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localization in vivo is the lack of adequate methods to estimate the diffusion coefficient of

poly(A)+-mRNA within the nucleus. Values have been reported that differ by two orders of



various RNAs in vivo, new nethods of studying their

| ocal i zati on and novenents within living cells are
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corresponding RNA motif (Bertrand et al, 1998; Beach et al., 1999; Beach & Bloom, 2001)

and another group used a system based on U1A splicing protein (Takizawa & Vale, 2000). It

was hoped that this approach would allow for monitoring real-time movements of specific

RNAs in yeast cells (Bertrand et al, 1998; Beach et al., 1999; Corral-Debrinski et al., 2000;



substantial limtation is the high background signa
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ﬂuoresc%o?&f R DrcSRITR 1 rﬁg%%ulhfheﬁk”é Pizﬂ%k % fusiaPRORINsYR 1O ssembled

uorescent’ p etn and RNP conplexes in different
on the RNAngfanteresnt1S-209) which masxomealm asusal (Rvemebtandyaigeation of RNA

e R S A B SPGB o
ﬂuoresccfntf' Bﬁ)té}ﬁ’ RiQeE ndk Qpééﬁ}eg-ﬁtb%ld tB hg gﬁég’ At tlan %EbbﬁﬁiSecD\ﬁuﬂRf%

eling are suffering fromthe h non specific
RNA-préfeialogmplexds. dn gulkaapates Separaiva oféhﬁpﬂmqrpmm rAtein M RNB o
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with high sensitivity. Further, the methods of the invention provide methods and components

for the detection of DNA and RNA within a live cell using non-invasive methods. More

specifically, the compositions of the present invention comprise a detector molecule which



bind a single site. Re-association of the detector
pol ypepti de protein fragnents into a functional active
wa@ledoeosword protein will only occur in the presePCEUS00&042210
target nucl ei c acid, such as RNA or DNA, which as been
dto co

comprisG HOE PG BRH T 17 Rk s PORPPGIE Tty epalt whith ar

attached tDn@ERRdcRIbiAding Rt GItREEmaE fiflchbi tdegenderitly sr ddobbrate to
their cognate brnd |ng site(s) on the reporter nucleic

bind a sigglecitge B@@ﬁ@ﬁ@latwh iof therretactas mom@emdertggtetrb@@rh@ﬁs intea

functtonaf&%%t&gﬁ%’%c I 10‘% ngr?lﬁ tt)’l gﬁl?rl ttl?e e ype %g%eft gpcltelﬁ acid, such

as RNAQbeth OKhio® hebeehemodlﬁeda@rdonq:misaa réﬂmetedmtcﬂmt amdmiml@g n
onents are in the active configuration, but
sequench Gor GEATRIG 25 pRiA@en) piltovaRg thedaisechon ff iR npplsie acid- binding
I t
motifs \%FH(@%E @B@at’e I%R&IH% st )g(%%’%ﬁré zeé%%t%% g%({]elc LA %&hﬁ TG
interactipn ésegigethertthe ffegments bethe datectr ptotleln,rzélowmg)ﬂlr n@ntediate

the, target nucl.eic is R one. e
signal d@ﬁ@%iﬂ%@@ﬁ@ e o i 3ﬁﬁctst Bolscleoh RRE B protein
componE‘MQ | 84 91 tﬁs h@tntelceﬁﬁgt&amt bift 2FOARABEN albie, bheo@etceﬁswuon
['ecul [0012] AsS described herein, a "detector
they 1mmedtsttelytferm tlneeefctawe proteinthenetist Sieradiction efisieng @ccurs in real
. ._encodin det.ect.or cule ¢ risi the above ...
time in G ERPE T REUEEHE csF bt If S eremapert [ bdf R Facia s
RNA. AB0Z ¥iidrhoditbittentSmpdikdsta RNAObihiag ProteIoe pasiidevatiReinucleic
fy eptide fragnments, each fragnent conjugated with
acid bm@!ﬂﬁg rmmttf@pmpamna ohihg detegtorsraleculeThe pol ypept i de
[OOiiJag %p{ie%arlmqfer&ﬁ Qet*%}jec%o? Qgﬁﬁl%rct”tpéfe?é ta%é‘ﬂuét&c tatﬁﬂ sequence
conj ugat ed nuclei ¢ acl arg
encodingu cktetior ﬁmilmi:uleroemplmshﬂgtthkt gbdvl (elesﬁaniblegl! deted:tms/promlm (aihﬂr

and can be detected 00 ri bed
fluoresoffg e RETERC) Db BI EBHE Tdbore PER G RO RRGaR feBRS, cach
fragmen@%rﬂugﬁﬁ%ﬁﬁ &n RRQGHI 'agﬂ tﬁndhﬁ%?d &r Tﬂ@b&?ﬁetglda ‘fl\&%ﬁfehﬁ,' {flen
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ot e S B2 SR S5RGBT
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nucl ei ¢ aci d binding_ se uence nay be a nucl ei c. aci d,

encoding p geRSYST MQRCHISEPOMIFSIngR si§ed perdaig peid forgr@mple a RNA

or DNA%HP@&W Iéz:ne Jﬁhﬁglgeg‘g glg&r anrgét%lh@egéggl ﬁPIhlng %eecﬁ% ng@ or example

an aptamxfr The npcleﬁie:nid blmdmgl tseqmnncdtb eecﬁ)gmaa‘tﬂs beiite muejric acad—btmhng
GFP t hat |ss Q an afrarmm

motif of{ i EEAH AP L P Bl dEid P RS SSaEPcs Tt b § Rude Apic

0 BBtk ta@M NO aci ds 159-239). The al pha

gment cont alns mature fully fornmed chronophore,

[OOMiu c Hndme smbodinfent; thedstecter Rm@ln isatfluogespenit nmdectUdﬁ such as, for

L e ce an en r ed mn fra
examplg HHEE B Gr e p e BRI Trr il Wt e b RBCTE Mporter i
EGFP tHak ié%ﬁﬁﬁt%@tﬁal@lﬁd @AEndR (agphexifattly ihiie 10kl actIgy andh bENA
in vivo which is currentI%) unavai l able in the

fragmeng (approwiorielirmmipe a¢ide 1 &1-gRa- dig alnte frement seiahmatugs fully
formed aﬁ'gm%ﬁl?(ﬁ&%ljli@ﬁ Boddnot hﬂ&re&%ca?oﬂe? bhfl6 pﬁﬁ’l%& B§ Buoresce and when

paired with the beta fragment, immediately fluoresces. The immediacy of the fluorescence

protein,

allows for the real-time detection of RNA in vivo which is currently unavailable in the art.



of target nucleic acid, for exanple target RNA. [0015]

I n anot her enbodi nent, the fluorescent protein is
w@e@ensoruor escent protein (G-P) or enhanced grPEENS2006/042210

fluorescent protein (EG-P). In alternative
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. t further enbodi ne the reconstituyted .
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EBFP)f 4 oredct > 28 |\ pdd i
(B AP 0D CRER KAL) By oMk A7) or
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ptin B 8L 1 TR B o ST P

proteindrabpghripiisti cfasgix e bAf g rbents 8OMABS SamE Bl PEHNBIRANNCARY of the
In specific enbodi nents the

acgt | transferase.
above ligig é%@ﬁ?cﬁﬁfyﬁ@nﬁs bet a-| act amase. [0017] In an
i gpor i X r ' | he
0P ARGkl S8 NP
amplificatipehThe baysaef roay bd)dorexainpld, retadgdl aabdsidese, et aiase, beta-

.vivaq..ln one enbodi.nent, cells of interest are, ¢created
glucosﬁése’g?&‘b%qym&&e 8% chjogmphenige! acgkik itpridiraser g sersifsct or
embodiBiOms tRelddtecBos &% RitadRt@Al, N0l ecul e which does not

roduce a signal fromthe detector protein in the
[004hs e nN@eangmpopfemtrRinent ¢f theysesdoeisvendions the compostions and

tivity. cells ¢ | so,express.a r ter .

metvod SRS TS558 3P LRSS FERSL o, 1
one emtoidirdémgeetls b€ irftaestahecrefbdat Rablirekmess et Cofitfuc CTHe

bi ndi ng notif(s) and a gene of interest. The
detector copsteck PEewses & detpetar melseile svhiehodaes ngtproduss dgnal from the

[ . I r .
sony UGS e A Q0RO TS L ARG i
The cells aaryalso Rpesradepartr lconsatuet ehedéint arrepurtzt @iolecule comprising a

. recpnstitution and prodyction of an actjve protein_ and
binding g R daftetsFinlaGulh Bhclr e Rusipaife motiel widd et implest
The expRX%§I6€ 98 51 o I’égélr*téf‘éoﬁ’dﬁ‘iiwt SaneSABldel] Wileh Budi a@é&&%ermolecule is

-11, and 18-19 and Exanples 9 to 11. [0018] In an :
expresseg| wighip atcellthe dpigeionmateculetvallbind the ¢drgetrRA@sd faxdlitate detector

. . el st roni ¢ nucl.eic acid sequence. C ri.si
proein G BHsARToR ol BHERERH O (AEHEE BB SR B PRt 5] oo
time detetiontof RN A eRpresstorDinaseLhdas exdrhglifRxdih @$&ira 00f 11 11 18-19

rePorter construct is operatively |linked to a pronoter
and Exagiples fitarldst . | n a rel ated enbodi nment, the reporter

[00P$)NStih léﬁtaltél%gﬂ@édly&ii%eljxﬂ sl O idtehdL OB S{E)re%g bicistronic

interest) and detector construct are on se arate
nucleic avidtseguenceciothpsisipgehnceportaterietiie where the detector construct is

constitutively expressed and the expression of the reporter construct is operatively linked to a
promoter of interest. In a related embodiment, the reporter construct (operatively linked to a
promoter of interest) and detector construct are on separate nucleic acid sequences. When the

promoter is activated within the cell by certain stimuli, the binding site(s) for the target



pronoter is activated wthin the cell by certain

stimuli, the binding site(s) for the targetnucleic
w@eiod/oswguence becones avail abl e and bi ndi ng 0oPCT/082006/042210

nucleic acid binding protein of the detector nolecul e

i b e SR A BRI, SIS g o
the dete&l_ﬁlt 1861cllc BAli@icd (N HsSELiARA 0Pehd dBIRMGIoB pepi& ﬁ&érﬁ&lts and

i s enbodi ment allows for pronoter furction to be
formatiogtaf dheeattive deteetior protein michi oap be Famedietatyp Hetectedhe This

.reqgul.atien of a ne.can .be_studied.in real. ti b
embodinp G Pt Pt s RO T B Roty e el B oot e
regulaticoffANANB calbO Gudicll en AAlRAB 8Y Yiahdfectiipya HlasieidieRBressing a

detector construct activity. In a related enbodi nent,
promote fdvigs pp KN bindén sterand applyFHng pnybasslipodgtecter construct activity.
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mcreasnilaqﬁﬁﬂﬁ%ﬂrg 9 quting e ghage ihEIC P Rgon o5t RNt Thigygteetion

is immediBtefy cfété&é@ﬁby SRR R Ronstrudt, "t et-0on" or "tet-off

systemmay be utilized in the nethods of the present

[0019v edbiacimil&#emadanpits a “tebh’sonftet-oif esymtm may bbatilized in the

created to. stabl xpress, the detectar construyct. of
methods Gfaha P GEeg PR | SR TR £ B TS B TEH RLJP Sl
express Seele¥to ¥Ps@®St ¥ th€preSéht Hveh®dm. OfnfadtRibal Aeabli€may also stably

reporter construct enabling controlled transcription

express piet-rher teiogeteghiatdlargpeiar sprsfrughrnagling cotralled dieaseriptien of
et e L] ecu. I.C ' iyndi ' Lo

the arec S ] F R 6L e A Bl % bincing

motifs). i Foresaraple] iy cspoffsgstéthethg e wiuld irhereditelpathredsahe gene of

) reporter construct would be active and_ i nmedi %t ely

interest gk the repprter cayshctrRIlGByIRetve ﬁnéfmmggl’ate[ly]getectab e. Upon the

dtiion RS 0y 99401 oL I 0901 LAEREE i SRTRRL S st

target meidiejcid binslimg sitej fs shndofb ahd/ortli éhet tramssipts ptag havredicen already

.been already .transcribed_.can be analyzed in real tjnme.
wanseritg] con S SR EdrE FELSI 05 GHR LB G PR S Sopanalyzs bl
stability 9F ’RNA, ishivh & foRMamSIEGRs R$-life! inSXRl Bal tirh® by aéttctingftRe

~_inwvivo in real tine by detecting the dimnishing
diminishiegrepoder fuorencertseri@etiaty. activity. [0020] In an
terpat i e | rent ecof.a "tet-on"
0030y ot P GRS B inert e iR ol Bhntet allogs for the
stable expireskioh@f @gpknd Of iatdrésy imngliviak bell, Wietreiyytht héditickdbf ieoto thé
tet to the systemturns on transcription of the

h
system s GPAEASE KON Of tie rentiisr qerstipcor L hedfelstnranjpoulsef the present
. . d i i. i ‘hi i r . R[\lA
L
embodithatt ARINAdbcadizatiey mbg bs studied dn raal timalas dictatediby thegerord
by the person conducting the experinent. [0021] In yet
conducting the.SXPERSBYi ment of the present invention, the

[002APOTh Skt ARBIRY elnboliinenk ¥Ptht Pred3bntAhSMfibs, the RPorteXa8BI © in
~ but not limted to, aninals, non-human ani mal s, nouse,
vivo in anetygarfisrs h Focexagipde wigiot Bmited ty anigalh @oarhaan @ningals, mouse,
zebraﬁsﬁ,xcp re?esgzng QL Fro% n%%rt beecctré)itec{:t%r&fn[egﬁotﬁ %%e?eca)? 6nstruct and a gene

of interest with an RNA binding site that will bind to the detector construct. The expression

of both constructs within the organism allows for a transcript of interest to be analyzed



of interest with an RNA binding site that will bind to
the detector construct. The expression of both
\N@QMBM&H@IS within the organismallows for a tPENESI00§042210
interest to be analyzedthroughout devel opnent by

throughp#‘%w%l B E SERBIES FgEh ey Eon o o, Tn

one em’@éﬂi’ﬁi@ht”ﬁ@tor%dﬁﬁsnﬁrﬁ%hnﬁxﬁd dn GRY &ﬁbod’—ifﬂl@n‘d the AAMAAs a mouse,
mbodi ment the organismis a transgenic organism for

and in aanthepembestimenighe praaniseis mdraasgeniori gamse, fov exampl O0RYt
hmlted‘t%éﬁ 2&8%&6 t he conpositions and net hods of the
reSent 1 nventt on provide for the real tine detection

[00@12] RNAlteihativdly,ahs borthp@sitidng ahd nfttiods b theipiéseat in@éhtiohprovide

such an enpodi nent, a cell expressing a reporter

for the i2ghiiing detectionps RN fiy visrordigailesrio fim giBt pdaridigatinn o lipysh an
[ I
embodiftefif] DIRROUEIEE FRheddsirl b AsihR 8 KUKl oPlifieRE Wheh o
RNA bmémgmeqxiehqeeldiat wibbint éo thetnaclemracaidrisding ataifof thehdetector
nventlo re istered to the cell. .If th of

moleculey BetineRblB0 cundh b QuerSf Fstidiee 66 BF T5UDR e Admmplered to the
cell. If ﬁie'lﬁ\IAQ)f ‘iﬁl@reﬂ'\'é\eﬂrgﬂb&‘ Ghé 8ALEHCERs@RA will $id e ahd RRW Bfding

and abundance of RNA can be determ ned. The advant ages
sequence$ andihg lepplizationend abendedie 0IORNA dan bg |dp1@rmybd4 dhe advaptages of

i s B4R 5y O At R TR o

abundard@RACA ©(dus e Helsigal Mipkficatibh bitfigsbl@By & A& CoRauEEKhich
and the ability to finish the assay qU|ckIy and

utilizes g eprevRe PRRITeabend the ehilityriedinishibaperay quickiyandaeithat or
radloact‘fxqgfétfﬂé%m%%a%gtofg({% de ecmr phéﬁﬂ?&été&%hq? h@‘lfyr c?e'gfrlll}ie

Itiona ormng In
Currentlyy bradid bz metho ds @f gerf(Wlntlhg irasiiudabtidization (ecn mwtlﬁ&&omeuk@)

can takegyve lrtlct) rr%ll%ﬂt?)ég)a 0?«? g\\zlf:% @Egv? %&L%@%@ga&t}é\g& ﬁgﬂs or not. In ac? 1tion,

the RNA pafhed 10203h trhditi®hdl4n lambhymd%%bﬁ Breiffi it pfdplate a& to the
ng pare due to the ease of RNA degradatlon and the use
ease o

A dagirastation end the useof tadiogetiityd dn tfe methogy efgbe present

inventiog HERH R0l BN R et R o PR Rotfg Yo Bipgare
easily pfegére&ﬂaff@kaﬁqplé JiEdth bacted, lad s la®winSo KRBT blﬂlltﬂﬂ gar0fSuch an
in the art. Such an assay is simlar

assay is iSRS ShiTamBLOREFO] SfTRRIPCHOCHERI S tgehnids w@e@by antibodies
are usecf”[@%%%p‘y %‘ﬂ B%@@SH@%EF%{E&? df &f%gt ect protein in

23] In an alternative
[00@31]bodfmrmraﬂt¢miahee cnbpdisien, dms:ompdsﬁmhhmdbmalfnodshﬁ the present

inventio prﬁ?]\(e}@qt: g)rr@egﬂgglll&lonq? ﬁertgél}q%leqf&%g]plc eal Igl%t o II()IIQ Ain
vivo, wM’t‘l'l {?ell‘atéﬁtb L& 81 he ikRAtih whbe bbﬂﬁ%ﬁ@mnaﬂﬁlﬁﬂteﬁp&rhsﬁﬂﬁs are

proteln constructs are nanlpu ated in cel
mampul@t@d i pdb auhside geybodly ofor examiple avithint ditest tabe.esta rtouidemtlag

detection of RNA in cells that
example Flgte%}(or\/q'}]\#Nﬂ%ﬁé%qﬁgﬂ? FerfBre, the conposi tions and
[002a]t hoRlgthefméreethp cemPoditibikv@idtth&Rod¥RY tHEpreSeddinvBntion may be
enpodi nments to detect DNA in vivo_in real time. For

used in gRbodiments tdeted (ANA dp Viveris rgal sime. For example, the detector construct

of the present invention may comprise a detector protein (either fluorescent or enzymatic)

that is split into at least two inactivated polypeptide fragments, each fragment associated with

a nucleic acid-binding motif. The polypeptide fragments, when brought together by the



of the present invention may conprise a detector
protein (either fluorescent or enzymatic) that is
w@pio7osiome o at | east two inactivated pol ypept i BPEI/US2006/042210
fragnments, each fragnment aSSOC|ated with a nuclelc
aci d- bi ndj ng tif. Th peptlde ment s
presencegpf @mgﬁtnusl@w% fongxamg I, §prm '&ﬁﬂ@t achyg P%‘F%’wr protein,
and can 'nﬂnecflﬁél KRS FBP%@%@JI@ TR mefh%ﬂﬁrbiathf: Bfésé’ntélﬁirén‘ﬁ%n allow
tector roteln be 1 medi ately detected
for the reakmmp \detectioreofreplimation of varneis poc sathin ihe germenThe mml@lc aCId-

ther I ctl n_of ario
wnding PG B v TE BT R R RL R Bl AP iR
various r8SioREHBhE RNM Bmmearﬁﬁh@ sdphicatRinodfahare 1odi chinbe da&a@& Of real
construct are specific for various regions of the RNA
time in viwo. DNA and the replication of those |oci can be
tecte v I
0035 S0 b TBed BB IPRALPLAL L5 a3t

methodstah€ c@iﬁbb@@@s&uﬁ theqeRasinentivon. For ekangie, ethe d&:tea:tm/emtstrn@t may
For exanpl e, the detector construct co rise
comprisefegeteqtor Piptest asserizied pathdelemerise hindinegbtelns BFW?F@C‘ within
cells. In ﬁ)ﬁl? kbnt%le@[}gre%)égﬁ B a&dctdl thied HRé b\ser tflé"hfeg';ba% d‘i@ﬂe cell. The
t res can be detected in real tine over
advantageiof éspampmkitichearckibthodhperesaivaiicage ivthat the SpeCIﬁCIty is

. osi f.i ons  and t.hads ted,.herei,n.s that the
ncresse BT BRRH 5 RO PRy D S S B Pl e
half asso@iaf&l' v@i% DRORRA 8T th@@éteét& }%40&:%? ctigfedofdifatbdBindlg\eTshe two
each hal f associ at ed one half of the detector
halves ofjthe tdpmeraheindiog peiteins écda pinglgibingieg siterrasyrgnthahhgesis dittle to
rotelns to a single binding

0
nodemcéyggngﬁf F@gsﬁﬁ%%ﬁFﬂggg i's little to no detector

[0025Ft | Th hi¥otRér e@ibotindra, tHe bros@t dgrintio® provide® RB§ sditable for the
anot her enbodi ment, the present |nvent|on provi des
method qf the nygnticik FEpFBrulanstaring S IHNAR&IYon lReos GRPodugent, the kits
L trub P& embodiment th
compris L S EHoh o RSl B LR T bt Bl PO b e
reporter am;tmbtandrddwctob Eenstrapioart en sepregt nud¢ic atid naolecules. In another

i ment re ter construct .and .detector
cnnbodiidhPAE 08 BB G A ORI U co B AreIcoms SR freker |
embodm?é?f?ttﬁg fepBABOALIRBNE carl BEMoBIRAI IS 2D pRREitioM: s gene of interest,

bicistronic nucleic acid nolecule. In another

and in arertirsembediment, ke exppessioarof thsl ispertes nealpeulsisippaiatively linged to a
tet-on orgﬁ (Efﬁ 8?0 ! acb‘i ﬁ'{ne? v?rh%nq %m%o&mén@ Ll %ﬁ%}ﬁerac%gsﬁ'&t comprising

EXPressi gn o

the targdiBh@6idlaBidi sSqRREE &dnl béﬁ‘n&dlﬁledl ke thet Iﬁacﬁltioﬁérterbemf:gulabd bf the
pronoter. In another variant gg@ i ment qQrter

practitiopgspstpuReter of BigsPsts ihepchnd these e e s gog Hefehehpice
of split @%e@ﬁ%&%{}ﬁ b Qe P¥r %R)?elﬁ) ERHEd %:fe%? Indi@uReaf LAY %rﬁ?rlg?:y

ioner's pronoter of interest. In each
instructibipesme reagentifordeteting heigoiat ﬁomdh@d@tstéolaprotem desghesplit

po i des for the detect. ot ei n the tectqr

embodigi R 1S Sepodretse Gegur's SUEIEE ot ey FERGER T
present cfr%no%%{ §Pttafgré9m§ble°ib g&ialin b safpleh ahe edageits ForkleRicahg thel present
enbodiments, the kits al so conprise re?ggnts

and/or amoumaﬁ]t@getamcbmom parginelndy enzyastic @t:ﬁm@ EpgENHY @ABRntiBpdy
t. n [ npl e. The
secitc 1Rk Bhp i pRSbT PR S s b one



and/ or anmount of target nucleic acid can include
enzymatic activity reagents or an anti body specific

w0 o007057assenbl ed protein. The anti body can bECT/US2006/042210
| abel ed. [ 0027] The conbi nation of protein

I ' . eNnz tic reporter allows for a
03T, SEE Ao B 0K 1PN b
allows forplsiibstaaiailg fedutbd badkgfuhll and Bighdl anfplMicHiQorIhis results in an in
) Rl\g‘gt ectjon techni que capabl e of anal yzing nucleic_ acids
VIvo detsqeomtcshnigumeapable of perdyaing nycleic heids REmodersisbHadaAnCe.
| i K
O R RS 3 P53 oS iss IO R B, FERRe prcans
for detectmgeRNAoin dve di scl osed infra. BRI EF DESCRI PTI ON OF

- W NGS [ 0030]. Fiqure 1: Transcyiptional system
[OOEEF st r?ﬂ%ec{e“f(%g]%% m?ﬁ?n%toﬁé‘rea%‘ts‘;jﬁﬁ:& 1¥_’r{€a'gene expr essi on

i n Saccharonyces cervisiae (Blake et al., 2003).

