistence in the host cell

' Lficatio Foduri S equent. handl j ng and
woll{{ ks L BEIIP D Rict SR RS HiSieian B et Boen exprossed
roteip to.facilitate purification. Such regions may
det @eﬁ& @PFEP/ 199r1p. dhe adyaptapgequs srasper dsridbedof t he prot ei n.
The addition of peptide noieties to proteins to
- ' ' [ st abi it
O i DBl (B L b o PRI g W pipifibd srom
famliar.and routin echniqgues in, the art. A . i
reop b ey Pl iy PSS e Pt S to, ammonium
regi on fromimunogl obulin that is useful to
sulfagg %qthqnz)épxﬁpl@@tém% acidgxtrastinmp prEion PpcAREE cBB@e chromatography,
(Canadi an counterpart 2045869) discloses fusion
phaspbeasiinlose orpmiatigraphy alrydoepshopar intepatsion chmansé @ahy, affinity
regi on of immunogl obi n nol ecul es together w th anot her

chrbmarigraphef lefdrooMlapadtd chidiaste gtfaﬁh_\y Bnd"RBYn 6@SBRtogkdMhy High
part in a fusion protein is thoroughly advantageous

perfial&Elidiid ERSHAREr Y (GPEOOSISy %@6* bk RED drf&ﬁ}ﬁ'ngi%ation. Well-

for exanple, in inproved pharnmacoki netic propertie

Jof ) ot her, han f Some use )
tnchef s 0kt e A R gy EloaB P By conformation
after. the fusion protein has heen expressed,  detected
whd SO Pl deRe et B Jen e M PGS P
[0065] The fusion proteins of the current invention
[0066Y"F RS0 HORYRS FheRdsdY fﬂvfeht@(g‘x f‘n(:ﬁ%,rtgﬁ gfg%dg Hited9, products of
cul tures by well-knhown nethods 1 ncluding, but not
I 10 ' |fate or ethanol precipifatio
cheh s Ginbi TR A e s e B R g Behiherom o
hr omat ogr aphy,, . phosphqcel | ul ose chromat ogr aphy, ]
pro RSP HIREDOT: B BN REBBIeapAyEr L Rgher plant, insect
chronapogragg , hydroxyl apatite chromat ography and
and|ragpmalighed) ﬁ@g@rabmg/upqﬁ b hp refaploped de alréapoibanant production
chr omat ogr aphy ("HPLC') may al so be enpl oyed for
progaduid, iteafision prodéins kfithemrdsentiny €itiea nhaybe @ie@sdiattd or may be non-
protein may be enployed to regenerate active
gly@RplaidTah boditivh &lsibh ?%ofrtéiﬁé SNthP ileRtifh [ 6%8 3h &% &on initial

during isolation and purification. 066] Fusion
' . ' [ i nel -b t
moflied Bl ohe AR R S6P A A0 PNl e B pie

and products produced by reconbi nant techniques froma
[0067] The fusion proteins may be used in accordance with the present invention for a variety

of applications, particularly those useful in detecting or monitoring an analyte. Additional

applications relate to diagnosis and to treatment of disorders of cells, tissues and organisms.

[0068] The current invention also relates to methods of producing a protein comprising
culturing the host cells of the invention under conditions such that said protein is expressed,
and recovering said protein. The culture conditions required to express the proteins of the

current invention are dependent upon the host cells that are harboring the polynucleotides of

28



10

15

20

prokaryotic or eukaryotic host, including, for

exanpl e, bacterial, yeast, higher plant, insect and
woreomeb48sh cel | s. Dependi ng upon the host enpl PyBEUS1004/638330

reconbi nant production procedure, the fusion proteins

0 . Nt ntion.. e gl.yc | ated or., may be
thurtelFioRGHRST e RN R iRs B s8R et the art and
i pvent.i on.may .al so include an initial nodified
Ca‘?‘r@? Fﬁsgﬁioﬂgmf)égi H0ecessay-some cases as a result of
host - nedi ated processes. [0067] The fusion proteins

[008BY TRE ph3&d iﬁxﬂ:nfﬁﬁﬁ Qfsﬁ 201685 Y ik ﬁs@ﬁltl ?%Sﬁ%ﬁfoﬁg\éggégl%e in a sample.

