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WO 2005/ 089409 PCT/ US2005/ 008833 1 SENSOR CONSTRUCTS

AND DETECTI ON METHODS The present application clains
W@ei0sH0844y9 from U. S. Provi sional Patent Appli cap¢DnS2405/008833

60/ 554, 313, filed March 17, 2004, entitled "Novel

Fl uorescent Nanosensor Protkins," the 5 entire

di scl osure of which is hereby incorporated by

reference. BACKGROUND | nmmunoassays and assays based

on the pSENSORSONFRUCTSANDI BRTEPEION METHASy 10

the nost wi dely used techni ques for detecting

anal ytes. Wil e PCR-based techniques generally give

goﬂ“ﬁe gesan hj)plfctaﬁcﬁnﬂiumis piidayty ftdmeyl $Previsiohal Perent Appliestion No.

t|n scree i.n nman Iaboratorles
60/5%453 efgléts Mareh’ [ 2004usaitodRIavEl Fleraert Nepgpsg Fygteins,”
entlﬁrtﬁécl/dsﬁ% of '\xﬁm.tlﬁ' i9 h&gb)pfﬁl:orﬁﬁxaﬁa 'b?lréfereh('ieS accuracy is

strongly influenced not only t he performance of the
PCR assay itself, but also by the qual ity of the
nucl ei ¢ aci ds extracte d5 l:)blologlcal 15

mat eri al s bei ng tested |on the detection

sensitivity of PCR- based nethods can be reduced by
inhibitors in the extract that nmay interfere with the
nﬁﬂ“??‘?f‘é%ap’ o ﬁn%ftsé%’é dased pp fiepolymerasp C’&é? $BRTR (PARe kg agppng

the ﬂhSéi Widaguted t&m@,]u&t foP dReRiRg Saytkd) While PCF%aF’élStHJhﬁlques

hei r accurac munoassays are genera
genfealbemq: g@@@@cneqmnmevuye gy theed mit ﬂrgent \Mldplerraﬁqrtm for Tnsipe

been do ted iR a vari
sere TR R OR P O el & g Mem R ) Seq B e s
in bio[ﬁgltfaDﬁhSﬁﬁMS,, 1tsaz[¢du1’d!38ﬂs et i) BDfluSBEBRYS dﬂ@l Hyothé berforashce of the
Current ELI SA and Western-bl ot techniques,

mon.
Pcﬂnwevéﬁelf P rorby thatatipy & theriglsi acils extreqiad fiom thegftiglogical
matdHaB Bei gloteﬁéhe " B 6 1%5 Tt dettlrc"t’lbﬁ rs@llsmfvit?\% Pm&ﬂsﬁé@foﬁis hrPoe

generally faster Ut are not accurate as
reducechb)enutuba,tmasl in el @Asct thian nay urecnﬁet: with MHayhffc@mmqtro@as Trained

r opgsed b or ctin nal yt es.

b e 85 ot ScsBliaet R oiow U b ] R sty

5, 998uRYsay SRICQINISIE 10ds Rpddisvt @hdrdd@ivé REs @Alning to perform.
anal yt e- bi ndi ng regi on_and two fl uorescent Ia%els

Theyais heppadopiadyit @ VBRSH PHEPTIas With enzias Linked igmatnpsasbengassays
L PR} TR 00 g a00R DA Sl OSSR R ymon

Cureat:ELIStAhmd Wé'mrs-bmuteehmquesf lhoymvels w;mo:e nudtde anogleation steps and
tween the |abels

ere A5G oREA Dicteh er-TAt DA atArs el bisgye notas

accurit® BBJnverRiond@l ELIBAVE proposed a similar assay format
in PCT International Application No. 03/025220. This

as SapltpBRE 383y format has lacen Aropeesddiy T sicnatt al.fer defeciing analytes.
Thtﬁgéﬂnﬂie 93@3&1%@ g iR ﬁb Ns 993}%(549 ?hai@sduste tprotein having an
uor elrn

sctcent proteln pOFtIOﬂS usi on
analyte-binding region and two fluorescent labels. When the analyte-bmding region binds an

analyte, a conformational change occurs which causes the two fluorescent labels to change
position relative to each other. This alters a fluorescence resonance energy interaction
between the labels, which is detected in order to determine analyte binding.

Frommer, et al. have proposed a similar assay format in PCT International
Application No. 03/025220. This assay makes use of a fusion protein that includes a
periplasmic binding protein portion and two fluorescent protein portions. The fusion protein

changes conformation upon binding an analyte, changing the relative positions of the two
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changes conformati on upon bi nding an anal yte, changi ng
the relative positions of the two WO 2005/ 089409
wWEQS8RM05/ 008833 2 fluorescent protein portPCHES200§1008833
altered fluorescence resonance energy interaction is
thereby induced between the?fluorescent protein
noi eti es. The assay systens disclosed by Tsien and
Frommer both require the use of sensor constructs
flugrhscent prbigingrordonsf omateradriluppseeniod raddmgcesnergyahtgtaetiaf is thereby
|nt nor.eover detect only snl
mducegl yf"zes?“ %ect%udégscgrft ?t‘%ln ml?éegﬁﬁg and am no acids. There
r enblie®sdy syeeshs dtsbl@ﬁéﬂf@rﬁlenf&ﬂ Feofiléeb ERQLRE BRI SBehsor
to anal yte detection which takes advant age of
consgushyhich chage goniormationapon hipding ar peahye pliintegpst.c Bothg moreover,
[ t g
e e S s A g S cp T AR ing e e repatps @ necd,
therpdareclior emhore gemelrdl aapmhghtteanalsne dwm%lchmbesmdmb of

th f in in e i nvolves

res R8s i P BE B o RBs RIS feis L BB e e Fogs change
confirhRdbh &Y ordectogiicti ANandigtRdrAhaMabieht caReghdl salyley, bi nds

the analyte; (ii) a first |abel conprising an RET

donor; and (iii) a second |abel conprising an 15 RET

acceptor for the RET donggy h¢§ &WET acceptor is

separated fromthe RET donor y a distance that

alloms Forster resonance energy transfer fromthe

to t e r.to ur ref r.abl a

o of e prgbeb{ B e FEiirhd an GG in g iRt sl e i ensor
conktieet Rk e6i %ﬁdes (ﬁ%ﬁi@l&bﬂldt&@cd&ﬁﬁi@h ﬂoﬁﬁmtvhﬁ’clﬁs?eéﬁéally binds the

construct binds the ana proximty he anal yte
anajyde; t(ika firtiabglospsiorising/as rﬁﬁTh@%mé@@épmpnd hbercpmprsing an

[

RER g tpfhe 1ihe REIUAGE S RETURSHoL etirded RofUPRET Waor by o
distgnagribdt alldwe Fprsees ecsoranoé edehngy amafey fiom the ddsx’me t(S a:mabceptos to

i ndi he detecti n of this tlcal na
occlf B O D SRS S0P | AR T HEOPS: SRkt olecular
rec@grﬂﬁﬁl RimaiEasHE kdtoconfifidt hidlis @PbhARL, srbabaly FeRehalRdo the
a Forster resonance energy transfer intefaction

RE"B éipm_remd/ of fee IRET agrspior inerépreshuittREFREE e@pnamondfetwm the RET

dorBEARPRES ABEDId lesBlith O &%:ce%&'ﬂ%aogrhhﬂ Ughfl® 13

in thié £aﬁrmleis amhb&&¢dl\b,3€lhe tdbtecmmmf thad omfenl d@lal. Si gn aI an d t he
Opt r contacti t he ensor,

et ected af n
con rpﬂi?:SF ’%ﬂ?th ‘%hcén fac uﬁ?ﬂ@ BeTF P%ercg’r%cséﬁpﬁ @?m@ﬁrmg a
contrBl SptishiGi@ial ?éi@rattef&leoy‘:@mrﬁt@f re@ﬁ{ahééaéne@'ygﬁﬂifef ﬁteractlon between

i ndicative o he anount of the analyte in
the KEomor aethe RETaccepigrmy ﬂmamorc censirvet paiot mqn@ntmg‘ the bemsor

con! Ptfblt% theP aﬁI cr %Ph %ﬁhin deter hd (ﬂffgr.lggc b%%v?e%rslltheyc { ol qptlcal

ecay uoregcence or unlnesceﬁg
sigrtah azndstha sptncal ﬁ@nzﬂ dastted efiericonti® g Ulice@dna@s cobib@uoplitic@t sample.

esence of the analyte

Thesciig”er:]r%hée between this signal and the control optical signal is indicative of the amount of
the analyte in the sample, thereby allowing quantitative detection of the analyte. Preferably,
a change in the intensity or decay kinetics of the fluorescence or luminescence of the sensor
construct is measured as the optical signal.

In the present methods, the RET donor can be any of a number of fluorescent or
luminescent moieties, such as a fluorescent protein, a lJuminescent protein, a non-protein

fluorophore, a non-protein chemiluminescent compound, or a fluorescent nanocrystal. The
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In the present nmethods, the RET donor can be any of a

nunmber of fluorescent or |um nescent noieties, such
W@32008/084400r escent protein, a | um nescent prot ePer/US2005/008833

non-protein fluorophore, a non-protein

chem | unmi nescent conpound, of a fl uorescent

nanocrystal. The WO 2005/ 089409 PCT/ US2005/008833 3

RET acceptor can be a nol ecul e whi ch quenches a signal
RET renepton eaiRpeTa gwkesple vareh quenehssre sigaatiieoat the REST dhinoplaag $n some

.l ner ,..sensitized. t ignal.. | rder t

enRub L GAIRE ROk £ RRE ARy Pl op giely @ Geact e

inteityt dftheofRicll domdr Bultipld RET éqroty fhd Gadkpirsanhgsol vaghdheiRd on
on each sensor construct. The sensor construct itself

cach SSYCORSHILy B Ep ETTHRT CoRPEICE HiFiaRBE P PRIVAPPIEIe o g ggpTise an
antiBbd boaél)li}gs*dy fri AR QlchSH %ro%rtﬁ)anfr?H%ﬁ 4y lﬁs&!ﬂ embodiments,

ant’i I'n such enbodi nents, the nolecul ar

the modcoygiai tdcognitiommdémain s aCDBRegiegpbihe & polteonfof tigosehdop nonstruct.
of the sensor. construct. . The | ecul ar recognjitio
Thegaplgrilar 5rOR o 0B, s peerpeCcomprisp giotal g as L chiglated

meteh @k ah 6Hgonieleadide. or an ol i gonucl eoti de. In some
enbodi nents of the sensor construct, the nol ecul ar

s c AP FOIPE CmPAEMTRS OF Hicarnson ponsertgie Mobisulgb prafiald, tsapcdzcular
rec iJan&ﬁlﬁgl, %ﬁégop theRAKRYd &E%e ??ovﬁfeﬁ ak ﬁra@ﬂn@ﬁ%@ssana nle

then conbi'ned to formthe sensor construct. For
conmguzdpd dornt the sensbecansamcts Faf Exingple she aapiarseaffold can comprise a

het.er adi ner.i c..coi |l ed. coi l l.ypepti de pair..and the :
e A E SO GO RainaRR TEA COIRS - RORbIPh Ao, gy pmprise
the 8BidRigo@fairPotFVEY fragii@f of ad axﬂibo@;n(cbﬁh?ﬂéﬁné & ORI § 'ViGradment).

Vii_and a Vi fragnent). The nol ecular recognition
Thegppigriar racagnitionslentad dhis cobpdinprisan élsgb%hégﬁat@cbmetal, an
oligBBoridfa febiflL, ORBHE LERLIEor RSB onz i Bl it
molsulle cThediffErmt dorhpanesisof tenponeatnstnat it fueh smbsdiments are self-

cqnstryct .in such enbodi nents are se|f - senblin
aSSRRE STE0 GFRUSPRYRED CORPARED GRS HOBKE S BlonaF raiRtesfiies enerey
transRF $ilof the RFANGINSE toSME R acképddtsh 8écutr om the RET donor

to the RET acceptor to occur. WO 2005/ 089409

PCT/ US2005/ 008833 4 DRAW NGS These and ot her

features, aspects and advantages of the present

invention will become better understood with regard

to the follow ng description, appended clains, and 5

acconpanying figures where: Figure 1 illustrates the

bi nding of an anal yte to a sensor construct accordi ng

to the present nethods.
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Figure 2 illustrates an alternative enbodi nent of the
present sensor construct in which the MRD is attached
wao o00&/08|el . 10 Figure 2A illustrates anot her PCT/US2005/008833

enbodi nent of the present sensor construct in which
the MRDis attached to a | &bel. Figure 3 illustrates
the binding of an analyte to a further alternative
enbodi ment of the present sensor construct. Figure 3A
illustrates the binding BRAWINGSI yte to a yet another
enbodi nent of the 15 present sensor construct. Figure
4 illustrates a further alternative enbodi nent of the

pr Thede! and &FH0 feaO S takpiets and adwaiiagds dfhike pAdent Bivention will become
sel f -assembl i ng. Figére 4A il lustrates an enbodi nent
bettegfnglgrstood fayregud 4o Psdplloraps dessHPton, ppryuded daims, anghi ch

aux%?ﬁﬂyﬁgg%ﬁﬁggﬁmﬁkso sel f-assenbling. 20 Figure 5A

St es the assenbly of another self-assenbling
enbigiirerd iflusghtes He bipdies efn aelytedp acem®t castructEcgudies to the
%g i“$%§trates the binding of an analyte to the sensor
DIesEd hdg t depicted in Figure 5A. Figure 6 illustrates

anFenke diilBfihted hn hikanie $eibbdiSRASEN thE asdnt sdkor! ddndcER which
25 nol ecul ar scaffold is self-assenbling. Figures

t he .

the MRD7 s afpehegi@pideliepi cting results of experinents
Pef{ il iﬁ&s‘%ﬁ[eg'faﬂ&gér."erﬁﬂ?ﬁmdﬁf Sﬁtﬁﬁgre@&& QS coitbtruct in which the
di mensions specified in this disclosure are %y way of

MRR xaatpdchedivl a/labeld are not intended to be linmiting.

ot et a e BRIGhRE G A BN 0 g sl omsye of e

presédi@efsonichiktki. | | in the art with reference to this
di scl osure, the actual dinensions of any device or

paFiguee 34 iesjrates the binding atian analykg © adves allosaay cabggimentys the
' their intended use. WO 2005/ 089409
t
Iﬂ%%%%%%ﬁggggw%%8833 5 DESCRI PTION The present sensor
c ohsgurel d tilduserhieo w furtheer dB¢reativie@mbodingnt efithd pieeenbyensor construct in
.inte N ith a. Forster resonance energy transfer
“m“?ﬁ%%%§£ﬁﬁig?ﬁ%??@ﬂuﬁetmeen two |abels. When the sensor
5 Fonsd BNGHudatd an thBodidhy/dfehe SHsd? cofbi@Ef ®HRAGEAN Figure 4 in
results in an optical signal of changed intensity
which the labels are also self-assembling.
Figure 5A illustrates the assembly of another self-assembling embodiment of the
present sensor construct.
Figures 5B illustrates the binding of an analyte to the sensor construct depicted in
Figure 5A.
Figure 6 illustrates an embodiment of the present sensor construct in which the

molecular scaffold is self-assembling.