[0031] Figure 2: Insertion of the aptaner at the 3'

end of the BRIEFPPEYSREPTIO8EORAHERDRACWIYE8e expressi on

in yeast. An aptamer tag was inserted at the 3' end of
[0080-P Figmee Filganhscfiptionpl systind® stedycthi pffeatrv)f theQptdrkres gene

wer.e.grow to a | ogari iC ph in the presence of
expressiyzg SGechARb e arrifns (HBRRFt Ara00Runber s b 4
gﬂ respond to four different chronosonmal integrations
[0031] ¢ hlehickicinseraiop ghe ppigmer sithe §0 crckef the marlesr agrasgasy not
. . C e . »
ot R Ll A bl Ber g e IncEh A & S 110
Fig.1 foyplagmids debdription dnltufes keery giowa tb milbgaithmiv fhasd mrtheveesence

of 0.2%?%%%;0{%% g}%ﬁ? éalg %ﬁrﬂmc:; ?\%’@&%pst S 35&%%3?@ itonfovl\ll?aif&l#esn% ghrto?nosomal
integratiotd b the-ifduefé EdnstrastdsEOFTEBkweé EdAdd by ngﬁ?é&h culture.

i ndi cate the am no aci d range included i'n eac . '
a . y fifsionSx
003ES Bl £ uthPor i i BElon DT g e
used in @i $tedy. nEukaey odiig Seitietiorofactap aseplittisig tdoesmaits, and each domain
recopnstitupte fluo nce. E -el F F a
ws s EEUREIS BBl EGEF IS Ben B PLAVIEH AN iirrce
eIF4A(FI9I Nemb&s liidigRS theRhfind A5 eade Mdliiel VAR TR Rt INDRUN S
. at_37C and conplex formati on was nonitored by
terminug; |Gy S EE§@EREL | ow cytometry. BL21 (DE3) cells

expressing full-length EGFP were used as a positive
[0033nt rieuteck Expdesstonof tyd EIGERYic pastdine ipbasssiaboellsfin fefibsence

of aptanfiPae s aP e RMRF BhSGHRe S ERAA BTN S moRRY!
eIF4A (P werend-Bxprede@di BCENDED RNB ICHRES vaRe iddiBeP®Rh 1 883 IPTG

indf%::ndently interacting with cognate aptaner. The

for 3 howrsjaf § 7 ¥adiesompHe Brmatien Was gpeijored Ay fupresemee Bpwdiykmgnetry.

i ' [ ...( Fi 5B :

BL2I (R SRESar RS BRT IAAREL POrR Gt IR Rdtuik oL sethapstion

(bEGFPpept iegieressfiorHh A Fitand B F eiwas okQldréd NQ 2dgatitl dontey,
peptide (SED ID NO 1) and HTLV Rex peptide (SEQ

[0034PNO. B pures §sSeetnailed of phstei chbafl@ménthtin K6 ith 846 hdjacent

These or sim|ar structures can be used in
aptamer-tags and two peptides independently interacting with cognate aptamer. The split

marker protein is in grey, and the RNA-binding peptides (probe protein) are in orange.
(Figure 5B) Three aptamers found by in vitro selection against CQ peptide of HIV Tat
protein (SEQ ID NO.2); HIV rev peptide (SED ID NO.1) and HTLV Rex peptide (SEQ ID



our project as RNA tags in an alternative design (as
opposed to split-protein approach). [0035] Figure 6:
w@iorjosw7of the protein conplementation assay BUPPSI00€2210
by nucleic acids interactions for RNA studies in vivo.
tivity or I uor o

Ap [ .
NO.3), espbieD Ged Teble oY KR andretilo ens br Plailsp SVt 'géjwdused in
our proj e%lt RN AADEs ﬂ?lec{naa'lt%ﬂﬁﬂ% H@s)ign (hbepsosBatd %l@p@ot@ﬁi Eﬁ oRl.

vivo as chineras wth another prot whi ¢

g .
l“"iﬁi‘n‘si Higle p t%@gﬁ%ﬁ‘% Gfor BN A D Aol Arpolpd Bph el
acids interaetians fovRNACgedibein. vﬂrcn AI j}’ﬂete}m WSh remeymitlcaa'ctﬁ‘t%pr flhvropenic
cQ n&gjns a mtif, reco g e RNA- bj n ng
propertiqs i3t #ito FW Mgty pary Ut aloh apd SH ORI ke parts are
expresseH §F 49689 ch lngr&sa@ﬁh bR ﬁ%@innwhﬁzhé}ﬁs SR RNEbirddhey SdriR! An
I's anpl |? ied. In case the . protein is fluorogenic,
ideal RNiArbindingproteinswguldIcongiglaf twe partso whidhare inaetive byitsdlSoit are

. back nd, beca ence. i s | et el
actve togGHEn TENE PERIOR TP AU ERoF COLPEA AT 01SaY e Y b o
RNA-birldingSpoeiRthe sctRity Rhdah®et proRid B r¥dtvred. Thaagethe ?Nﬁeihfis an
S esized in vivo or injected into the cel
enzyme, pﬁeﬁlma«h lwmﬁe&ls Imppage ﬂgﬂﬁrhfé@u ig HgofogeniciBersris no signal
ampl1f‘1c%t'%f061‘121Elrlrtgtﬁn%< nt oo Ba&k %de%o %uasl%nrﬂ s@e %g§ %%Hr?lef% ap%[endent
on the p&bdﬁﬂéoﬁﬁe@tm\mecondary structure (or m)t if) within
the target RNA. In the presence of target RNA which
[00 re 'P?é,lréwt SgherBRRE I0F ROBA UdtedtRMAB RivEE Tafppt RNR is synthe51zed in
) -binding protein, a protein nmarker is assenble
vivo or lmpf@ﬁ intg tlereqegle Te Dsgteinchimerns %ruetsyntbﬁvrlmsirlégé‘@n%réraélﬁfected into
e L LW of ali? 8
a cell. Eaec%zc\ﬁ (—I:ra %?@tga‘#n % é1¥t| o%‘ ad n%ﬁgr &r@g&%@ a %{ﬁ‘ﬁg )e(\@gl'é e%fﬁc?t@?
binds spaﬁﬂlsy&mdaﬂymtﬁubume (0@ i) withinehe t&rm iRﬂ‘.\IA)fInlth pﬁ%zbe ahtdrget
NA binding sjite is engod n :

RNA Wi paeiait @8, ShRgealhl 1esoma HApe RAHE PR gien, @ pofein
marker 16\%5%@&15%@ wﬁi‘chtlg‘getpcrt&isﬁ}nfts AANAD RS efLAR o én@&ﬁ%@iﬁ?’ﬁy}

e’ gene blndlng site) is expressed,
0
A SR S o A
expressibn isetnblamtcbmj dvo telehistirha@) A@emf elSintenest afid & \R&NA) bmldmgrslte is
encoded g S Rl G ATERS . B sP B oy B hsen

inventim& E?a?l?ﬂfeﬁx%?édo nyaén {h‘élglené (?aﬁg Rmﬁﬁznﬁlrfgeﬁféb issexbféssed the reporter

my fluorescent” E. coli Co- expressi on
construcofs actieatgd.ot ei n f usi ons and the RNA transcrl pt with
aptaner results in a fluorescent signal often
[0038)c alFiged 9t Protdie complenpatation ol gyt EOWP ddstatcBNaY in live

struct d |i. Secand
bacteria g (ORI (8 IR TG BRBF BRI T P DRt

elF4A alddh §I§ht HYEP E&&Wo?ﬁa%ﬁl‘ﬂ &fa HbSbideRUi 5N S bPEsgRésk®n of full-length
expressi ng EGFP conpl ementi ng conpl exes obtained b

EGFP resMlGSn ubifauily thistescent |E>qt(lz cmbl&dc) Qorexprsgsiom ot @vo prpte@ fusions
ction. m I OW. escent

Q
and the ' a[ns%lré]g?’clvgl%e rsrlels,]ug Iﬂgg%%%egt Enéﬁgl o%eg ﬁgelcn gged tip the cell
poles. T@)];hﬁ‘)v@. M&b&ﬂ@ﬂidn@@udi@&qﬂr&@ﬁm E.coli. Second row: Plasmids expressing
components of the complementation complex. Third row: Fluorescence distributions of cells

expressing EGFP complementing complexes obtained by FACS; black, before IPTG

10



[0039] Figure 10: Dynamics of transcription within a
single bacterium (a) Tinelapse fluorescent

wore@rosoaphs of E.coli cells expressing RNA  PCT/US2006/042210
apt amer - el F4A conpl enenti ng conplex at 30 mn

) _intervals. Phase-contrast mcrographs.did not .cha
inductionyged, gijer IR CeipdestioneRpttomapwol 1‘1!1\'6@??5@1“1%9%% Oﬁf%ﬁép %glés
. [ kL | gsthslekéon in living
expressifd gate R ERARRoh A b I cBplbthctlil BRhEELEOD
| fferent.single.ce i . t . .
003 o FUERLIE PRRBGEL St G S AP fplc kb Blipy. (fime
lapse flué3efReeMidroprhphs@Tebainets dkmtssing RNArmptanmerredBd A cbmpleirenting
a single bacterial cell npasur (%éﬂ or][g;lt he éﬂqn Xi s
complex gf 30 an EeATYals [Ripaeporag AIeTagraphe g SoLEAR LT |
ex erim%ﬂ:tthom apt aner sequence do not display high
p ‘uorescence Fluorescence distributions of the cells

ressing,. t. el n. 4 i ..
B L e
cells. (b)dihatidied flayrebdnte cldingekin difftrentesingl @llsr(duKitetios of toth]

after | PTG i nduction._ For .c arisqnp, fluor nce .

fluoresceppe changies o wls ke fild. SOPessin o A iiogs in

' tak | i i's shown
i S AU, B EOTRLTOEN o s .

t aner - t Al ' .

1003 £ T SN R erep SRERN LD G Ol s o ERPot djsplay

high ﬂuoéﬁﬁ&ﬁ&tﬂlﬁ@e@%nw dsribusormaftieseils gxpessing profeirs comgonantd of
transcript coptainin t sequencge,.

the compipmepaieREERPIE SRS BIFESIRST Hie IBH/e BB AR Hintely pgs
Black, b 5 P RUEIRA 102 TPTEYRSucibh 3 )?REnPYriSchCHuoBE@ake

ore PTG induction; red, after IPTG induction. For
distributoamishe etin expirbsstreeRN Armvataiiing pptbuet ssquericeang cermplegenting

. Wth apt r expressed fromthe | ower copy nunber
pmte‘ns(sfj?@ymﬁ?ggﬁi d is shown in blue. [0043] Figure 14:

Fl uor escence ectra .of the cells i .
[0042) |u | _ﬁlgﬁ@ll ii] C‘éjg@xplg)smgg] aptalﬁle{-ﬁ(@lt?lg@)g( ﬁérggﬁ%lg %Cfrom a higher
copy veﬁé{?ﬂfﬁ@@&%&q_gisﬁ%?miﬁi&r FR61c¢ Rt Ya)W¥hbiafiéadt fidsinias e

erent. e cell " suspensions were diluted tg an
expressingpiotah fikems iabg ROFA OrassctioDBmiGnS pptamer sqayenes tdnce

Fruoesoiie SRR ALY PR T TR B B gy praines
by FACS B81a1Q Ibsfot STPTIE Riduetidr) ged, hASAFIT Gringuution 1 Bor déavdayison,

divided cells are not fluorescent, %rg) Phase-contras
fluoresceneg gléstriuiion of the qella withdptagmes gxpresigd Figmhthe loygr copy number

o 1€ is | uorescent pictures.[0045] Figure 16:
(40)pl%'glflg%&§%flﬁggfreéscent protei n conpl enentation based on

. | de- RNA : . .
005}1" EgiRe T o ter P HRE of B RERC RS me JR LR RIR )
and of tHd t¥cdnsireste P édHRotaInC ongléesdntihiag eplitNEGED (h)chee dilfferenihelhe
presence of an RNA transcri pto&g%a i.ng _b\gg
cell suspeapipesyensdilHigddp eapptical densdy Ohe- p(rQF.lep(a* iepd Engreseeges was
recorde&:gﬁﬁ]gaf:-%SOO fluorimeter (Hitachi). Non-induced cells with the same density were

used as controls for scattering.

[0044]  Figure 15: Newly divided cells are not fluorescent. (a) Phase-contrast images

taken at the indicated time points. (b) Corresponding fluorescent pictures.
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aptamer and bring together two fragnments of split
EGFP. Re-assenbly of EGFP results in appearance of

WO paogns®79 | uor escence. [0046] Figure 17: Prot ePEI/US2006/042210
conpl ement ati on of split EGFP based on bi nary

t / tide i { det ect s .
00§ deuf SBebigen SfiRheer S SmurPr e b¥Son b
pepude-ﬁixﬁppmarqéﬁﬁfekmleﬁé TR B4 gnsdrded EGpr& barkgaeifded fith two
| uorescence distributi ons of cells induced by 1.00 niV

viral pep_ltﬂ%ﬁHIB’ 1 Rexpegsieand dadesophape b Ngreptidé. In the nredenee of an RNA

wanscripE BRI (8 CoR oSROBR b2 BT £ ROPBRE T I5L A PP e O

aptamer %ilidlA E#H% [ RetePMtwoiraifdnts 608 EG’%PQRE-%SS%Q}EI}EUFM}F P $esifts in

alm zat1on and concentrati on changes within a
appeararsiennd ligetsadluerdseamcé.a) Ti me-| apse fl uor escent
m crographs of E.coli cells expressing conpl enmenting
[0046) p| Riguratl 7 3Protdimcomplemendation Phepdie EGH Rt hrasst on binary

1 Cr ogr aphs, di.d no ange durin e duratio
aptamer opid InETC OB oS RNA T B BtsreLe fok e Sisaafenes i To
(0.01 mW‘Qllé‘dv@@ﬂs@mﬁﬁllajué‘n &f:s)i%lgl‘ fREEGack Probihd A F9688&Rnce distributions of
distributions in real-time in a singl’e bacterial cell

cells indpesaishyr B60 aiMABTGhB, Floergseenis dishributienscef]the cqllsdadiced by
d % W Re-assenbly of functional EG-P
eCfeaSI%g‘B&FPé 195 © upl ex formation. ZOA Qutline of
msnt ed nd f ra EGEP. wi
(004)0 ° a8 ol ith il Rot gl 9@?}9&?9?%}%?&

were bhiotinylated with N-[6-. (bioti am do) hexy L
[0048].. ( Frgwg AP ayranies of PNSppeatizatierand goppensalen ghanges within a

single bzi; #&[L&l? ) ¢a) RYhd- ﬁdﬁ@gi}_ﬁ&gsdeﬂf:ﬁi%ég%w de'k GOk re@iUNt S

St re aV| di e conple were then separately
complenentinpabmgleriat BO eduimeivals. Rirmseraomsrasf mionographsplié neinthange

. 21l-nt.lo ol i ganuc t.ides. The iedof conpl exes in
during Ui S STEmER- 09 Bgbior e Sy mEA R e tvo Sngle
cells. (cf OHiged B MRr&ARS distrithifdHs in[RENtIHWN a single bacterial cell measured

prot €i n-ol i gonucl eoti de chineras were mxed in

along the tnmigrasisanf teoertlent rati ons. | B: Fl uorescent emi ssion
spectra of native (top) and re-assenbled EGFP with
[0049iperitigate@20A bpd DR Bepisexnt(pof fuomionad XGFPasupportat bysBY A

duplex tﬁwqtlzl u&g& &%ﬂme g}%}%ﬁrﬂa [ %uﬁ} 1ﬁ;§/ﬁr ed A[i %‘F%E}E}? SEF;S%?’ with

Cys residuchat 343 dndne tedhih e eéspétivie emé Mof1hy1@t’é@$\ﬁ@1rl¢g60f
nati ve and reconstructed E 005 Ihjb}o%ur es 22A and

(blotlnamz)@)hqxwguB'e(ZEmmdyizh%mo)mqpma@g oftR igcRigecs), purified and

1ncubate€3§ﬁ1e€ai€rﬂ8appen § 895t n—g?‘%ﬁfgﬁ trT}%se gﬂ%g%l? { rv@quﬁ{gnsseﬁefrately

1ncubate@|vlf1gﬂéqn¢1hslaf alﬂeﬁnts Ef g c&)nﬂﬂ&neﬂ(an'yﬂll-m 1w dSiV@muolkotldes The
romophor e formationj 65T éh t1/2 of %
yield of §?@B’§X%Sflp@ﬁ?12$t?ﬁr‘éfﬁs szfégazl) ]aSﬁY@Hfl des %ldis ¢ close to

100%. THeh #68 pRndihs %ﬁg@:ﬂ{clé%ftldg%ﬁle%hé‘r@ Rl A inRg Bt Q5 B centrations.

1B: Fluorescent emission spectra of native (top) and re-assembled EGFP with appended 21
bp DNA duplex (bottom), excitation at 480 nm. Fluorescent spectra were measured in Na-
phosphate buffer, pH 7.4, 150 mM NaCl, 1 mM EDTA.

[0050] Figure 21: Mg2+ ions affect differently fluorescence of native and
reconstructed EGFP.
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chronmophore. Figure 23A: Backbone representation often

al i gned typical folded structures of a-fragnent from
waele@ense nol ecul ar dynami cs (DVD) si nul at i onsSPCT/US2006/042210

( Dokhol yan, unpublished). Chronophore-formng am no

acids are shown in blue. Note the tjght packing of the

[0051\]- t eFllgW?@I22ﬁa€}Ddr22§a higwe 22he Heptddnetios ohHyorggrepce 1ncreape
upon lellr%g Oﬁghgl‘ e{nﬁr‘iﬁf ng%l}ne O%gii EGFP Wi a&?&ﬁieﬁ'oﬂ&yiéﬁ?&f@ﬁ?l%@ fong

contact s est of
ollgonuclefahﬁ ulFgurERYBY &KiRdiR: patvgnoferhroméplone fdrmatienin 686 vethi1/2

d full-length EGP. The full-length EGFP is col ored
Ofallthe}?'@PF gipmddmpss %8bmain is col ored bl ue.

Chr onophor e-form ng residues (#62-70) are shownf
[0052kd. Figuepgr28 A24%: Fol %@ t of EGFP may contain pre- ormed

chromopfé 0ty g\!u%rkﬁ\q ul?éc‘fc}ﬂ%&gﬁfek&ﬂatfo’ﬁ'@@n Qg%ﬂ%@ Shidaf 2188 Esthidtures

ragmen conpar e nd aci ds in
of o- fragfn@hﬂ fr&rh ZescREHERolcthzr RvBRiva(DMB) ameulatadns (Dakledydy; om

unpubliog GraBaPherR OB AOPHG GRSy TG i o N e UgpEP{tpine
of the N- %nﬁnﬁij ﬁlq.b(ﬁ K%gt A ﬁ%h‘?ﬁé’nt gx?d"i/é%? NRRIbISCertnifial PaR @B Ble

ures 4D. a-tragnent ot EG-P contai ns
remaining lfmgmenmthd: to ttireosmgdhumeber Bf eantectowith thyestraf hemolecule. Figure

2 ATRRSH AT LR AR A R L Py

colored y%%@ ahe hieo-d8xaint idkbiofed WY IChrorRep!fsd- ﬁﬁ)mng:tegmlue‘s @61x70)
| uorescence spectra of a-fragnent (Dblue, - ath nh
are showp imked. F@Wfs'é’ﬁ(bnjfhe E@&%&%P%ﬁrm%%‘ﬁffﬁréﬁvﬂ%ﬁ p) of eac

residue u@ h%&f ggr&gn é)g” gﬁ@b gedtt afﬁ 1?(? %1%134 ind08ls¥Re5GrE. A8 RMsD

sor ance o
values aré RalenRRAGFEn @MD@nrﬁula'gorme}Dlovd enemtates svhen thm pEFRindy folded.

parti al roteolysis ure 5A) and . qf .t hem
The chrogypah e REREaRTIbA BoRE Tt SHaRA e o dhe ‘E]eﬁﬁ%(’ﬁllsgu 2L
25B) (from N wa et al, 1996% EOOSS] Fig é
[00§3bssﬁtg1@65a24z%ﬁ@1@w@nﬁr§néﬁm afEE &Oaf@iné ey %’P’& FPJ&H?PHBK‘“

P 42088 S S SO FIER! s oo, J05 -

fragments MEETRPA{ §)guex P4 @s Bridrdstenke sgmcira af EGHPribhe- W:qnlatlon pink —

sel f-splitting intein. The tein ane..6.. re
emissiony TSEWARAD: o MBRSsPerGB SBACHBG! Hriraamesh (o Sreyorh pEY

emlsswng rﬁcﬁi lak Q%&trﬁ%cﬂﬁ o€ al? Brotdihd WwhicGabjedird @ spddfal analyses.

ragmsn of EGFP expressed in E.coli as chinera

[ooé’ﬁf]t hgﬁélr% ffbg%;:é%?%ﬂg@%%'o’[ﬂthepéh%rﬁ drétcbﬁai%n% p«:%n@élfsﬁlated

a-'su igure 2 Conj ugat i on of
from GFRTbyt@irtie p\MtbdsiyéiH(lﬁgmte abA) agd of thg @h@miceldﬂ pyfalesized al nost

chromorfpcs souby il A TS B nSIR AP e A=
003k Tege .%‘ééhr%eofgo%%%{é@%%aé‘%%?&% s E}fﬁ‘hg‘aii e s s PO
forprote&)r?@c?m%l ,iqllg?t gon ad, 3 and 4). If oligonucleotide is

I't can nmake a conplex wth streptavidin.

oo AR R B DRk s

E.coli ad d]ﬂhexfahﬁﬂ%eﬂf-splﬁmﬁg/mﬁin The protein in lane 6 is pure B-subunit of EGFP

obtained after self-splitting of intein.

[0057] Figure 28: Purification of the alpha-fragment of EGFP expressed in E.coli as

chimera with self-splitting intein. Protein in lane 5 is pure o-subunit of EGFP.
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ol i gonucl eotide coupling with protein is close to

100% [0059] Figure 30: Fluorescence of the conbined
wa@bkphasd7and bet a+B shows reconstructi on of thRCHUS1006042210

EG-P, while in the absence of oligonucleotides t here

0o 3585 S PO L 5t SRR i

almost 190%yddBipldte. didlinid Wsingl Aich- @éﬂaﬁﬂlln@PeXGB §ftéﬁ doﬁfugh@oﬂ:ltlgil re
6. Re-assenbly of the enzynme i.s dependent on

proteins jaret ltkad (0 el asiiciralidasieprimneepliviaeages L beisfare, medified pipgeins
move fa§t§r tﬁ%‘f‘&r{m&ﬁﬂe@ Wrée%né Plgfrl& ?,: d&gr'}»'o i n@gﬁ%‘ilggl&gciléo\f\ﬂab ‘f'éq
blotlnylﬁcg itadan ingake WS TRIDIX Wft]n sitepthvédin cSuche:ompiqmﬂsd moast fastéxt than

streptavipiRIOTe BP0 iSO 16 S0 CHe oS That 1o fybgiency of
ohgonucfléthE B g%ﬁ%ﬂo@g‘n afcl Wdopi n a living cell which

be cted with a high signal to background ratio
[00§d|]at F‘? ? 58.5 FpJog&cér?c@%fttﬂeVdo%lrgd aqllﬁ{aQ-C‘At éri?f'o l}g)wg
esen I Nvent1 on conpri ses co tions an s
reconsmfldﬁontolﬁ chexetise EGFP, Obhﬂem ihe labsmhcmcmﬁxblgonudeotdb,s tHem is no active
exanple RNA and DNA in vitro and in vivo in real tine.
EG'FP~In particular, the present invention conprises a
thod using a detectar nol ecule conprising

WO@HI i thige dbt Sehgamasice pﬁ DO compemsata 19%1%1(}‘?%}9%9]1 gEprotein

t
enzymatld %@Pﬁy Tfho\fd? I 1@ ses1 g!ﬁ%nén Sg) %%s??ﬁl% tg% gl}?gsdqu
dependehtcintepaction dé Bemi em‘lﬂ RNArbindingproatie. Avadtivedeassimbjddenzyme
o o kRS SR P s

amphﬁeerd%?dﬂﬂeW§maﬁla>et19ﬁ§:aftheerataﬁ presence of a target
nucl eic aci'd nol ecule as a result of interaction of

t he RNA-binding notifs vvlth their cognate binding

Site(s) opthecEREaERIBRIGt R iEiavBsabhon W |

bring to her e conp enen ary po ypep |de fragnents

00 e S S B R T P ponot o

within ail RIIWRCHBin R dtéttedivBR @ highi sitthahtichaek groand eio thatehables
NA, in vivo, is based on protein conplenentation,
high senﬁ@aﬁy afdetersione The parsent invemtion comprisss cRpIPesiens pelrstheds for

the sensﬁﬁgtdgﬂegtﬂgnr (ﬁq{lﬁf&éa%lcﬁg ?oraeglal’ﬁgl{e %@A RLE t]ﬁ\'lﬂ. in Yo and 1n vivo in

artre es are in an act
real time Olafpagientir) the pre,mit inveatibn V@rnpdlsm e natthod lising faa’remctdn @ialecule

e L ST et R G5
to nucle crécfd%ﬁmﬁ?igmf& PP B RNACRNiRK &fotits, AR8 PRy fiictibh

I'S suppor additional nuclerc aC|d/prote|n
independentlgroacodmrae td bllnd asingibeowlcieatd bndie sfef Rerasyogipn of the

st BT Sh B Rl DAL APl BRSSRSL 0. e

ofa targ%ﬁﬁhcﬂﬂ Bi8 nddMuledsteries RN niehictien bheeRICA Sigding hﬂ)tlfs with
bi nding notif is synthesized as two jnactive fragnments
their cogngtechinding site(s)¥ oraigaapelsicarid H@ll%lﬁqu@Ct’&ét"égtbémgﬁ?%ﬁ%@

complemgnttaer %8wp8}[)]tlc9e fr%én% &t fE H&eab%{?}% rmblwfng for signal detection.