for a variety of applications, pa

LN t.ect | or_nonitori an anal yt . L

TR Btk QS St ol SfruPBe el Sheoudinauibh Usipnagotein with a

treatment of disorders of cells, tissues and . _ )
labSL%WP?EQPf Hesoguienimaertnn: cbhe kitmay alse aompyss inglruptiess or written

to nmethods of producing a protein conprising culturing
mafegial tpoid thealses of the invention under conditions such

that said protein is expressed, and recovering said
Ek%roa§in. The culture conditions required to express

& proteins of the current invention are dependent

E x%@ﬁ’olg r{ L_Ig ré%{%iS atéié’ é %g:l‘i’%‘t@g?l%ﬁ?é ?ff‘g ?ir‘fg’gfr‘l It‘ﬁ%ffill‘qc%] e cult Er e
0077 Plastsf L7 R S B MEVE Zei fom Ihel oy Mitho dp GGBP

The present invention also relates to kits useful for
geneorastamnlitigd dieman Bl i8R The GBihgene. wapHigatedtistodhe pQE70 plasmid to

current invention conprise at |east one conposition
cregieadiishilinpreggrdrprodetrhthat is atikl-iypg imssgetnck, efceptfer & Wsirefo-arginine

invention. The kit may al so conprise instructions or

changé bt @RinbBEEMHositioh 809 Mditheadif®dn offX MR 8BarRed MRl Epokition 310,

Preparation of Mutant GGBP and Fusi on Constructs
PPk j 3 ai f E

e S T R P P R e DR RE A R sl oDsea)

T . ..Jhe CGGBP ge igated.,into th 7 :
and ity 0N rara i S rd% el Hreoebrietinker ves engineercd
. W ld-type in sequence, except for a Iysine-to-argjnine _
ntq;ihg ﬁ@%syt%‘Pt RebVRRD e iflyorssesnt prtieiz @d thediistidiee-tagged GEMPoMutations

a serine at amno acid position 310, before the six
of the SGRR anskorghe flhere@entproiaiy wercTgemeatddd Zhgamstruady standard

anplified from (pDsRed2)
methods. For example, PCR was performed using primers that substitute codon(s) at or near

the primary glucose contact sites. This removes the cysteine residue from the DsRed2
portion of the fusion so that when the fusion is fluorophore labeled the label will be site-
specifically conjugated to GGBP only. All proteins were histidine-fusions and sequences
were confirmed by sequencing. A representation the dsRed2/GGBP fusion protein tetramer
is shown in FIG. 2. This was created using coordinates from crystal structures of the two

individual proteins (PDB ID’s: 1GGX and 2GBP respectively).
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and ligated to the Ntermnus of the GGBP gene. A
short three-alanine |inker was engi neered into the

W@ ovsN54863 bet ween t he fl uorescent protei n andP@TES2004/038330
hi sti di ne-tagged GEP. Miutations of the GEBP and/ or

bl BB IS el PR P e e
OB 30 RSB BTt o SR8 SRIGPEhhonror 2

t he cysteine reS|due fromthe DsRed2 portion of the
hoyrssthe Racjeria were Liiteén Thedyspiestasrrlased by evdpfigaiéon atskthed
the | abel will be sitespecifically conjugated to GGBP
DsBadi3(C1MUB)YGHEBP (I 4051238 1C3 fustinnmofeirs ivangurdfived s eigirosiBised metal
were confirmed by sequencing. A representation the
affdﬁmm&@egﬁapﬁy AMACPEShN ThIBH 5@8@It—lia§e® tRRWA frdin El16atech. The

2. This was created using coordi nates from crystal

fus%&&igfeﬂ{ Was &fnc&rﬁ?&téd’ﬁén{nﬁ‘? § (}0 @Q‘kuﬁgfﬂgﬁ:‘r ng E{&% EQ{&@ then dialyzed

2@8P respecti catli

ot £l Hheasepiafuge M@@Qﬁa%ﬁaﬂﬁ@&ﬁ &y o ) anc

3009. After E. coli induction for 72 hours, the
stopdat@P7G were |ysed. The lysate was cl ear ed by
centri fugati on and the DsRed2(d 19A) GEBP(E149C, L238C)
urified by i mobilized netal