Figures 7A-7G are graphs depicting results of experiments performed according to the
present methods.

All dimensions specified in this disclosure are by way of example only and are not
intended to be limiting. Further, the proportions shown in these Figures are not necessarily
to scale. As will be understood by those with skill in the art with reference to this disclosure,
the actual dimensions of any device or part of a device disclosed in this disclosure will be

determined by their intended use.
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whi ch can be detected by sensitive rationetric or
fluorescence lifetime neasurenents. Because the
WEe@ses0sensor constructs generate a det ect abPET/BPnE008833
upon binding to an analyte, they are self-signaling,
whi ch is an advantage over ®any current detection
assays in which additional signal-generating elenents
nmust be included in order to detect an analyte. In 10
addition, it is not necBESGRIPEIOMitt ach the present
sensor constructs to a solid support, so that the
present methods can be perfornmed in solution as a
NOMES PRt lskisor &ﬁﬁﬁﬁct@ﬁll%v@ﬂﬁ\dietéetloﬂ dfaheasiee l@rsiﬁﬁisfermg with a
t hroughput. DEFINITIONS 15 As used herein,
Forstes |1psofpReg eneiessrapafoe HRED) ﬁ@%t&@sbegwwﬁwwbsw \Mhﬁné&%sensor

|
condFul b B0 gl e el ydrferci Aoty IHERES, bl SXtgmged imensity
whidhceas bewktectetl dy sesitpeuaithmetric ot fuorescenvp difieime measarements.
sanpl e. Anal ytes an be pept |des rot
Becit P per a0t et confiimeeniP acifRub SRS op pingingap an analyee,
theyGdd RONYigHiAng Swhieh i€aT A Mtsieadver ﬂl@h}yéiﬁfe%i détbdtiod Bissafy in which
ot her types of nolecul es, 1ncluding vitamns,

addlﬁ@rrahalﬂéél-gezeragﬁ@ clgmens swsthgriRdnded ipariey fedetesh an sesbiie- In
{ o)
addlh&‘r qc RS [3Hop ﬁéé}&?‘ﬁfﬂoeagtaa{]ﬁ{% g{:es ya?i& &(ﬂ?t?‘%l(ﬁ% u%geb%&élfpport so that
the p:teﬂemr methodRER IEqmefptmedsm solufiot ahodyticompététive aksay and provide
nMunNo bul in _protein which specifically binds to an

mcr%ﬁ%?l %"% g:h Ydi es include various classes and

|sotypes of i mmunogl obul i ns, such as IgA, 19D, |IgE,

| gd, IgGQa lg&b, 19gG3, and IgM "Antibody

fragrrents refer to nol DERINET such as Fab, scFv,

S @i BB IdRYE Rl fale WL BAIRR fifess a different

meaanng isbdleirgsinendéd ygihe cdsetthie IW@I]h shelvieng isukddt | ons or

- bﬂi{}%}&}%te Ig gf%gntps - CQ%CU?PT, ggl:'qggﬂrnlélc og érgc???rlfpggw ina sample. Analytes
can Bepdp¥iatd, pesteins) rbél’ﬁm@ﬁf)ﬁdégdo gﬁrﬁﬁhﬁl&rﬁ@s %E%a%‘ bfBiher carbohydrates

sources, from ﬁgrldonas rough reconbi nant

or carbeliveaae pelymiers, inigls oerrashervngs loh Bwkeceles, tipduding vitagns, hormones,
ef I

and fhﬁ% %eége é?lﬁlgtﬁg g%rg (!C?IC A éoﬁmﬁllajéﬁlgwgﬂ rz%gtﬁlgfc %ﬁggor%ﬁgns %? other

molgceleng mﬂalm pitefisrbly dpet urfdhmaIRET donoessor RIET aaepeesence”

refers to the em ssion of ht from.,a substanpce
E@éﬁb%&y &si5Es 8 ipgunegl %‘&h% rﬂl@l wseffisal] yo'ﬂnds to an

analfng engfidbliks ilRIidb QabigicRlses had 9;6%/ £§ S lhﬁﬁm@%ﬁ)@lﬂﬁ@l such as IgA,
source, such as a WD 2005/ 089409 PCT/ US2005/ 008833 6

IgD| IaEeIgGngGémrlgﬁ%slgGﬁ i IgMd ef Amtiboily fragmenis’ eefes émmelecules
| d ho n

such aﬂ%laﬂi gc%“v OE&}%FB nﬁ%%g al%grﬁ %s; ér?gng) ?1? é’ Hf n(se %g i IcFan?%odles

“Antibally aderriontives? rd‘fexetﬁ adtfsatkimtdr Mitag@ohents thereof having additions or

substitutions, such as chimeric antibodies. Antibodies, antibody fragments, and antibody
derivatives can be derived from human or animal sources, from hybridomas, through
recombinant methods, or in any other way known to the art.

“Epitope” refers to a localized region or regions on the surface of an analyte to which
a molecular recognition domain specifically binds.

“Fluorescence” refers to the emission of light from a substance caused by exposure to

electromagnetic radiation (generally in the visible range) from an external source, such as a
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"Forster Radius" refers to the distance at which
resonance energy transfer between a RET donor and RET
wW@ewepswn i s 50% efficient (i.e. the spectral POT/ES10051008833
of 50% of ex0|ted 5 donors is di nred by a FRET
interaction). "FRET," "FRET®i nteraction," and simlar
terns refer to Forster resonance energy transfer
between a RET donor and a RET acceptor, as well as to
lasersi x| parposspd ghip deBnidiogyfluoreseanse éncludes plyﬁphqrcslcynce defined as the
cont n?leé Qm s{ign Bﬂ?%fg%sat s%{)stértcg Qﬁgrr tXe e)\tj‘algt?rk 1%%1% dorl lrlzrs bﬁ%lll crl]lacontmued.
aC CB@’Gt@f Raditis? refeirs toZIﬁél d(sfaﬁﬁ: at @vt@ch reéviahce @@y\ tt?a(ﬁ@fér between a
77: 1483- 10 1487). "FRET ratlo (denot ed_ by t
RET5{qngpndRET ageepipyis 3% piRicienf (6 fher pegtpl Fwswatof 80 Grof excited
(mnéﬁg@ﬁﬁm§&g§gF@quhﬁéﬁaﬁﬁy intensities of a fluorescent
RET donor and a fluorescent RET acceptor at their
r eSPRET "V REH m@r@crtmpé add sivhiday termsenfeo to E@natst rasenangesenergy

nanE e B R A TR e P Bl 5 eyt enerey

trandTer 1@k Yricap flllo@ingf the @opdt@vsl tHéoRg, sackles ﬂl@tnabcb\%rlﬁp;gﬁg”ﬂénergyn
t he present sensor constructs and net hods, the | abe

trangfpreWheRmpnoNSHAPRNS ACIRRIPI S E éB]t‘@FléseSnﬁ gt-panal; Ehea- 290§ 371 1483-
14gglectronagnet|c (e.g., optical) signal.
Luni nescence” refers to the production and eni ssi on
of “FREHRtatiol’ ddanatexoyt the syrabol S®liric @;’lguirese7A-6I) hrefierstth alre ratio of

s ERSAREER TR ERE 0 PRt MiEE Rl Bl L HBSR Gl v
accepio® hihtin B8 @A ¢ECe midliod e s BvHRh AdUARE colisBERES bxdiel Yt thé®¥ptimal
chem cal 20 and biochem cal reactions. Lum nescence
RETodnaer ersitationcyayglengibrs ceahel. refeppioet Jrolepde F Bojegy grpable of
je r
o) Byl SR LA R L ook
RETnd)dnersuir étl?d“r acmpmts;andhha:dagnat is aaldlestromagnetic i(¢. g G aptigal)signdl.

n, naJ S i cl ude apt.i.bady bindi n
Rt ee SRR Ty diedp aachnififin B et 3t £ nctghetba

sourw §RR. B@EeGhd NHotaMihdab@ALSS bodyC Nehahethe ¥B¥ e Typed Bf luminescence

ollqonucleotldes pepti des and hornone receptors.
are ehigpl e pPsePnasiape biqluupescsaise @f&ncﬂl@r%lpmdbmu EsPgstivelii by demical
and Bi% ?al fe%&%rrﬁ. L%nﬁlpgscedgxq ﬂfﬂu‘f‘le r‘fﬁgfegﬁzngé the

ecul e. I gonucl eoti de ers toac

bebeeqﬁae&ndDBQﬁnnumbﬁmnmwaﬂﬁhgemga@hnynybéhmﬁen

ab o]ﬁ[{oleglgar?ﬁr?}gqgég% cglha%%%érd gﬁBP gfeps?trge élgf er (grbrlngiety which is
able O kREMiAlyIRHPH Fdlfte > ExOipleEYEVRD’ H kR hdd AhiKdd Girdihg domains

'Pol ynucl eotide" refers to a nolecule conprising two

(i.e. o Difpegions) njusigemapitanet (eai when dapestipg gatikadiasy ebelptad mgeds.
. l.ei ' i c acid nol ecul es havi ng
olis FHEk ke dep s T Mo o B

“Molecular size” with respect to a globular protein or peptide refers to the

hydrodynamic radius of the molecule.

“Oligonucleotide” refers to a chain of between 5 and 200 nucleotides, generally
between about 20 and 100 nucleotides, and more preferably about 30 nucleotides.

“Peptide” refers to a molecule comprising 50 or fewer linked amino acids.

“Polynucleotide” refers to a molecule comprising two or more linked nucleic acids.
Polynucleotides include nucleic acids as well as nucleic acid molecules having substitutions

and additions.
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WO 2005/ 089409 PCT/ US2005/ 008833 7 "Pol ypepti de"

refers to a nolecule conprising two or nore |inked
w@pionos|ed ds. "Protein” refers to a nol ecul e PCT/US2005/008833

conprising nore than 50 |inked am no acids.