[0062] This invention, provides an innovative method for visualizing nucleic acids,

such as RNA, in vivo, is based on protein complementation, meaning the re-association of

two or more polypeptide protein fragments into an active protein. In particular, the split
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fragnents with the aptanmer brings the detector protein
fragments together, which results in enzymatic
wW@ewresoy9 or fl uorescence of the re-assenbl ed PEL/E81006/042210
protein inside within the cell. [0063] In one
er e
polypel R e TF B P 2 B B R IE TR el 38cation
with theleemeplementegnstlypeptide frapmestiimenedianle fehs aacacdvé@@te@@lqﬁotem

d t ect | | t he detect | |
In this G P oS ST S01%9 BT PO I ALBRPIIGE DY adsiens orclcic
ac1d/prcgcﬁlaht1ﬁﬂefhcﬁ9ﬂbl HoM eI diRed, 1 ﬁla?ﬁrg‘ga%'dql g@%ﬂ%’l ﬁ?: t?ﬁ)%tfem/RNA

| east one ot her poly ept |
aptameyjisteradtions preckesiribed.o Ajnuapéenet it expaessercdseai mcagmdofotagdvm@n the

s A R S gt BE0h UL 5
fused tCOBMakfieRE oftHaUplieQe st ;%teh{‘ hﬁéﬁéﬁorﬁmuﬁle&w&h& bind®fl Hotif

bi ndi ng sequence. The nucleic acid binding sequence s
fragments voidrihe entarper hrings thecdas¢ctorqudtdingdragmionts topethérs whichtramlts in

o 1. i1i f
L
USRS i i

time de®@€fich @ﬂlﬂlcteﬁw:&ldss A H@;@&t&ﬂr SRELdticuRipABidg R &id Qééfuence
background. In addition, the fragmentation of the

encodingydsfacty maleauls, the deteéayingeleenle @ommﬁmgawmﬂmmtlﬂe éraginent of

a detectblhjts‘ro\%ﬁrt? éme%fw%ﬁﬁ gﬁ%lef&g%{dem]gcgﬁ & Igl%tl? 618% %rtrieeis ong, gther
polypepﬁdb (ﬁdgnmenttof olie dditgarpeseit confugarditen nh&lelc%fd 8h8ing ehdif is

RNA can be detected, selected froma group
descrlbe@odﬁﬂﬂ@?lﬂ@ thesgaay HiliEesprRpRricArenstHel: pReQipg & teporieranelpenle

compns‘ﬁfg SAnicteddiof {9 Q@é]ana- Q%u@i%%aa%up%nalﬂg Q{u%ﬁgé“Tﬂenﬁ{ﬁwlé 24

descri bes as a nucl el c aci
binding spdysdiasmecognized by thiefnuekeje dréd bmﬂmgumttefsl ofithchietdesr molecule

cto n,which the nu l.eic
s rec NS Bfinl R Tt ibingd 1 feseppbpibiand disgirdsa fea tme
and imn@ddkt€lne The GEEBE piofei AdsUBRhAR ity ANEe hhRABEHE tafget nucleic
the detector protein and rest of the nuclelic acid

acid andyhps isdyighl ﬁéenfsmg FBA p&hlhnelowmc&g@ue@ T ﬂtddltmme therfragoreatation

of the d&%&&r&eﬁ?ﬁ%@%% Eg{ SO IH%QO%O 1on 1 ?tlx l?rgse(%% P%Faﬁ%elt gaclelc acid

sequencamﬂleaatmhtyflsagmediatdhyldétedmoler esent to bind to one
‘Htc)l gﬂnc aC| i ndi n sequence. [0066] In_an alternative
[00 r?élﬁﬁm pEcHE, e @P@reéemtdnﬁnﬁenﬂg kel aqithax RNA. Any

RNA caft 58 A6icBled Selelch 1R a RRIHRS
det ect or pre otein naf} % g engtﬁem%%mﬁatmmmam’el}’»
the nucleindeidén Bt from t he ot her nucl ei ¢ acid binding noti f
th one or .nore ot nts

100831 el 3 sl o R Qi o Pt Bamaanatc

In one eRibbdinitat, BhiBliNmBR e B odiadBith Ay HEt‘ectgPHR‘)'té'in g WY fn which
acid b|nd|ng rotein, therefore each domai n associ at ed

the nuclgig @ﬁldémdl@ﬁ if 6 splitigrenpelypeptidh Sagmeeic e onsy fagment is n
conjugatel ATRIIERRR! of b RekBLbRiFbnd 1 Bife ekl ranmsnic

fragmentisraré bmnm@iwah on®bemuteth@rfragments of the detector protein. In this

embodiment, the binding of the motif is coordinated and each fragment must be present to

bind to one nucleic acid binding sequence.
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native nucleic acid) is independent. [0067] Expression

of Constructs in Cell [0068] In one enbodi nent of the
w@e@3meso79 nventi on, the detector and reporter POI/ESWNEE12210

are expressed within a cell in vivo. To acconplish

[0066] S, I iealfereiOk EmBEdithedE WERRESc 808 ‘Bgﬁ:ﬂ% %Gﬁ@&{: ig l‘él&s%iated

] and reporter nolecules may be inserte
with ongpolypgptisigifaghicat efighé detedtnopuotaiy mag bs arfsll-4dangth mdtif that e

1ndepen§%%cgaoﬁlﬁg}$t§t{)%gﬁglgﬁgat%¥ @B@%ﬁﬁéﬁ{t@v@{l&g@gﬁ%ﬁgﬂy %T@rpng or more

other fragnightLofHe Hetb@oBgrotis SRRl thedficRId RITBIWEME protein may
enbodi ment, for exang_l e, they may be on two constructs

be a smalhpulis-gpppingiualsia asid biadivetpeeteinothsteforsteacindoragia associated with

one or R o0, A AR RO LS S BREH G o
acid binWrighmotifs heihel copretdnileit BeiasY¥quentesiif Y @PaSE tdlBale tdre

) co-,tra,rlsto,rned/co-transf ected constructs may reconbil ne
native nyeleicigid) iimdersndenti on/ transfection with the resul t

t i the same site in the
[OOEZ‘]ﬁ g%gsﬁg{r%%gc%hi%%ﬁlg%?f Al ternatively, the detector
[0068]d rlepmetearbodimmemt bt prevayt ialatienothe detectormimdiapbid,
be st abl xpressed, within_a cell. Stable clones
moleculfy R SEPHeH I B62) & Yo Bo arpiskish s Ghconyelet acid sequences
encodin® BteAd ohtbraht @8pokermsle8tlel %ty%% ikRkbdinth IR RN bg Any suitable

expression vector encodi ng desired genes
method kp@wp by perges skilkbdrin Herart, g@ntransfommatior or tristféntiss. foome
. el ti into.a,variety .of cell types ar
embodinf el BB b P Pl S rap o Repe T an
alternatieerbmtodinRht, férganpll feg ndsi & FHRNVORAGHR L @ﬁe comprising the
spl i t-gol peptide fragnents (conpri Si nth e detector
Ieporter GPRIRIc a@%@ﬁ@@@ﬁl@gﬁtﬁ detesterciongiTuebt SEgh gamatructs may be co-
g I+ V€ I in. 1 n
v AL AR Oa LA OLUTVREH K8 SRLSRLAY yB08) )t
the co-trawsfornfagl/coetxansficted coasthictseaaly legombineugngal ri bosone
entry site . (IRES)., An IRES allows for fhe production '
transtorgheghedhishion My et RiGheib s Bieeiy tdapang wega Hsseell's
genomicN@h can be translated into correspondi ng separate

&r]oducts due to the presence of an additional ribosone
[00&Ht r Alsdrnaiivsly, the detestor and sapoitpt constue@nmay plmaat iv e

. [ t he lit-poly tide fragnents .and/ o
combinaR 3L AL o1 055 E Ry £ SR B BOBRAAS BRIl
recombinday phgeif REOGRSNEYa b erafsfebtRincoraeilghwith b egpbisidPcfor

. sites between each nucleic acid sequence to enable

enmdin%@ﬁé]le%ifq_d(ﬁ?né? Oﬁiﬁ‘@reéb@ﬂdr%@lofbm%@ﬁi@@grkems Mpthods_ for stable.
integrati@ R h %ﬁétg 9f géiﬁtgﬂ%faé‘e gg{)\?{f/ (lgc?%lgfea&f s%il?%kﬂ&? atPMPri se a

sequence ehcodi ector ein
[00 np i sheigmbediments thetnwolefwadiéinay @adadlehhagilingoypepde,

ere the sequence encodi t he detecior pratein )

fragment} ool e AERPET woren end Bo16C aRaunligmor At heregmstine
to form tAP bétiveRRtetRAREIER. Fnf RFREM SmBodilket, ﬁﬁtsﬁﬁ{-?& PRI Fhoments

each conprising a nucleic acid binding noti ?’ I'n sugﬁl
may, for gﬁar@pﬂ[gobﬁ Yideed ,bytmentgmal ribetoine iy site diRESNabh ERESellows for
the prod@c?i%ﬁro?ta's&%leo antsgr?pt%t%ln% Ev%) Lly 1%8% slegaerate genes which can be translated
into corresponding separate products due to the presence of an additional ribosome entry
site(s) on the transcript. In an alternative embodiment, the split-polypeptide fragments and/or

detector proteins and/or nucleic acid binding motifs may be encoded by one nucleic acid,
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fragnments by any neans known to persons skilled in the
art, for exanple but not limted to, enzymatic
w@b®awsiyey chem cal cl eavage; heat cheavage, apCTiUS2006/042210
cl eavage, radiation cleavage, photocleavage etc. In
with splﬁga%lé 420 pefoden g?&h‘%ﬁ%féﬁc &9@%@3&?&6 18 anbrlg afaet\lon of the desired
construct may SO be en
polypeptitlésh Atsfaea()slelnaltmgcexamp]ppmﬁmdlac héid lcedldkmmmsd: RE&luefl&(Hﬁ])dmg
ods to jntroduce nucleic aCfd sequences into cells

the activgdSNEHRROIGYR GOETEING 2 6ap (80 TORlo a8 CPPAIng fap oy he
r

sequench Sﬁ?ﬁﬁ?%% ?S%B?Jﬁ ?g‘k?ﬁ g&%gﬁfkg al s%HR%ﬁl@E t&ﬁ%taﬁlg Ghferfifoh of

split-polypeptidsi fragmentst afithe dateatad protet emch compnlsmg amacleml acivelsinding

n-viral Wit hout [imtatio fuysjon,.

motif T} RSB SBA T, 6 P BI e S5k Paghls e shestion of the it
polypephﬂ@ﬁﬁ%ﬁﬁ&ﬁt@ By aRy alcaR m)bvnftu PefBns 8814 MR SBP&t8ple but not

transfection, mcroinjection, pressure-forced entry,
limited {oa ks DRI Céqat’ageo ghegrigal @lelaéagesré@h’rscan m@/clpe&rasg,rradlatlon
ctsvagS bl ek, O Bk ) BB et
also be éﬁhb&ﬂb&rﬁa Slaghbioﬁstﬁfct tiehdhp e pak g canpéritars 1ikel & an RES.

ich it has been |jinked. Vectors capable 0

lﬂﬂallr ecMieﬂ’@dﬁ keingodics aurlsi astd panRsen iy evllsiuckrgven biepeysons
s SIS WD BN 8 ScBRr A KBbte) LA GHSy oo
introducge &0 alhq cedabmrrraampbnnms o wding vedtors) \tn;al vectoscamiivionavital

t.echni ques en in the for pl asm ds" .
means. [NGR-{ir BReBRS 51F PP MBS e S IO RO obigLStcs
transfecﬁ@i ,&pofdchlod, Ilﬁbtbpl‘é@t%ﬁf)n fRIcR bRodpRhte RRAUSEHdh, hﬁ'@romjectmn

chronosone.” Ot her expression vectors can be used in
pressuredfofdedreafry, rakisd 8Nk atcs ornytdtkerinmasn ki@my afyopersnveskplles, in the
art but are not limted to, plasmds, episones,
' bact eri ophages or viral vectors, and such vectors.nmay

[00721t egTlad termh Y atdreudA siteeh@RRABIP with TR@niatefer to a nuclelc
aut onormuslg in the particular cell. Qher forns

acid molegple sapablmof sansperging Arstherypcleiroacdd tokwhich df hag b@@ehrshefi
Vectors \%}5%% éﬁﬁ%@tlﬁ% ﬁle%gﬂlleéls%r?&t gee%UQ&Id/&Jﬁc&?dqa@é é%]s pifce% %anch

ressi on vettors conprise expression vect
they are $>paﬂat1eely rlmkechamreﬁatre@toriteeas ia® ﬁemmxdmrvgctbi'sé INt&neral,
.[ 007 In a enbodi nent et ect or nd r rter
expressibg RE g R WLy BAKOHHTGHLDRA By BRBHE! 5808 i te forn of
“plasmid LGRHTER RAE 18 RircREIRibld stﬂaﬁdél‘?ﬁNAel@ Fﬁmhlcﬁ 1%Qﬁ1§f Veb6dr 1B8n

I nt egr at ed at a partl cul ar | ocus. or exa e, one can
are not hpehé teethg wbimoaoe}@l Qther a?rpreﬂsumg@n@mca@éwelsad lnt differsatre
S c i d construct of
enbodisp it B¢ 5 ifNRERE ool b LS| Bl BB, fiomet
bacterioplhiplebevitdlivictoss, hdsieH vedibR mfeididtfe RS thRIMDst’s genome or
[ ncI uding but not limted to; Wor O vectors, see, for

replicateatgoRsIOUStyHB thasarHienlagst cOfer fosess|of exprowsion vegtors known by

those skg%g ﬁglgenaé{r\@gtﬁﬁg rv@%haetaé ulvgfé%sg,&ctlé%%%ég%%g é,édfcf&gg%ssmn

vectors ddarire Sxpieayion seags fizetable @l temsiehsexpusskioa sntaiitgthe INA.
|ication, sel abl e

10024117 S5 Bt et fect s o SPsarRE FSaag iy biviifoduced by

homologd®¥ réddgnbination, where it is desired that a construct be integrated at a particular
locus. For example, one can delete and/or replace an endogenous gene at the same locus or

elsewhere with the nucleic acid construct of this invention. For homologous recombination,
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expression in prokaryotes or eukaryotes, and mammali an

expression control elenents etc, may be used to
wee@pas®7st ocks of nucleic acid constructs andP¢DUS2006/042210

carryi ng out transfections are well known in the art,

e R PES 5 Gty YA ok AT B s,

see, for bku@npw Cl'Rinfas a6l TapERUE BEIET 1 967).L 1850528 B WMns6 @ tal, Weture,
nucl ei ¢ aci d construct, and drive their

(1988) -’é%pﬁ“@sﬁizoﬂld Jaynen et\ﬁbélﬂwes(lﬁg?)eﬁgt’@%}fé use of viruses,
f th
R e e R

replicationy ﬁ@bﬁbﬁhnd%plﬁ'ﬁb&gﬁﬂkélﬁtIﬁomcfer/feﬁhdﬂcéﬁélérﬁgms for the
defectkve viral genones |ike Aﬁ novi r us,

CXPICSSIAY ghPrOKY 8IS 8T é‘ékaﬂ"?t‘éﬁs apchmgn FEE’TS&OISW%‘]O&(I@WWQ §te,
t I
ey 51 s o BLUSL R0 Mt SO

are well\kaoworin theyarty andrenny ate dmmrhemiaﬂpwvaalabli i nt o t he cells

. Th truyct |
1007510 0F se GROOR IS B eCiors R E PO ) I tios Bieaelfed ccd
sequencBPf tRE dtBae¥ &Qfsﬁh&%nﬁ AL&l e BEidToRstERR aéﬂh‘?iri’% tl?e‘?ll S@r&kion. ’

replication, EPV and EBV vectors. [0076] For
Viral vegfors nefep 0 shpquc pHeinisesprvits-asbeinted vaetpmmarrmmﬁ theloucleic

acid conf{ufyB e, FBYRRE, B Bhorslit PHEPFiesdin® e ing,

defective Uﬁ'hl%eﬁomést Hkd A6k dVirubOA dny-asTicRedd HnGa A ADE), BRHEHRE siiplex
singl e construct, including. the polypept|de portion,

virus (H3V} phR@erseRaluding igtseqaral angblentivirah apeigisnisic dafpetion or
transduo;ﬁ&h YRE Q%Hsd Fhe VEUS: RAPSE Itngf hotﬁr%rl?ﬁdr})&@hdqgt?qﬁg ESRSR oS

or mcroinjected into
The constouvss malyc ireludarviral mubm;em fedrahsfection, ifi desiedd tleedatioely pthe

construcimag ellgc%gﬁ?cggtgg |C1)rf1ﬁ) :Vgé;f?{;ecé]t:ﬁhl% Of%?ggog?%qt e cgt?on[, gpg71§11V and
EBV ve@bisgonucl eoti des, which bind |igands and are isol ated
in vitro using selection procedure called SELEX
[OOI@ystFmaplntepchﬂpud¢ tagwents pfythe dstebtpr emgs(aruehwhlah have a

richment ol d 990;. El | on &
polyper 5 a4 e B DRGR RSl BB Bl ana
nucleic &Umbhhﬂﬂlfg%mbﬂygﬁdﬂ@&ﬂe o@t B@icedddl Bych §iRglelcohdtBrRn dscldihB the
h affinity and fold into secondary structures which

polypepfaqieep%%ml%r s} the nyelgig asxddanchgg mastyraalygepidee This construct
can elth&%g@( reg&fitd? EIE c%ﬁstﬁ’ GGikro Ej-;tc'o %18 l‘%?lg'f'glrl;g s?%%h&ﬂg{seﬁ%n Q}éo be

el eerive corr s on

used formineatnoahtecﬁon bt a)ho@mcabldmfxﬂnemeets [0079] Aptaniers are
rticularly useful in the nethods of the present

mo?ﬂveﬁﬂ?@ﬁasFor exanpl e, the detector construct may be

[omtsa DSPArGS 8t &&tﬁr@lgtsh&lﬂ RINed 6r BRiAo1R JAdE1R8t AER! WhiRh bind ligands
nmpri se apt aner i ndi ng sequences and the report er

and are E@lﬁ‘@ﬂ iy gitrotusingoierclice pmgc@re called SEHESE éﬁe'lstpmatlh evolution of
det ector. conskru [s 8

igands WEEHEEGREPPHED (TR <2 TBId I8 ERRRERS o Seiei 1990

BecauseseRu@iC@beedure is driven by binding of ligands, aptamers bind their ligands with

high affinity and fold into secondary structures which are optimized for ligand binding

(Herman & Patel, 2000). In this respect aptamers resemble antibodies by selectively binding

corresponding ligand from complex chemical or biological mixtures.
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[0080] Thus, in one enbodi nent of the present
i nvention, the aptaners can function after expression
WO p00c@51939 by usi ng vectors that encode an RNA PCT/US2006/042210
ol i gonucl eoti de that conprises the aptanmer such that
00798 AR i | ' i
(0072 ARRIR RSl BT HRURERT. HoliRBU b tp B ryoyigy. For
examplgghadeectbroonstngm mayroeanastsuctdd serthadinoieittacid bingingInotifs
.achi eve%}.fﬁit h an RNA o 1ilhglgnucl eoti de that caqnprises
COmPIINC ARTANIT DIRANE JegHRRCAS CROENCY CQNSEULL IR GOMPHEZARMBEIS As
ConverSEyTARS §¢tak@LonSirtdt FhayRd bis3h
Onve.rv\/nen the oli gonacl ec?tyi dgﬁ)iﬁée gg{%bgéggg%tlﬁg&g%t%éﬁ%%F s
compriseeiptaaras dindingrseqiemenge of the sel f-cleaving ribozynes,
he.aptaner that isS, released has ghort fl anki )
00T TS 4285 Rbodhhdring o HE vt M ttoanr? e Sleion
after expicbady ells B usiAg FeQoRitBitleVcdidlanke X oligohithiie gt Wi Prises
the proper folding of the aptamer sequence, as oppose
the aptapgsr gughdhatihe antempronns| bsgersssedivwitiout fladiingsdquendes that can
p ' ED@QiFﬁ[f@l' [t el eved..t hat these. .
Subsmn@ﬂg?}ltﬂ ?e?jliegeﬁwlt%{ghers%quences q g' Irl? oq%egﬁéhs?%ﬁ?qlﬁllep this 1§ achieved
with an RN 4 ofigommiclebtitie thaecoapsriee thefaptmiecr lankddaBsilo stifdeavide
) IS ggvi si oned t,h?i1 ;}pé:at RNA ol i gonucl eotide is, in sone
ribozymggy, Adidpmaprated ip LA skatensi ubhienuon 2RI AN, athen the RNA
ligonu@lkbt@RNY e G AR i ! d
oligonu bR IS nC Bl BTccsERhoh 0RasC B SRR R
ribozymepitaadehesaptangrshyiiessleasedihasghoe diankisg stq@rders thatquenaannts of

etc.. can al so be. part. t he RNA. ol i.gonucl eoti de, )
the Self'ﬁf%wla é@%ﬂ%%sewgf%ﬁé%@%dﬂwgﬂm indertite maih G prapet folding of
the aptaitiet §e wﬁ:fmgigbgaat@f fol 8rt AR [0 gRs. ing lifpaud
e?p riebozqyrr,es?..[ 82] Tl’li’)é1 apt amer oﬁ%g%nwglﬁlggﬁ%%gg%ﬁg%?ﬁany
particulgiimeshBwigmni it bedignedbdatihpsesbert flankipe semienerswokomd wrbstantially

interferd '@'ftﬁ'ﬂ%ed%%%a‘?x'tle‘?%ﬁjcﬁoﬁhe aptanmer may be targeted to a
targe at i's

I'nside a cell. One type of such a
[008Hr Gériceiisis anvisivpedithat theiRMNA oligomgtdorée BOsdomctniodiénts, a

i g AR o SIS £ S v o
produce8 %?'tran&?ﬁbti@ﬁ.l (btﬂleﬁéleﬁ@ﬂf@%ﬂ@ﬁ‘ bs édﬂ?tﬁonﬁpéﬂtgng‘?, 45K Hles Yeoding
af b b1 ndi ng as a

) ected by aptamer IS envisione
regions, pesdenseiquénces etpstcanfalsolve paptodter RNAfolighaugesiienprovided those

ctmen S R0 0 FERTREER oL e SHBR S ] ctemin

ribozyms§.r uctural proteins, ion channel proteins, electron
transport proteins, ribozynme conponents, |ipoproteins

[0082] o The 2ptaseer opiepirlectide el §L;10_hmncgm,i@glir?@rg wen be any usle_ful_agta_mer
now knh SR PR e iped PSRRI PRI % Sl Rt sBicBRsen

One typelefsugh admdetdy acbpbrant dipd. ,anitive aoubtiaRhg e thdxdlidiH@vever, in
se uenge are. known to t hosg of skill in the art.

an alterf{aBg%@P Qémaﬂtéhe APTATRET 15itRregier! & B FReRRg TSk OmRoReRiatie cell. Any

cellular ¢ RRSHEn? MY CAMBNRERAY a%%gt%@%? TplanRl BinQidy R 2hVisHAt 86

~used in the invention.
potential target of the aptamers of the present invention. Non-limiting examples of such

cellular components include proteins such as enzymes, structural proteins, ion channel
proteins, electron transport proteins, ribozyme components, lipoproteins and transcription
factors; proteoglycans; glycoproteins; polysaccharides; nucleic acids; lipids; and small

molecules such as steroids.
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exanpl e, in one enbodi nent, the nucleic acid binding

proteins of the detector nolecule can be transcription
wo awrv05®70r proteins involved in RNA splicing. PEIUS2006/042210

exanpl e of a detector nolecule is el F4A whi ch binds to

u tanmer , of the reporter..nol ecul
urEpaEls deSighdd A A s’ LSRR OROIER S Ehences
arelmoxﬁﬂhﬂﬂbéﬁ?dﬂsmll faliBe tiCcl ei ¢ aci d binding proteins and
[Oo&ﬁt amer pairs include binary aptaner-peptide pairs and

e szhntmernntrcd@péclﬂbamnﬂmnéam I n addition,

her f i .
[00§§4r i I%ﬁfﬁ%ﬁ&lo&o&% %a%{.ég gﬁ? rp%{r%\%\ﬁ 'bg Hgégfrlml%e 1hg%ntlon. For
exampleg icaryemstsdiinent, the ﬁu@elesleiaitbmding pidieins bMhe detectbrimobicele can

not Ilmtedto 1) Ms2 rotein RNAstemIoo
be transqripfigRifacters or pepteingigyol Adsdicing; An exggple.of @,die?ector

Y e

(Oguro sthab\008 p(sewEkamsies F-&8hdu ottt embadinmats] thatoclsic(adat bieding &
proteins @@ﬁgﬁgqlegp%?s%g?lué %G%)ap%%ejarzp%po taqggﬂg %{an%BWél in Table 1
and Exaﬁ‘@leame Iin 400, e8Rr B&niplédaRgtdnter a8d BR$AS paitd)én Eﬁ‘ﬁbulﬁd