)
Ex%ﬁzf?iie%l i ‘4’5 l%%ﬁ\%’gﬁby WHINEY | MAC) usi ng Tal on
ased) Resin from C ontech. The fusion protein
W‘\%Zﬁ F@BWS‘H{%%BE%Q %@lﬁ-rw@"ﬁ B ¥t performedihyysiteppecifically
protein was then dialyzed at 4C into a solution
aﬁ@bmgdhﬁ fyrythrugh @ covaliem bonidsit picysteian desbmen ihidiRden Wasirst treated
8) and stored at 20 C. Exanple 3 - Labeling of the

withuisthothrpitalf @idthg08 7@ifoldl melaogivesseo ftashlyi prepdred ﬂuoro?hore (in this
thiol-reactive dye was performed by site-specifica

cas@ta&@l‘d&laﬂﬁmtdihﬁet%ﬁsﬂﬁ&ﬁié%s%uﬁ&Ylﬁ&ﬁﬁl ad¥@@ITRE néxture was incubated
cysteine resi due The fusion was first treated wth

for?r rl oﬂhm’nﬁ'ah &? P@Q]ﬁgre:hgoxjeﬁ Ib? st%l &0 lugfé)%ec%ﬁ}nb%ﬂjromatography

pre ore hi's case acr

AR ?f#ﬁe{?‘éﬁg ESE B S bayein P deieanined by

dfyhzevvas renmoved by size-exclusion col umm
abspfhaggmt ogr aphy and/or dialysis. The efficiency of the
coupling of the dye to the protein was determ ned by

Example 4 — Measuring the Fluorescence Intensity and Glucose Affinity for Various
Compositions of the Current Invention

[0073] A fluorescence assay was used to determine the affinity of the fusion protein to
glucose and to assess the intensity of the fluorescence response. To determine glucose
affinities, the acrylodan-labeled fusion protein was incubated with increasing amounts of
glucose. For glucose affinity determination of DsRed2(C119A)GGBP (E149C,L238C)-
acrylodan, 0.5 uM of the labeled fusion protein was placed in saline solution with or without
glucose. Samples were assayed in triplicate and contained either 0, 0.1, 1.0, 2.5, 5.0, 10.0,
20.0, 30.0 or 100.0 mM glucose. Using a spectrofluorometer, the samples were excited at

390 nm and the emission scanned from about 430 to about 700 nm. The acrylodan and
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absorbance. Exanple 4 Measuring the Fluorescence
Intensity and 3 ucose Affinity for Various

w@09p0sisss ons of the Current I nvention [0073] PCT/US2004/038330
fluorescence assay was used to determine the affinity

of the fusion protein to glucgse and to assess the
DsReferiistignptetergadat 340 @gb%ﬂc%%r%ﬁsw@twe?}s gaoéerEieﬂébeled
gl ucose affinities, the acryl odan-1abel ed fusion
negative edmirohms therfasibaproteinivian tdstedrie sonfign Energsrest kghonance energy
gl ucose. For glucose affinity determ nation of
trad9sdReEHRG.Q). TBASEMe(thd 49i@itl 23 8(E) fusian fyd thel amglyte .(n thidl exbmple
the | abel ed fusion protein was placed in saline
glus el tthOBm kil 0P DsREANIH @b MGOFEG. PARbRAMONBE Sqisiday ed
in triplicate and contained either 0, 0.1, 1.0, 2.5
5.0, 10.0, 20.0, 30.0 or 100.0mM gl ucose. Using a
spettleft Bofbrefa)), the sanples were excited at 390 nm
and the em ssion scanned from about 430 to about 700

nm _The acryl odan andDsRed2 em ssi ons,,we read at 520
whifeaRy B Sath 10 D MYl IR ) ol B Hada fFpguse.  For
control of the fusion protein was tested to confirm
DsRpdF ARG BEIATR 3B RbrgyIadinna fERcor Ay of 7hout 1 mM was
determine the affinity of the fusion for the anal yte
derfiomsitateids exanpl e gl ucose), the enission of DsRed2 was
graphed (FIG 4) according the equation: f = F + F
t/ (1 +(x/K)) where is equal to the glucose
[007a Ot TARIeAN(CAT OAMGGRIP fusivaus ivnead corsapceiad evithfantino acid substitutions
DsRed2( C119A) GEBP( E149C, L238C) - acryl odan, a gl ucose

at ®hdd OGBY sabs ARQHEn durlMdvRd 18RENS itk @él?ﬂ)daﬁ 89 AftkhddsRBhilar to the
DsRed2(d 19A) - fusions were consfructed with