"Rationetric nmethods" refer7to nethods which neasure

the ratio of fluorescence froma RET donor and a RET

acceptor in order to determ ne the anount of an

an&Pelypeptide arefaniol aamoleGileanipsisiigrtive ofrawsulinked aminocaids.

be.conducted with fluoroneters. "RET nor! referg to
o PERCIG: WA oo b ST ore b MBI el B SCifs .
I S “Rbfi@netli®mbib®” acfer W héthédsRbiciagesplealie Mtid oFfHiGERENce from
resonance energy transfer. "RET acceptor” refers to a

a REbfenoy agt 2 Rbileetapeorvimprdst fodetepminerthe qmauat efcan applyls ig a sample.
: = qy transfer,
Ratt r ct)rllj g Q%P}rﬁgiﬁ @tcse g] % F%ﬁnggcgéﬁg%p gifortgﬂlg{e %ET 10 acceptor
andRET dguerigtfersgo affluares¢eghad lumingseenhmoiliy br coregnle which is able

S truct" 3 t | t
to RGO R b P LB TEE E SPRSE RBTEL BT o viny ch
f URRETQBcdpRe IS to Moy bSmelBRAOWRicRfis DeOrdiiftbmgk With a RET

detectabl e signal indicating the presence of an
donefnda ipuster Fesgnagemeniceeysansfer.¢Bigngh exhanged figpigerenes offthe KRBT

I t, "Specific
acce@lfb"ri:&l}{ %/gr &I%P Elﬁ%péﬁ?%é\ﬁ?@“@% %g?'dogw&?h respect to the
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2

“Specific epitope binding,” “specifically binding an epitope,” and similar terms refer
to the attachment of a molecular recognition domain to a specific epitope of an analyte. Such
binding occurs only between a molecular recognition domain and the specific epitope, though
a small amount of non-specific binding can be tolerated in some assays, for example the
binding of an oligonucleotide to another oligonucleotide having several mismatched bases, or
the binding of an antibody binding domain to an isoform of an analyte. Specific epitope

binding excludes binding interactions which can occur between an analyte and a number of
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imty on the sensor construct in ord

e'g"iAﬁlﬁﬁ@Eﬂ G690 Mat hi(d(5pil4&eT)- General Iy, FRET is

In addition, the RET donor and RET acceptor must be positioned in close proximity
on the sensor construct in order for a FRET interaction to take place. Generally, FRET is
seen to occur when the donor and acceptor are separated by less than 10 nanometers, but
FRET has also been detected at a molecular distance as high as 25 nanometers between the
donor and acceptor (see, e.g., J. Am. Chem. Soc. 2005 Mar 9;127(9):3115-3119).
According to Forster’s theory, the energy transfer efficiency also depends on the refractive
index of the media between the donor and acceptor, the rate constant for

fluorescence/luminescence emission by the energy donor, and the quantum yield of the donor
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present nmethods, the interference with an expected

R LLeract i on ReipetndnEFeofiBiaand RET acceptor
i ndi cates the presence ofan ana ein a sanple. 20
Sensor Construct Conponents As shomn in Figure 1, the

pressntvnse ﬁxgore Cahspresent senddd coftiuod @ 0tiAYhRIe died
el enent a mol ecul ar scaffold 20, a no c

elem?né% &éwlgrladﬂc?lgalllélsplaf@@l 20, 3gned ecryg‘r LECeENitipm, femain 30, ang@ pa1r of
label V), F0 wia¢h éaﬁﬁﬁt&f‘é@tt vi¥ FBrsfeP Febfincd @r%%ﬁ%%@fe? n'?{xegﬁ?%se 40, 50 are

transfer. The | abels 40, 50 are secur ed
securgeh fosibe metecslenscabld 2060 9o teks in oldseenagh posinieno bghble to

interdd 925 8k dref rgs%ngn%e %Rérgy Ergnsfer in the absence of an analyte 60 bound to the

=

MRD 30 of the sensor construct 10. The molecular recognition domain 30 is incorporated
into or otherwise secured to either the molecular scaffold 20 or to one of the labels (40 or 50)
such that binding of an analyte 60 to the MRD 30 interferes with a Forster resonance
interaction between the pair of labels 40, 50. As shown in Figure 1, when the MRD 30 binds
the analyte 60, the analyte in one embodiment becomes interposed between the two labels 40,
50.
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interact via Forster resonance energy transfer in the
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prodfBRVEY fe@udiRE cRhVage BF Eﬂab DY R BN With 2eh® SR 8 ARhiothreitol or
anti body wth proteolytic enzynes such as papain,

mer¢apipghiarnl. fSinglenchagnky el @p@qules Fathich fncomymeate the clanre bagibody
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techigh&i ned through reductive 20 cl eavage of the

di'sul fi de bonds connecting the heavy chai n conponents

of MARD’s nomptisimgthie binding porioneofan ehidrody darebehiochrpenated into a
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and is then attached to the scaffold. For example, an antibody having a biotin moiety can be
attached to a molecular scaffold having an avidin moiety attached at an appropriate location.
In a preferred embodiment, the molecular scaffold comprises a recombinantly produced
protein, and the MRD is the binding portion of an antibody which is incorporated into the
molecular scaffold. In this way the molecular scaffold and MRD can be produced together
and no additional step to attach the MRD to the molecular scaffold is required.

In an alternative embodiment, the MRD can be a chelated metal, such as nickel, for

capturing a metal-binding agent. In this embodiment, the metal is preferably bound to the
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nol ecul ar scaffold in a nunber of ways. In one
enbodi nent, an anti body or portion thereof 25
weowpssing an antibody binding domain is prodeCEUS2005/008833
i ndependently of the nol ecul ar scaffold and is then
attached to the scaffold. F& exanple, an antibody
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scaffold having an avidin noiety attached at an
mola}yﬂﬁr e‘parffc&d by beigchelated tof the @pnmre:oesrtwtjwe ryedilrbelatingt greup (such
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In an alternative enbodi nent, the MRD can be a
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umqaeﬁélﬁﬂ%@ @bt 628833riet) bf imlealt dee,saf SolefbedYod0RINYT; 249(4967):
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sendoPHRMsBAct 0 the nol ecul ar scaffold or the |abels.
Prefera%fy, the analyte to be detected is a peptide or
pr die iMlRDetawlalsc hompmesoﬂneagypeis obspegific fbaiding mblewldst iﬁot example,
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[ I
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nco orate into the nole affold . or the
MRBER RS Ry srire tebinst T e HAY apRgy BLitad oGt pregnce of
antidfIvemtibyges of specific binding nol ecul es. For
exanpl e, the MRD can be an olygonucleotide for

d elQé’étqf skillan ghst ayhwel aprocinés Wanaiier membanof erspenifip finding pair
(sucgi & gotog?%é& gllg% %%%%%fe%l%&c%&tﬁ)ﬁc{o iain® a§2)¢301flc
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ieties at .are t |ca S5 re ed as, ant.i
profB; st aced peingit st T5ouky S et Driie o SdraRopguln

exanple, of an antibody in a sanple. The sanpl e can

conprise plasma or blood in one enbodi nent and the
Labe)RD can be a peptide epitope against an anti-HV

anti body in order to detect the presence of anti-HYV

anti bodies. One of skill in the art will appreciate

t hat vazietshefi labatsdrarbealsediinsthe piefdne sdmsorciongiryeahy the RET donor

and/or the RET acceptor. Both the RET donor and RET acceptor can be fluorescent labels,

which include such dyes as fluorescein, rhodamine, coumarin, and derivatives thereof. It is
also possible to use lanthanide (rare-earth elements) atoms as donors and conventional
organic dyes as acceptors in FRET (see, e.g., Nat. Struct. Biol. 2000 Sep;7(9):730-4).
Further fluorescent dyes are listed in Table 1 below, all of which are commercially available

(e.g., from Sigma Chemical, St. Louis, MO).
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ffuorescent protei ns, Such as greem ftuorescernt
protein
Fluorescent labels also include fluorescent proteins, such as green fluorescent protein

(GFP). GFP is a spontaneously fluorescent protein isolated from the jellyfish Aequoria
victoria, and a number of GFP variants (both blue-shifted and red-shifted) have been
developed. Such variants or derivatives comprise molecules with substitutions, additions,
and/or deletions to the native GFP sequence. GFP variants include BFP (blue), CFP (cyan),
and YFP (yellow), as well as enhanced variants of these molecules such as EGFP, ECFP and
EYFP. When GFP is one of the fluorophores, rhodamine or Marina Blue (Molecular Probes,
Eugene, OR) are advantageously employed as the other partner of the FRET pair.
Additionally, a number of red fluorescent proteins (RFP) from reef coral species and their
engineered variants can also be used.

Fluorescent proteins are advantageously employed as RET donors and acceptors in the
present sensor constructs when the MRD and/or the molecular scaffolds are produced
recombinantly. In this case, the RET donor and RET acceptor can be produced together with
the molecular scaffold and/or the MRD as a single polypeptide molecule, and the placement

of the RET donor and acceptor on the molecule can be precisely controlled.
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Grolif3C041di 6) aBtdnypladymitbiifs Bokbe CibE ZVST aflOPBSe. ank dokel surface of a
acceptor can be produced together with the nol ecul ar

quandg pitag bgAepdly qopBISHRDIGrSaNis medacalen s fapilifg dfachment to other
moidRb ,es‘ﬁl:'ljl & todhd ﬁ{e ufﬂ @&]‘?ﬁﬁrﬁf thPpreldif séﬁgc;l; c%ﬁ?tﬂfct.and

acceptor on 't nol ecul e can precisely controll ed.
WOIR O/ 08043 8erRCThd BET @6 QOE8133send@ cohdimct dnlcompsissent

co unds whi ¢ an. be used as labels in th sent
R AR e 2 Tdest it oy PO dmele, BT 55T oy
combBseAGeifbran; wWhlcH Phréductdiadhic Wikl @tasts ORPS )suldifite, coelenterazine.

sem conduct or nanocrgstals whose fl uorescence em Ssion

Fluagesgent appdachlep sugy apbik pehaFP can aqias RETAscepfors weth luciferase. The
X I: 2 r .
e (SR RSB D IR B ol PREP ol
somgigmesrrefeirgd brea WBRET 2 BinhdnibEscarn Resdrans: Baedgy Trnefyr).
typi.cally conprise. conpounds .fornmed framtwo
of SR bialnGFER 3 SRR i PR G RO g fsased as
RETN@BEyY FdrleRimpR! iesthal Gakli-F3eBeirs 1 anshibila BRIl & a
Table Groups 3 and 5, or Periodic Table Goups 4 and
chemgilunginesaesit spRpp Addevhigh smithe Bipge-blog Sight when exprepdpp Sbasic solution

T i.l .
w15 B0 5 SRR AP 850RE] BOOLAY s
oxidizet AmtinelntOther lnidiesscehO moiztied inelhde perokycxslateachemduminophores such

| ecul.ar scaffal d of resent sensor construct. In
s b & St erP RS P%WéTEE& e B U 4 g loxycarbony 1) 4-
nitrépBAH oK CADPEYNPri se a | um nescent noiety instead
%?‘a)fluoresceﬁ? noi ety. For exanple, the RET donor

caht addisippr dusachers ictebassed apiedtE T acseprowssior sapie enplbpdimants of the

A C fN F t
BRSPS AR TR BRE L, g .
QSYW tQSY atj QBY &5 avaitable ffonu Mvlezhlab Pedbesgi Bualehd, @R risaxthas the

h | uci f [ RET
advagl?ﬁgg 8# {;]gﬁmgf’tﬂfg thg%otegﬁalll p%b esn? o? tgac%gr lfln% Iﬂlrlloraeg’cefallce resulting from

direct (i.e., non-FRET) acceptor excitation.

Molecular Scaffolds

The molecular scaffolds of the present invention are adapted to bind a RET donor,

RET acceptor and a MRD and to maintain these moieties in a particular spatial relationship
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sonetines referred to as BRET (Biol um nescence
Resonance Energy Transfer). Qher |um nescent
wOorRi0ensEsy such as chem | um nscent noieties, CROI/EED05/008833
be used as RET donors. For exanple, |umno
(5-am no- 2, 3-di hydro- 1, 4- pht4al azi ne-dione) is a
chem | um nescent conpound which emts a green-blue
I i ght when exposed to a basic solution 20 such as a
withyespiscirtaoas arp)ehema rT@a rRﬁTeiomy ped BHET arieapeor mustibawijthiora distance

whiqh oS R T BEreh et By iR BBy SR AP Sy o heceptor in the
abse@tEHT dnlih N RMogiE® tBEBRD aThe RET donor, RET acceptor, and MRD should
bis(2,4,6- trrchlorophenyléoxlate &TCPO and
alsofhe gqtgn?cgmgh@cqrchbgr@g]@ SHYTGHoR torfaei We) FRET interactions (see, e.g.,
I e
st 1 SR LA a0 gl SR, e ettt
47.818d6 (XY 8pr edeMIRPes fiothsr pikierably ectaihed| e thiehaolscudarcbaffodd so that

DABCYL, B 0 dye , 7, Y 9, . 21, .
whelohprogs an 30 e ol S VG AR R e AR, i oL iR ot i
interdSAH bBRech AR RETYaivr ase R RET hébeprat, |tH&e$3hﬁltd?fyrﬁ§ till Forster

probl em of background f| uorescence resulting from
resogauce gRergy ingeractigpnbatyween)the dergstand aeorpior aflii Aot rgguired to have a

I
conf%%%@ﬁ%l%ﬁa@%%{l P%nrg%?%;ﬂg HB'% %H{ Ak B?e%%{t Sgllr_.zgl?, (g‘rstrhgﬁo enable
<hwﬁEmrﬁdmenmbm and a MRD and to maintain these noieties

in apartic atial rela hi 005/ 409
e RStss) oSt ol e frbls it 18 SiOMRD S congused a
h6ldculNRaffans iRk PLRSAP sehisofédhstRRt. M HdRi dkampll %Eﬁtﬂﬁ@ proteins,

whi ch all ows a Forster resonance energy |nteract|on
qgehofipdates Hnd pugaic malscdes astwll asnmelheulesypsmisingof compbination of

and%%ulgﬁ ﬁ(ilg ng{lgig a%{&)r e%al ne Tan@l ?]Iéme(lcgrﬁ}e%%ﬁ)gpﬁjg{eg of the

oedestrseador oafnstrmctf &coreictnbb dinkeRE The mblecuiazt scaffisld (sShE;ﬂotem comprising
e. 5 St r , Fluoresce ce energy, trapnsfer as_ a i

WS TP #r%ﬁ%%m RAPEPORGTTV BB IS & I Yoig06 Thg Fv moiety
dotipfiSos)a VIR MRIAL ifghghbitsiEh @fe%fr@ﬂéf%hy stilﬁﬁz%'dnﬁch %810 Bnker to

nol ecul ar scaffold so that when it binds an anal yte,
fore admlethemtﬁms@ﬁayOIthYehwgdmerlatCOil@awls o fomthielk-stabilized Fv
@E$5eof is interposed between the RET donor and the
acceptor, thereby interfering with Forster
raggng{] Hl%g ﬁﬁ? e(fllllggl’ﬁb{ﬂlt rr%) ecu ag gg’ R)?%%C{}Iépl‘gteggpld (t)em SUC% as a
perqﬁl@ﬂ’milo biting @AGtkine @fégs&ch pil‘dtdiﬁi is'pAl®Re! binding Gadttial (MBP) th&:n
esent_sensor_construct to enable detection of th

labe ﬁgrlvtsc,ﬁFPAarrlaYF%ﬁv adpchgl  FesPeSHY el dheNe andk Gpjainl QSMBP, they
are bzﬂﬁ’é Qﬁn{e%ﬁh§v§%rﬁ@%§m§§& ebrg gqﬁtgraeﬁon mol ecul ar
he present sensor

scaffolds in onstruct. For
ex $hoh vsing e petiplesmic pindingiprstein such as MBP or other similar protein which

changes conformation upon binding to a small molecule as a molecular scaffold, it is possible

to make use of such conformational change to enhance the sensitivity of the present assay,
although such conformational change is not a prerequisite for analyte detection using the
present sensor construct. In the presence of maltose, MBP undergoes a hinge-bending like
conformational change, which can bring a RET donor and RET acceptor into closer
proximity, resulting in a detectable FRET interaction. In the presence of a target analyte that
binds the MRD, however, this FRET effect is reduced.