= nM (Oguro et al., 2003). [0086] Nucleic acid
RNA-prbﬁeﬁdpaarglemwﬂlfob arg todf@‘,e]ncmnpasmptlneth@ peeséd ipientominchisie bt are

not hmlfteﬁ 5‘% Q@Nﬁ% e]%P dfd[qg s%%r%{f vie) @%S'a%(;%fg Pat 8’%@41@%1% & al.,
1997); (@pTBKRGMtIB‘.W,-I eceﬂk 1068 (R@pabil.e1950; b]oﬁiﬂ)lllﬂgt dl Q 199&);3(&@)93 repeats

nucleic acid in close proximty

of the G /eoRrmsmshoptA évork]%ﬁﬁ%nseﬁpt&r@bm@am@@iﬂél &dhtgshne, 2003);
(iv) 3 regéallfbdéﬂﬁe g@bﬁgf %ﬂéﬁﬁ&&‘ e@e{leggg@glﬂg%ﬁ"ég@ S 87‘{2 ?Og% aptamer, which

e cah be any pol’ e wmth a
can be trihfrieditd §8 banestthebdzsang{ 2o @guraetiad., 2008)t hi s

the et..nucleic acid can be a
[00 ubﬂ%r@?%ﬂ%’&l ‘%gr Bi&: st randed, or singl e-stranded
[008A OrhoRNBleid &1&915{&1 gmmcq%& §ny b@l?péiﬁid}é @?Fidtéiﬁ%r Sptile

peptide, |ess than am no acids, "or a | eng
moleculpthat edmbe civpled 6o grasherineleenlafstenas apdlppeptite amdragﬁetapable of

Ld can in the Low nanonol ar to high
bmdmgp %ﬁ%gyg?lgﬁﬁgmﬁﬂﬁs rox s can incl ude pol ypepti des

[0083]! c romenérabddimtite of‘thla g@sresmole ptdvide mtew zahd bihdﬁ@&h@iﬁ&ds
ational or screenjng approaches.
which mﬁum@&egt@% Thg @olzpepizigeran 8 pny P?lafa@rﬂds Rty @lgh ffﬁmty for the

target nJc é‘ggﬁd%ﬁf&g%bog&q&& e azg@qlfglggcf acgacg Ihe @%ﬁhbﬁé Elec?

trlple-straﬁcﬁedg 24 jingI2Gt66deASIN Alor [RDAE | &ssdﬁs&;erﬁa@ﬁmpntﬁ,ghé ﬁdl)ypepudes is

a peptidé,iq?sé (é;)]éag]t 1Q égllllflé gqlzl ﬁg?gtg‘glf/ge Hg m :e Zqixéquggg § ﬁtg ity “for
the targef nhéleicHRldeGhiiR the 15%511&1&181% toqnglp ﬁfébfrﬂo!?ar Mfgleeu»ely@epﬁtfes can

sequences Exarrp es of such ﬁ anmers incl ude
include prlzpegptides Wbmh@e@ta@rmw iﬁwngea?c etiher(mpibeH)or dxgignedi ot retipnal or

. (2002) .2 7 Q 35
sereening @3phetd, Einfet pFRl BRRERITBRERR, b ihngde S gf ofi 1
finger 3 bf IY(Y 11; ﬁn@i\lﬂl atrrdl @éﬁXlEZII Iaﬁd \ﬁlngem oﬁRBKHQPI@IASl (lO(b(l)dH 1495 1500;
het er onucl ear . ri_bonucl e arti

Y Biol CHAR W81 076 @ N dOAS0CTS: AGichARNP RRS (1091 EPS (3 4g20pidNel Acia
Res (20(‘1Nl29t1 16\.024%? j%g_s Oltfe? Bgfl)yg%ti'de} Jnclude polypeptides, obtained by in vitro

selection, that bind to specific nucleic acids sequences. Examples of such aptamers include

platelet-derived growth factor (PDGF) (Nat Biotech (2002) 20:473-77) and thrombin
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2427-36). [0089] The nucleic acid binding noiety of

each split-pol ypeptide nucleic acid notif pol ypeptide
w@2am78092ny nol ecul e which all ows bindi ng to aPCHU§®D6/042210

nucleic acid. In sone enbodinents, the nucleic acid

o085, 5Ll BOLSOTANBLL B DUFLS o

triplexedinclites; (Bxampl'és blhdh@ﬂerrgerﬁbnrebﬁlthle &e’afblﬁulcl'egﬂﬁbkﬁitﬁ&ld sheticldhe
nucl ei c a |d bi n of I ven pair
<hnRNPaEItqt%%%H % Mglr@{wl Agids Res @00@}?@(11)

2427-3652Me Ki nd of nol ecul e, for exanpl e ol i gonucl eoti des,
r they can be different, for exanple one

[0084]I i t’FIrmhyctmaqaaaldj blrﬂfnganqnanyrof cectpsyilg-obypepiide nueler afidmotif

polypepfi i Pe aman e RuTEHEn BB BISGHTE Privaiial Pucdesidyn some

embodlrﬁéﬁty REPEI&C B4E |b?ricﬁno%§1bfét}khh8ﬂkié‘§nd@é1@ b¥ids, [11991%@ acid analogues,
tector Proteins The split-pol ypept |

and polyfpﬂafgifenﬁls o emh@lmenfeﬂleomclpmcﬁcei bmdm@hnmhtyus alpahgon@lf:leotlde

e muclel o LR mRl R thtten s X BBy R il con

be of th@RRSIahE offhoRe ey for [éf(eﬁhlﬁb Bligtvictdatier) obthesl @S bé eidfekint, for
any neans whi ch alloms recognition of the assenbl ed

examplerieisplit-pelypentive bl Phib comPprse aRgAcHye peateip 6py pafstandes .
Y
ohgonu&%dl:’gled% g@ é:eebc%c% gdlnﬁ%ncﬁﬂk/e%?ﬁ%%?ff%r gi%%ﬁb&e?ia[ﬁé ?&ﬁ BlrPhdv a
polypepgmuarcﬂmeaadrbﬁmh@ moisitt.h chromogenic or fl uorogenic
tivy V\,hl ch create a protein recognized by an
looglﬁtl ﬂé?}%C P& nore, they are designed so that they

€ IThet . t |
Oo?gady%t fié ?Gl?rlgé’;ﬁlcfé Rl dr Rld IR idr pr@tem (wHich is part of the

r reconstitution of th ctrve protein
detector inrrplcm)di@r carxberﬁrmmimpfa&qlwlma@ assopiatet \M]aﬁn brgught in to close
iti onal een ro ement ation
prox1m1‘91I tf) Iggneéﬁ 5 aPﬁXR}Y"‘,%TOte[“b f?u ebgﬁig%eg%o 30y Jieans gvhwrﬁ allows
recognit@@tdr\Es Sdersbletl o) ptpRAE il @of ﬂl@ﬁlﬁﬂiﬁﬁﬁaquol}tﬂéptl&@t @6t &ample,
nol ecul e are fluorescent proteins. In such an
the two mhzsmtudeﬁmay shasseiaterie cepsTate aprisiasisipzypIRsE astivity, to
sncd { RIS, o S0 DL AOR b
reco gmmd (ﬂ>ylaﬁ ahtibodye Edi;tha’hmtee tHegraré devighcdise thHat ﬂmym mrthe actperstate
npl ement th its co acti vat ed
and privagd (}¢if tuntor r%aﬂ%mttﬂgaoaf F%)%fé%v]e PFofeix ip pidep fq pipimize
any lag &P fd 'fget?id&(gna'ﬂ Qe WRE PlotdiN ¥6Rplcdntaien 4L 4BSLRH in vivo.

protein i1s a orescent proteln, as anon-llmtlng
[00%24anrpiheme embadmmt gweeiehvdwdjsphé@obfmtptmedir@mﬁn@ﬁ@h% etector

ot QR b DA S5 B EL A g bl B

fragmentd 440 h@Hean thR0A¢ 6f the (lY¥MB)ts cantainde rﬁétu&r;ﬁéibﬁﬁéd EHreinepliore
BFP), an enhanced bl ue fl uorescent protein (EBFP), a

that is p}g(;gngd, and ingthe seadpitstate fgrémme@@pq:i}uorgwewgégmplementatlon with
its cogn&tX%{‘[ \lalr%%rsg)ﬁ%ﬁgg)reg(;eﬁ{aﬁ yghé‘% P) or ared fluorescent

eln (ds natural or genetically
[0093]0i reerpeefefrdgmbodintehesfahé preséreievention flrealgreetitr proteinhiea
ﬂuorescgnet%?cl;]tgfnl tasuett Sgnjllrnlilt?rggeesxgrengﬁe enhanced green fluorescent protein (EGFP).
Alternatively, the fluorescent protein may be a yellow fluorescent protein (YFP), an
enhanced yellow fluorescent protein (EYFP), a blue fluorescent protein (BFP), an enhanced

blue fluorescent protein (EBFP), a cyan fluorescent protein (CFP), an enhanced cyan
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protein contains a mature preformed chronophore. All
of the above nentioned fluorescent proteins and

wo ea@genrs thereof that result in a fluoresci NBCT/US2006/042210
fluorescent protein are enconpassed for use in the

q " . G
uoresc% £50Rin (FUENdr@Fed HLSRsQAF o h?S@EE?P %g W?ﬁfﬂl’] ne*t%rg,l or

. fluorescent proteins known
geneticglbst enginegrefl feagment therpod wiene onecfiadnyent imythe eeronetittedtfRiorscent

prtin IAEAST, b ARSI ] e S B B bk

proteineandyffagnienis thereof Mt XMl fludicr! ARk&RBRSrotein are
bet a- gal act osi dase,  bet agl ucosi dase,

encompgEeed foq1use in b ipesset ingention a dyseencempassed angl those fluorescent
. f i i ' t t t ect .
e M N T T a—

thereof.of the present invention the detector protein
fragnents are designed so that they are activated

[009# e dARErahtveMaRe Q6Q8SHrbie BEn efth BRI Rys foPEYnAT €
..designed so that they are Frl med for reconstitution in
amplifiGgfigrer Thoenayaiemmayebea e axampte, hetadarsamass, batargalabtosidbse, beta-

: i .ei.ns, 096] | :
Elucosi B b D BN B et g R e
embodimemighediteatd ey me ibbaisdacwinidiet he mature

ronpphor e-cont ai ni ng split-fluorescent fragnment can
W"@%npr AaEoeT ST PoIRE DI hePreent R CiGR 1he dsiceion pratein fragments

are desiffcaG0RIk the?%@aﬁﬁfta{e a}:trﬂfjedfﬁ?ay fhER E&Eﬁﬁﬂ{n O %&Rﬁ%oge% They
are usual |y produced by splitting the codrng
are designed|se that theyseq pemeé fofreamstifutiowireedento minithizk An@tagatine that

. ...appropri site and expressing each nucl eotide
18 tradltlgg%ﬁgﬁ]c‘@ﬁ]% ﬁgﬁﬁ?ﬁn?l”i%eéﬁgndent I 3 The acti vat ed
lit-fluorescent protein fragnents may be expressed
1003610 ndn pme srbgdimantothapoghee é}?nﬂHP@SﬁEﬁ%P@h’)’ﬁeﬁﬂ%@if&gnlem
which cf&ﬁﬁﬁl@éa@ﬁh QAR (e élﬂoﬂﬂé}lcﬁgj‘a%hm sgﬂ%?l?lglggée%}/ﬁgéﬂ‘lgrﬁ’can

. e reconstltut.ed active proteln C
comprisg of ingeet thah e dativE@ER fluoregomn fragmedite Sechnactilvatedl nostfluorescent

.ragnent is an N-fermnal fra nt qf EGFP conpri sing
polyper S ualhT ol B g i SOUEF aueotsinssntanse abois
fluorescét bstéin bt 0 aipPath Bd £ldex@isfiRg 84dhthRWIREE sekRBnceAragment

C-term nal cysteine may be added to this fragnent t

indepenggnély; Fhe asivelod pplifalvcsescent pyeieindiagments iy backessthalongor
in fusiod®ith bse &Qﬁére?ig{e S190- af%q%)rg_her activated split-EGP

ragnment | cont’i nuods stretch of am no acids from

praximatel v..am no..aci d nunber 159 t.o ino acid
1008 BB bk R R e BT Bl Econst s CasRe Piking.
comprisé¥afaotietdOsplit- B RPERAEmdrds, Wttt firferddnict isoM NQerfih
of EGFP. Amino acid 239 is nmeant to indicate the | ast
fragmengpf BGFR gorapiasing p gomtimmounstretehesi amine acide frapmseine dcid number 1

o op GRS A, SIS M0 AL LR A s

fragmenmoralil?ahﬂ thg caljsgatimplf iveﬁoismwtqz;laqacm Eﬁﬂiﬁ]@ﬁﬁd)ﬁfs @Eﬁ elxPression.
hono ous nces. . Thus,, en working wittk
Another el BERE ratipesh isctPoplinyusatreighe! abmo asids

approximately amino acid number 159 to amino acid number 239. A N-terminal cysteine

may also be added. Amino acid 1 is meant to indicate the first amino acid of EGFP. Amino
acid 239 is meant to indicate the last amino acid of the GFP. All residues are numbered

according to the numbering of wild type A. victoria GFP (GenBank accession no. M62653;
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working with GFPs with additional amno acids, the

nunberi ng nust be altered accordingly. [0098] In
w@bkdoensare ve enbodi nents, the reassenbl ed fl uoPE€BUS2UD6/042210

protein may conprise activated split fluorescence

SEQ ID]‘II(T gﬁ%gé ‘gfﬁstr{ugﬂr'ﬁgﬂhé %I#)]hes g gilﬁgeclié{ltﬁol ogg itsht | rﬁ%logous

sequendeb UThess edBh mrldh@mﬁthnﬁmcdita& SF®s i odtipanal to amlﬂ ¥be GHPYYE when
tral aracterjstjcs depending on the ac I vat ed
Workmg:,mterFfﬂsu*ar el FRRERIdS, the BBmpeRne R be Refiediaseprdingly.
For exanple, nulticolor fluorescence conpl enentation

[00ﬁ§lslnk?éfemaaw prabedimgyts, the senssambled Agorescagirisatetn map pemprise
actlvateg éﬂte[:i cgllrclé? g%;eg%gﬁéoﬁlég f?eéghst al;léri)re%etng%ﬁ}(’) %gl(u%t f{uo&egf:eoql

protemd?:fFEEZ}ecbﬁﬂ&utblﬂl aétivedluordyadnt rp@otamoﬁegcl’(we |a@l<i$1mct2&ﬁl3or211uque
Fsi -545; Kerppol a, 2006, 449- 456, Hu, et
spectral éraéreﬁstrﬁs(sirerrrﬁhnaﬁlbﬁhserm%d S(pﬂa&ﬂuereswabﬁ@graﬁ&s psed for

compleﬁg {BhSPor e%glesﬂlﬁl ﬂ)gld'lfi‘f ?&rscén%p Q6 Ab Rt flSﬁ ﬁas @s%gféchleved

rein incorp rate erence inits ent
by recomd:tamgafmméntscfrom shffarenttﬂquecc&ﬁ eriteinsnfoe mulmlawlﬁombhcular

ﬂuoresc%rfet ?0[51? grita%r\é 212(513{]: coil)qrol% E%a E—ﬂrt f[ﬂ%& Sotreélg}mlqune

2003; 21f$39054%§ ‘I@g%la vhed, & 449048, Bify, i1, ﬁrbegﬂ%ftéin GRBLBHAS (Bd. P.
re-forned mature chronophore. [0099] In one

Adams @iﬁ)@(ﬁ@ﬂéﬁlﬂs) Eeld Sprmeﬁeslwrhab@uamre Press. 2088t berelbneorpgrated by

d
terench s SRS PR 5 ST LB EOE M Bl s v o
activatet! splitsflerescbiREapmehis fidie nivadisle flayR st PivtediRF niilfidvdstSeal-
known to persons skilled in the art. In an alternative

time ﬂuer%@apmerem Pipelihe Spgments capiaing paue-Bymed spterpchrRmenpore.
[00??]' ng{naonfeleﬂ{b%aﬁl?é% Shafhd: gg%gg?&%lﬁﬂ 15%{6%%5&(15/%&?1 cwon'hetry,

apse m croscopy. anot her eXanpl e
fluorescamwekdate irsadan flenmymetsr, gmarosmgpy,l fhmrdsoence resonance energy transfer

chr onogen ¢/ fl en ct 00101]..In. a ot her
(FRED) Y BERHEN Sistor BROIRF sty g‘rﬁéoée&ma iggd in' the ar” Tn an
alternati¥® kinbo @iyl SRbiedeenkE M@%Ute%l ?&)ﬁfétr'y rﬂlsﬁ:lé%sf?orescence

proxinty to forman assenbl ed ive enzyme, which

actlvateéaril prated € ACE ber time- i@semleﬁmnﬁ act ivity assay
[0015’{51]ef elrn %'o%frer éﬂ%ﬁr’é‘ A dg?%rrﬁg%lgegt y a

4or og gni-c oréac preferred

chromo@ﬂi)@ﬂucmsgémcpﬂ@auanzyne I's di hydr ofoI ate reductase
{J 51)1? or b-lactamase. [00102] In anqther enbodi nent,
[0019He g Apgther embediggntgrtd %rnérertm&reareeva(twrﬂﬂe)t—pol:y@@phde

fragmen%sxﬁg?élﬁed M qbai 5x1ﬁﬁty5&) fom%‘?ag%ﬁﬂe? %gv@e Yo W Whﬂ: can be

ment at | o assay" consisting o
detectedfusagrmmymﬁ aOHER, asvdyi. dhefesably, dimyerzpmy rzmm\nty racdbtevietl)by a

chromo iy SHARgeHIA A ieDe T of Befsried SPipdverielos SBIAES05
dihydrofblatd ref¥ttaS3DHBOrP-BéAnR8E, Whi ch are her eby

i ncorporated by rTeference. Methods to detect DHFR
[00162}t i vhltappthﬁnmhbmdlmgntcﬂremgeﬂrscxhhyrhroifollan@reelge:asa:(DHFR). For

exampl RERGSE Ol Tl e <SERIE ol Ro Bl hbidR betsd qausistipg of -

and C-té¥@ind$ Bdgmbats oERBIAR, §vhich lack any enzymatic activity alone, but form a
functional enzyme when brought into close proximity. See e.g-U.S. Patent Nos. 6,428,951,
6,294,330, and 6,270,964, which are hereby incorporated by reference. Methods to detect

DHEFR activity, including chromogenic and fluoregenic methods, are well known in the art.
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enzynmes that catal yze the conversion of a substrate to
a detectable product. Several such systens for

W@ o759 ypepti de reassenbl i es include, but aPE&r/ns1006/042210
I|n1ted to reassenbl of b- gal act osi dase (Rossi et

1 84 d|| rofo ate duct as
001 Cptp AetH i Stoshineat. el Ul satidesGat b FEAGIART,
enzymesTtﬁMdatdIyieatﬁé %ﬁ%ﬁl&iﬁ@suﬁﬁﬁt@fd@@&e@%l@ sodDéxt Several such
Bi ot ech. 2002; 20;619-622) and firefly luciferase (Ray

systems éQr split-pEypEHtidR 0eRsengies incdBleahut roe nefdiniad tmnwmblmof B-

aelactos{oje (RSt b 1927, B OR3P R ¢ e B BBl

(Pelletle§ Etr aqrmﬂs DIg( 9582 (Al 13"46}3|TEI\,@1 108 MRSk YLARPRGalarhean at al,

3525). Enconpassed for use in the present
Nat. Blotawhem(lmﬁo ;ait 2-62heandwefdy luaifeiava(Ray e pl, PNASH 20Ba 9% H&5-3110

. 96 kSR S B 490 T B
been use[ﬁrf@p{h'e Rteb AR G ®IuBRAkra AR NIARe D8 bt G TRbGIERRHAL, QQ(‘%

I'n one enbodi nent, the detector protein that
45;36206452 omdinspmyprsisechfop nsd indhbe pl@sﬁnd: anvebtongredhe vissrof etavaddesplit

polypeptb(%: fr%er%%pé ¢ an'?,se zé/r}aggé?g#&)tggwbg%gf 18115@5;%%&%‘%%%% fully
folded nfa@RB @bl@f@ﬁﬁﬁtidﬁ ekﬁ@bl@hg rapidaneaCidtedtiondipak @bmblenthtatibn.,

1998; Galarneau et al., 2002; Wehrman et al., 2002%

[001QdH; ¢ Hn gn¢ smbodigent Hin detestorguoteiy thatsillgha sigaakmalificatipn gan

be used, Eféjo%g'{p'ﬂ% Jﬁe g%tgflhcet?més%%gge et W t gl?%@% z)gar%lveeetblte %9(9 fhorescent
beta—lactaﬁﬁSHf:sLﬁ»fsﬂratB, @ﬁh&lﬁ%ﬂoﬂﬁbéﬂ—lﬁ@hmt(plﬂmﬁ ¢fivkaaikfeat ag,nm%s

can form an_asse t i ch, cont ai ,
Galarnegy & @bnt 40 8@“@6‘? £ 28%3 V@H%Vﬁefoﬁélf%ﬁgéo‘%?}d%’é‘abf
amphﬁcétﬁbr?@lbl&?ﬁk i aBosReAkhEaRlaY, S@R9aNi zes the

di scont | nuous épi tope on the assenbl ed protein but not
[0010Fje darhothbr @pbctdnpeltmf dwanvensiongassdaatidnnafiagiivhied split-

polypepff BRI Singgie <R A0 Topicih Vo e E AR R okt
epitope, W@idVaky ¥edete@bd bead dNanbatip&Eewhi¢h Eﬁ&lﬁ&[lz @dtoghizes the
ordinary skill in the art based upon well known

discontinusyh gpigenresn thaassgapled @é&em&ut aﬁftth@) pertiakepitope presens ghicither

1nd1v1du£l{b%l%%§88% Og%) c?l}eg ap Yof gr%ﬁstézﬁg 1%%5 fllt(g)fe %ﬁygﬂﬁ% gP10 of

HIV. Thesy aind bthsg such deﬁﬁtlvvm@ctesdnly tie- m@dlwlnemt: ipdesn ofordiveary skill in
mol.ecul es_ whi ch interact to forawég_n ass 3 nb| ed proteltrﬁ.e

the art basgd ugQm Wil knopRdechplaues FRS SHrEsPe IS thebisheshie

assembl& pl%%él%‘ By h&t}féfr gfbtéih %@m@ﬁt dnikd dwgr . [00107] The
nucl ei c acid quence and codons encodi ng the

[00184]! i tIn pobtyptt mleodﬁmatgmé thesinvéntiont e estivatedysphie-polypeptides can

f t th
be moleqtscfhER BB A Rat Py BE e e e TR QDR PO Ea ey
be prote@XPdBMcitd, Or SEYIRRYS bPNdigRt bSmufghérmal codons for
expression of proteins in non-manmalian cells are also

[001GH ovahemusk@ %qui sequenpe@af codonssaepdipg hersplt-prlxntidedrggments
ormiercSpf EPRERRR R efBld iR AT EAN B Bl g

preferenpislseset] in a‘desntddcsystemn Fopaymide irammgmmalian cells. Optimal codons

for expression of proteins in non-mammalian cells are also known in the art, and can be used

when the host cell is a non-mammalian cell (for example in insect cells).
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addi ti onal nodifications which are desirable. For
exanpl e, in one enbodi nent, the activated

W@ pio705009 ypept i des can al so conprise a fl exi bP@&I/US2006/042210
l'inker, which is coupled to a nucleic acid binding

00109] ..The, det ect o roteins may

0016gp,, hﬁa@&av 5 PHEDALEFRICES SR PErsFeh THYOYER & BBy a0y

addltlonmﬁ&%ﬁgﬁ‘@whféh%% el kaII &@niple, iN8n@éhbodimet the activated
[imting exanple, the detector protein is
spht—polmpj:ld@aiae dlsmompelsmu Eegble la@cmd Wiieisegqupled i a hyclgje aeid
on. The term "conjugate" used herein refers to the

binding 13?{6 chment of two or nore proteins joined together to

[001099T mme Qetebiok Etbteﬂé"fhaja bot&jnigatdthy thenadléia abidbitdigeibef by

by Iinkers, em cal dification, peptide |inkers,
any meagsHeovedd persekeslilletimihe aittingpe Revlisying examme b detestor
t f o JC 2
protein 1? %031 %a?e?d t%ﬁfle H%c?égc gé’id %%l mgen tfﬁ%(r)ﬁ) ?121\?2«?1’%1{1 bﬁ%ﬂ]dgﬁte
used herdifl réfoisgo ﬁf&&ﬁbﬁﬁ&ﬁt&)f t\sememate pmmktt‘srjslnﬁ'dyoga&ler tcfontd ede

in order to take van of desjred operties of
entity. ThepIQtqiRsiRay b%ﬁ%ﬁ%@ &!srtg@f finkseps, € %m%ﬁ?iagﬁﬁéﬁon peptide
linkers, nglgmaﬂlﬁ%}”é,g%%ﬁn@d?%oh IcBYAER Hohdd, ok Bﬁft&ﬁ%léﬂqé‘r by any means

he conjugates are contenplated for uUse
known t@bmmnskilbed inithdarptTher ommg«aa}sbeap@manm oporvatsddle Herseina.