BRSPS DRl 80 0B LS PP hcentaons
MLl L I T R

gl ucose gave the follow ng data. The performance of
mepfygerpenss siop deteprinpdeqearng focthadmament s was
determ ned according to the formula: QR =[[( / | ) -

Cogr'2 1 "1i@ALL By L (A8Y. / Tog)) /(To,. / Tog)* 100

In this formula, QR = Ratiometric Quotient (%); I.. = acrylodan fluorescence emission
intensity (+ glucose); Ir = DsRed2 fluorescence emission intensity (+ glucose); o, =
Acrylodan fluorescence emission intensity (no glucose); Ior = DsRed2 fluorescence
emission intensity (no glucose). The raw data and calculation of QR are given in Table II.
Generally speaking, the higher the absolute value of QR, the greater the ratiometric change is

that accompanies ligand binding (the ligand being glucose in these particular examples).
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and DsRed emi ssion at 58P ran. Data Wwas not

Mo16€l uor esgeides) of 44sRed22150 t Re12bsens.8%of
upon 390 nmiexcitation (fypically only 10-15f

val IIQQ\ A rrnf eins werell abeledwth
TVCT A>3 T A= W Ay | rAw |

bA8Glye per | G240 9P | 520%0n| ﬂaz%&arrdﬂg 9% é"?“\My

E149C/ L238C |mut ant|, was | abeled with approxi mately 2

S NEVE e%aﬁef{ot&é{g%mga(an”pl € 5 - Measuring the Concentration
of ucose i n Sanpl e Using the Conpositions and

Met hods of the Current Invention [0076] To measure

003G R B SRE BTN 5t PR DALl 52
e e e SR A0 55 bt PRl e

anal yte, the fluorescence of the sanple
5 390 nm excitation (typically only 10-15% of Iog values). All proteins were labeled with

%&nm

corrected
Ay yl odan
0 Of I OR

I\l

approximately one dye per GGBP except the third example, the E149C/L238C mutant, was

labeled with approximately 2 dyes per GGBP.

Example 5 — Measuring the Concentration of Glucose in a Sample Using the Compositions

and Methods of the Current Invention

10 [0076] To measure unknown amounts of glucose in samples, the fusion protein was added to
the sample and excited at the excitation wavelength (390 nm for acrylodan). Then the
fluorescence emission was recorded. To quantify the analyte, the fluorescence of the sample
was compared to known fluorescent responses from standard glucose solutions. The
unknown glucose concentration in the sample was determined from formulas generated

15  describing the standard curve. Additionally, the PBP could be expressed in the sample or cell

prior to fluorescence analysis.
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was conpared to known fluorescent responses from
standard gl ucose sol utions. The unknown gl ucose

w@onsesMssati on in the sanpl e was determ ned frpeT/US2004/038330
formul as generated describing the standard curve.

Addi ti gnal th 0 be expressed.in the sanple

0o e Bed2le 1 105, BRI s nafier s5ntsd pyrvegres enétated for
DsRed2(Cl 19A) - GGBP(L238C) - acryl odan, a standard curve,

glupass sgbionafreth 3-8 Ml Hevwdknewmsdetesmenatioamili: gmplgst g@égulations use a
unknown determ nations, the sinplest cal culations use

linéar régredion e atbas(yemxet ab inosar regressicibivas pérfeared on the linear portion
regression was performed on the linear portion of the

of e Wdﬁ% SHL¥ERr bomh thoitiolhe1ahsfleteddtd HaGe Iy anrents aba the ratio
(FIG and data fromthe ratio of the acryl odan

of 3 o3 Qs B DSR B Sls B (PR ] BnERG oD g Determine the
t he DsRed2(.C119A) ~GGBP( .2 - 0 dt