Other types of molecular scaffolds can also be used to form the present sensor
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car bohydrates, and organi c nol ecules, as well as
nol ecul es conprising a conbination of 15 such
worpdososd4es such as nuclei c acids, can be used BSI/Uk®05/008833
nol ecul ar scaffold noiety of the present sensor
construct. In one enbodi meh?, the nol ecul ar scaffold
is a protein conprising an antibody ant i body
fragnent, or antibody derivative, such as a Fv noiety.
consphets. Fvowtaew hefgwémilese@méﬁd\nqﬂam e wgedte amﬂhwmand the
labegr g\lf%tn%tl%lg 1§’1d %1%69’8 i;_en%p? ngzo)rgan %‘nyg%l%gsle érug: %%Tgiose described in
U.Schit) Mol 5,044,526 @tnfb@ rumdhe Irétadn 2 (RBT dorx@RET ac2ptdrh adVMRD.
In another enbodi nent, the nmol ecul ar_scaffold
Polygysiesiids Bolesulss eqnealse beuisef asgnolecula sepffoldii ¢ bi ndi ng
protein. One such protein is nmaltose binding protein
(MBP). When | abels such as GFP and YFP are attached,
respectively, to the N and Gtermni of MBP, they
Coupling ¢fd@plse of interacting via Forster resonance
energy interaction. 25 Wen using a periplasnic
blndlﬂg protein such as NBP_or other sinilar

THgnere REI e aiaratiddMR Disem beatachsd te éledn%lﬁ"‘élllﬁlf Seaffold in
a vaﬂ&k SE Whts, ﬂépe%dfﬁg log G @]; mléa A scAfbolll S \ﬂ%ﬁsthphﬁlecﬁlgr scaffold

e use of such confornati onal change t o enhance
and/getﬂts IMRD iig aypmttent beodpaed slepughasempinard Inpetimdghflwareseent or
uisite. for

a0 PR Bl 51 I o e BB R P bletort Brametse o

the ﬂe&bnﬁlﬁ@nﬁ)pﬁﬁeﬁm el grbdured togsiBer WBHhE RESIE@RESc@fold or MRD as a
hlnﬁe bendi ng |i ke 30 conformational change, which can

singlgmalepule- AFor cefARle, abrrahistidige eaéﬁﬁ%beumﬁltﬂeéneg@rowm comprising
the rHGch?ﬁ'lz{psEe)ffolc[ 8151‘&1%13 Nghik Hot%nﬂfeéll%ﬁlfs @thengéﬁﬁﬁlegaﬁ]—%g‘s ﬁwgﬂﬂcatlon

presence of a target analyfe t
of ﬂtvl@a}sottmmww,, butt mesHllE-RE'lbaeﬁIse tten bs 1 alrirdceith a GiiErA t:wjegtted

uoffpdR (e fe K0 2086 FB RGO pERR e rRede iipmoration

of fIE@B&bhtPedises iftd pro2eiaMRkehistiRE @40HbdiRicd FlueRist & 14belidSwith
can be used to present the MRD and the | abels.

(N3 étnilalﬁtfta@%ttcyACIti (i firorqchegie sopigaes o Agn-drhganiSec. 2001 Dec

5.12 such as those described in U 'S Pat. No.
’ ggggggggg)can be used to retain a RET donor, RET

aceepth@‘rmethcuﬂfok/ﬂ[e s1te-|§pr|c;fmuaﬂehng oﬁieramhﬁmadﬂe& wyawrinalsperific

ecul ar s d n ahel s
abeffe VRE iR Rt fraPered s Bt e e Qfauce an
N-teb@inhlN§ stRAE @bl Pprot&ie 3hdhls d sty mBieAlse€ e/ % QGeWdY 8t al., Direct
dependi ng on the type of nol ecul ar scaffold. Wen "t he

prodygfiancafpagicing with &f-trming cypfeine forsiierspmIfi¢ eonjngation.dipconjug.
Chexﬂ.r, Clg HS%@Q%S Qidb%%h Sﬁt%%ﬁé%cqgﬁamggf t!ﬂg da§n1n(§ telljtﬁ{n%@ %?Q%cfw moiety

can then be achieved using chemical ligation techniques to incorporate a thiol-reactive

fluorescence or quencher probe (see, e.g., Dawson, et al., Synthesis of proteins by native
chemical ligation, Science, 266:776-779(1994)). A wide variety of thiol-reactive
fluorophores are available commercially. Alternatively, thiol-reactive fluorescent
oligonucleotide probes can be made using commercially available kits to introduce multiple
copies of fluorophores into a thiol-reactive oligonucleotide, and such thiol-reactive
fluorescent oligonucleotide probes can be used to label a cysteine moiety such as a N-terminal
cysteine (see, e.g., Tung, CH and Stein, S, Preparation and applications of peptide

oligonucleotide conjugates, Bioconjug. Chem., 11:605-618 (2000)).
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| um nescent proteins (such as GFP and | uciferase) can

be advant ageously incorporated into the reconbi nant
w@e@sesroand produced together with the nol ecuPEr/US2005/008833

scaffold or MRD as a single nolecule. For exanple, a

hexa- hi stidine tag can be il uded in a protein

conprising the nolecular scaffold or MRD. This not

onI al | ows conveni ent netal -affinity purification 15
themglgeularoasifald comprisgs ant dnsibedys atltd@dyaﬁnagm@o or laetnbody

derlpﬁlve alg%al? garl]].\l% sgecif]{?Nh%%[r{f‘ ]d«]%cf Wﬁ‘%ﬁ: us% H# AR (%né m01e’tles

sucdelst Rm&perCl Progid AcaidpeMaétarG. Pfotdih uqmgmny 1s|ara¢&aet$om

i nto protein: hexahistjdine-tag-nediated fluorescent
Pepjosizent qq@c%n{lqgnus Rp(l%tp)th%frgrpqu; qu:gé@e(@f the mnoglobuhn light chain
VL) NA-dih MOl Sk o sH
A S e Py R0 U0 35 ot ok SFfin P Flwonk
regigh pEVE parwli dan diddable Withgt effeqsing eatiges bindingl. vEbe E domain of

s SRERFEA 4y LB Palsh e Bl B350 v, o

wuhomt AfRdtigearalyte Bindigg. mrn@hmﬁy $r@ir ©f thetvd andVe! @biaifiskFB within
as a sckFv noiety (se Gentle et al., Direct

a digfpnsg thet pemitsE otPé’F% @ﬁtwnmb% PrAnA 4inne)y $od sp arer appropriate

onjug. Chem,
ﬁmﬁg&ﬁg%?%%%§kﬁxﬁﬁﬁ§99§%%gﬂgg§?g?|C | abel i ng of the

amimhis eznbodiment, dipLeang (SIPA Iﬁoandteyexﬁ&sacdmn Hyekerivia coli, purified,

achi s h tion techniques to
and FEBUENET 1R LT B bR Reersie b ESuctewive
antipyd9 Pentibs@e fragmdht, or @ﬁ\éﬁﬁlﬂ)dy gtrivakive, tRYRbIES PHLAI SPA-E
proteins by native chem cal Ilgatlon Sci ence,

mol%@s pogeme ipund ghgrsby labsking suchanqlesuips o Othen mpthpds-eaitaching labels
to a nlo#RLAP EE%H@FIya% %ﬁ@%(%hlbﬁblf%r %Qzﬁ‘xﬁﬁé GArdls! 05511 be attached to molecular

ternative reactiv doresce
scafwldsgxsmgcpbmhoiml fireuimi; camlindeeacte, ramlungg toocuvelent adathment of

bl e k| ntroduce nultiple 30 copies of
the @P% g‘ﬁﬁ%ql%cél affﬁa Jél thi ol -reactive oligonucl eoti de,

anwieH e hble@llarseld ¥& polyndEleQ e ERbelPtirPOERER9 il dBporated
probes can be used to |abel a cysteine noiety such as

into éhq\@ﬁﬁ@pﬁq plothe p@y@{c@pﬁ@e @g@g Symthegis using siye-rbesphomngdisdsn which
are bstf@ﬁt@@ gt{r%hlggt g)oos%HBlla n‘f(ﬁ{ek @.:ﬂ‘gn(’ggs&nﬁgﬁg Cgﬁher ways of

ol i gonucl eot | njugat e jug
incotforBHE- fm&s@o@m Jnto mmnmmmmmmwsmsmossss

16 ,\\Wh th ff ti body,
2 B0y PEIETEAL B0 (i opctiya HaRT bt PapifEdias MRD
30 dﬁl@ct @;ﬁhérl tBa BengHith@fel @ﬂredtﬂgrt@ﬂ%blécﬁﬁr b{ﬁ?fc@cf B06 &si sﬁch

ing noieties such rotein L, Prot ei n A, "and/

attaqhﬁ@tl"edqqs mt ipterersivrith anakytej binding hyythe YBRA+ &eich ptiaphment also must
f
not P %Pfegaf]\k (t)lfﬁ) e‘i‘ﬁfr}ntlér%ﬁ e?en%eﬁg%}"]?g o%al n Wﬁtownor to the

bmdmgrtglaa adaipteiby thn‘MRiDo:iOal n L (PpL) al so shows strong
binding tq the frane egi on of d can i nd
L orh stitboliifents, e o ddvabRetaT g rydud RESGI0pRET

moieties and/or a plurality of RET acceptor moieties in a sensor construct. As shown in

Figure 4A, multiple RET donors 42, 44, and 46 are provided on the label 40 while multiple
RET acceptors 52, 54, and 56 are provided on RET acceptor 50. The use of multiple RET
donors and acceptors in a sensor construct 10 can increase the intensity of an optical signal

produced by the present sensor constructs.
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St aphyl ococcal Protein A (SPA-E) binds strongly to the

framework region of VH, also wthout affecting
wW@e@bpsEobi ndi ng. The am no term ni of the VL Bemuyid05/008833

domains are within a distance that permts FRET to

occur (between about 3 and4 nn), and so are

appropriate 10 places to bind | abels to construct a

sensor construct. In this enbodi nent, PpL and SPA-E

can be expressed in ESeAwriConstauctoi |, purified, and

respectively labeled with a RET donor and an acceptor.

o P BigE SRR B0l bl Fos by ESiias, dbely. R mulsTERRERo1es can
inectd cdrbtict i i T
- ke S Bt oty Vb g it s

constrysis @8 desaribaslcliersi | Tnokicalan mogelpgaslp Fuch adleep YigtyiPwiss PDB

ViewbAREHShIE anht—%e//@evwgg@ag% Iog%/@h@g WhRbe uskb @&f;%féal H3LO&
convent i ondal reactions, resulti ng in

viewingp wal remtipddtioac regtancst suclh keDbekbeD (dwaildtie froml the Modacular Design

. scaffold t he | ecul ar scatfold is a .
Tnstieg Ui s ot (R orP S aee Teali e R e Bt for RlsFias dackige- and
InterFr&E D (b AiibReM U &ev Ry dubR1 RelbY. B/ &l @ Pictdhecl We iubdll for analy zing

synt hesi s using dye-phosphoramdites, which 20 are

proteig ipgiartiqns e &rgteiR sEEIUERs for BSeoWELPIED e epnthe PLEACHNgr example,

LS, f bRc. ti I escent
from B D B e e ar
Adn eiecambodimelit, gUVIRI3 can b attasheddi to @ne biithelabéld of theFsenpor e
3), can al sqQ he attached to a 30 djrectly, rather
constith, /A LG T tfin € Y ALt gl i 18behrdy AdyaitpERly. the
label @&l th@Nﬁll§1_§regié%e%ﬁﬂés§§ﬁu'ﬁ@tpr6&€& t@?éthérrhts Qrstipleem¥tedile. In the
anal yte binding by the MRD. Such attachnment "al so nust

embOQisieﬁbihowman'fgétgee’lmMBD@QEsraﬁtaﬁh@? adhe Nrietneimyeead thetIakel 40. In
. ! bindi
e RGN, BT80N BBl Bl Qb M IRl

molecathy acuffalyie?d) svhich camchelBPa Alfutthet ptoyeinfabeladas afRiched to the C-

.noi eti es and/ or lL.ural ity of [ acceptor npjeties .
ermit o ieGRaugi s rpefep el Fslteg b im O g rogmanigire 54, in
whichb MTah 80 R&Tﬁ)éﬂﬁ@@ NSofifiserttd inid ek s‘é@ue%@opﬂi@gblsigﬁytie@labeﬁ4o.

| abel 40 while multiple 30 RET acceptors 52, , and

560 e Eiepragve apdoast, R&W@@JCEIBWG 13, 8. terpiai efgepolyfpeptide molecular

: : r . nsor

seattffd i Tpe pERBRE TR ARER R Bapeliid BOGF0 gt 30 sveh
as GFPi sy ad a npicoulle cedipbigirighepdypepidy melendarre@@niion d6isin 30 such as

2005/ 089409 PCT/ US2005/ 008833 17 Sensor Constructs A
a sCEY, PN RYY THemmIl et tieareCobiByh /b fFebeniegin s he melequde
compA&As TRINRDI38ris SeR T\ ARIABwRRR 1abBeAd: HRINGH bk Q@ fuBfdphbR&uch as

present sensor constructs. Wien designi ng pol ypepti de
rhodagines dYIRD’s comprising peptides and even protein domains can also be inserted at

certain sites of the nucleotide sequence of MBP, and such fusion proteins can then be
expressed recombinantly, withowut affecting the ability of MBP to bind maltose (see, e.g.,
Betton et al., Location of tolerated insertions/deletions in the structure of the maltose binding
protein, FEBS Lett. 325(1-2):34-8 (1993) and Guntas Ostermeier, Creation of an allo steric
enzyme by domain insertion, J Mol Biol. 336(1):263-73 (2004)). Alternatively, MRD 30 can
be chemically coupled to specific locations of the MBP.