Petldelln ers inked, b n
embodiniegie Ve BRSO PR e iRk et BB AETRIAE P Neied
propertics O eadAtker b:lﬁd“&@hg)rdf@ﬁﬁ iR theaohfhgilcCBMRIMElinkers and linkers that

phot ocl eavabl e and heat sensitive |linkers. [00110] The

increase thersetubflitsiod itheproniugeies areegoatemplased faraise plons ahwith ogies fipkers
are mcmB?%&%%é in @elp%élg alglt«ﬁ'js H’l%.% bE ﬁﬁké&d}ll)}p é)@ﬁ%g?% Iglgﬂuéég%cgng the
linker to®0é @ﬂi‘n@@e Pdeify iattkd tonjwaieo Littkdrstaay beadid cleevarbleaCI d

encodi ng another protein such that they constitute a
photoclegyabdfy anddprahsengidiye Hgk$P-ame that can be translated in

[OOIdet or e l(;rleci“rﬂ A,008 g?dté}ﬁ*’ ?ef&@ by PRRbhBhaRBHRNH DA (I)r hére

protein e order of arrangenent of the
proteins frusioai prstemaan he prodaseda foremaplei by a gudm&mpideﬁeqtm?@e encoding
nucl ei c aC|d seqguence en odln t he tor
one prot s B dhe R ROHC LS PReerectroie ok 4 Ui fonstiute o
single ofehlrB&ling H8me thAah B@tr&nslﬁéﬂjm B¢ célsibel aedlﬂglaﬁblgpeptlde
encodi ng the nucleic acid binding notif. In th

harboringwaH s mtémde@ Rm’c@s»‘sl Bre wtlenat@rgegranent pEthe proteing é%&%fAS a

rotein n
non—hrm? ng S)éamQIS tthﬁ 1 ‘I%’]tcgar % slre]: llle%gé) E%%ﬁﬁ%mﬁg gﬁ»lﬁ%%fc{o? %%ll}'?eptlde
fragmen@igifgsediindian@ toah ichd, eMheti the Sadi the 3dénd, b€a detleictaoid encoding
and/or fluorescent protein is such t

the nuclqig pgiel bisieling wPtibfl O ] GBS PERIOB 0 ﬁrﬁﬁﬁns {bg fplit-detector
protein i ﬁ%ﬁgﬁl%&é@%ﬁ%%gﬁ%ﬁ%&ld HsdNAS RN -RFmihal BH@'—t@l’i‘fuﬁﬁl end,

acl m)tl to the detector and/o
a nucleid dmnd)bmdu@momﬁ Maetificatibn oﬁﬂne detebtodiand/at fluorescent protein is such

of EGEP a
hat the otiang L FBBR b oSt MR rssRenspry b P Ra SRR Oy
affectgﬂ\@y Risish dTah B8 88id biRPdelhbtifffdaht aewetol antkarfluotatarts
to ‘any nmeans to join two or nore proteins by %
protein. In one émbodiment, split-polypeptide fragments of EGFP are fused in-irame at the
carboxyl terminal with split-eIF4A fragments or RNA binding peptides.
[00111] The term “linker” refers to any means to join two or more proteins by means

other than the production of a fusion protein. A linker can be a covalent linker or a non-
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ot her than the production of a fusion protein. A
i nker can be a coval ent |inker or a noncoval ent

wo powRes097EXanpl es of coval ent |inkers include POWEERNE/042210
bonds or a |inker noiety covalently attached to one or

covalen?ﬁﬁl@er oéxaﬁé;tﬁ s%ﬁb@%l@ﬁt C}hﬁwﬁ%mélh@é‘&ﬁmleﬁbﬁo ds Q)k 4 &m%%rnntagile

be a noncoval ent Or ganone
covalentlpiatieied o omt @l morenif dre }ﬂ‘UtBhlSaG bp llﬂkech (e ahlam cafr@lso be a non-

e e I e A AT e
For covellRhi Mikab&e Faridis Tk GionS1ieR cin b% R&audicA3s Qﬁxg%,n%r% eﬁr ﬂ}gludlng

|norgan|c esters, amno, urethane, urea an
carboni¢-agid RAYABIVES, eth@rsp ﬁsIedemcmdmgl argrninad inbiganicesters; amdriod

urethan@'quafzﬂl% éﬁ% ke o&%é(%ﬁfehﬁva glag ?cgﬁ nnggp gﬁt e qﬂqlcbgmdmg

motif aﬂd%ilmé ﬂmsreafeﬁt dprbmlpéamedﬁo@ﬁéd beokightiGiD lhpaﬂo&?}aubﬁ wi ||
reci ated that nodificati on which do no

Substl"UQPl‘g ﬁPCﬁ%CE% eleytogueyides eite s cpuplingi dhwik be sppreniabditet

iR B BB POALEE G A5 508 B 1 B

motif andéwttior det§d@ it BleirComsixampld the flabreseeat progeid.or
ression of the detector and reporter

1
w“i@nst )%Pg‘?%nmp%?&ﬁfgé in the invention may be
(001 £51C0MUris byt RGtoE Y B BRAh: HPETOA S il

not require detailed expl anatlon one O nary
reporter sRpgtiucisior tpe na the, 1nF@1t10nemyéw ach«nmﬁlwséned using senwdntional

techmqugwgé %Irc% noé‘r e llrﬁ taﬁ‘ 1?_ 18{135J RREH acﬂcli% s&ﬂ%&,t&hﬁ@ﬁ For
review, owHRE, th@é@lf@fdiﬁé&y skiNYmds2®sh to LOREk M arBitEdt Y ; in l\l/qulecular

construction of nucleic acid segmfnce encodi ng t

Cloningyyal @bpigtorydlasyal é?oahﬁnormofdmbeﬁ raieiyh éNfériﬁBa)ys |
[001%@??%&%&&%&%&&%@ ofedd sc ﬁén anal Boddih? {hg e i ecute

qgquences I n nuclelc a

and repog@n arodtceld, entieysl staltidoliganiox t%hﬁﬁué@?ob@a%&ﬁiotc@nﬁrm correct
nsfect/transduce a hog(f cell and successf ul

sequencisAaRF gk o Sr i daeasry HWI&@@O% giigigEesandybe used to
transfectAdnishic@tal Host @3l mHANER sV f}'&eﬂg%ﬁé eatcg}ls ln%? b Rdlected by
tr celis are

.. Vectors fromthe transfected uce
antlblotlpr@mgwhmapyma’@ restriction and/or sequenced by,

001 11 | AR Frog RS rBREGEY Phnot iR cB0h 8 motboita TS b7
restrlctloﬁlﬂ and/o(c E@iu%ﬁ?dﬂ By fERZNmPleOth m&Rsd (ﬁ%essilt%Sgi) al., (Nficleic Acids
qer dldeoxg met hod or ot her suitabl e nethdds which
Res., 9: %@9 {198, thgangihechok Masamsst il @dethasistin Enaymologml 699, 1980),
e Sung 8855 AL oy BERSH R SHARSALLh Bl b By e

theart. Transcription initiation is an early and critical
depends on t he pronoter

h'
1001 E5{ " B S mers SamAllsd i e hEipEeD: I BHeE PT best
translatldiﬂla{/élé ArardsBAp@SintthAon! 1@51{9&9 tanWchiflcdi RESR 1§g 5@?&%51011

he transcriptional unit of many prokaryot |
This dep@MsmsIh@; pl@fnqtftr@npl reohastcer segnehcenarsbingn fhmaesd bsnmnrﬁercehular

factors tHaf gq%rgét Wit t hed s%tqﬁ’en SN Jtranscrlp%onal unit of many prokaryotic genes
consists of the promoter and in some cases enhancer or regulator elements (Banerji et al.,
Cell 27: 299 (1981); Corden et al., Science 209: 1406 (1980); and Breathnach and Chambon,
Ann. Rev. Biochem. 50: 349 (1981)). For retroviruses, control elements involved in the
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Cell 27: 299 (1981); Corden et al., Science 209: 1406
(1980); and Breat hnach and Chanbon, Ann. Rev. Bi ochem
WG0788@7¢ 1981)) . For retroviruses, control elROEOS206/042210

i nvol ved in therepllcatlon of the retroviral genone

repllcatfq%sdﬂﬁe feﬁo(li%ﬁ geﬁ&ﬁ i‘e% Ehe IP% f%%n(a#‘;re%at(( ﬁi\é@gss ehpls

eds., Th“eunmieculmfblslegy oﬁnhdn' StruserngNar foator kb @@ﬁ)&prlﬁ@lﬁarbor

Laborat@. C§1l D MIo{ R PSS (MGADIEN o Swapan s
(RSV) %?gg%l?ﬁ%ggo}%t@’arﬁtenﬁ cer %%‘&ESJEQ Igl%‘fl d5aR? clé&% ActfiRes. 11

pecchi et a er an yotic
1855 (1§8%e Cepgechiss iabin : (Emlhzmmn amhehlﬁk‘l_;ejmlc geaelsxpression, (I;‘rﬁllzmh@%nd

s, 8L 5T 1, S BT abl oA ot

promoté‘rk(irfém%&\é'déﬂ%d(@ﬁ()c ﬁ‘ﬁ% gAlhVEhs g@ﬂfl@’%taﬂd’sthgf Wali-type viral
pronoters. [00117] The pr act| ce e present

promot¢rgyvent i on en‘pl oys unl ess ot herw se i ndi cat ed,

f | | |t
oA P N1 b, S s
conventi@@bEbhiigids DMAL Bidthgly1EaINE 108, moNtutd? bﬁﬂ@%yf\ﬂt&tﬁ dg‘énfchﬁology,

skill of the art. Such techni ques are expl ai ne

microbiplogy ecompiganiiN A andaamunglogslpigh are mﬂééhﬂ ill of ba |aﬁg
suh RO BB o 808 Rl SO B ORI e

Laboratb®88yudNE° Bdoril gy SMabrowk sFiitsenghd Mamals (CGI@Spfm@Harbor

d h d 984
B R T TR T T )
OZzgonz)Z'Ve*észéjS}iﬁﬁésR‘TM Bt &4 I\%H]is eﬂ199'§%aﬁH§N019§§§ 195;

Transcription and Translati’on (B.
Nucleic cightiny idiggion1Bg2 ) Hanmsl & $rle Pbgglnmdml 98@é,| Trsm(cﬁezwmn and

transc 8IS i B b ok 05y MRS B

Alan R.@issfignct,d 98}, %Mbbﬂzz@ &l 0gd EHDBAes (TRINBreks, 3986)5 2 Pei bal, A
Met hods i n Enzynol ogy éAcadem c Press, Inc. Y.);
PracticaidlderiogHeleear i 1D Eh: Wsrtreatisea dedhads & Enzmolw | er

(eador s ey Nk PR e s e g OB AP CRBL O pejsgand
M.P. Caloedst, 1987, GeitbSPring Hmbnnbmmto@@ Petibdgis Emy)@eldgy ams 154
and 133 S iSSP vt

| V(s
and Wal'k@iméHQ R&%ﬂemﬁ/ﬁgﬂ%ﬁ%%loé?c}nné%\éﬁ%ﬁ@e&ﬁrpﬁ ?&%&ﬁ? munology,

Volumesbﬂ( @Mléi\fduiﬁnd@ €sBlackotl edpr 1%@) Hémbmlatlmg Nie Maig8@&nbryo

o s P SO R, A o0 o0, gener

[00108)si gAddifies BRdkgrounddefopantidd A1d geﬂ&@l pliasi¥edo tiRMactitioner
transfection of constructs for such protein conjugates

with respgct 81 dasigh.oewmihdy. dacprpegliomingt plasnaidy andeansifeption of

om0 U P AL g

ava11abw\mﬁlfle?mm@mhb%ﬂmﬁlﬁh%ﬁ%Bnﬂnﬂtmh sppticaticist W @I4/1881GN
WO95/03r6§4;I \R’%)% &9151% and WO 96/41865 and the contents of which are incorporated
herein by reference.

[00119]  Promoter and enhancer regions of a number of non-viral promoters have also

been described (Schmidt et al., Nature 314: 285 (1985); Rossi and decrombrugghe, Proc.

27



herein by reference. [00119] Pronoter and enhancer

regi ons of a nunber of non-viral pronoters have al so
whe@n/osiwscri bed (Schmdt et al., Nature 314: 2BSI/US2006/042210

(1985); Rossi and decronbrugghe, Proc.Natl. Acad. Sci.

Natl. A&§AS<§4USE%QLOS§§@ §5§41§§§’>)3 M%BH@E)% da?ntal%g%all Jtrga%l a%nd

I ncreasi ng express transgenes 1 n quifescen
expression off trdesgehes 1n$1alescﬁenpcejmmﬂu® 11}16 b6l rometHrd mgleldlrtgyd@ﬂagen

type T (it B3fhekaso oo KIS GRN N SBEN M - 7R RS 4L S o Niles,
Blochenﬁ 11@8%20 @‘QSWtde Wet%‘t al.,J. BidP! Glem. C%‘%g‘]l_g%%éﬁ %)? ?ﬁé’ro and LTR

SV40 and LTR’pronoters.
pumuﬂ%me enbodlnent of the invention, the pronoter is a

O e S R A SR A R T Ap—
promoteB ané@fronﬁﬂé@r %ﬁilﬁfng JE egatih prorhdiet, e p%lﬁ@l@r JeT
pronot er ( EFI chi ck beta-actin, PXK

promote:NEY ] Pr@ﬂm“f@inm@)lgatmmmr 1 Alpfe peorootep@idealpha), thek beta-actin,
PGK, Nﬁg?ﬁ\?ﬂ{aﬂg{fl\{ﬁp@' on are inducibl e/ repressible pronoters.

I'ng exanpl es of these constructs are the

[00121Tet - ARG encobepassdifin the EognRap et die lﬂﬂldbh(ble*mepresmble
pronoter, which are enconpassed in the prese

promoterw&?ﬂ- 18}*1“11%@@% of thesel eonsiryets wes the i Iﬁ@t Or'h “Eefaﬂﬁ’ and
RapamyBRAnULsiBle ROAGRE e Rp Ghiohiiods (iR NG RIPLOSHAN, AN

ancer sequence nay Be U 0 1 ncrease
[00122]andgerdditionpo esisg vinal ahd Imanc/aalspm&mtermmaa&eramb@ne

sy cetity et oV el tat e ene
Enhancef$ & inSiehse th’@'ﬁ\aﬂs@nptlc%l%@gctfvwzfa only 0P iheEBRRE gené Bt tatk%

present invention collagen Znhancer sequences are sed
some forgigrnganhe (Asmidlerg BrocpNatioh ead. SCI(U)SAt’lQ 1270R € 5XB) X iFan@gmpée in

h f
the preseéi{/ Ventsi?rll'I golgagﬁ%ﬁggc% Sg@e{nsee q;l% }1%6 gvgltckt ﬁlgﬁggggt% p(r)cl)Jrﬁoter 2 @

to increa@¥ PEEShOBxprdfRRios. BIMIARLR theegHateLeleMBE fBiusd BfS W (/iruses
base pair repeat as descri bed by Grass et al., Proc.

may be yggfl [fo nsgesge trapsgena gypresgon.glins pringast; seqpienes eqnsistrpof a 72 base

i a0y 0 304, AL S SHOOADE i

and Chambenj mmrw@aew(ml) ejﬁchmmm ahé Betg) J. Nlol. s\ ppiieaictics, 1: 457

can I ncre etr nscr t| on Of I’mn
(1982), 3 S RER a5 ReosP il o e timas Rgeito ThisHeRFaY foaence;a frease

the transbﬁp‘é(ﬁ{ bf8faryy c‘hffeféﬁf */19&1 2nd E&fm&% es( WREER Eseﬁjt trr series with
Nucl ei ¢ Aci'ds Res. [ 001 3 Transgene

various remotass (Mareanyt all, i\blc}yec Apids Bas&ot EfOéﬁ’ (lQﬂdg t erm st abl e

pr lon usin t oki nes, t.0 nod
(001 31P7 a2l Sl Bt R BB B BB IGITARy groression
using cytokihes ad moutnateempmefes betvigl Séverdl egRikénet have beh hawerd 2o
(1) and LTR pronoters (Chua e .,..connective Tissue
modulat@t%‘sv’ exp@ssmn egtrweer(elfmyollﬁené’sﬂ)e%ndaﬂ R ppomeders (Nuayet al.,

; ge{ .8t @l J
s e P07 AR S S . 155
244 (1999, thggr et al., J. Immunol. 141: 2138-2144 (1988) and Seliger et al., J. Virology
62: 619-621 (1988)). For example, transforming growth factor (TOF), interleukin (IL)-I, and

interferon (INF) down regulate the expression of transgenes driven by various promoters

such as L'TR. Tumor necrosis factor (TNF) and TGF 1 up regulate, and may be used to
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62: 619-621 (1988)). For exanmple, transform ng growh
factor (TOF), interleukin (IL)-15 and interferon (I NF)
waeloMn/05gul at e t he expressi on of transgenes drP@BENS1HY6/042210
various pronoters such as LTR Tunor necrosis factor
trol ek as@ﬂ@f%i'f&% D SE
contro _teo?gn‘?lr o, exi rrééség}r{;ﬁgg&a&?%nﬁgtggr@ggrocﬁﬁ%%esgvténay prove
useful ipelodwbasic. filgohlast grywitkiaces (HHGR) anmd gpideans gusefiuhctor (EGF).
00i fl ude basi‘gﬂdii broblgft I%rowth factor (bFGF) and
[ 1&3 de © GPRRCR P rasEERFOMOSIGHHIp the coHagsmeenhancer sequence
Coll (BNERHISERY used 16 Rlct RS RaRE OIS es¥H
.( (Egnhancer sequencg .(Col(fl %E)) XgaeﬁWg{mggtsEgprgés%g{&a@gnﬂerany
immung yeepangs ¢ the yneigenbichmarydesgeneratyyl is apparddirag nbiwiti@nding its
: any. | ne response to the vector which may be
Immuneggg%ercggtﬁgséﬁﬁﬁ a treated brain notwithstanding its

[00128]UNEr fhiotHee eindadigicnt, UBe vdc W] colnthrRB PR sequences such as a
enbodi nent, the vector may conprise further sequences
sequencg geingJorthe Lgerasrombinage prgidimrantiox@rsequencerinntiseway of

. ' . ot her way of .epsuri
ensinp ALy A0S BEUBLGE NSRRI s o
the Cre4oRBsystehsvhich tesnloLighhd HieisitgeofPart dFehdInBertedN AV &fce
[ the excision of part of the inserted

) whi c(g%iresul.ts@iia
either UpgAAR{TERLRN @1 tireiccarpRinassdahi cellp BPawyposg et al, Nature
Bi 185 904G i

o SR04 5L S PSR s B o
virus copgittich (Plhck, InthleExpeRasiisi 7r29e2 T8t locdrperating o genofvs thieuetombinase

. {Pluck, |nt Exp,.Path, 77;269-278). |ncorporating a
in the viys ébfisipuct MaethersBinniRe Boog 1ok BRA 2 Fithérutol Sons @ peublastn In the
present tRFLSRRN re¥ilishn eRFressPiohd §RucAREl fend o UL oRlorY tel
nesﬁ?asti nin tﬁlg present case) 0 tnen Ilrjéélg,ul ts0 iﬁﬂ%xmey
ﬁVedaYéxpr ession of the structural gene for a period of
pr oxi VAl ays. [00126] Transgenic O gani sns
[001?9012;| i%eﬁ{gn%lfgjéﬂgrggi ment of the present invention, a
[0012T]anslg ik enhodiuming o ihs peetTpassiot, 4 Ratsgexp OASSRM B
rter and detector construct for the real tine

re
encompﬁsé&g@ﬂ BIPTEreTREcPerter andidgiscion consiiyet fontherrpal ispdatection of
nucleic &GV TRE tlﬁﬁ‘ér%gﬂilc%r'g SSEF e(rMmHé,em ??Q‘f‘ygﬁfgqra'ngge%le bn a1l
th sone a cells,”"1.e.;,

_ eir cells or i . but " not
their cellsog an sorae)ibutihet. allTdedls tirea mseyeivenimals b&hé nhegend @6 teni@grated

e SRFGEE bk B FOIED i, D380 G ot o
as multiplelcbpis. DD, @Sple, PRI Bmetié tr@ﬁs%leni@ Etgﬂﬁ’a{ﬁ hﬂ??tkéffzrgglgtcomprise

transgeni ¢ ani mals may_ preferab nmprise
at least T GROTAHRBSZERER dyermeeferrphemberinfesnt, thechnémplowinpeises the he

i Rl i t t truct i S .
atctor RO OB U8 TR SRR R 7 L Gyt
acid binding heitif aad b drahsgedé Becodiy & ik acill baldsGeRGuaie agd Rgei of

. nucl ei ¢ aci d bindi ng sequence and a gene of interest.
mnterest. | 00128] Where one or nore genes encoding a protein are

00134184 Wherk0ABSIRIDES gerlel oM i 2B
F %giink t he é)ene to a%e gpgr oplrnlggdtrggr egul élltg%&r%/g tg#g%egl%%’?{t may be
desirablanoi apleraiyt linkathe@ane to an appropriate regulatory element, which will allow
expression of the transgene. Regulatory elements, e.g., promoters, enhancers, (e.g., inducible
or constitutive), or polyadenylation signals are well known in the art. Regulatory sequences

can be endogenous regulatory sequences, i.e., regulatory sequences from the same animal
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expression of the transgene. Regul atory el enents,
e.g., pronoters, enhancers, (e.g., inducible or
weongoswne i ve), or pol yadenyl ation signals areP@BUE2006/042210

known in the art. Regulatory sequences can be
species tor
P B NaeH LR, SPUBRERT The Srudi St Mtk gapatho be
the natyral rtgﬂatnwrs@Qumed of the gene thahsgmekas Atiansgegul at ory

can al at ur al ulatory se uence

(001351 PR IEREB £ Bb e FeobribedRieth Mapadach Shbumostasad region
downstﬁeararmemaqaémets@e&@glbmn%%ﬂiz% tﬁ@m\w&&%ﬁ%@oﬁhe

unt ransl at ed regi on downstream of sequen
eXPresseaéﬁst¢@@n6 Hysdagiease i ymlzleaftdnsrqdmmmaﬁ\@nrthqaexmésstoheystem

Amonggﬁe%?; i éﬁp%pl(‘g %ﬁ’% q:t!]hlg | nc ﬂf tilelPé?ﬂ%omﬁequeS

that proalde urpbmnag@eu eshdhes@qmaemef ué dér[\/eﬂ heg ¢ aaat ﬂhb‘ @t\ﬁlo%f‘nall t
i pvention are sequences that provide a

antlgen,gr QH@F 3! ugiapslatsd serneacesyg)! lgwvandpitheart. "lZ.-_hedengt]n pﬁ‘rhet3he

r
s 409581k R S SR et HIMTANE oo
importagirit stabdizéngetie RAGA Oflthle$xm(atsum‘ $equemle but the
effe of its anscrlpt appears

100130501 A ipSin® boREhe by %0 REARA S Fiane e oD ehveen the
, promote$ @ﬁldiﬁféQﬁ\IA[sg@ﬂe%@& eftollir@NRE ﬁgﬁal %ﬁ(ﬂ%ﬁ&éj (Shcﬂﬁﬁtrﬁlsﬁl?ed reglons

include a 5' untranslated regio et ween the pronot

can be fepreithelsamprpntsd gegion &oenebich mgamdrta isitakealor segbefrom a different
.he sanme contr ol

h I at ons
gene, e &y B Ay b BRRERo B R Lp BAD. PSwisny et o TEne  Shiess.
[001311]f f %ﬁﬁbn@&melelcﬁacﬂds mhy§l¥o B8Mscden qﬁrtkéfﬁgeﬁerc%ﬂktﬁfclﬂ 8f the
hetic, sem-synthetic, or natural sources. [00131]

present (im0 e SYADPIS 61 arisgaserRe)ycisetidRsagserb (romblsmeny fo the
DNA conr%rkﬁgﬁ&)qnér}p%sﬁﬁrU&ﬁceafmt% I?ﬁe @erllletg %?érglls%vtﬁg E ﬁ%SéloﬁloJf a "normal”

tisense
gene., Tl(l&:@md)@lrmtlhwsy fdr&xhhple%sé@lnﬁ@le&tdc&h ﬁ]boﬁj&ﬂesb @r triplex agents

ntrod ed I he cell rease the expression_of
to block gt or sgfaonita SasiH OB s e @omarkRE BRI Wit
an antisehBé hiS@18 Bei e krd16x A&dnd or bl RRZVIE $o with a'i‘?ab%hﬁé( ﬁ%?ﬂitﬁfely,

to blocktranscrlptlon or transfation o spec
the methepipeludes adminigyation o h mepgehizhatrindcaht actiom wﬁffes’emfseegene

ol .t ripl agen b n
product BHGLEL U B kS IS B S SRl ot U
translati@dof gvnsd i afelldthowin ia theag @B& ekhalarBhsS d&ird, Ng2 204ARN or
of a gene product or Dblocks the action of the

ct
BIOCH@@ %89 9hd%®e of antisense methods to al ter the in
[0013@4t r (Thte rtl%ﬂsséwg% g%tr%f:rﬁ 81?%?&&@ germa}k%? 1 6)lfrgstéutable
plasmld m&sx)lopl{a@axﬁz}ralrvlaetarrfgnagﬁrtfmauomehﬂ lm‘etglsthéiijz b bﬁiﬂ)agated
t t
s Ao URIRE 500! S ho e Bl MR e o e
CLONINGYA T AHGRX TOR YHOPROAE @O%S%%%;E&%QPN *anw?j A dSiruct

art, such as those describ ni atis et a

may be JraEErEGSDAR cxﬁLadNeN@lamﬁAwmms MaNlAting @od sblé;ﬁmon g the
t
construce_a{sqg a? eﬁ;icﬁ( n’rt aléar%g%% ag § ens It a%rfﬁ%wg-uftﬁ %%%ﬁpe@edan d

between S&rh\&ﬁiehmsm‘ktlbﬂﬂ gites on the plasmid so that they may be easily isolated from

the remaining plasmid sequences for incorporation into the desired mammal.
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constructions in an efficient manner as is known in
the art. Constructs nmay be | ocated between conveni ent
WO e®Uo5mre on sites on the plasmd so that theyPOEYS1966/042210
easily isolated fromthe renaining plasmd sequences
| 3 he
O e SRR o the Bt e R S 1 I P e ifohiol
transgepicadineal$ oncedts by ﬁlwmgemaloamf eRdenolis DA istdnh ddi§te using

du exogenqQus DNA into an oocyte usin
feth“?PYePg‘\? f’iﬁtm"’é dsrors GaBihecurd i tapsler gpes elfieiodlystachasteells
by explbmFsﬁﬁlrﬂmeamﬁE bfd‘cbm!idlﬁﬁ dt 3. 4 RRGH, B%T’% OL. 1369, 4993;

oiting the viral infectious process ’ ’
Kim et NNI3I\5[ @Lo%@@m DEB- BS- 1319983 H@sk@lbhnchowerﬁBlONﬂDL