S CRRBEUER PrNE bSO L A HES 2k et Hodan was
Table IV lists results for glucose determ nations in

addedyip thessamplgypnsl the fluersreense crdmE)wasdgrn Pade]V Aistsypydtgfor glucose
St andard Curve DsRed2 582 nm y=7513. 8x+654023 R2=

detOrmBid@@orRah isanPlé95 nnf 582 nm) y=0. 0115x+1. 1218
R*=0. 9705 Table IV Determ nation O d ucose

raiiEobeRsd Ao o HORER AT iR o 5

DsRede581 Aed Det errins(s 4xA652083 9 PR160.38796 Exanple 6 -

Example of Fusion Protein Reversibhility and Conti nuous

Rap M45omni§2 om)ar] yRRAILJEEHT botA8]  TRe0H05i ty {o

conmtinuousty monr tor —a sanpt e during anal yte
concentration fluctuations in the sanple environnent
TableckV t iDraterinsinatiom Od (HucdsarGmicentration o6 UnRBPen Samples

Unknown [glucose] DsRed2 582 nm | Ratio (495 nm/582 nm)
Actual (uM) Determined Determined
4 4 5
8 9 9
16 16 16

Example 6 - Example of Fusion Protein Reversibility and Continuous Monitoring of an
Analyte

[0078] The ability to continuously monitor a sample during analyte concentration
fluctuations in the sample environment over time is a unique characteristic of PBPs.
Continuous monitoring by PBPs is possible due to the reversible ligand-binding capabilities
of the receptors. To demonstrate how glucose can be monitored continuously in a single
sample, DsRed2(C119A)-GGBP(1.238C) was placed in a solution that was absent of glucose
and the fluorescence ratio was determined. Glucose was then added to a concentration of 64
uM and a fluorescence reading was recorded. The sample was then placed in a dialysis

chamber and dialyzed to remove glucose. After dialysis, the sample was again tested for
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Conti nuous nonitoring by PBPs is possible due to the
reversi bl e |igand-binding capabilities of the

WO e@sps4355. To denonstrate how gl ucose can be PONUSIOEWBS330
continuously in a single sanple, DsRed2(d
19A)-GEBR(L238%%émas placed in a solution that was

fluozpssante wpisyioncbhie damanytrgedthydhe emission ratig hagl sgguned to near the
determ ned. G ucose was then added to a concentration

initidll rédingihleendn shed dbsence o ghwese. dddaliyy theagucase ooutediratigrewas
sanpl e was then placed in a dialysis chanber and

incfbaddtd g |1V ah@ R \EEniHidICRS6 alsbfih@tasdil ahilishttng thb @resamge! of glucose
was again tested forfluorescence em ssion. This

Cnﬂgp@ﬁstrateq that the emission ratio had returned to
near’ the initial reading taken in the absence of
gl ucose. Finally, the glucose concentrati on was

TabledV e@oatintous/Mbnithtiapg df Ghecosai ssion rati o al so

-hereased—ingieating-the—prasence of gl ucose (Tabl e
e ThpPBicgse. |cont i s Moniltoring of d ucose Tine

25 6 33 3 00 89 3. 517 1 1.27Wiat is d ai med

gﬂx cosiée1 @M} 0 (QAQBMHMZMPE nm/ 582 nm) 0 O 0.95
i

A mBthod for qU@htifying an analyte in a sanple,
tgd—canprisipigs a) adqni nistering a fusion

pr ot ei aijld sanple, said|fusion protein conprising

na |

ntos
a2fungti ofal peripl asB¥c binding protein (PBP), at
ene-tabeHngrpLety—ang at | east one fl uorescent
rot eiln; nd ) neasE??ng t hg | um nescence of said

fTuorescent fusion protein, wherein said | um nescence
is indicative of the anbunt of analyte in said sanple.
2. The nmethod of claiml1l, wherein said neasuring is
performed at nore than one tinme point in the sane
sanpl e.
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The nethod of claim, wherein said nmeasurenent can

be made continuously. 4. The nethod of claiml,
wob@ses485sai d fusi on protein binds reversibly POI/BE81004/038330

analyte. 5. The nethod of claim1, wherein said sanple

is a biological fluid. 6. The nethod of claim 1,
WhatissChisaed isjuant i fyi ng conprises calculating a ratio