A further approach is illustrated in Figure 3A. In this embodiment, the MRD 30 is
attached to the molecular scaffold 20 directly. MRD’s can be attached to a molecular
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5 constructs as described herein, nolecular nodeling
tools such as Deep View Swiss PDB Viewer (avail able
W@oosnsqa0d / www. expasy. or g/ spdbv/) can be used POI/US2005/008833
protein structure view ng and mani pul ati on. Prograns
such as Dock 5.0 (availabl &% romthe Ml ecular Design
Institute, University of California, San Franci sco)
can be used for nol ecul ar docking, and |InterPreTS
scaffodd) ag desgrited gboviet tiigyre wiwiurthes sbows herbindige /of A exxatirte 66 fo) the
be used for analyzing 10 protein interactions.
rotein structures for use with such tools can be
Obtlmisdm&CbmHodﬁn@x@tj’mheepresefnt edRCaBtmE® 0] the Baisabankan be
vai |l abl e at http: dbbeta rcsh, or g/ pdb/ In one
fornaediGm HigAe HORROs e gt actnatl P Meciab HHE spabha to
forrRh séR6r R/& c R
T L0 B e oo A il el Mo
andfoz gl MBR POt df ¢heREReat ssngps Icomsepeti eosn, iarde amb,oqmquu@m@nse two

ol BT Pk 5 pBoblE 8 TP s o

alloh&rtg@r RET d@lo@fto bdgitaciddetb od@of the moleb@led AddUSRERb&Eptor to be
40 is attached to the N-term nus

gg‘g msnt t he | abel
attagyed 3p fa (e 5 it therinding pithe labels foqragtions of fhsiratlecula sgpéfold
and BEhe NfRf)LéELﬁ Bepetit eslﬁfcmea apgb wf'ég td %eﬁ!: b agPsded lﬁm%@@nsgr

term nus of the nol ecul ar sca 20, Asimla
congiyvbolidrmbme sdpgragchimohactles iFtagmalkes @Apf hateroditnetih coiled chRpol3feptide

N T AR, T I

sh0\81lil OWFigurd 4Fiviien € hederoditericebilRddoilahoiéty 70 lsydhER W ip-A2 is
nol ecul ar scaffold 20 (which can be nmaltose-bi ndi ng

attaghe {1 )POrH® e geraleapiar yeatiolhd) ang aaoqhwle$@1%m@ﬁty &ewhich
spec%ﬁll?ﬁﬂ& R tRe AR @&H:'d%og TR 56 gbgc W n@?@tﬂ ched to the

nol ecul ar recognition donaln
othep phusion 3 0O the ayoléoubag wefifio]d 205 nlmgorle@@mhi $lawmill @Mélate thereby

. . fechnal o The | e e r|S|n th 30, i

joiniaf N e Y aarttfy A2 4 24,85 s GO iz 3p 0 B i 30,

Sucl taiBAPBOToned W6 the aSoleRlal BQERM phetionyRid 1mkeRMAfch 86 B8 short
pepti des and even dgﬁpotel n domai ns can al so be inserted

PePt&’(e linkers 28 3 dlpstededon Rigreesftigldeldti de sequence of MBP,
N -
Fv, i Whhclnﬁlleaiﬁear(ds@e domaig.of a F%fmgmemureaieplaceﬂmﬂltd leterodimeric

conhLLE YR AAREHIPLEM 2B LR SuBh B Sl 1

moléchB9 Saaffamc&o@pﬁbs%ah@s'ﬁ%@iah @f a Fafﬁgltnbﬁ Rtthedd WinZipA2, while
allosteric 30 enzyne by dommin insertion, J Mol Biol.

the afhesPPytionegaupyses A0V yozionstiagied se WinZipBl \Ruhaoriions carpls
- f
oA L. S9UBAREL 0, RASEL Ll ASALACHRAL WS el
VH emrbiziblipnﬂmns arelpdachRiD @dtacswitlatdch other) they sblfassemIbEGu |f(afn a
20 directly. MRD s can be attached to a
SensPrB?"é‘&t&fc r WD 2005/ 089409 PCT/ US2005/ 008833 18

In related embodiments, shown in Figures 5A, 5B and 6, the molecular scaffold 20

can comprise two moieties which specifically bind to each other, such as coiled coil
polypeptide pairs. In the embodiment shown in Figures 5A and 5B, a first coiled coil
polypeptide partner 70 is attached to label 40 by means of a linker 26. Also included in this
molecule is a specific binding region 27. A second coiled coil polypeptide partner 80 is

attached to label 50 via linker 28, and when contacted with one another the two coiled coil
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scaffol d as descri bed above. Figure 3A further shows
the binding of an analyte 60 to the MRD 30. In sone
wepdstsent s of the present sensor constructs ROT/US1965/008833

constructs can be formed from separate nol ecul es

whi ch becone attached to d¥© associated with each other

to 5 forma sensor construct 10. For exanple, as

shown in Figure , the nol ecular scaffold 20 and/or the
partndyiREpegificaly himdtopraclks ether. SMRID30 setachedido a partoen5 fon therspemﬁc

. .enbadi gent ., ..conpr.i se two l.ecul es i.ch.ar ro
oinduGRER0H 77 Al iSSR0 St BacliBad Sl SR MR bt Sedl R
contacﬁéd willh toWsngoan REFigd@ BB, vien be a@ﬂﬁt@@@%n{ﬁilsﬁfg%ﬂbﬁn&ﬂéﬁﬂ to

nol ecul es and a RET acceptor to be attached to the

WthhéPﬁ MRD 36 spesificalihbings i grqpghiontorgeatagtawyith dhe sepprste melpeles
comp)ggln% g Jﬁ%oﬁﬁﬁ@n?l?)f thé grfs@ cg)n;tglci'lwl i) a:flh?teel\qa[%o%ﬁ@ tJJ M%D 30

er contro e way to create a’s asse
beconme p@hed wahs tongutictfviobnding paﬁmsr%t 87 nmlddntetfeses ios otherwise

e TG 36 SL UL BB SEec . 2 001 %5
2@00fuddbr Akim8oé Shb&Aerd dF theAyeserdt @@M@br' Jénﬁhﬂ:@ e, shown in
when a heterodinmeric coiled coil noiety 70 such as

Figurep e MBI casbe aitachediied fird speréfiqgpding mmalpcudg 23 to which label 40 is
o R A RRSALON AR08 SROUIGIn BRLLFIGER O R o

bindmgqjatmasnmefby sp‘eelﬁcmmhngaaomumqa Whdy) cbstaed adihashe tanothdre the
ortio | ec Iar S f ol t he
Spemf%otfl?cg g%argﬁg; 0 afsf’c%tﬁ‘ggqr mplgel ﬁcaff%é‘f 2@'ng t he

separate portions 22 and 24 of the nol ecul ar scaffol d
20 to formthe MRD 30. Such coils can be joined to

t he nol ecul ar scaf f ol dAysay Methods vi a | i nkers, such as
t he short peptlde i nkers 26, 28 |IIustrated in

F‘I‘%pér%?ent se% T. c%nst%ps i ﬁagfaed tto éeltlﬁgg[ar:%g :fe}g%l a\niali(gea such as cells,

viruses eamhismm ﬁhd pﬂB\bmsl ih perticilartaf&lyebhalios d ridleclinFRize i®thedange
ment are replaced with a heterodineric coiled

of bettve?q abegfgﬂcwné% aRRuh 29 BoansIe yeferblyoReen plequt 8 g and about 6 nm.
The E’éﬂséfrﬁ,‘%ﬁhhﬁl%)are (REFRR b2k ]gE’cfusl;}_{hfs‘ed ﬁ{tﬂiﬁ%ﬁﬁsﬁé assq .];Ieclr%xample,
conprises the VH region o fragnent attached to
a persgit pEpEsAcl, ofiplobsitdy ha‘hreg muhélcalmondltlmmh@tds@é sisiag e present
e |on ttac ed to W

sensof EAAR P P £l R TR B S A wrine

plasmﬁTEﬁehmdSbldﬁdeoﬂlé)r tid3ge) afith. a Shgidn Edilﬁalmlﬁ'g @B ghréébntRefisol ONS
are placed in contact with each ot her, th%£
constryelpt ThE s8M) @nitBictsoi pridepted én Rige a B eatpicet the gondition wlich is

suspecﬁ&p&qie{ﬁ% ?)(re?sentslﬂ %agxgle. O n&fRtecthe B HifddiA g Bf I11‘?(11%t10r & the

nol ecul ar scaffol d conprise two retres
sampls peibe fénserl dopsthichet anpewphiateiidvel of sipned itensityj the gpadant tan be

. i de pair e enbodi nent s
cig i BOAREIN (GBRR" Sopplbs b SETB tlort mepiny pief Prggias which
are pupidied BEprodiked $n Aiduaghe GafcResl! o@ﬁ’@iso #OteRYed B MR EerBinedhe presence of

linker 26. Also_included in this
a desired material in a particular aliquot or batch. For example, fractions of the eluate from a

chromatographic separation can be tested to detect which fractions contain an analyte of
interest in solution. Other samples, such as environmental samples, can also be tested
according to the present methods, for example to detect unwanted contaminants in such
samples.

Preferably, the assays performed according to the present methods are non-
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nol ecul e is a specific binding region 27. A second
coiled coil polypeptide partner 80 is attached to
wo aweios|® vi a | i nker 28, and when contacted w PET/U805/008833

another the two coiled coil WO 2005/089409
PCT/ US2005/ 008833 19 partifers specifically bind to
each other. MRD 30 is attached to a partner 25 for the
specific Dbinding region 27 and |ikew se becones

compg{Eiye @ssayse dndihe iersprednpirectopradica g sisagli CbWC@Wmmnonse to binding

an anaﬁgtgl Q{f{e? g%l c‘ﬁﬁ% atsamﬁé wgt!ri]{oa\é%nsjtog B@s%%’rt Cant opt \A}ﬁmh g{lzﬁ gr%‘t]}e

sensoBﬂ)nstpLﬁn isf neaatiley. Bf indbsfefencdwiniug Rbrsich ta306:00¢ aRi-gwitiafisfehe

) separate nol ecules 5 conprising this enbodi nent. of the
interaCHARGF SR At K €0 Ang Al RIS ERIOTRS hsckAmetrics | Helegied this

indica®Q thdd BeOMBS eArliRERECs bf?:séﬂﬂ £ RO Sy Cf’re‘férﬁoly a&g Ioft?tg:rals s1§nal is

partners 2 27 and interferes or otherw se

obtaingRErp| m@rtmtcpmnmmmemsqrnenstmb@rs)rmcmtlﬁ@ it witha sample,
ot A SRR B o P DSB8 et
interaetidnetetvedn e RET dosdr agd exeuimtadaepn@h dTghd ®hae kb st2dct! The

... WhHI %h | abel 40 is 10 al so attached, A second | abel 50
differgrcp pefaesmhihe §onfeol Qpicah Hetahapbin eniics;sgamakbmepsusedd iaa WERi
solutl&rpca"ﬁ HRiyRdl ﬁg][u%ftﬁt%fy deferfofe tRPEGub! & a!ﬁhlgg:' P& g.l?ﬁlgls%nple.