REPROFEDRY 36, 1983 Qb ddods R w18 ACAI Wt ilaiais 33,
1998; KAludanfd®Ctt.al. UBD 11 8038n 38al., s@&ﬁommm Hel4-6%, 194 Tada et al,,
owen et al., 50 BI'OL. REPROD. 664-68,  1994;

ITRAN%%NE@S 882-40:1199RANSGENI CS 535- 40, 1995). [ 00134]

0013%pP! | & 00135] The net hod of the invention can
[ é@p gbﬂllér%ﬂ?}rﬁ%u pl e applications known by persons

[00135] | | Bk inathb ef thetinvedtion icampbe tdtin anidgdé aqucaﬁasnstlhﬁwn by
ionis ar rter assay for the real

o {ﬁégnt i nve@ g%?
persons Skilled in.the art. Qe gppasfaat ey bodipent <Pfr$h%w@8% EeaHowisi amenerter
assay foé ﬁ{el r%alemé &SRR of ﬁtl\ﬁ@ kY viSBPLESS: @%Sﬁlg{eetrl{r%{sﬁsc 8 iSiterest

does not produce a signal Trom
stably emreﬁsa ¢etéotortrheleaiis whivd doks hatryeducRAignalifroiuke deeGonstotein

in the alIse 33 BTIO%N?L ﬁllt Ctdo%p%t -I(-)geesgg g%%hsc)gchfaﬁzgwg; g,%hg ég}gsecan also
express 511 irﬁlu&fble kh@‘t&@ﬁ(ﬂé&@é cdRbRGM £bBd %ﬁt@ T&r tRE Héj[eabplqlb[élsgule s

(s) and _a gene of interest, i ch when express
nucleic %ﬁl@ anﬁl% raelif(s) apgha g@m elintsresirovtiduvbemppiressechwithines cell, the

t Orn _.pr.otei
dectonshe VAL BEIL KOG B ELTERLRB S B ppipgngnd
productlsn ofiah actiFkipsotednl amlslgﬁqar THiall@d fok tH¥aresl @inRCddtonionlor RN
IS exe lified in Figures 10-1

ession.in viy
expressigh 37,4 874 & SR BESS 1041 apoOTIBJene fxammples o-11.
[00134¢]t erAahiatermSFROGhIRIthent A ERY J\)ﬁm@&esi Egnecrx ?ets§ ‘fl%r}le]i}orter

MEireSS t he reporter construct
construck ichds meratlmljohrdtedrto afprcvmoter e&rmerashanhérhme @F@ﬁ@!"ﬁﬁfs i's
n.stimuli

I
actlvatecgﬁ&th?ﬁﬂég g?l 2 % afrbS?m{ﬂ«ﬁb ﬂgﬁ‘alyl\é@glg rﬁ{}&ﬁ)efoﬁ t@é?@eg%‘éﬁlféﬁ agd
sequencebbéb@ﬁﬁs afalRiblealeimiifl bf e hﬁ&ei@facfdrlﬁnﬁlﬁg brndtéin U detector
bi.ndj ng %eotel n of the detector nolecule facilitates

moleculg fei S e aesosktion of We daieeioe p@lrypmidpﬁagtneue afndégmnmutoa of
the actw@ 'agter:tgf gﬁttélf? th?J dfl%e %%He}flﬁateq}? a%étgﬁﬁ nﬁﬁg |5 \\?@é g]rlgvgsn for

et ecte
promotepﬁmntndpre’ro h‘eLSltmiIedJm réal tinge intvied. EbrieRampR] the |ré'@11ét[andﬂé ene

b a exarg[) t he re%ul at i on of a gene can be studie
can be stuiel in.yeal timg by frapsiactineacplpipid sxpreasing apeomiesdivige an RNA

binding sﬁfeckiﬁﬁtaﬁél Qihg\éhﬁgas‘éﬁn%abln%ngﬁlué 'aEt?v@n qn %r}gll ?’eﬁ' ﬂg)oﬁm{ent,

basel i ne"defector construct acti vi t
the cells argroatagtedtwitlt He co@ﬂpbsnchwxecoumwﬂds; ed uwubﬁmte)d ta ac@npywTd

conditiofy’ thgtc}{:{%%i{ég The ac{lv P)f fhe t}Jalroen(%(gtglsj tﬁe?eb%r 1‘143255%% dgcfzreasmg or

causing no change in the transcription of the RNA. This alteration is immediately detected

by the detector construct.
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conditions that may alter the activity of the
pronoter, thereby increasing, decreasing or causing no
W@ b@ngsoorn the transcription of the RNA. Thi s PCT/US2006/042210
alteration is imedi ately detected by the detector
00189t AHGnat; t
O G et A A el R B chior SR RS bt e

presence af igeget nudtieiaciddn ivivol eveniin the abgarveiof atrépbr&b s@nractoin @uch an
for

ter construct., Il n sych an e i nent
emb‘)d”@xlﬁn%qféxa?ﬂ >t Bidlpic agids ipt %@Ppléﬁﬁ&a@ dioRRN{h FoBPrisgshe
target n€adéTP bitid@8qudABe Wil Hindd ik ﬁicq:elélﬁélg bﬁ‘ﬁﬁﬂ’gﬁ:ﬂﬁﬁf eﬁhchg BetBétBHS

t he nuclelc acid binding notif
moleculgp [eRighan embogumnt,a}cpmcn@ntd,emge pﬁﬂﬂlmglemctd‘l@)mponents

of the d&&ftbrglﬂ[)f%]culié h&alyeucgrrnog;%gﬂ&ﬁg%q 1%11?0 8 H%l § gan. eaiqtcféeq@&%?‘%gr

[00138t e Ch&thmnilax\/énﬂﬁbdnh&ﬁ,l 381etlon” ar Steftbirakysemb oy ve ﬁllhhzecﬁln the
or "tet-off" system may be utilized in

me"hOdSrFéfttfﬁ%H@S%F ipveation ek pkamplpesrlls of inteigst maoabqﬁreate@m sltdaly
tab expLess
oorss EEE SR e SRS BB BRLNBPIERE s o sy

express athtHoni oo tgt-affiegulatadbk mporten Icsnstﬁlbaéﬁajzshﬁg( porfotled tradcription of
construct enabl i ng

et-of f ul at bIe reporte
the tara ik et R e  BRIFISH G thelistosior gealcmioramRgi e bpisgling
motifs). A e88ABleOh d t@f-@f'f ‘§§§telﬁ ocﬁe EQ% Wahe %H{edﬂrglj%r%% the gene of
nucl ei ¢ aci d bi nding notifs). For exanp
interest gngk the fepogipseansiruat rv@ut;blbd @ctm ahdlirhmedidieht ddtgctable r’e’pem the
t he rter.construct

saion 3506580 MOFEERS 300 5 SRIEH G SRR o B

target nmtéﬁh 4didbindingt site) istsher Iff AW Blel tRMs@iptd 1@t EARBeELAIready
nstruct (conpr|3|ng the gene of interest and target

transcrlbﬁg erbg anglyzed b il Higesin s tesokf mga_tm@lrc fong aould nnaylyszée

stability gf; A e{é‘ﬂ% %s fE)Q@)F nﬁﬁé/ﬁe skflﬁﬁri{fg,l 15% 1n r nfgg ; gecglﬁg e

diminishpg sepomerdluprescerve os hadvityi ty of RNA such as for
Lts half vivo in real tine

anp| e,
001 et WFleRee ﬁ'inh?i*ﬁlieﬁfgt B Pf arictpy panstustadlons for the
stable ex@ﬁéséth b¥a gé&o&aﬁt]cre'sﬂn%rh\%% @élll',‘ l@\gl'ef’e% ya %&ﬁ]etmsitrgfbftttg Fhe

use of a "tet-on" constru
system tynp pr&rgnsnpien af Gemepoutr ¢amstnas (The detactor wohgulkaiflthe present

1nvent10r¥%§%e§€%l% lqai dc§ %a{rgeg lﬁ\&?) Prxgb%ga(tﬁa% zlt{:te E??h!gr glzf}gg t or
embodinteat, mAeo@hzzithﬁ 14 l‘&eﬁiﬂlﬁdléd‘ﬁﬁ’é&l‘ t@he hSdibRRa t@%@?é@orpi nd

target RNA and is inmediately detectable. Tn-this
CondUCtl%ﬁ’ScﬁxﬁgﬁflentRNA | ocal i zation may be st udi ed in real

[0014‘)!< e II? t%hgﬁ%%g%g%(mFﬁ%f Q?J %ﬁ%@ﬁ g{\]fglgt? n g&% mgmrteé ASSAH és in

vivo in ap p@emn i Forembmple, but het lnmmlrtb,eatmmstsalyon Burh#h ahlm‘l@lsl fhodse,
nlsm For exabrrple but not L)mted to, animals,

zebraﬂshng% G PL ’iﬂgrfﬁ?y 10 SXRIFEH PPIEIR. de@ctor@p@ﬁwgancbq gene
of interest @ dﬁ%ﬂ%lﬁdlﬁ@h@éjthﬁmﬁ@ﬁosthg %ﬂact%r gﬁismo Mhe gx%resswn

construct and a gene of interest with
of both censtraicistyathinitiel orpanisn allowhor ddtapsdript oﬁmtmst tebe aMﬁed

t h t hi
wroueho PSR B BRI WHED Lot G S, 1
one embodiment, the organism is a mammal. In one embodiment the mammal is a mouse,

and in another embodiment the organism is a transgenic organism, for example but not

limited to a transgenic mouse.
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t hroughout devel opnment by taking sanples fromDay 1
enbryo t hroughout adul thood. In one enbodi nent, the
woe@ans®m i s a mammal . I n one enbodi ment the nMeCTEE2006042210
a nouse, and in another enbodinment the organismis a
tLhaNs LGy ' g tenot limited to a .
(001 S ARk 10 38 BB o R IR R o I mepaghl e ovide
for the walnjos t¢tectivh ERNAEL AR dsvied nteiwdpi@iend ih BMERYHrRIzation, for
sFﬁéide for the real tinme d?%e%tion of RNAin an in
examply, {H9re36q156 4 Sifthilybridiggiion{FISH)y In sheh an srabadiment; @reell
I - . A : b
express R iR SAfiffl F RN, OMHlchest S A by sdlence
that wiltbing to thetnucleipacidsbinding niRiK of thei deteet@sholedldiisgpeRhéablized, and

o ey SRR L1 ot ] BT o
expressBE HNP@M dtF@SnsARd will 8irfdab @rfetIQNAQQﬁ‘(ﬁB% l@&fui%?&fs ahi e lo%aflization

i nvention are adm nistered to the ce ‘the RNA
and abupganee €6 RNAs caaxlpr deteredned: Hheddvarsagns of this systent oveérlttaditional in

. | . RNA bj.ndi equences and, th cali zatj on
o AR TR P8, GRS R R SE Tde hana
amplifi@tioh bitsinghls be mdewetor tomtutd vitiiah uiilizesiah enPyhE fporad) afdthe

... techniques are the ability to detect |ow abundance
ability teyiiaish thi essen Twigkly and vathoufspdionstiayi dieammedipghioé thsydetgctor
. Qf - ; i i i A
conso SKRER AL DUl |yl AR SHITEe KRBT s
hybridizstibin Gug. widhdiadaetiivityt)yan e weskedimayhobefbirevee kaswiag if the
.. construct detectian is, hpghl esirable. Currently,
experims L P RO AGBOB G BRAGTADGHsP s rctonal i sid
hybridiZaub bl BEchRRo bfeplre de kb iHeRIEOFR X cfeé?adﬁt%h 1Re Weeles
. to nonths before even knowing if the experinment worked
radioactiyityndn thel methdds of the preséns inRiAtipn thiossis meaxded for radioactivity or
tradi-tional.in situ hybridizatio re difficult to, .
RNA prgbé s Wifitor Sopinelis RS RGP duimeln S verirings s
known tofthdsa &if sléititih id att. Suthtahesei®ihaaslapio fliBudh@S&Yr immunocyto-
invention there is no need for radioactivity or RNA

chemistyy tgghaiques wdiegrby agiibedieoe ppadde deigeiepretedn invijipe PlareeBNA is
detected OF €xanmpl e, from bacteria, as is known to those of
skill in the art. Such an assay is simlar to
[001#2inunidhitetmereptheicomposityisoanid endthé dsyo e hresaat &8/ exti@r @By be

. anfipodi es are to. detect protein in vitrqQ. Here,
used in RpotERE fo Bfiet D b 700 i HBienioe SR b ot Gigtuct
of the pré%%t g@kﬁ@&i%@{, chiBrif £88% or FRYRH leRRer MrLeMIR @niafrﬁnatic)

. enbodinents to detect DNA in vivo in real time. F
that is spliantplae leastiwodpactivatsd polypentidedtagofentsheachrfeagerent associated with

jnvent | C ri.se.a detector.protein (either
a DNA-pRTR T, TR SRR Bl el obBh ol &BF angspnce of
target niidMic helacihithviaeast PNAY pepid fifly ht@a ®idclor fRaeh, bhdeaest
. .associ ated with a DNA-binding notif. The pol ypeptide
immedigtely deienied, Fanermnpedbnmethedeeiibe pispenttiavepiien alew forfthe real
e deb SRS UELEL 0Pl s 6 A GEREID LD o
associatetbtvith tleddetdetor rexi@inslie thetdetectve ttisicodre spexifie £8 eatious regions

(nvention allow f the .real tine detection,of,
of the DNR Fr? Feshorsfon, oftherdSrisen voleRr RS THESLURBIRYohe
[00133YA- iRgiang, sRIdobRI detect chromosomes in real time in vivo using the

methods and compositions of the present invention. For example, the detector construct may

comprise a detector protein associated with telomerase binding proteins and expressed within
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associated with the detector proteins in the detector
construct are specific for various regions of the DNA
waea70579 epl i cation of those [oci can be det eRPCEUSI006/042210
real tine in vivo. [00143] Sinmilarly, one could detect
] the met S an
cells. If tﬂﬁQW&? qg%ﬁrg%ﬂ:}s ?xﬁ{)e &étgé"[eédn {}1 rlgér‘]lvené(rj(?%e?]%elllor STRAD. ¢ ece?l A e
advantagh ef dretoenmomtmmmtdrmethodlﬁqyremmrhe&m B thattke §;§Hb1fﬁiit9ti§| n
ciated with tel mac{ase bi.ndi ng protel ns and
mcreas%ﬁ%f@%’él&’%ie W@eﬁ’é ING PEOkiia ﬂw&v bisegied dntertee hakies.isach
hal e
S e ol e R Thale i HE  SORA eGP owo
halves qfrtb@@mr@ejaswén@ng poteihsto a diegls pindinig site eysures thacthemdetitle to
rrﬁ?rase bi nding protein that is

no dete%X %"é‘tvgéﬂpflﬂ‘?t&%ﬁ%s IREPRPUNON. o ach hal f associated with

[001a8F hB dnoter ERBodiateaEbOMe Bfe@&rﬁhﬁbenﬁ&s% aGAehEd E@&egé’ct PCR
bi nding of the two halves of the tel onerase bi

productp ipieal tige isaliselased gUélnﬁuth@mmjwé$ sl comnosigions hﬁthetplnfwem

1nventldnsth£ Bltnoltd&.\&s bPa ?gggrgacﬁfo%n are, cl‘ﬁu\’é/ci Wgﬂﬁ,glzﬁlﬁll%{r@tﬁagl ﬁaéx is present

avallablp raﬂd; anteal tinvd@ Nl MXaﬁlpllﬁadjﬂ”thii chfbodRiiea,ta TRCR phin4 $-deignBd so
tipe is disclosed. Using the met hods " and
that the é@&bég%twaﬁ%d%f 0% e TECEQR HICOTRNVASR NG e thatwen be spesifically

reco gm?ed% RRAGE G bﬁ{d‘?n%jxﬁlbgf%ﬁgen%ﬁ b d@ﬂegﬁf&? {:(I)rfr‘se%g : If,]As;#lyhﬁcatlon

han I's present ava and 1Tnre
progresmahp Hetegsbr priotedn earblmeddateitad, 1naed:P(ﬁRlep fﬂi’ h&EJreSeﬁt ﬂesmtgmqﬂovides
i fication pro the reacti
advantagcs g "Pb%%ﬁ@% ug% epnidss. The ggﬁ eeth desusE Hi tector

construdt @ §@Biifie Gk YR Protiels@ing v@ﬁﬂ@ﬁ&'d@fébﬂgmﬂ%é DN eshk: tl‘ﬁﬁe

a detector construct. As anplification progresses,
embodigenteRNéy caprhstdsiastedan resé titsthycosuerting RAG tct ¢IMNA bEfire

conduet i 3RFPER ANERRER" R RAACE BN GRAERR Rl e e o

componeha‘ls eﬁthe rdetzotos hfolsuld ﬁc1$1m@th%Iré:asf;éi’ﬁbl?GRtlﬁrs@ﬁﬂ@étéct@ﬁﬂolecule
detect tenpl ate DNA.  Usi ng t hi s enbodi nent,

in the PYRWRC% aﬂlg‘é% PeRusts: dipwing v navelmetpd ErivenuioR§ RRNA Y
Also, 1n%%{ﬁe1b§ﬁl%dﬁn§r9nﬂi;@ ‘fﬁlbl@ efcnf‘blF %g@ﬁ%ﬂ@%f thd Het@%tm% molecule

rel at ed enmbodi ment, nuc
can famh‘f@tﬂibmmtsmbﬂy offthe dﬁiteﬁt@tornmdlem]ﬂ and dmréfbtem@all tie the

pesene R Rk b GO e St g

high mgf,a)ramplmuﬁgﬁqavwb vivo. Al'so, in another enbodi nent,
t he nucl eic acid binding conponents of the detector

[00143] eclmaéotbarrﬁmlmlmmtaxf éhe presenbinyentivinl, g nthadfer detectmg

polymorpfishi AEhEFAY BREH fefe e BifbsloiTh b i Epi gl dRe

exampleaﬂmlaséalycoﬁthméseﬁehlheldﬁan da@delubed® defechDBIA SADJHERNA from an
[00145] I n anot her enbodi nent

I'TiplflcatIOHInVIV £ 2 S !

individugkfog fhe Jreaeen Pt FortAnRiseHes, diSRrleRtRr Freshnastion figeh diseases
dd | s

nd TR P00, O O PAE

prognosigfof wimgoysrdissases and dsntdetmf terdebeetan senktiuotscah de defbifed with

l.dual for the nosi s of
mucteic DR ST ol it Ehyencdh tif St veniondhre
genome Of &€@IRSdual with a disease or disorder.
[00146] In arelated embodiment, the present invention allows for the real-time

detection of gene mutations, polymorphisms, or aberrations in an individual. As an
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and di sorders. Accordingly, the nethods of the present
invention allow for the diagnosis and prognosis of
wo a0070887di seases and di sorders if the detect oPCT/US2006/042210
constructs can be designed wi th nucleic acid-binding
illustratfRtdxbMpRPEE hifthGed . g ! {F &
R B bt RICRE P W SR RGES o (it el
polymorgrhisii sits;, stevich ¢odBibEGIetdatedaby e apkpdyirpdiamioleculeld the present
. . present, i.nvention _.allo for the real-tine detection
mven“dg‘rtﬁ%“éﬁ desighedip Fheﬁmﬁ%?% Puding metifs 9é thesletestns malcante
recognize’dhe/atthdBed aftem@ Hstdciisd Rld Yefie X HTBLE coRDri& i
g. could tag or transi ecnt 'y .at%/agh to aas?ge fl%ﬁggﬁﬁ{tlg%i on
mutations, ppbmyarBhipns enabsiration o ishrytwg fodietzet. délt@nataddlhy ftobbof

moleou$P e RSP ol RSB rabARaPRSRE s abfiitng ey be

detectedmf tfeuofeid &ted BiRtRG A6t ITBERRIMS tHeRHAYI 28T ofl MR eic acid, such
attached, apt anmer associated to a gene of interest

as an apiamRy AFoctRgr s theigenerperhutation andder aftemntiohi pratsimor
s af | j ' 0 ct.. Aternatively, a
compler%%‘gflﬁ%# (‘)fﬁrg? g%{g(ftglzpr%)};ﬂ %gulhssaélgea&llﬁ\évrs Lo JERIYe @ﬁ}?‘%@%&ﬂ%& to the
immediguyl of sipmphamsifie fluoresedne progiuckdsts may be detected. If the
nucleic acid binding motif recognizes the attached
[00147r geln ohd GinpbiCand eimbodifieat) tRSmaRcalR ABE uRATOCIeal-8fhe

. With éhe gene perbutation and/or_ alteration, protein
detectiog el%rB?’f PRSHE-dRioR cbodiment dhemolseulp ob thsiinvandien cas bansed to
| i L i he. i nmedi,acy of
st B EppBRAEShAGe AENSSALR A o TR B
sequencq'amapslca' tesult ofgﬂb@d&:&nﬁf}ta;t}%dgbﬂ aﬂdf bepath&zecaancler agbﬁi? gI‘ Hed¥athogen
real -ti tection of pathogens. In one enbodi nent
can be aias Jfpdiom Bingt InfqsBoR  REiE R L AR BTG diEdn e b sbather
infectiodsitiscRseRs | &i F
i 16 ooy BeLIGAT M4, B SRR Lot
simplex yiras Bived , Bernsasimpenviarsdy pe-2 paythmgealovins] Bpgteiadbar vifine
. n_be, a vir.us jinfection, fungl Jnfection, .
Varicel 24 IR THp AT 0ol Villhicslobe Bies ion HBSbhHBES virus .
Variola vinispebionlar slomededrusVHepRS A XD ElcpatRe o6ud, HRELEs C
roup_of viruses conprising of Herpes sinplex virus

.