of the fluorescence of said at |east one fluorescent
1. pr oAencthédfor lpearftifviog @s eedyte iofa ssviple, sid imedhyrd eomeprising:

| abeling noiety. 7. The nethod of claim1, wherein

o e R FAHEEGH Cciei] TPELe AP A B Comprising 2
quanti fyi ng conprises calculatin rati o of the

fI uor deessieodl psfiplamir binding psqtei \KgBP ) b e ilabeling moiety and at
proteins. 9. The nethod of claimof claim@8, wherein

sai d datast essfiudrewserftipuotcas apdit protei ns are not

identical. 10. The method of claim1l, wherein said

f ungy} ipaehrifBERe hinmedeatesk shiomdrbr et fasipn peotsinst i ng
of gl ucose-gal actose binding protein (GGEP), maltose

bi ng’!hn dirh agcf L BRce 1§ inhfb?ﬁxé%?fltﬂb Qﬂloﬁﬁtcﬁfeahﬂly(ﬁﬁ@nd sample.

ara ng protein di peptide bindi ng
protein (DPBP), gI ut amat e bi ndi ng pr otein (G uBP),

I r ogybl nﬂ’é’g%ﬁg e?nBsPa)ld %aﬁltnl §€é %&r{lll%lgi @8?%?“‘9‘?%%5 One time

2 (1B g protein
bi ndi n pr otein (Gl% ol i gopept i de bi ndi ng protein
( CpBRY lé‘rf © 3RS PNl es thereof. . The method of claim

10, wherein sal d functional PBP is GEP or a
3. deripiahleRdt f1 wherein $4d FRLAREN St o6h BE Eﬁa@@ contlnuously

wherel n sai ana yfe I's glucose. 13. The nethod of
claim1, wherein said at |east one fluorescent protein

4. i's Tetected df camtlh evhgredusnid fussingirbie bihdsreyemsidy to said analyte.
fluorescent protein (G-P), red-shifted GFP (rs-GFP), a

red fluor escen rotein, (RE % el cent
5. pr ot e Fefhpdif ¢ aé‘gclyﬁ’ ﬁ%%ﬁlg ?f’éﬂ?¥s a bidtogicat Bl
6. The method of claim 1, wherein said quantifying comprises calculating a ratio of the
fluorescence of said at least one fluorescent protein to the fluorescence of said at least

one labeling moiety.

7. The method of claim 1, wherein said fusion protein comprises at least two fluorescent
proteins.
8. The method of claim 7, wherein said quantifying comprises calculating a ratio of the

fluorescence of said at least two fluorescent proteins.

9. The method of claim of claim 8, wherein said at least two fluorescent proteins are not

identical.

10.  The method of claim 1, wherein said functional PBP is selected from the group

consisting of glucose-galactose binding protein (GGBP), maltose binding protein
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protein (CFP), a blue fluorescent protein (BFP),
enhanced versions thereof and nutations thereof. 14.

wab@soeshdd of claim 13, wherein said at | east PONES2004/038330

11.

12.

13.

14.

15.

16.

17.

18.

fluorescent protein is RFP. 15. The nmethod of claim

14, wherein said RFP i s sel ected fronithe r ou L
c o{BIBR); rigpse bimkimspptcinRiR), arabirssd leﬁwigé’égte%gml’) dipeptide
mutations thereof. . The nethod of claim 15, wherein _
s aibthdRiPproteit (BPBBRetiRamatt dintdifpsRetéR( @luBQ);)ironlb}indlmg protein
method of claim11, wherein said |labeling noiety is a

1 YPEPDRIsRdind %deﬁgepr@ﬁsﬁrhg@Bpf ﬁﬁbs@hﬁﬁebﬁldm@pﬂoe&lﬂ (BiadsBP),

fl uorophore is selected fromthe group consi sting of
qu r.escei
R XA ROl MEORS, SR DRSO A) ol

qu r. 532, e fluor 546, al exa fluor 568, alexa

Gg V@@@SﬂﬁFﬁﬁg fluor 555, alexa fluor 633, alexa
quor 647, alexa fluor 660 and al exa fluor 680.19. A
CONMPRShithed oP&EﬁB{ 6 vigkréin ki ifeictiRh A TR MNisMEGBP @ aakdvative
Ieast one [ abeling ‘moi ety, said fusion protein portion