. When contacted With one anot her, specific

Ratlorb¢tng| mglogacatnﬁt@n@e@@ make this deieingnasion pasfie knowhio the art. Changes

. u scaf f ol Assa Met ho esent

in e HEERY o e SRlcPs ot sepf el B0Be i B ARG R GR of e

opticabsigha) efistted g hhdsensd@ | cbsstruct/dah BS @fasusddl fob a6H Iﬁ.ﬁﬂao@@ dTime-
proteins, in particular anal ytes having a ecul ar

res°1v§ﬁ1 methogds %qae’ﬂ%h?gieph@fwl&@t% naEovith lpng ffetigeaishias 25
lanthaﬁﬁiles RNugdP bl &hBRh Yo ieeen about 3 nmu and about 6 nm
he sensor constructs are therefore advant ageousl y
u@ed advandgegfitbs pieserd swthpds isfomt thex ampbeperfo2@ied ipsolation,

... syspected, o ossSi bl av dlcal onditi,on can.
witnoRdRRRE boghebh tR PR b b SuSGoR, Ry ot € fhs FMrpte
binding iRl KRENINYstepsSafited iR tolMBIHasd a@&ayé fuiak BenveadidBNELISA GRd

as saliva, urine, | asma, serum bl ood, or other
hence apsay thapughiirean be gragtly dnsreasnds Hithilese chanee of wweeer giprs off
r d
desire RS it Sonstilfs BTN bE ARSI HED S GpRSIERAAL ob § pRbiMfer
well op @iierganpaye sWhen tha ptdsentsam;pf amsﬂdmmarei ettaehed togr sidiiﬁl support

bi ndi_n f. .t C t
sensor oS BRR St e spetti B Ao et g Bo besized Eghsrec
locatidr8to@Misd oYid stfpRrip &drieRikhple ia Rfcrodita ?9 %S Yeksaifoe Rwvd ﬁ‘ﬁ@cu‘étﬂ@r
condi tion. Sanples of experinental or nmanufactured
analytpriy pample Wikhbeindicted by Ehemppréﬂnm opficebitignalifiom Hiei dissante
locatuﬂ{ oerglg% glg)?) ?%%“3% iefﬁ?(gg:oﬁ Etea(él a]%tgcll %e[g&{ %{h%g{ypg is bound. In
this way iacpirgfle mpleatantve téstad fen(amptaeencé bﬁmnitlplwanei@rteﬁae el uate

fkowmdea variety of solid supports can be used in this embodiment of the present

methods. Suitable solid supports include plates, wells, membranes, and fibers. For example,
the solid support can be a particle, microarray, microtiter well, waveguide, or capillary. The
solid support can be made from any material to which the present sensor construct can be
bound which doesn’t interfere with analyte binding by the MRD or with a FRET interaction
between the RET donor and RET acceptor. Suitable materials include nitrocellulose, glass,

and a number of synthetic polymers, including nylon, polyvinylidene fluoride (PVDF),
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chr omat ogr aphi ¢ separation can be tested to detect

whi ch fractions contain an analyte of 30 interest in
wa@oloansam O her sanples, such as environment aPCT/US2005/008833

sanpl es, can also be tested according to the present

met hods, for exanple to detdct unwanted contam nants

in such sanples. Preferably, the assays perforned

according to the present nethods are non WO
Poly3(y0sie OB 90 oD/ pISPGOBMe0 SB8RRlyddy lmethpray latei v@ymﬁlal;lklﬁ,

and. the sensor .constructs produce a signal directly in
pOIY%pgdﬁoﬁ%dep(ﬁ%vu@flﬂ@?rh " an anal yte. After contacting a

Sampak fredérit BerBorS@AGAICtCANSE Eotpled taBolaPdubBétts i8iveRakndwidid the

the sensor construct is measured. |f Interference .
art. fqr |§xamideyr i§ the solid supRam dea Ranidele) yith agHisp eyrface gyaositane eprpling

T, d t . :

R et et ™ ot P Y R T PRESHAL o Bl ot for diret
bindimgadfyantbaticsitm siicasipposs, Biceming. Chent. h&0:340vp33(1999)). For a

. Pref erabl am optical signal i obt ai ned from )
micigafTe [ogiat BIFCETRT FP S G spotied IG pmespinlly ayagable muli-
wellCdixk afidrofgayl dlidvd. t WeBs &ﬁ%'c@eated'u@ing a0 lrohRoBIE B E (Aailable

control %ptl cal signal generated by a Forster
from Exig feippiEice Retyiouity, ANEY eing 4 nin-dqoh SiPe GHCIOBITENSE P ¢rhYe RET
mic1q)9f}9§ and the RET acceptor of the sensor construct.

The di fference between the control optical signal and

an Vapouscybtess gredinown as the act forexaiting finbwpiéres addufior detetiap and

be. use 0. gyantitative determ ne the ampunt of o
mearitphes) iR prov Ry Terat ST Cpiae ! Sohexat, wide field
fluofeREenBemits6:8opyCandBkeer §dahSinglen@ical MRtdsBEhy @SCMP) KMMstD

the art. Changes in the intensity of the em ssions

froma sensor construct and/or in the decay kinetics
Kit<Of the optical signal emtted by the sensor construct
— can be nmeasured for this purpose. Time- resolved

nmet hods can al so be applied when RET donors with | ong

litetime sych as 15 | ant hani des are used, as s known

t ol 875 PIRERG th S ELEENS CORNUCHS FRLBRIORBEhBCISgr Use in
detebfiptanbiHRY. EBPeRBPRE SHA NMBECa IncteUl dopeptidd doBPFiking an Fv

having to attach the sensor constructs ?o a solid”
portipn b ep antibphy;s frsolabel comprising @ RBTalongy hoghéditp apelypeetitd ng

. r ' ' i, d- h as
comBh2 e o AaRll e RIAREBIRAY S ATRET ageepigy bound
to a golypdpttifle coraprishpetle bintding domsia of Pacieie LOf WagehaseddepahiteOr .

If 20 desired, .the present constructs can al so _be .
compeRents ﬁéedcﬁnﬁm}fd% Feluten, Hsdst la‘éf‘i %Wog@s Boupd e Hrej YH portion of the
Fv &bty v thdPERQRAT @maid 188 tle8cdll @R hecSBESRund 88 &k M CHdtion

are attached to a solid suggort , sensor constructs

of thetivomoialy evisthe Erdtein Lf domain. f Aberantivelyn ieyfiretslalsh patbepmprise a RET
accek&;? @Jh!ilé ﬁg s%&mﬁl havel @oﬁfprisgsoacﬁﬁ’i‘ %nﬁorp n the solid support,
or exanple 1na mcroarray. Re presence of a
pait a fithar emtaidihetit sutina &it sanjtiaden fitst el dodipeisingd RIBT donor

linké(P t% aai‘fé%rrc?donglier?ct ceoilgg tcc|>i‘1: gcl)lygeip 1c?eaz|1ndfars(é):grc])ntdhl::(?be%j Lgn%r?stir?g an RET
acceptor and a heterodimeric coiled coil polypeptide which specifically binds to the coiled
coil polypeptide of the first label. In this embodiment the kit also includes a molecular
recognition domain carried on a molecular scaffold which specifically binds to either the first

label, the second label, or to both, preferably via a linker.
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25 |l ocation on the support where a sensor construct
adapted to bind that analyte is bound. In this way, a
W@ pmglogo4sanpl e can be tested for the presence PET/US2005/008833
mul ti ple anal ytes. A wide variety of solid supports
can be used in this enbodiZ®ent of the present
nmet hods. Suitable solid supports include plates,
wel I's, menbranes, and fibers. For exanple, the solid
support can be a parti clExamplesroarray, microtiter
wel I, wavegui de, or capillary. The 30 solid support
cal ,b o de fro ANy 18 %rial to which the present
bound whi ch doesn't
interfere with anal yte binding by the MRD or with a
FRET interagtion _between the RET donor and RET
accBpltese bindinetpapteia cantt@ey wasdestedcto ygelyrthe pdlét|of theasesent

et 5 o B Oy YO SO 5 BT L

the mPAERE DBEAORTrOORS IBtacked tp dieyS-termims of fiel MPP omyjdte mas ECFP

t | net h | at,
cennafiie S8t O RReRs PRSP b Rl By of ABR raeEYRR
(enhaBéedSRNéw ﬂﬁ@&ﬁﬁen@ﬁ(ﬂéhﬂ) UQt xS AR Mi8e 0 WRls eeHe? a&ﬁhb&ito the N-
supports in wa nown to the art. For example, if

termipueof digsy qoastwpp%hxs cpustryctpdesetibaddn RCTHntgrnstipal Ratsor Apndieation
| .

No. QURPRPEANS o MR 9, B PHERL R GRS DE RSt (38

InmmﬁmmcmVWBhtgmminding of antibodies to silica supports,

Chem , 10:346-3 For a
e e e B S BT SR g results are
shows RObiL@Es OAL, FRIOHEARE MeloY (1RVHnbIRdEscAbEd in-THR! J b@bRSS
mcroarray siides. Wlls can be created using a
hydr ophobi ¢ coating (available fromErie Scientific,
Portsmouth, NH) using a pin-tool type mcroarrayer to
Tablecd ep;ggrea7 10 diigroarray. Various systems are known to
he art for exciting fluorophores and for detecting
and measuring optical signals produced by the present
Symégispr constructs. For exanplmitigd de-Ti el d
fluorescence mcraoscopy and laser scanning confoca
Rsm cr o%%@}:‘)yat(OL@@MSfm@mprd@mn used 15 Ki ts In one

Ex

RET $aiiolbf dhddehsof protdif ﬁ#&ﬁﬁrsﬁblﬁ&hg/ ﬂﬁtﬁ& 'taﬁ1 t then to
conpr|3|ng an Fv portion of an antibody; a first

Iabelln 8W®r|5|ng a RET donor bound to a polypept|de 20

BT e St iRy (e 3 =™
84 pol ypRyat-iRke conpri sing the binding domain of Protein

te conponents are comhined_in

SAIsolu R%h Rehe first | abel becones bound to the VH
portiomof the

This construct exhibited an increased FRET ratio (R) in the presence of maltose due to
a conformational change in the MBP portion of the molecule which results in the
fluorophores coming into closer proximity to one another. Several different concentrations of
the construct were incubated with anti-GFP polyclonal antibodies (which bind ECFP and
EYFP), both in the presence and absence of maltose. As shown in Figures 7A and 7B, the
FRET ratio of the sensor construct decreased in the presence of the anti-GFP antibodies,

which by binding to GFP interfered with a FRET effect between the RET acceptor and RET
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Fv noiety via the Protein A domain, and the second

| abel becones bound to the VL portion of the Fv
wWOoRi0sny940¢ a the Protein L domai n. Alternativel pCT/UR®05/008833

first |abel can conprise a RET 25 acceptor while the

second | abel conprises a REB donor. In a further

enbodi nent, such a kit can include a first |abe

conprising a RET donor linked to a heterodineric
donoif] thel cmstructp dﬁ&ﬁffegni'ssi@s drodn thisswognut Welsehrtheympraswedip the

[ i mer iled cail

preqie S app PRSP e BlE R L APRYETR y6oi) b Ensbs pufReT
emiSsidnl inf2@biyP ePlids€lestlts drdrghokwinli Figued Bt , whith 4186 Sicludes the results

enbodi nrent the kit also includes a nol ecular 30
shoyp ipFighte GhivwsmaP#isedr ri ed on a nol ecul ar scaffol d

whiggh: Lk [

(e ARAREE by FE el e PR el s PR,
nmnmsoz@aﬁnaﬁgﬂagmﬁﬁmmmsamaﬂknmﬁgmﬁIhi&gﬁmﬁhnWessﬂEwamnguum

tect

TE B rioRuent fhs FREE rtLerde b5y ardtel Sphe Saere R e dyreet (he

antitGEP PS19AEIH antiBRE{N 0 $his I436) WaATafhdiGleallk BN R RBiction of time. As
fluorescence indicator protein, or FLIP) was based on

showp & Righteod tBe AeRs b FBEL TAtio aecuretalgnosigrighg away, with a

r P
ma b8 dERS sl oA 00 36 p T TS By B G e
of tlof privisiae m@oE\MﬁPsho@mrﬁy&tmmgi theedhhpe ih IFREﬂ‘aaﬁ@m a function of sensor

rotein hexa- hi st was t.h tta
conRpfs o b oA e HEErn of pEclonsf b GRF antitoay
(30 RO Gias ReEl dsithdladget MaBfid)@Ald (B éﬁanE@tlﬁ FREARMiS 68thE $hsorNere
WO 03/ 025220, was kindly provided by Professor Wl f

measy§tiader FRIIeSCuWF fengerirations tystshe e i BigupdShitkeyteaser signal
I S

(FRETHEAD pefinl L P e S BON, TR ColBE Ay RO ONTEY olfibihrdadh Bt e
targeddnalyten@lee the pelyolondl heti-<HPoakibodyescri bed in Table 2

bel ow. 15 Table 2: Figure 7 Legends Synbol Definition

Rs FRET ratio of the sensor protein RSA FRET ratio of

the sensor protein upon binding to the target

(anti body) RSAL FRET ratio of the sensor protein upon

Examplecd: benseli Gepstractichmprising MBR dsdiie Molecwlar $easfelddst Detggting His-

13@&9&%&eﬁ§ tgﬁmﬁﬁnsor proteln upon binding to nmal tose

A sensor construct similar to that described in Example 1 is produced comprising a
recombinant maltose binding protein having a ECFP moiety attached to its N-terminus and a
EYFP moiety attached to its C-terminus. Unlike in Example 1, however, this fusion protein
does not contain a hexa-histidine tag. The N terminus of ECFP or the C-terminus of EYFP is
mutated to incorporate a cysteine residue which allows chemical conjugation with a thiol-
reactive nitrilotriacetic acid (Maleimido-Cs ~NTA; DoJindo, Gaithersburg, MD). The
conjugated nitrilotriacetic acid is used to chelate metal ions such as nickel which in turn binds
histidine-tagged proteins. Alternatively, the nitrilotriacetic acid group can be coupled to the
maltose binding protein at a location between its N- and C- terminus using site-directed
mutatgenesis and chemical conjugation techniques known to the art. This sensor can be used

to detect proteins which comprise a His tag.
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5A RSA - Rs 6AL RSAL - RSL This construct exhibited an

i ncreased FRET ratio (R) in the presence of maltose
waelo@sngp4020 a conformational change in the MBPPEDDS10051008833

of the nolecule which results in the fluorophores

coming into closer proxinity4to one another. Several

di fferent concentrations of the construct were

i ncubated with anti-G-P poI ycl onal antl bodi es (which
Exammle 3 FSEib-AspemblingSenpsor 6 X : oé Coilds disddoleenlar