. g , ! . .
virus, H‘?R?‘BES P vipys, Ié@gatlglp ﬁp\p@s, ]&hl,ngglrlgsy perapavigys, brfbgaraovirusus,

' ' .cel ia- FVIEUS,, Human
InflunzPRAED N A Do LAS, LR b S R Ry
syncytialviruss A8enovanis, ol exswikicreirusyBehgud vrusshomms ivirus, PdliovEus, Rabies

. Hepatitis.A virus, Fﬁpatit's B viruys, Hepatitis C )
virus, RS Siisomagdiis; YoLOwHfeysiiias. Kepjatires. &izbuenies, Lassa fever virus,
Eastern ﬁﬂiﬁ@Eﬁde&éﬁalitgﬁﬁﬁﬁ,%biﬂ&e Ehclfgﬂhh'l?tﬁz\ﬂrdé! Slﬂ%ﬂ@ﬁ BnBEIHABRZ Hirus,

virus B. Measles virus, Polyomavirus,
Murray Yelfsiyl fovaivituasVesdN¥ilsi vinsoRift ¥glheyyfiever vimisy Ristavirus A, Rotavirus

B Rotay 38 G iR SO g oS G it e epli

virus typ¥e) HavafigseRubdllaWsms,Figlidan BihhiksodelNBieRsy @rudl Himanlassa
East ern Equi ne Encephalitis virus,

&gyer Vi rus .
Immunodefieignes yirps @B theaAnd H{uman fsunageficieney wrsrtgepBal i ti s
i rusy I ' ' t; N J.e vifus,.
00148 Sy LY LUK W VU Oy i o
eukaryoteoinaodd, s veZageS| walbi, phainiacsutical piodncthpewoasiefatspeaasts, dairy

cirus, Human T-cell Leukem a .
products or E A tonnTontal samfiies. Pre erreg rgleverages include soda, bottled water, fruit

juice, beer, wine or liquor products. Assays developed will be particularly. useful for the

analysis of raw mateiials, equipment, products or processes used to manufacture or store
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virus type-1, Hantavirus, Rubella virus, Siman
Enmunodefi ci ency virus, Human | mrunodefi ci ency virus
wa ypenin97and Human | nmunodefi ci ency virus typePQr/us2006/042210
[00148] The target nucleic acid may al so be useful for
food, bévBigdet | ' n |
B PS8 e i roguctsor
environggptal ganelesst s, dairy products or environnent al

il i r AT N (T
split-poBpetide fphein® B ehs\h labseldiddedchdcio Atk Wiieh Bonthifk 2t he

anal ysis of raw nmaterials, equipnent, products or

discontippeyseepitere, (rdieh may hedeiteied by wseof astantibbdyonthich epesifigils,

. . i cal r oduct er sonal re . .
o MR NREIRRGH6El, BE S BT aeF Bt oiove
present b GitkY lindividaniqidiepti®d. abedsueReR&hPR Y a Aschiguous epitope is

tion, the assenbly of the activated

_inven y he
found inggn li%f) b &Iy p Iheserrndrathgywach derbiativesoanasasilyhieanadedydbe person

: ' ' ' ' I nUOUS .epi.to whi, ch.
of ordmgrlrg‘y%tkgleﬂl C}Yéi’? g@{?’g%‘ag@%& g%ll%fmg{évﬁctg%# 1= fn%?rg?{le%%r WS Bies
that recagpereithe esbinpled ecatgini yerithdreproiefCoaindny o4 Sts ©fint 0Ope on

e senbl ed protei.n but not the partial epitope
001 31e SR BrReERedlEF o ds besobliommin Gript e areeugbiiacid can be

DNA orRNAD T8 @rpdt icREOR]d ' ' i |

O v P MR QY sPREoh e LA BChbe Gl
support.he nade by the person of ordinary skill in the art

se l.d _known techni.gues.,,.and reened for
(0015837 a dRE Bt me Ot SE RIS B0 a5 BeaRR/PER Grnptingly based
disease ordi bfelfidfodt iddidpoaEOE it a SdhetibAlyWed i858 Vaid MSeases can be,
target nucleic¢ acid can be of human origin. The target
for ex&“mif'm gtacthalapsgmia sickle qoNlanempiamukactprd/ Leidemtgeneiishly-based

di ' . ' ' i ili,z t oli.d
seases LSRR 0. MR SR TR 80 28 2
BRC-2 facbmtastsasqpe sudceptitfility. n genabihentmbodinsel] isdi3@BGLo8Hsonsal
specific for,.a predisposition to a genetically based
DNA mifCinuesTieatil i 1o 48 B amuy BESting e ts eppgmation of crime
investigd#®ha- t hal assem a, sickle cell anem a or Factor-V
Lei den, genetically-based diseases |ike cystic
[00152] br ds prothammbaslimersr the preacrg dnveatige peoviides ditp SdEtabiedfor the

. -1 _and . .BRC-2..fo st cancer } .
method & 88 bk i pBEH k<8 et G it bene srdimen. the kit
comprisecthe dewRsIBONsNE drEthdRdLA¥RIEPERE 86nstict #l 8td QRbdd@ment the

paternity testing, identity confirmation or crinme

reporter ¢qiFEuetagddetsator corFimet arg An sengtdie nudeid edidmesitculeshin another

- ' ' [ |t Ji table fo he
embocintaf 365 e WO ARSI AR AT GGl W
embodinfig thewsplitpolypbptiderfeagardntscirerssparatédigy &i IRES (oI aptide
ctor conﬁte ruct and the induci ble reporter

embodiegh S Ry SPAC GG 3t SHERded e ayeleicecicenmarising a
e 00RO et g O L SIS 15 o
by persorsnkaitrsldnitie art, posagiplenit conlimited to eziythatiotleswdge;, chiemical
cleavage,rﬁ'lo%c%javage, acid cleavage, thermal or heat cleavage etc. In another embodiment,
the reporter molecule can be modified to add the practitioner’s gene of interest, and in
another embodiment, the expression of the reporter molecule is operatively linked to a tet-on

or tet-off promoter. In another variant embodiment, the reporter construct, comprising the
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enbodi nent, the split-polypeptide fragnents are
separated by an IRES site. In another enbodi nent, the
w@eioypsprd de- fragment s are encoded as one nucl BATYUSZINE042210
conprising a splittable site and can be split to form
target rRBRAY RiEseRbide AR b ; i NS by
e __persons SseEll [1ed i n¥?ﬁ)§§%é§?ﬁ?§?ﬁ§%ﬁnpe%o g%{aegﬁgreﬁqo%he
practitipheristpseimoter ehizgeredti n edckay thges embetimenls, b &ay 8@8prise a choice
.. phot ocl eava ci.d cl eavage, .t hermal or heat cleavage
of splitpiypEided Kt ACtEttueiolRbn e 1he Aercriapploghlentidalin enemite
instructihs AR tdaizls F&t c@ﬂa‘étih%‘I 8 sighaGtdrh !t%éc@orﬁﬁ&%in‘?fn some
interest, and in another enbodi ment, the expression of
embodifeatsy g &its also spmpeist wagentopitpbleifrdapturinglend/or detacting the

- -of f.. ter. kLn another variant

pese kA OE Bl CLOTD! 0, TARIEEE B 8B e prsen
and/or dth@inabfetgennadleiceciciad iSRRNE PmeBNadiR ity RehB8 Yr BY aliifody

. P aﬁltﬁltl oner to be regulated by the practitioner's
SPe°1ﬁ°pf|{)6 @gjenyred protsin sThe aniibedye pardhe lebrled enbodi nent s,

ki I ' | | ypeptides for

001SHE ThSFASREL R iGN Sk RIS LIRS
allows fak 8 sutstminlly eedunsd back pioand amhsigiz agetitisatf TeS RSGItsNE an in
. ignal fromthe tegtor protein. In sone .
vivo R SR e o aphils O sty Rrspiel s adidag s maresoand high
abundafc@l capturing and/or detecting the present or anount

of target nucleic acid in a sanple. The reagents for
[001§4} eclni angthehempodistent, tlrpitsent mventitin bvides kjes suitalsle €hic

sesinf a8k Lo SRS W36 SRS B S
least a fastrbiachoupRa tha firabgdieshle MROLEIbnd PrRbE eHRIIERI LRHd

protei n conpl enmentation and an enzymatic reporter
moleculgy Whgrgingthe probes east bind foz hypridization séquandegnadmgetmetleic acid.

' LE1 ' Thi bts in an i.n,vi.vo RNA
Pt BEoREPLLE CAlL 2 LS, GRS b e
and/or defecting\the pogtentadremnandt of igtycadhusidansde in b O4ASI4] The reagents for

ot her enbgdi nent , esent Jinvention provides

. anot h he pr Jes
detectinBilieptetent Sy Ferinbet Bt Refl¢in cid can irdudenay matiarsiviy

tsr o ahfb G 8hiCtha Gésdmblrd Hrte; I iRk
ol b COBSL R, IS MO 3
Such kits swgyegtiprallyenclodp thedeagents repuied dommerfoomire; R GAaresitions,he

. I can,phbnd. t o brj di zat i sequence in a

immuncROS TpnfB8P ERe Skt DK bty Blnerygase catadon, and

deoxyribonatisotideh®-tiphSspBhte® CiRIoRAILS he'I8PRIBT b0 SRR 8 ohoT
turing and/or detecting the present or anount of

cap
polynuclegtidgamoleGales i [ENACr RN A ligasearpstectiornendonugienses révsrse
: ' . unt t arget nucl ei.c
o B RS O ANl B A
of RNasannd inodgass pettiifyi CTHess cdny@nasts ardihednfimeiLkich akR&als. The kits

I antiugod can be Iabg(l) ed. . Such kits mag/ opt.i onal | )
may alsq {Rejugg ECagRs PESHERY rrpéE]fBWP‘éE PPHHVHBRY BFEH MY CHRER] reactions,

as well ds8R&ubOEE, ObTHADAR Hhts Bméyﬁ%%’be%%&in?;%i%eacﬁon can be

i Cgol yner ase, - DNA C[JO| ynerase” cofactors,
readily dgtesminei thyribe skilded attisdt havirigthobptesit efthe Cptrentntisdlosurd he

i t so_i.ncl ud ari aus pal.ynucl eoti de. nol ecul es, .
001550, PR REnten, 8m it B ibitortioh s ud eeddoepatetn
complementation for multiple nucleic acid targets simultaneously. For example, protein
complementation of complementary split-polypeptide fragments which have associated

different nucleic acid binding motifs. The presence of one target nucleic acid will facilitate
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transcriptases, termnal transferases, various buffers
and reagents, antibodies and inhibitors of RNase and
woemresm®e activity. These conponents are in COPCHUSING(042210
such as vials. The kits may al so i nclude reagents
t 1 t
protein BB b O R TR ATl A T Wl 2Bl Ghoe of
another rt@ggtewllsfacuhtabaepmmmomplamgnm&m ofemﬂtelr oair (oﬁ actbetedeptii- y
et mnedb L he. sk ed artisan havi t he benef it
polyperfie Fiigtie, 8y ing oA Giieat &qths PRgp A AHistRBle Sighal. I such an
embodi@ER Hulfié nudléle abEtARES cBf bd A&edtBY ﬁﬂﬁl!lt@ﬁbdﬁ@l ﬁleaﬂja?h%gnc?twe

for protein conplenentation for nmultiple nuciéic
embodimgnig simplignenys defeetbansefytargurucksiangidse sughrastRINA and DNA can be

monltorgﬁ’ﬂ‘gr&wg{e rbt% %Om\Pegrggl ementary split-pol ypept| de

rent &(fnat ed different nucleic acid

[00156ndi Tnga medfeinboﬁhﬁexar 218 aMNdEplefpradia combhistentionisthg split-
acid wl] faci lltafgbé)mtel n conpl ement ati on of one

fluorescgpt proteinstipanpentolr gpelitiergnt M@ﬁ‘i@ﬁﬂ’fﬁﬁmﬁ Ingyelagedt emebodiment,
t

the metl@{)dﬁg) Ee}%grﬁ?%lttl?g %ﬁ%l? getrz]ttﬁ il deg&c{rl&b élﬁﬁd%ﬁt%/fgctagag P gpecﬂic target

nucleic gpbng pwaryghe pf ottier pﬁutagmfhm dl,ffelrﬁﬁ nhéleiogcidnamget (kdecH e Bt al,

ctive proteij tabl e si . In such an
Nature itchiolBi 200G AP e ok rapeacl(l. L415E06 Wt o Protein-
P fréaaie I SR
rotein SBAIA0 (50, P LIARS M 1Y Gol i 9 CBId G R 1o AR Press.
2005, hgeeirRmeopattaiNy refmerve immentoeed by real -time protein
wm%ﬂ{f{)lﬁ& atl on. [00156] In a related enbodi nent, the
e pr Bt ei n conpl ement ati on usi ng

[0015$]| i tmhlu@rm&eahemga S YollbRHFRBinS dndPMAded 4L1LAherein are
yor escent proteins. In a related enbodi nent, the

mtendedrﬁ@t}}%%@eéf’ QWEgiABHEFON enabl e real -tine detection
and identification of specific target nucleic anbong a
[001§Yr i eXhe tedm tlekastorsangiruicteusd hendinf it ertented o ehaingpaascihe

t ur.e Bi, ot chnol
nucleic écg%gﬁ%&gnc(e g?%ci; i ﬁl c%kﬁ%)rp ilﬂg'mgrgg elﬁ&’(:ldggxqipg mo%l‘f WJthh
compris@thet detettor Ricdéild) Inter acti ons (Ed. P. Adans and E.
Col emis), Cold Spring Harbor Laboratory Press. 2005,

[00160)" €i TheltB@OT1RH6 z@éde&m@ﬁ‘udtet&a%fe@n {snteh@eBBlenf &h¥ass the
[001571 Def i ni t| ons ! O Unl ess stated ot herw se,

nucleic goidof iglaresiv iy etastie Ao @nd the targetinupdeie aeid seqence (for
example R G PN Sl fré’p@gts EREER TS [ntended to
s the nucl ¢i c,aci d sequence encodi t he
(001641¢ o cRE et SEuMoleR of nibioB dRRRE SRR Raes Fammeass a
orgamsrlﬁ}ﬂmlhé &ﬁmbh glaﬁiﬁtaﬁ@bﬁftlsmhgwh§ indI@ERlot I8, ﬁlﬁéfT‘}/easts green
'reported construct” used herein is intended

algae, sipgle spHrapdanth g cplbadrlants.qngfallianinegle doth vertebeatmlde
invertebiAtA, “?{1 % anxgotteﬁ&sntx% té}ﬂa%r%n% asCI e‘ ?J_E%gg iC ce for

exanpl e npr i Se%%
intendedrtolercathygass § Sifig6lht "e'ﬁk&rybﬁc mll"e;s kz&llyagtpﬁuap'reukﬁybﬁé yells|"Gind

. organi,snm' is intended to enconpass all
comprises c%ﬁs derived from a eukaryote. is

[00162]  The term "vertebrate" is intended to encompass a singular "vertebrate" as well
as plural "vertebrates," and comprises mammals and birds, as well as fish, reptiles, and

amphibians.
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organisnms in the animal, plant, and protist kingdons,
i ncl udi ng protozoa, fungi, yeasts, green algae, single
wa@edozeshopd ants, nulti celled plants, and all aPCTEER06/042210
both vertebrates and invertebrat es. The term does not
001@3 Y " @ ls
g o anihl, & inkE ncfiop S Sl Cifinel” 4 plura
"rnammﬂdaﬂ '| angingludesabut ienitdingited to hnﬁiahs; pringaieh suolps alﬁeeﬁmsﬁlkdys

o ], 2 N b LS s S g s,

tigers; SqQURIStsGEH & IrsedsdomRbys, A& PéHM@k"oodVa% rfmﬁ L?c?lecé cow§r}ﬂgs and
conpri ses mammal s and bird S, as me

sheep; yngytatgssgch Meamdnglmfﬁmsropams@qh dbmeict,ate Hamesterabtid psinea

piss; ark R ER PR NP RRAR NG Sty é‘i,‘tfbmf”aﬂr?}l ted to humans;

10018 o RS B i B8 B o 4 SiendeAas prorast 1 B e, presen

in an orgaiﬁhn AWheRtBcusking @ﬁwe%@ﬂ oh’csgfértﬁe 01%%'1'55113’(11% 4Gt S Vlvo” is
hor ses, donkeys, and zebras, ani mal s such

typically: yigsl. Ap 'y cel]aqm bsiraggell, L;ﬁqgu |aay e@aslsmh 1rahlddf@nuhncbllular
m.ce t hanst ers and
organlsﬁéi%J ?%ie glﬁ%lle géf?gg%éi% %%ﬁgh egfteapgaaa S'ii h > is a

ears. e rrarrmal
n ub'eqt. .00164 in vivo" ed . .
1001 RS TE HEC gk ShigatiaRy 560 BEGHALTeapePt { doRaIRE NS anids in ive
cells refbid ta B Mha deteMViRblet @EASSBIHInRasiveiRethbdd &%taé' %‘F eﬁ?mple

the organism the term"ex vivo" Is typi cal’ y use
lipofectamipg apé piicielpedsienahye team) “norxommsxaznytlrmmjmrsfus to methods to

detect nha&lc Weqadh (# hv?r?%/éelﬂs itk %glg 3 rrsalsg/g Pf%lﬁ n%lg? %ﬁlel term

ani sns_suc east
ed he ect, to detecting

[0016ﬂ2?/e| ¢ tgrcr? SPYY ﬁuﬁt\l)ree &) ?egp‘?@t?%?gt Blives rﬂ{sdgulfq{g{g" refer to

the mairdéiaged ongrelv §f 6t @8 abigial Gsdul\GRSEIKEIn VBRI QR cé&ﬁ m%sthat
for example pof ect ami ne and mi croi njection.

allow preservation ek 9131;11 %T&bitﬁiﬁém eiesesvation of e¢lbfunction, Mestlen dsffctrmtlatlon or

d I Vi n cells w
e LS L DL M 410 oL P
of the sauwl ltmld pérf(ormlﬁg:ﬁﬂelsamel Ifirietion i0an Orgehibil Breafihig suehltistiid dills

o the nmi nt epance o rowt h of plant or aninal
with the{F UE0iS prayB1e TR, {1 e G UF SIS e a0 dnavidgaliroumary

ti IHE ﬁﬁi@
e 0 AP SO0 SH8 1A g
cultures mmmgrﬁioyl muksmheatml df ptimare cellsds distuelcahudiareetley ”ﬁd’comlary

) of ce |Is.of th a
cel eulsleb P NFost s cIRBEYE: 6 BRuR e BanePegnnd ek o
seconda@wehs tHosweuer, 8RY pesswhiohigh g pdrﬁ!s%%'rﬂéﬂ'"%ﬁ@%}ﬂéﬁ thdyYRS bble to
exanpl e, di Ssociates theminto individual prinary
multlplytm%%%ele/ép Ferm meantigoews 'sell diapA (T diquisl medinmlin veuehurells are

cultured Pﬂ%ﬁm%@%g ﬁgﬁeﬂ{]e{so'c&l%rg e%u%'a(t)re%ult ImedC ia, ul #g@lﬁcs 1 1% ?l

mmultiplication of primry

which desired omldcetts, esgpmnﬂmqgl(ﬂﬁllhh Iﬁchlbdulkfseﬁave W@ﬁkec&&@@ Be@g culture
di vi nunber of tinpes and then die. A

of the Ceﬁ%&}egeé‘& W&%ﬁ?gé‘éi‘?@m aﬁom ionegyeddims t hrough this

isis period," after which they are able to
[00167? Ce?ls also refer not to a particular subject >c/ell but to the progeny or potential

progeny of such a cell because of certain modifications or environmental influences, for
example differentiation, such that the progeny mat not, in fact be identical to the parent cell,

but are still included in the scope of the invention.
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multiply indefinitely to forma continuous "cel
line." The liquid nmediumin which cells are cultured

w0 goorefry ed to herein as "cul ture nmedi unt or PCTUS200€042210
media."” Culture nediun1into whi ch desired nol ecul es,

[001?3& n'é’hgg%iﬁ%é@ﬂnf%é E‘le ce < ?%’cuﬂﬁﬁéﬁ BEED S? %Et%g ex vivo, as

ture erernis r’e
shown 1hehaeEmmp;le$' baveiti Foromxentplep cellsroultufedGi 6ifto 6ol duftugl i@lium and

refer not.to a | ar bject cell but to_ the
enVlronB%ﬁB‘iijP‘%‘ﬂ bR %@F‘i %F Salé‘?rg e e A igaBY oLy BRE L8R of
cultured&I1§ 3de[ls eRdbd bisahb® BEmOS suBfR¢, Wﬁ?@% Shb;beHik H&ﬂ‘ﬁﬁénd/gpr

exanpl e differentiation, such he ~progen
affectedrivith a disedsec (Ceble canemotitaingd, 1o ambe-linasitieg exaneplk,, byduopsaroe other

inclu e of the invention.[00168]
mngwmfﬂ%ng??@t%ggﬁeﬁﬂﬂgﬂ@iﬁ ntion can be cultured cells,
[00169]9 THe #irh "IROS” RferY toi@terid riBRIMe byt s @é@'m&ﬁ@(wm) 1.
in, For exanple, cells cultured in vitro in

Biol. Cl@m t266e19ﬁé&’79h4raﬁ@ql@n%s COPARE @qnssnsumboswmbm@naam@dand

for ex yi )
can be bl Pufei s " B SR EL A nPinbopon et i pmere
of nuclewhaid sdgnenses bncfmiﬁng @nlasead Ihhlitelagﬁﬂe@ to @ﬂlﬁﬁ@elt @@ré&'slbﬁl ofithe
non-limtin

di sease, Ce|ls can be g ?
downstregr ppleic agid s5ABES Bhe spwalily ofiogmeed Tomewe mediigation may be
empiricdl}0fReratihdd. €d in the art [00169] The term"| RES"

réefers to internal ribosome entry sites (see Kozak

[0017a]09 1¥heJterBi" pblyn@hentide286rd @8615- 0k @)or acre aedeieacidsegments, or

T VY CC TN IR WA

A "polyin@@étidle @hYo BRIMERGR D HiterBbt SRS B PpolPluclléGleWhiATbhprises
sequences encodi ng genes or nmarker genes to enhance

the codipg preéansios fudkra poiEpapbidndr pediiomircpadymickeotide s@q@em a
I d ficati nay
estof SefER bYs Bo B A55lBlBSHAREL b D LT e
element ‘of @ lpylypeptidat drgesteingfieh s b Qe@diprpsigndl pepiidetoriUuh@iodal
acid segnents, or nucleic acid nolecules, e.g., DNA or
domain. RNA fragrrent s, present in a nucleic acid or construct.
ynucleotlde encodi ng_an gene of interest "-
[001?1df eré ‘nerleptids! israrmprasearamitin a@nlymmrnusl@@ acib seduasgNA or

RNA, ar%fé? f/jn 1 g{)&rd of ffide alsﬁl%t)é %? mo1 1 ggrlé Sg%gﬁ%te,sal%lh as

eot 1 de may enco a regu a
nucleobase gBtackibwern, B, 1996Y. mrpaﬁtdf@rduﬁaﬁlxnmﬁtﬂé@fdas &k alm@\eferred to as

" ode a s CIfIC el ement of a polypeptide or protein,
base” og maaﬁe pairy,. @E& PeFfopBeyRarrafEserHEng RuEeohages: a%me (A),
guamne TRk &bl ([Iﬁoéy?(;s]mea(cgcéhgll tﬁsu éﬁ?T) béar@hém‘%ﬁ Bb?ngng' n-a

ymeric hucl ei ¢ as DNA or
ﬁmctlonelmtmﬁb@@mdsform mueleicdicst strand tesarwlzar s a scquendeatpeeific manner.

Nuteo 48 ORI L SEOSR e BRI Bpuk gt

monomd%@iu% Ninked bP pRGsphbdsSer lﬁﬂcag&aﬁzﬁeﬂéfh's RiSed he-f&ﬁ ﬂIE@ $drmCONMON
natural l y-occurrin nucl eobases, adeni ne uani ne

"phosphedipster linkape" relsys taghosphiodiesiecpondsrm bph“}'f’minﬁ]éld(lTE)P srhete
analogs {H%Feoﬁ%ﬂ&ﬁ&%g apﬁggltc%%ounter- ions, e.g., [T, NW, Na', and the 11k¢.

[00172]  "Polynucleotide" or "oligonucleotide" refer to linear polymers of natural
nucleotide monomers or analogs thereof, including double and single stranded
deoxyribonucleotides "DNA”, ribonucleotides "RNA", and the like. In other words, an

"oligonucleotide™ is a chain of deoxyribonucleotides or ribonucleotides, that are the
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functionality that binds one nucleic acid strand to
another in a sequence specific manner. "Nucl eosi de"

WO 2d0205097D a nucl eotide that | acks a phosphat ePCT/HSDODB042210
and RNA, the nucl eosi de nononmers are |inked by

i - ! nerern, t.
B T i e SART G b A S
respectiyehydBolynudbentides typidallgiragerih sizp fratrea fenanogsmeienaes e.g. 8-40,

o v T TSR AT AR S S s
sequenceQfil @R sh@ols "dg'Geetrer it Qllill B@ﬁ?ﬁﬁzrﬁ%%ﬁ@{ fhe ﬂéﬁ?ﬁ%&ég e in

nucl eoti de nononers or anal ogs ereof, 1 nc

5'=>3" ogdswi loen Igido sightngl thatr'#v dledotde deoxyhdemosiak St ddaste§ DNA"

deoxyci}%&ﬁ?eg r‘{?rg gg%og?s: oepgq?@'ﬁanpg%% %8&2 '}] ld%}%?és tL}DmP 11|1qe(,3 {mlve\l(s?sr gtlslérwise
noted. deoxyri bonucl eoti des or ribonucl eotides, that are
thestructural units that conprise deoxyri bonucleic
[00138] d (Whn/ardi 'bh&%&i'ﬁh%e" And @G s N cornﬁﬁgrﬁgﬁtbl%f@l' Yefer to
Pol ynucl eotides typically range in size froma w
the patters 96 srecific paistof nueleefide8, and anslogsthemod |thatfinds@pether through

C ri nits. . never ol ynucleotide is
hydroedfE B¢ 8 4 Bl i e e Pt & T fecad Spectic base-
pairing ISAR@EET&GOn! br WiybkidbgngnAer 5@ estnishaentthe, &l&&bfeot | des

are in 5 ->3" order fromleft to right and that "A"
complerjenigyy strapdsplymgleirsidseor ndeicdeisoamelogd sodsrey bassiprixing. G'
denot es deoxyguanosine, and "T" denotes thym dine,
[0017d]| es'Deinctienesess tndaterting 0OBESing; Vasasuti@giadonstruct on the

basi -Flpeq{- i ng" "Wt son/ Crick conplenmentarity" refer
asts of{ﬂ%ﬁ&t? e 6%%({}%rc}1e?%gogxag)g?fi c pairs of nucl eotides, and
al ogs .t her.eo t hat bi.nd, t gget her through hydrogen-
(001737 e e M%P?%e-w o fof %aéﬁ-@a@nﬁéiiewgatwes Af &GC,
T,U, the HagiralBt oo firripasicldobadea faRaiif DN hsg RRyPri di zation” or
“hybridizing™. A hybrid forns when two, or nore,
00176) P I RREHA ProSbledNFerd 'ﬁin@ ? il cl.el ceaci
) [ ?gal_ 0gs unde.ﬁrfao base-egaliortgﬂggl 6?%} OQ‘n'(%este @%J?llc%ﬁufﬁcwn to
direct transgritiont &lsddn@udddny theolpsenrtionmg those preasisrichgndts that are

: n uct on the basi s of the propertj of a
s'ufﬁ01eng got %@@ﬁr rr}omg’rggp?pe[ngﬁf-gg?e %estsig)pm%ntrollafﬁe .for cell-type specific,
tissue spe¢ific] o2 dlarbHleby ekierd] si%@ﬂ@éﬁag@ﬂts?ﬁt@ﬁ eRMntd Way be located in

, g'er i vatives of AGC, T3U, the naturally occurring
the 5' or 3 regignhakibe npvmeenenormthesntomNEhe fedm tsjucithe ptoarater” refers

" " f en Lnkmal  nucl eot.i de . sequence
o8 proni TR e S TA ol e B e AL BB SRR o
be modutate! byrexterhalatinadie Thé 6@ "06RIRHRE pRdBHRAT S k@l FHoBioter

sufficient to render pronopter-dependent gene
where the, gat 8@%\%&{‘86‘???1}36? @Bﬁ’é g #ﬂl&@lqlquméswg@nm eonstantande
lativel i i i i y i nagents:
e e ey ShAUF (& e BRI e R gl 307 BB

where thefate pleRINAt tolemepepebindingiand irtigationt aferagscriptien i emodulated at a
ers to a pronoter where the

i M ci b ronot er, ref !
specific b iifid @?ﬁﬁgg&e&ﬂ&ﬂ% PHRRCR te4 AEPSS 3% FiePMpAsss in the
present ifiveBSIGr | pti on can be nodul ated by external stimuli.