rgg ng a functional periplasmc binding protein
4t°T east one fl uorescent protein. 20. The

conp03|t|on of claim 19, wherein said functiona
perTha msibe obilaiah 0, wiictiaisaidianalyed isgtuedsd.r om t he gr oup
consisting of gl ucose-gal act ose binding protein
(GGB mal t ose, bi ndj ng. protein ri bose
pr oTlefi methaipf claim Apvheen BidAilsast ‘Bieod‘léiriﬁcfl}ié’ﬁ?tem 18 588cted from
di pepti de binding protein (DPBP), glutamate bi é%
pr dhegroup@undsing ofragretst Henrasepirsoim( QiR ppl-s shitied Girp (rs-GFP), a
hi sti di ne binding protein (HBP), phosphate binding
pr ofe@ifilofsbas BRtein REP R miyieHowiflwdiasgerp podtein{ Y FP), a cyan fluorescent
ol i gopepti de binding protein (QopA) and derivatives
thegepi, (?FP{_)) TBﬁle GRIORQSdHE bR BEPRieAhRRed Wasiolk thesdifdnd
function BP i's GGBP or a derivative thereof. 22.
The_c¢ of claim21, further conprising at
| eat gﬁ gﬁi ‘ional fluorescent

The method of claim 13, wherein said at least one fluorescent protein is RFP.

The method of claim 14, wherein said RFP is selected from the group consisting of

DsRed2, HcRedl, DsRed-Express and mutations thereof.

The method of claim 15, wherein said RFP is the DsRed2 mutant DsRed2(C119A).
The method of claim 1, wherein said labeling moiety is a fluorophore.

The method of claim 17, wherein said fluorophore is selected from the group
consisting of fluorescein, acryoldan, rhodamine, BODIPY; eosin, pyrene, acridine
orange, PyYMPO, alexa fluor 488, alexa fluor 532, alexa fluor 546, alexa fluor 568,
alexa fluor 594, alexa fluor 555, alexa fluor 633, alexa fluor 647, alexa fluor 660 and

alexa fluor 680.
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protein. 23. The conposition of claim22, wherein said
at least two fluorescent proteins are not identical.

WQ@20050h85E onposi tion of claim19, wherein sai dPEI/US®a$038330

19 o d AstemInRosidiomepmPFISing @ppsion grofely

20

21

22

23.

24.

25.

26.

one fluorescent protein is selected fromthe group

consi sting of a green f|uorescent protein (GFP), i )
ot 8 @éf?@stmnsé%ehng moety,

(RFP), a yellow fluorescent protein (YFP), a cyan _

f | uerié Sicstont prptedt pdtion OFEprisiag b frctiphadeapleemic Pndingiprotein and at

(BFP), enhanced versions thereof, and nutations

t hetea®f oneZmorckbent peotpiasi ti on of clai m 24, wherein said

at | east one fluorescent protein is RPP. 26. The

conposition of claim 25, wherein said RFP.i s selec&ed .

f r ofe BRMBPYBEN i1y, ﬁsdlegﬁqn Eg(ﬂqgg}g:uop%l Qgﬁpl’asmlc binding protein 1s

dsRed- Express and nutations thereof.27. The

conpaséted Homahe groamp woadstingrdighioese gildctRrrbinding fpeotein (GGBP),

DsRed2 nmutant DsRed2(Cl119A). 28. The conposition of

cl aifHltdde binliap rdteiadMBR)akiBbsebinding pioyein SRBP), arabinose binding

fluorophore. 29. The conposition of claim 28, wherein

sai ?Toftéiﬂ QAB@F],Qﬁﬁegkﬁe BRIdRL 6teld @PEIE ghfe *\s{glaﬁigsgrbt@gl (GluBP),

of fluorescei’n,” acryol dan, rhodarnine,

2 R R RSB g oo
546, al. f 568, al. fl 94, al J .
SsSprarE e ssinchidie praig. digsediBiindnggiogaOreA

and al exa fluor 680. 30. A vector conprising a nucleic
aci éndeeiietives BowPhg for the fusion protein portion of
the conposition of claim19. 31. A host cell

co Lsing the vegl.or,of .claim. f fa
or oapePHaPa ATV ETRE! 28 it R Ropef ot PR IR B or o derivative
cell of claimunder conditions such that said protein

i's ssed, and recovering said protein. 33. AKkit
for detecting the concentration of an analyte in a

Samphg con@bGidsl b QRRPE 1, Fuier hBiprising at least one additional fluorescent

protein.