ZA and 7B, the FRET
Sca?f‘o‘d%k b&?é?_flmgpﬁw?t %%Ve\ﬁ Plr&e;{gFé glégo?uzlo egge din : h:

presence of the anti-GFP anti bodi es, 25 which by
binding to GFP interfered with a FRET effect bet
t he @poaﬁ@gﬁg@c& compigsipghetsapslingrie £ojteg £01ds as the molecular scaffold is
proglggﬁ le@%@ﬂ)%/s Ogﬁ%sgbll A AR ha?fadts&ﬁle?&?%cfou Sikd td=Hwi, %Z1F'A2 coil

em ssions fromthis construct were fufither” neasure
(seq, Igeg., pridsledisd. ZH00an %@35(@)5627@39) gpecpdptide fiker @Eﬁa,g recombinant

. NO ange.i.n FRET em SSi
me&lg(?en& ttg thel"'il]rg @“L@ 8?@1 ﬁ%%s RS rnéc‘)%rat% C¥gieine
residhé& forithiiel ¢odpBnd e REB llebEIS A BReIMKVIAEKgWepad Beqliétice) modified

arison. 5 Simlar trends in the FRET ratio decline
with Pﬁ’@i‘?@ak@ﬁ?&ﬁ ijvaraduesd by cheraicali peptidenyAbesiveraiecombinant means

andqgl%e’led% Q'&ﬁbl%%ﬁv@ Bﬁrﬂ%tr%&ﬁc&ﬁnﬂ acﬁl?ﬁdﬁ:lﬂ'l E—cBﬁQWlth its N-

anti body, as shown in Figures
termmsspmutatealeb yncoTfogaté- RESFstemaﬁ esidgef fot Heolsengling tpr &l Iabel) is

o g R0 OF 06 B B ST ) s

pepﬁd@ﬁﬁke@ﬁusﬁﬁg deinBiis fuéisn aﬁ&lfw@nlblﬁalfhﬁﬂfoﬁs ithdw fohBe & aN@eSthree
in FRET ratio occurred al nost right away, with a 10

PEPHEK FOHI A e rataddogathes gnd alloyred do foa@osekf-a@@mbieﬁ §pides qoid sensor
okl BHRAEIS PR SUDBS BRAHE 214 Senlrh i, B340 provers

of the seasdruooostiush waf clmaglesasrdepxcto:dcmﬁtgnmSB)n For this
experinment, a fixed concentration of polyclonal
anti-G-P anti body (30 nM was used as the target
Exaaipdd 1 GeldAdsdnitRing I$8f@e 8 ohdtrubREdmpratid g ORQ@bmbAGnt FENERIbody
were neasured under varying sensor concentrations. AS
shown in Figure 7G the sensor signal 15 (FRET ratio)
be I .
s e resRpt: Shfipdin bbbl Vi SR Hophion: i produced by
sep{rately. prbﬂm:upgjiw)ct’uamapromml (s4SE-P. ga,riththp) 208X Sep?’; 91211) 221-8).

o B DRk oS 08B TSGRl &y Crormims

to a3alkut | WHfdh 'eoﬁﬁﬁt% Ot to GRS Liértfidus OF Bipkptlde tc6il ! Walzislasas khad
in Exa gq(oduced conprising a reconbi nant

VHirlinkess lbllﬁd% gT ks porpppisehy flexiblerpt wmine peid aeptide labent 2.4-
2.6%nth IOBE c&lisisﬁﬁgbpﬁ‘lg aﬁl% Rids Gly, Ser, Thr, Pro. The second fusion protein

comprises the VL portion of the Fv molecule linked at its C-terminus to a linker which

connects it to the N-terminus of another peptide coil, WinZip-B1 to form
VL.::linker::WinZip-B1. The linker for the second fusion protein likewise comprises a
flexible, 14 amino acid peptide about 2.4-2.6 nm long consisting of the amino acids Gly, Ser,
Thr, Pro.

PpL and SPA-E are then used to label the two fusion proteins. Hexa-histidine tagged
PpL and SPA-E are expressed in E. coli, purified by immobilized metal affinity
chromatography (IMAC), and respectively labeled with a RET donor and a RET acceptor
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EYFP noi ety attached to its Ctermnus. Unlike in
Exanpl e 1, however, this fusion protein 25 does not
weontassoa hexa- histidine tag. The N tern nus BET/ESIORS/008833
or the CGtermnus of EYFP is nutated to incorporate a
cystei ne residue which allo#8 chemi cal conjugation
with a thiol- reactive nitrilotriacetic acid
(Mal ei m do-C3 -NTA; DoJi ndo, Gaithersburg, MD). The
ﬂu@eﬁ}(w@ leorophare abeied Pak and SPAGT areiteen inedated with dlheatppropriate
rn..bi nds
fos{RgPnein R S SRR UhElo MV T Rt Yoy, Pifectvey.
nltrllotrlacetlc aC|d group can be coupled to the 30
[ ,proteln at a | ocation between its N
5 epspr Lo grpEging atogocienab Antbesdyg
chen1ca| conjugatlon technlques known to the art. This
sensor can be used to detect proteins which conprise
a Hilgonoplgpre-\ponjpgras) Prd 9argiS BACE/aspio 0@ 0 8883 8ribed4n Example 4 for

ens st,ru

use?l‘ P e\ TP AL O RS I8 rEPoB ap B PR gy e
fratbwerk aggjed o VDI SPASE bindSedtitd WH, dndS &S REsef xisht! 40, Since the
b,g@np&jsin? Bgé?delﬂEflC cojled coils as the nol ecul ar
INps PR of SPASE #y liildess e thas of Bijd c-bgslins. Woce@asm@m -G B1
SPGem lﬂﬁé'ﬁ !
( 4 )Qﬁ!)m%ﬁﬂ . @%Ogloiagaglggbcggsnatrg @%9@&@@1 gg(;‘ B1. t() Btk the
bm@i@g)pf &%ME md?sq , ThesflupgopheteslabyledalPrL anﬁe&ﬂzpeﬂar«mewmubatddemh
meﬁ&hmdége N-term nus of the E-coil is nmutated to

I'ncorporate a cysteine residue for thiol coupling to

a RET label. A K-coil (KVSALKE heptad sequence)

nodjfied with a Nterm nal cysteine is produced by

cheHiO4eD Piepresant iByarine Bssoesr disetsenn senstdermblaistailovignd
reféréﬁ@ k@&rﬁ%ﬂ ﬁefbrfeﬁ 'eﬁﬂbp{ ﬁi? (Xtﬁcrrgrﬁbrohlllrgh{s a?é:rrrSc}shBleaGIlhg teps
dition, E-col
dlsquied ﬁ!rdh@meaﬁne mthosls treinpeinteadéddiode ﬂmntmgmomlara:mapimtdmged to

s T\ ULl SOUBLEE 0,200 18 Pl S8 3 o

onlp eﬂ?hérdﬁré itk ope biSthe Gprdadet difimb WsduR A BE 1iFRE@ P aéchonn of
met hods know to the art. These three peptide co

preigrred pRpegimenia corsaiaechiaythis disclopyrewil referencss pited herein are
mco%EArBfea%?%Qfe{e%Qe fb%élg@'mﬁ%g sensor 15 constructs
depicted in Figure on binding to a Hi s-tagged
protein, the FRET property of the sensor construct
wi || change as depicted in Figure 5B. Exanple 4:
Sel f - Assenbl i ng Sensor Construct Conpri sing
Reconbi nant Fv Anti body 20 A sensor construct
conprising a reconbi nant Fv anti body fragnent is
produced by separately producing two fusion proteins
(see, e.g., J Mol Biol. 2001 Sep 7;312(1):221-8). The
first fusion protein conprises the VH portion of a Fv
nol ecule linked at its CGterminus to a |inker which
connects it to the N-term nus of a peptide coil
W nZip-A2 to form
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VH @ linker:: WnZ p-A2. The linker conprises a
flexible, 14 am no acid peptide about 2.4- 25 2.6 nm

WO og/08nsi sting of the amno acids Ay, Ser, HCF/PSI0H008833
The second fusion protein conprises the VL portion of
the Fv nolecule linked at i28 C-terminus to a |inker
whi ch connects it to the N-term nus of another
peptide coil, WnZip-B 1 to form

Whatiis clajmiddp: : W nZi p-B1. The linker for the second
fusion protein |ikew se conprises a flexible, 14
am no acid peptide about 2.4-2.6 nmlong consisting of

1. t he\ arilod oAdéing ay,and@te, in a 38ngIbY contBriing BiRlstepe &f:SPA- E
are then used to | abel the two fusion proteins.
Hexa- 3 BIGVHiNFe? SRS PuStpISt CUMIISTIBA- E are expressed in
E. coil, purified by imobilized netal affinity
chr omat &R apmseutar ppgopnitign dompais péioh; speaifically bide i the etele;
RET donor and a RET acceptor WO 2005/ 089409
PCT/ US2¢05y ioBRBd copmrising ar BFRcloaor; Bndior ophor e- | abel ed
PpL and SPA-E are then incubated with the appropriate
fusi on piideeeeend dabgl pavprispwcinf RET béosptonfpritee RAE dohoranidhe first
VH ' r tively, I : | f - Assenbl i
el R RETT ERBRE U Loncu SR B RET 3P0 S s W atows
Fl (Rorsagiresonamerpeigatrankiénd oane] witArilpm@kinifr cIducadly®So the RET
descri bed in le 4 for use in |l abeling the VH and
VL 9PRYi Bjordhe froenteniperierrs; Wity PRI ineTaodon petyygen the RET
onlgyn ' - | : .
T R wh B oy o oBisn hBRE R e by
af frhynd 5 . ' ; of the
S e B e L R
domai (a) medsering aoatioalignafrom ddisersongoastfict, Stheraie thb ptesehce of the

with SPGBl to block th bi ndj ng of SPA-E_fo Fc. The
Mebile B0 i ol By e e i SRl  With 2 gt fisoridee enerey
hrsker ittBRctadi bddOeinabe RBTtdAAHAd HRERIPT 8&8Hbr isrégbielon
has been di scussed in considerable detail with 15
reference to certain preferred enbodi nents, other

enbodi nents are possible. The steps disclosed for the
2. pr dbemethogiof 6hdm dr avharsin the REH heerptas ibsephrateil tifongthadET donor

b : ' indi.cate that each step depicted
yzﬁgﬁggggﬁk%gpsﬁgﬁ?ﬁggﬁ%%ﬁ%%%gbut i nstead are exenpl ary
steps only. Therefore, the scope of the appended
cl ai. ms_shqul.d, no e limted to the descrjption of
3. o dhETIeBS B EIRR e R GHREEI S RUALH 3 REIAAnG8 g RET
acceptdrs.r ef erences cited herein are 20 incorporated by

reference to their entirety. WD 2005/ 089409
PCT/ US2005/ 008833

4. The method of claim 1, wherein the RET donor is selected from the group consisting

of a fluorescent protein, a luminescent protein, a non-protein fluorophore, a non-protein

chemiluminescent compound, and a fluorescent nanocrystal.

5. The method of claim 4, wherein the donor is a fluorescent protein selected from the
group consisting of GFP, EGFP, RFP, BFP, CFP, ECFP, YFP, EYFP, and derivatives of

one of the foregoing.

6. The method of claim 1, wherein the RET acceptor is selected from the group

consisting of a fluorescent protein, a non-protein fluorophore, a fluorescent nanocrystal, and
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26 What is clained is: 1. A nethod of detecting an
analyte in a sanple, conprising the steps of: (a)

wWEe@sioshi4ng a sensor construct conprising: 5 (iPCHUS2005/008833
nol ecul ar recognition domai n_whi ch specifically binds
to the analyte; (ii) a firéf{ |abel conprising an RET
donor; and (iii) a second |abel conprising an RET
acceptor for the RET donor of the first |abel, the

a quReEgheiccept or bei ng separated fromthe RET donor by a
di stance that allows Forster resonance energy
transfer to occur, wherein proximty of the analyte to

7. t hdhrETetidl afeidm 13 fcktier cbmpridi%@Tthasuepqod;for interferes

with a FRET interactjon bet wee RET donor and RET

e s ot Sl SN RS WSt P anster
intetdeBo@ Béttvidrethe leF)T &0t agd the SRETf@cmf Encdehiddr tc%trﬁ&'iﬁlgf to

construct; and then &Ig%neasurlng an optical signal

confegtg the SCISRIBBIECH Y sampiiapéi n t he presence of the
an eﬁéhﬁ;,yﬁ:{ést%l@ ﬁlfﬁmé ﬁetkvéerfj&lg %51{1}0” ?gncf\%? %H Salrl g}rl(? £hf %{)&(ﬂ? Sgnal of

resonance ener
stepi (nl, evigcdin dre dif¢remerbetween ElETcodﬁnloo‘ptlaﬂdlghh]leanREﬂé auicapignal of
I s, det cted The net ¢ m 1, wherein the RET
step, @ Bt v of B At uep oD B R or by
distance of less than about 25 nanoneters. 20 3. The
met hod of claim2, further conprising a plurality of
8. REThganeshos ofiednimeT Whate@teéftt@mgnmgltheﬂﬁ%ﬂm ihettveot th@lcaliltml

optlg'al sgﬂgltraﬁlrc]lghé {;ﬁ‘cgia%‘g? 0Pl eﬁ: 5(%1}%?%5? %eisgﬁ{l%g hﬁ utﬁe intensity

con uores mne
or docaytldnatics af the filupresteaceror luiresq@her ﬁ,théiselﬁﬁlﬁ-cpﬁ@iu@t. n 25

chem | um nescent conpound, and a fl uorescent

nanocrystal. 5. The nethod of claim4, wherein the

9. doN®E methdd JlcURhas %@feupﬁl@ts&isﬁr bt e&nﬁﬁs%ma bb%%e tide.
group consi sting of GFP, EGFP, RFP, BFP, CFP ,

YFP, EYFP, and derlvatlves of one of the foregoing.