The composition of claim 22, wherein said at least two fluorescent proteins are not

identical.

The composition of claim 19, wherein said at least one fluorescent protein is selected
from the group consisting of a green fluorescent protein (GFP), a red-shifted GFP (rs-
GFP), a red fluorescent protein (RFP), a yellow fluorescent protein (YFP), a cyan
fluorescent protein (CFP), a blue fluorescent protein (BFP), enhanced versions

thereof, and mutations thereof.
The composition of claim 24, wherein said at least one fluorescent protein is RFP.

The composition of claim 25, wherein said RFP is selected from the group consisting

of DsRed2, HcRed1, dsRed-Express and mutations thereof.
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conposition of claim19. 34. The kit of claim 33,
wherein said functional periplasmc binding protein is

W@ etosos4865 f r om t he group consi sting of PCT/US2004/038330

27

28

29

30

31.

32.

33.

34.

35.

gl ucose-gal actose binding protein (GEP), nultose

B e

protein (DPBP), glutamate binding protein (4G uBP),
i r oRPsBPHA[AGOM)-ot ei n (FeBP), histidine binding protein
(HBP), phosphate binding protein (PhosBP), glutam ne

ana 1aer DR Gulof L 2F RABES B IR BRI R LoorBhidhe

wherein said functional periplasmc binding proteinis

gl uges egabasti O 6f hind2 ) Gvietah £4id fGkIPRIredE sélected from the group
derivative thereof.36. The kit of claim 35, wherein

sai i : . R al :
me?%@nﬁ%@l{éléltog ﬂgltﬁre?(léééﬁg,?a%%r?led%%l rhbB&mitlet BODIPYAAMABE orange, eosin,

uorescent protein Is

lected fromth i Sk f
1 uBveBE askiihe spihel AR IR LAR, o8y HER 0o, sleguor 46
o OBl IR, e A Sl i S35 et Hupi o for 647

bl ue fluorescent protein éBFP) and enhanced versions
t herlsst fluggoo0rh H¢xa fhfor 6B&i m 37, wherein said at
| east one fluorescent protein is RFP. 39. The kit of

.? : 3&%@%@0&‘ ﬁ%ﬁ%&%@%ﬁﬁ%{:&% g%%esqugrilcsécc%&%geforr &1% fusion protein portion of

the composition of claim 19.
A host cell comprising the vector of claim 30.

A method of producing a protein, comprising culturing the host cell of claim 31 under

conditions such that said protein is expressed, and recovering said protein.

A kit for detecting the concentration of an analyte in a sample, said kit comprising the

composition of claim 19.

The kit of claim 33, wherein said functional periplasmic binding protein is selected
from the group consisting of glucose-galactose binding protein (GGBP), maltose
binding protein (MBP), ribose binding protein (RBP), arabinose binding protein
(ABP), dipeptide binding protein (DPBP), glutamate binding protein (GluBP), iron
binding protein (FeBP), histidine binding protein (HBP), phosphate binding protein
(PhosBP), glutamine binding protein , oligopeptide binding protein (OppA) and

derivatives thereof.

The kit of claim 34, wherein said functional periplasmic binding protein is glucose-

galactose binding protein (GGBP) or a derivative thereof.
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36.

37.

38.

39.

The kit of claim 35, wherein said analyte is glucose.

The kit of claim 36, wherein said at least one fluorescent protein is selected from the
group consisting of a green fluorescent protein (GFP), a red-shifted GFP (rs-GFP), a
red fluorescent protein (RFP), a yellow fluorescent protein (YFP), a cyan fluorescent

protein (CFP), a blue fluorescent protein (BFP) and enhanced versions thereof.
The kit of claim 37, wherein said at least one fluorescent protein is RFP.

The kit of claim 38, wherein said RFP is discosoma red fluorescent protein (DsRed2).

39