10.: 30 "I%e me Iﬁfod”'%}fcba%ﬁ 90 fwh%re%l i Pblé’B?Pslhg If:ﬁ?rﬂ]térl?s%? algEV %&%%Q toP in

is selec rom’the group

antibddyo b the Miol@ubi @¢odgnition Aom#ih Qb@piiksel b DT RS tid Fv portion.
fl uorescent nanocrystal, and WO 2005/ 089409
PCT/ US2005/ 008833 27 a quencher.

11. The method of claim 10, wherein the step of providing a sensor construct comprises
separately providing the polypeptide comprising the molecular recognition domain, the first

label, and the second label.

12. The method of claim 11, wherein the first label comprises a linker comprising the E

domain of Protein A and the second label comprises a binding domain of Protein L.

13.  The method of claim 1, wherein the molecular recognition domain comprises a

chelated metal.

14.  The method of claim 1, wherein the molecular recognition domain comprises an

oligonucleotide.

15. A sensor construct for detecting an analyte, comprising:
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7. The method of claim11, further conprising the steps

of : measuring a control optical signal generated by a
WO-2008081409 esonance energy transfer 5 interactPORUS2005/008833

bet ween the RET donor and the RET acceptor of the

sensor construct prior to €®ntacting the sensor

construct with the sanple; and determ ning the

di fference between the control optical signal and the

op{deanoletupraecoghition depaipghhichyppesificatly binds thi fofepitepend the analyte;

bet ween the control optical signal and the optica

si gnalb) efirst $gbepcanaprising danREE donovpandf t he anount of the

analyte in the sanple. 10 8. The nmethod of claim?7,

wher efcha skebmd hibelicogptikiag dn REAT aeoepeortfet the ®ETt dvaor ofthe fitst label,

@gﬁﬁﬁflg@fwtﬁg Elgigg E%@tr%ee% %ﬁ&ligtgg hﬁlﬁsﬂt n%lr mg fg %’[f? e (tl%zt allows Forster

ResiaMcddnbRlytfsef tolddeur! WHAERSGRATR 0P thelatidli B ?s%ﬁt@ﬂ%%&d @btween the

the sensor construct. 15 9. The nethod of” claim1,
R & aegeptor ped tie Rddr danenwhenibe melsaal eegniiopdoppiahindg ée analyte.
10. The nethod of claim9, wherein the pol ypeptide
conprises an Fv portion of an antibody, and the
no nition in.. ris a regi on of
16. R R FRERRELLH L S b e bR B R s B8 e n
polypbstidet ep of providing a sensor construct conprises
separately providing the pol ypeptide conprising the
nol ecul ar recognition domain, the first |abel, and
17. 1 N&hg 86RPAIndR&: of Lhim T8 SwiBER AL @hst lehsfudiloomPplisse! dhele-
the first |abel conprises a linker conprising the E
chaip &*vdeetiy) randfwirrein diermaeeiat redognition dnaraingbwprisss mfPPR eegion of
theS%ngnding domain of Protein L. 13. The nethod of claim
, Wherein the nol ecul ar recognition domain conprises
a chelated netal. 30 14. The nethod of claim1,
wherei n the nol ecul ar recognition donmain conprises an
18. o) iL§e senspPreeanstgect of slaimn 1 awacaein dienfinst labgl iy wggéﬁ%t%@ iSPRY -
an anal yte, conprising: WO 2005/ 089409
PCT/ US2005/ 008833 28 (a) a nol ecul ar recognition
19. dorhae senspi chnsepe of tlagal T ywhereid thet sscend lepl isapepled to the scFv.
analyte; (b) a first |abel conprising an RET donor;
and (c) a second | abel conprising an RET acceptor for

20. t he@hRednsehosu@siredt of BRink i16,SWhdréih @e, sendof @oMRETicta®EBkdra Fv portion
bei ng separated fromthe RET donor by a distance that

of an, ptERASY FENdsYRerein the iaelseltdecagrBiog omptORFists @ R egion of
meymggﬁﬁﬂ_a portion of the analyte is interposed between
th

21.  The sensor construct of claim 20, wherein the first label is coupled to the Vu moiety

of the Fv and the second label is attached to the VL moiety of the Fv.

22.  The sensor construct of claim 21, wherein the first label comprises the E domain of

Protein A and the second label comprises a binding domain of Protein L.

23. The sensor construct of claim 20, wherein the first label is attached to the Vi moiety

of the Fv and the second label is coupled to the Vu moiety of the Fv.

24.  The sensor construct of claim 23, wherein the first label comprises a binding domain
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RET acceptor and the RET donor when the nol ecul ar
recognition domain binds the analyte. 16. The sensor
w@owsnsaes of claim 15, wherein the sensor conBCT/USL005/008833
conprises a polypeptide. 10 17. The sensor construct
of claim 16, wherein the sef%or construct conprises a
single- chain Fv (scFv), and wherein the nol ecul ar
recogniti on domain conprises a CDR region of the
of Pseiip L apg thegsecompblabelropprisesibe Elomairofdiraieim A7, wherein
the first label is coupled to the scFv. 19. The
sensor construct of claim17, wherein the second | abe
25.i s Thosgub@cohgridief slafv 16,26herdih ¢hessenso consomst dougiris&fan antibody.
clai m 16, wherein the sensor construct conprises a Fv
portion 20 of an antibody, and wherein the nol ecul ar
26. I €T8E RinkdrUdndRTR b cIaRTDS | wIRSei tifeiksf BB @BmPBFisestaNBikEiVselected
portion. 21. The sensor construct of claim 20, wherein
frong e grqupsEnyisting| ofjasbinding Herdain of Praseivly anditee § doohint df@retein A.
and the second |abel is attached to the VL noiety of
the Fv. 25 22. The sensor construct of claim 21,

27. wh&he bamsdrhvendtiucs bf tlaine 5 cwirgpein siessetdid 1Ebetl Oditgj')ﬂbg@ﬁ linker selected
Protein A and the second | abel conprises a_bindin .
fromy igf (WP SPPILDE é?l}ﬁ‘ th‘ﬁQ% domq{p of Btk LeagHdbe B dpmaim Q% IP&tRin A-
20, wherein the first label is attached to the VL

noi ety 30 of the Fv and the second | abel is coupled
28. t o Thrgenway oepitaroy obelainh &6,Fvhergin theThelegdargosogoitios tdomain

. clai .wherein the first |abel conprises a
°°m§f1%e§ia%§5“ad§ﬁ%t SAD 2005/ 089409 PCT/ US2005/ 008833 29 of
Protein L and the second | abel conprises the E domain
of Frotein A. 25. The sensor construct of claim16,
29. \wh SR PeRsfanAGE 8f claigh 3 -rhereip Grpgpolepdar Jacognitio dggpain 5
compfses AN BliSANSsi&oNst ruct of claim25, wherein the

irst |abel conprises a linker selected fromthe
group consisting of a binding domain of Protein L and
th in.of P in.A. 27.. The sensor construct
20. o TarseTBfbedies PEAAE o e SRS SRpp PR B Sbentr
recoghifikedomsghect ed fromthe group consisting of a
bi ndi ng domain of Protein L and the E domain of
Protein A. 10 28. The sensor construct of claim 16,

31. WNeheiddsdrRendiRIce 6Hk 18 16 GARMIA R eARIRITY c&ﬁﬁ@eg e Indlecular
pepti de epitope.
recognition domain.

32.  The sensor construct of claim 16, wherein the sensor construct comprises a pair of

heterodimeric coiled coil polypeptides.

33.  The sensor construct of claim 32, wherein the pair of heterodimeric coiled coil

polypeptides are selected from the group consisting of WinZip-A2/WinZip-Bland E/K coil.

34.  The sensor construct of claim 16, wherein the sensor construct comprises a

periplasmic binding protein.

35.  The sensor construct of claim 28, wherein the periplasmic binding protein is maltose

binding protein.
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29. The sensor construct of claim 15, wherein the
nmol ecul ar recognition donmain 15 conprises an
wo@bkiogosnsed eot i de. 30. The sensor construct of BPCHUS2005008833
wherein the first |abel conprises the nolecul ar
recogniti on domain. 20 31. e sensor construct of
claim 15, wherein the second | abel conprises the
nol ecul ar recognition domain. 32. The sensor
construct of claim 16, wherein the sensor construct

36. b oDk st BafbLot a8 SUBRUTTHe oot dtocBRicp gompiags
spaﬂhﬂhﬁbmnﬂheﬂﬁamﬁoﬁﬁoﬂﬁﬁemOdlnErIC coi |l ed coi

pol ypepti des are selected fromthe group consisting of
W nZi p- A2/ WnZi p-Bland E/K coil. 34. The sensor

37. CORSYehdd® borRfru&! oy &etéémgvm%ﬁﬁy@ {praipsor construct
conprises a 30 periplasmc binding protein. 35. The

s effs emadenubr seatioldogompriting 28olenilar rcognitinn drenaipivhghispecifically

€%§3i3§5§%85e|n is maltose binding protein. WO
’PCT/U82005/008833 30 36. The sensor

constﬁyc{ fB% 16, mﬁ@@g* t he .nol ecul ar

r ecoghi 1'5h® ﬁﬁ?ﬁr§§@a§ i 19°0519% bound to the

sensqgr, construct. 5 sor co st

dot edP GO 8L oo RE LRGP 43t (e RETRRpRpf the first lbel,

186 RITOd Bert @ MingSdeParated bR G RETIRAGIHY bidt 0 "ﬂ?a't Rlows Forster
whi ch specifically binds to an analyt'e; (b) a first

TeYHAICCEBITRY ITansRy IaACRETWiein A portied of b arel@esdrierpbsed dbtween the

I lonqr._of t

A S L A R T
the RET donor by a distance that alloms For st er
resonance energy transfer to occur, wherein a portion

38. of Thdensorabysieict of dlaied ) edetbibtke wesor tdistrudicdmpiss Rt or
and, .t he RET donor when the nol ecul ar recognition

POlYReR¥dfn binds the analyte. 38. The sensor construct of
claim 37, wherein the sensor construct conprises a 15
pol ypepti de. 39. The sensor construct of claim 37,

39. wh&hesensar lsenstwricfidlaim 37 odgreirt the madesnar mecoguitipn idsmesina

comﬁljf's%g gtcﬁeqatg? Bl@tlal.

40. A kit for producing the sensor construct of claim 20, comprising as separate
components:
(a) a polypeptide comprising an Fv portion of an antibody;

(b) a first label comprising an RET donor; and

(¢) a second label comprising an RET acceptor for the RET donor of the first label,
wherein one of either the first label or the second label comprises the E domain of

Protein A, and wherein the remaining label comprises a binding domain of Protein L.

41. A Kit for producing a sensor construct, comprising as separate components:

(@) a first label comprising an RET donor and a first heterodimeric coiled coil
polypeptide;

(b) a second label comprising an RET acceptor for the RET donor of the first label

and a second heterodimeric coiled coil polypeptide, wherein the first heterodimeric coiled coil



20 40. A kit for producing the sensor construct of

claim 20, conprising as separate conponents: (a) a
w@oioppggde de conprising an Fv portion of an ane@us20ps5/008833

(b) a first |label conprising an RET donor; and (c) a

second | abel conprising an T acceptor for the RET

donor of the first label, 25 wherein one of either

the first |abel or the second | abel conprises the E

polygentide spestficaliy bipds in the scgend hetierpdimeric iseiledegedl polyngptideh end
COM bl Nl 19uRRE thePhofelAklelodniricllaonthilt el the
produci ng a sensor construct, conprisitig as sepdrate
molenatup scadfoldsis att{chdd @ af linkst whighapedtfivaily biide g eitheREE fitoriabel or
and first heterodinmeric coiled coil 30 polypeptide;
ﬂmsfﬂfmjﬂ§%cond | abel conprising an RET acceptor for the
RET donor of the first |abel and a second
het erodi meric coiled coil polypeptide, wherein the
first heterodineric coiled coil WO 2005/089409
PCT/ US2005/ 008833 31 pol ypepti de specifically binds
to the second heterodineric coiled coil polypeptide;
and (c) a nol ecular scaffold conprising the nol ecul ar
recogniti on domain, wherein the nolecular scaffold is
attached to a |inker which specifically binds to
either the first label or the second |abel. 5