The term "constitutive pronoter” refers to a pronoter

[00177]  Asused herein, a “promoter” or “promoter region” or “promoter element”
used interchangeably herein, refers to a segment of a nucleic acid sequence, typically but not
limited to DNA or RNA or analogues thereof, that controls the transcription of the nucleic

acid sequence to which it is operatively linked. The promoter region includes specific
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where the rate of RNA pol ynerase bi nding and

initiation of transcription is constant and relatively
w0 pabepsrrdent of external stinmuli. A "tenporal | RCT/US2006/042210

remﬂﬂedpmmMeriszamomna\maetherMeof
' ' n o ARSCr I Pt 1.0n
sequen&%a‘?g}ul ookl f(lﬁJ IQIQA Il}?}H&a%er}‘eEo%tlt i bl(I)lgle gé’f?élﬁ TIption
initiatiofl IThesf pdrtiersef thc pmmtc&er reyijoads meferedto aﬁﬂﬁ%ﬁ&nﬂoteﬁ ThRGdition, the

A T T R
transcrip@&initikieh GOARGEFIINA BelRh dlase! q{h@{)u e&l?en%eﬁsﬁl n?%@gzsoefouﬁlg or

nucl ei c aci d séquence, typicall t "not
may be ppgnomRsiveRINAraws-agiizg ﬁlgtsnes Préreotersf denehémg cpon thel mturb ef the

]Egumngﬁﬁﬁgeragﬁﬁﬁﬁ“%ﬁnkagﬁﬂ%ilelc aci d sequence to which it

rve he pronoter region includes
[OOISQ]ECI Thélﬁzﬁﬁ tessetutiveBtacay@puididre k&bl td @hrdt¥ter of a gene
se recognltlon bi ndi ng and transcription
which i 1$ ‘FﬁPF?Sé? Frll tfl?ﬁSéVlﬁamaugo‘fﬁndﬁlltlﬁ?eenmlwomoﬁe@gﬁoonsa iB
i Ln.addition, . the r
mammaii&h @él[selgclﬁ es ¢ ] uelqgghﬁ)fvw 1 o for s éltprolfa}W%mP LT de

region |nc U
the bactme(mhgge Vend Tblprcdnastgrsamﬂmeanscrl ption initiation
These sequences may be

f RNA ]
o125} Jﬂ?"‘i\ﬁt&?f’arowﬁip‘ﬁg figl ?gggéi‘wr%twemaamwé%d i g used
interchah @6l Morell GRS B 10 R S B h I8 B sRfhences

with regylggory éﬁcmeﬁ@eonﬁ muclucbtudceJ s,uchas; proenqpergrenharcers; ahmyciptionat and
at all tinmes

translatlgﬁ;{? %ﬁ) Sltes CZH Slé:flgn é?(%?eﬁr Egr esse? CePReTpidye lind@ep af nucleic
acid seqﬂa’ﬂiﬁahy}ﬁéhl@ﬁblﬁﬁ totegdRdTY %&{ﬁ%ﬁé‘é' B\rbiStef f¥n relidif _lﬁ:lé

in prokaréotlc cell s 1 nclude the bacteriophage
physwalaﬂl?é fynctiopg)relplershinbriweencthe DA ap@dr_e;wggulatner segrence or

promoter rtﬁettt M Slr¥nstii g@h&dof sﬁEh D&oﬁ {SQh fegﬁ% ﬁag%lfagsélgt%ry saerquence or

I nt er chan er ein,
promotef lhycam RMAIpoi}elhahseahahpaclﬁéallyhecd’ghmle@l‘tﬁnc&(éind tRASHYIS B

DNA. T pifis et AAESIAG, Ao o oo Staneiionef may be necessary (0
modify thé %@ha@&ﬂy%@@ien@é P 1) é{‘f:)fessﬁﬂ dr ﬁ{eqﬁ&leﬁ% 2&5‘(?!)1’ ﬁﬁ%uﬁr{ﬁg Zell type

For "'exanpl e, operativ nkage of nuc
for which éljs exressed. tlglqm desirabjlitHns, onrmechof egah raochfyatﬁﬁrmeﬁbe or

egl on refers to the physical and functional
enqnna@&%%f%gﬁl |p bet ween the DNA and the regul atory

[001803 0 UEMhe @erfif “GohRIBBe® FefS14GH tﬁemcmﬁ&nbf%&r ﬂnef J%te‘afs Joined

such DNA is initiated fromthe regul atory ence

together 'gq forpyque eng‘sy The mml@%m?mﬁ@bgd thgthelsbyehnl{qrs; a:lhblynoal
modlﬁcartl%ﬁ oﬁ%’tl&@ﬁﬂkeﬁ %Hémﬁ%n@éfé?é“ %&valeq{% ot 8or{ ch\%f cnt LB}EM? Soft prp{em

ze expreéssion and/or Tn Vi

fusion onigyadyanms &aswmn Yo dree skiltbde iy thdwet. rihe E]kblﬁﬁlg\rﬁaysm}%%ﬁﬂﬁﬁer{t l@f
in the ce

i exprg%ql on of the nucleic aC| d or

reversiblpy RSO R B e IRFIGHT STl BKers 96 beFaudRASRIOsITD fake gfivantage

of desire@ ﬁ)rd}ﬁﬁﬂas of eac%LIﬁJRem dech ?I’dt&ﬁ 1T B ggﬁe ﬁle%i% \d ers and
det er m ned. The term "conj ug]a ers the

linkers thet ingedasethe Sglﬂlbﬂlm Of)ﬁle ronjegpeodreicnstemplaneidfor use alone or with

other linkers are incorporated herein. Peptide linkers may be linked by expressing DNA

encoding the linker to one or more proteins in the conjugate. Linkers may be acid cleavable,

photocleavable and heat sensitive linkers. In some embodiments, "Conjugate" or
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together to formone entity. The proteins may attached
together by linkers, chem cal nodification, peptide
wo powRes®79 chemi cal |inkers, coval ent or non- cOREI/E81006/042210
bonds, or protein fusion or by any neans known to one
"conjuggteti bl@é’ ch '
J gr ever si bl é&rﬁﬂ'&@segg%a%ﬁng 8hf|%néé‘ﬂ n@r@\égﬁg@q H@ﬁ%‘ereﬁg fhe
moietiepel @ molagdlsdiré held tapsthet and pleseruel/mmramityf desi r ed
properties of each linker and each protein in the
[0018!)hj ubethe prdéémih\tdnéoﬂl iank‘aptanﬁﬂ'defeirs!’lio%f sucldi@icid igaepse
fici olub I|t I%E conju at are contenpl ated for
antificial} gngiReste sy il S 1 with aipAEsH}s® g protein. A

n lﬁg P |
modl e heRss S ] Hﬁ%nke?v*{%éf%ﬁ% G BB BEADRER: Micsigned
such thag girtjag gelw Tnh wikeami dhmde&en tveo shoel almwatitlegtide chains which bind to
bl.e .and heat enS|t|ve | i nkers. In sone
form 2 (%Hgt?dﬁ ﬁf@y 1R %ﬁrﬁﬁﬁﬁ?eem BPgEb Rt ed” al so
enconpasses coval ent, ionic, or hydrophobic
i nteracti on wher eby the nnieties of a nolecule are
hel d toget her and preserved in proximty. [00181] In
the present invention, an "aptaner"” refers to a
nucleic acid ligand artificially engineered to bind
strongly and specifically with a particul ar target
protein. A "nodul ate aptaner” refers to an aptaner
wherein the core portion of the aptamer is designed
such that it has a | ow Tm val ue and divided in two
short oligonucl eotide chains which bind to forma
doubl e strand only in the presence of a target
prot ei n. EXAMPLES EXAMPLE 1 [00182] Met hods of
protein-conplenentation facilitated by nucleic acid
interactions. [00183] To-show the workability of fast
protein conplenentation facilitated by nucleic acid
i nteractions, several experinents were perfornmed in
vitro. Figures 20a, 20b show how nucleic acid
i nteraction discussed herein work. In these
experiments, enhanced Green Fluorescent protein (EGP)
was chosen as a marker-protein for several numerous
reasons. First, activity of EGFP is easily determ ned
by the presence of characteristic fluorescence.
Second, fluorescent proteins fromthe G-P fam |y have
al ready been successfully used as markers or detector
proteins in several protein-protein conplenentation
studies for exanple, Ozawa et al., 2000, Ozawa et al.,
2001 a, b; Chosh et al., 2000; Hu et al., 2002; Hu &
Ker ppol a, 2003; Reny & M chnick, 2004; Magliery et
al ., 2005 which denonstrate schenes to successfully
split EGFP. [00184] These studi es showed that the | oop
bet ween 153 -161 amino acids in EGFP is a conveni ent
site for splitting: protein insertions within this
| oop did not affect protein folding and chronophore
formation in vivo (Ozawa et al., 2000, Ozawa et al.,
2001 a, b; Chosh et al., 2000; Hu et al., 2002; Hu &
Ker ppol a, 2003; Reny & M chnick, 2004; Magliery et
al .,

43



2005). Also, inportantly, it was shown that there is
no spontaneous sel f-assenbly of the fluorophore or
w@ booonspnor e when the two fragnents were co- expCEESEA6/042210
in E. coli (Gosh et al., 2000; Hu et al., 2002;
Magliery et al., 2005). Thus, to denonstrate two split
pol ypepti de fragnents of GFP could be directed to

associ ate by nucl eic aﬁjég%)u;ﬁvg actions to form an
n,

active fluorescent pro desi gned two
pol ypepti de fragnents of , EGEP. were conjugated with
conpl enentary ol i gonuc@é%wtéﬁi@siﬂfo denonstrate that,
I formation of the coupled oligonucleotides
’ [Oﬂlggﬁi FIIZ\(/I[e go? Hré)tql%-pg@g gyeg‘gap.@p] fqg:phtggtﬂ;ympglgmqtcgmte@acnons.
[001B310dUT& sty afét\»d&ﬁatﬁ%%ggﬁsggﬁt{lﬁ %p%gi’e%%’e%kag@g‘gé‘c‘ﬂi%@ By nucleic

.. strong fluorescence. 7| se’s
acid intexgesiogarsevérelgxpgrigonis weat perfisined imvitdSFignted 20402 0BahG S, how

ot s R S i
Fluores@@aspotgsl (RGEP) Wi dhds@yilaghiikELSlo ke ?or%vetrg‘l%ugieirﬁtﬂgeasons.

. N-termnus, respecti v_eI%. They wer e expresse
First, acHyjity olBCEP fieasily detetmispdby theirrésenen @f aharmotbriptic fliorestence.

[ ' ' | f- bt d hem st NE Bi ol .
s AR5 o S RS8O LA 1 L L
markerslor detiectyt pioteindlisi s gergltveH-goteiYSmplRMIRTESh Mgl Rsr Rk Bple,
chf bré (Plgréie%@df t he conj ugat ed _
Ozawa eé!a .,;9&?) c 513 2 30 a.blp,(ﬁhqqg; chele d0pP:0tertal., 2802 Hugged
Kol 0, K MR A, A dpop e
to succegsfultyripdit WeFPconpl enentary 2 1 nt-1ong ol i gonucl eoti des
g th.bioti di ff t re readily appended

A N AT TS N R

a converfért 67¢ BtisPliMinBDhB M Risérfibsh \ggﬁ}lt?l\é\?&g) &if ﬁﬁﬁaﬂhgﬁwiﬁﬁlding

chi neras were conbined in equino mounts, t
and chrogpherspmpationfin yivodblgawh eoale 2000 zamenet al. 001 arby@hivshet al.,

o 5 AR A 0 S5 o
2005). Alsootrpuriantlgdit fvas sidvbhbt REEERNAS sintdrehid JHSREMBI Bf the
y

streptavi din but without conpl enentar
ﬂuoroptheiOé&h{%qxcg)@pred@ger\,@@ Ever{rrgments) yerchea-cxpaesgechin E. coli (Gosh et

al., 20008 i | . n et e Flqg. 20 . .
i A e T
fragments of EkiPenollvl dimicted to hssoniatei byatuctebe i interab s té GriOR%ctive
fluoresc (II)% fltuor esgence ?f the intact folded EG-, Thus, in ]
eSCelpRY AL SES IoSigs e WP Pelrpenrtids dragaicatsd BT werercentugpied with
compleni¥tach 618£In261ePli@ls®b Qe t @y 0 bod
i P fl Sg: eggge_nt spectra o?ﬁgtﬁlﬁgqﬁge{égﬁ%?}?]ag{%gﬂ—é%ﬁl Pﬁg?ncoup led
oligonuclegtidnssaititatasdhe rstassondatiopl dfE GREPagmergsrentrodutietan active EGFP
iogaplﬁ leoti des was sonewhat different from

proteinaﬁcﬁgéééﬁogﬁ?nﬁ%he fat Fve CEGEPCCFirst, the enission and

[00188k i Irathbsenstudivd, BETH wid \Rne@RGOD SRS heskibh 9581l two parts,
(4 24) were shifted to the red conpared to the

90 ! A ] .
termed o2 li-gragep‘pis&mspu@glg Wit oligamseleotidasothy of md)B-EIHYE fragments
Thi i 1 ' [l ..
v R DB LA B RSy . oy e
expressedsinrEicolire U-terminel fusoas siithtink@chndrpotitied usibg meid, self-splitting

o | L enc bet t he. reconstructed conpl ex and EGFP
chemlstrxl\g\fgﬁé %éogg%?Se € %\Aﬁﬁﬁ Q&‘g??? Yo VWige quangirdiveliiptanylated using
convenieiil C3F t@FREIAAROEH- PP chemistry (Pierce) to the conjugated oligonucleotides.
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native protein was decreased about 30% upon addition

of 2 mM My2+, fluorescence of the reconstructed EG-P
we®705093¢ | ncreased about 30% and then graduaPCHUS2006/042210

decreased (Fig. 21). The differing effect of My2+ can

o R ——
bearing hatiheat thegEt bied’-¢ndo Iif ﬂmw&nécﬁnpiémﬁ%}? A1 oAy Bh%ﬁ%&leoudes

with bills B g5l B8 s et iamasen 0 e Rrigsgsvents of EGP
‘throughi%éti?él?héricts)lreﬁtfavfdﬁ‘ri?rnb!%’cﬁ&s(i?fg"i(ﬁﬁj V&ﬁfﬂh@%drﬁ&%g%lﬁféﬁﬁ%}ag fwe:?;e

initial increase of | uorescence rary,
combingghinjegrinqlyrmneents tthqodetvti]@pmsnt aflseopg Bsems@nod rdvtaled Stnation

h t h
ortse ARGk SR oSt Bt HERE GR o
im&ntrbietinylad d BefF e @
P fluor e1 %?: enc ?- |aﬁ P he re- n?oorg ru C?Jé%&gg%%ﬁ?@aﬁﬁlg ert %N ﬂihout

complergentanyoligpppciectidss W§1teamx|ed sagethsn apd nosignifiapt Brordscenteowas

n the presence of,
dete"tedﬁg?q %12?5 Fﬁ%#gh% Kl gécé) tgg RCe ‘quenc 5%1?( 4 5 HE%H\?% g{‘ 0 experiment
with the[ngx1i18a]] re@steec tlostopi00ted MBudiextertbe lof elietid tac AF ddA TG B Thus, in

00188] In exanple 1, the

most cam%&%&gﬁg Iﬂﬁgl&s AE§ s7lt lgﬁ,regp@fi&yrﬁilqeﬁteﬁmotgmcqomphementauon
[00186]"P | Bi¥ENcAsC O sF@ctl% I OB RGRAL R {Eggﬁcmq F'thhg(glggf the

enhanced green fluorescent protein
split EGHB fitsigmentig tveitit appenddds)l]gehuqléotslhs weg|stoneehat idiff@éntdrdar Rose of
her rel ated

E T EGFP and
the nat e TENE, IR e, Bl e it s sl s e cpSirisuprotein
(490/524wege sisified toythe $@Tdnip8@VSRd nte HED @R8] gﬁﬂ%t Elixﬁlﬁért 2002)

2 rotein/protein interactions in vivo
(Fig.20bp ds cap begxpisinsddiyahe pogidle ma}ydléfemm;nake afffédrmation of the

s 5 PO SR R R g i

complexdmé §5G’RP( wbla ppparestupohadeieios by Mpat- 1680 WHKiRSfl@escence of the
. %gtelnlﬁroteln|nteract|on( Maglieri et
native pifet Wi iRre S Sfiaingn ditpmer Hevl Mibwilwohacereesihe

reconstrdc@ed@@WWay fiks? iftds€d 5153 @@%tanﬁ %%rﬁara%élg d%{:_{easgd (Fig. 21).

I nteracting proteins: osh

The diffecimgsifettnf Mgl)’@calﬁeﬂmip&tlmﬁddiyrthe JereR€Hd4 ;of MirghupbsxyDNI a’pbended

9] To o ei.n. conpl enent on for
to thereqe et ORE lni RSARRIo€ bgu Bolesier o pemenivor ERA like
a pincer gy akd BedausSadditidd GBI idr8 nRREEHRA diyflef ARl SO glﬁls may

our prellnlnary studies in vitro, an iIncrease

result in #ﬂgb@rs@é@ﬁ@é thegr e@é@@éﬂe%ﬁw Bayd terseqesmtiylie namlamrem;e of
nt S A

ﬂuoresceggés 'S(|‘5 f}fé Ofé{ggll éié&:'(r\iﬁ Bvd fl gtgfn%Eég Fg)r%sspﬁe qsfrll')évag[ent metal

cations irpthe vicmityeaf thab]nmmo@hmeri@laﬂmiﬁrﬁto quefct hesreicen& GRSCHIﬁbrIdrb% al.,

d d d ly f
2000; Zifer JA0F) HEe kbRl teriisont Gueeatd orboradonstsied
EGFP is §RFBuBHE M8 bYodssef: rm&hoﬁpf %@Emlp-g}' dtie Lﬂ%&;{gre stability of the

property of “fast Kinetics o e-asse
DNA duplereintbaipreserion gf dgXaons armhtumesscencefqueactgeg. RNAs i n

vivo. To this end, WeEfAMP‘i%Sfd two protein
[00187]  Detection proteins for directed fast protein complementation.
[00188] In example 1, the marker-protein or detector protein in the protein

complementation is a fluorescent protein, namely, the enhanced green fluorescent protein

45



conmponents of conplenmentati on systemfrom one plasmd
and after 2-3 hrs induced the synthesis of the target
WORATFMOM t he aptaner-tag. In this way, we ar eP@US200€042210
noni tor novenments of a specifi c RNA. [00190] It is
' h
(RGFP R SER NS S SpavE phiukt SP RO IRh TRHSEE VRSO e (067 85
Splittinye i EEFPRG4 otheMicda3d fibre6RAL pl’Sﬂerst)t resédues €541 50 88s been
éﬁl& er ,than EGEP_ rate. of fl uorophore mat urati on (KOx=
successglly upgd 11 SVeral Apdig doigge o fogt ROt BRI FTRGtiaRs amvivm
Ghosh ¥t &1, 2000asak: 2 I
( i s nore stabl Igé lah%{bgbkga?%iylbﬁgﬂédio%s@éﬁ 118{ F ibOS)
These saMigs sbewed et the rfaassembfymf dotive EGFB ifon itnfragmets if mmdoes

f cell 0019
ot v DR SEANER i S 543 95kt o o
al., 2005)0A@hmmg,em}gé bbetosRgeNhS: mmwésselﬁ&%@%hteﬁfale%\f ) AR size
rotern conp | enent ati on %St emwth S1 g

of i lntew&ﬁﬁg Prqteing: |(@h08h/s‘é at-0f100abivabh Katwolst 2007 R@@t}a&l Mirhaith2604;

MaglierS¥pLE th a pro-fluorescent beta-|actanmase
a8 lerz Est ?g?‘j cephal osporin beta-lactam (CCF2) (Zl okarnik

[00189] al Tg uﬁe@gﬁ&telrﬁiinqﬂﬂﬁaua@dn ok RN (02liza¥i6h sti@ies it istdspecially
I- perneable. It was shown that this

lmPO“aB‘ht%)rPE‘t‘ Pléle%‘iﬁé{f QerlbwsaS?f‘élel& Bolgst enguety dn sursprgh@unary studies
it %mih |

i S SR S

spht-E@&’ fragmeass (5, IM)e Thisds pﬁﬁsﬂ:ﬂ)@b@a{laahamnﬁﬂt o BGFRtcontains a

can_be tected after 16 h i above the
pre-forrfed rpaffi Hhfpm ogean ggerqaf@retls ireihe potiaiseontormstion and can

1mmed13?tél?9f&rn@fh%’acgga ed0Rh ﬁls?tpéssgc%tﬁkl N ?ﬁ%s FH)P (Hnedﬂﬁ%rpf B-

quantitat ed. Is sensitivity I's su stan

fragment hBRGF HeThlenmqtle protpyﬂ@oﬁfa@kll&bét&wMEGPﬂﬂ rYRE&s knables the
are necessary

wher e 05 1 arget nol/cell
monitorfig 35 s BioutHGHS i GRest BRI ¥ | RUEIS FRdhorSBRiBe two Frotein
componérf Qi‘@ﬁﬁ}il&n@ﬂta@én systl;ﬁlgﬁa&m dnf gia%ﬂd ﬁ?ﬂea[ff‘efr Qrfhrs E& Be

protein with enzyrmatic activity w generate

synthesig pgjihgtarget3NA vwithtbe eptemet-tag bt hiswaytiowereable s@ ﬁtolnﬁtbr
e} be partly lost in the enzymatic
moveme&l% roa%ﬁmg ‘5 the diffusion of the smail nol ecul ar

[0019@ gt is &@o@fo&ﬁblé ea.08d MOtH BAHE DrotdinUsuch 38 PBR g}kdi‘ﬁbl@ Rariant

need of the particul ar experinent either one of

of yelloy Elag@sq%p@m,e\f@ue fradds d&5adi Véﬁ%r&%iﬁi); szl;ﬁcedahastfester than
g 0SS Aprl L.

cre el L TRt P 10254 0580 B

quantumj }neldl(Hagal ehal. 02, h@dxh’&omdhl@ mi)sl lﬁﬁwﬁlﬁs@ﬁorE@ﬁBMGd G een
uorescent Protein (EGEP) as nodel ~and .di ssected it

photoblepeigE. 35 T sngstrarstirecterptes iy B beti giseaminatoe from

autoﬂuofe@édh@@@@&qilhfbg pffiélRg were obtained by PCR using a

wmgﬁiasm d cont al ning full EG-P-1 gene (C ontech,

| oAb prntharaxamplst thefpalyerdmntss eneyne, givgigweerted to have
cvomesf I EROBk QgL ducs & he Ctermnus
[00192pet oyl ¢lag H@fﬁtem complementation system with signal amplification, we
took advantage of the beta-lactamase system with a pro-fluorescent beta-lactamase substrate,
cephalosporin beta-lactam (CCF2) (Zlokarnik et al., 1998; Galarneau et al., 2002; Wehrman
et al., 2002) that is cell-permeable. It was shown that this enzymatic system allows for about

100-fold signal amplification (Zlokarnik et al., 1998; Galarneau et al., 2002). Quantitative in
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159- 234 aa). PCR products were cloned in the TWN-I
vector (New Engl and Bi ol abs, MA), as C-term nal

wo e®ios7Df Ssp DNAB intein. The structure of BECT/US1006/042210
constructs was verified by sequencing. [00195] The

vivo anﬁl'l%lgls %ﬁ&?&} 1%19{ astAvRas %? DRI GRS o b@%ﬁﬁt%g&%e‘% B‘urgﬁt WGE be

sorme smal [ spectral eren
detected aﬁ% A nabeve tha (beckgmurkieBy elstroasinp tiye 0f eXRisGreas Itl@bkbiﬁ@t@bte

20000 B S ETER s T Sor o Ky i
than thaMehbitiv i@ aéhlé*lagle wﬁl@ﬁu&@&eﬁﬁﬁ%’te’fﬁ ?N% b 9 bﬂﬂzr%el(‘ri BRF/cEPare

ki netics of renaturation of ena ur

necessapy o ke deteqtadmbese backgrting rarupiﬁlumsc(eﬁee czwcaﬁhscmn al. 1I998).

(001031 e e mipketiEb Rl MR s At 91 Faierato Bighr
signal theirga BddpsceBag oD Moioe, tlakfegﬁhh@n ﬁlﬁSf Be pEutﬂE/ lﬁﬁtlﬂ %1?3

of the invention enable t production of "an

enzymafc ppprgaghduccie teedifusign af ﬂa&tsmaél m@im@p«mg@ col@ed]m@ctlon
proccct DR ok R 0PHEAR01R LA SR AT R Pl

systemsE(GlﬁE&)escam ohargzytdaic)pahdatusad. for full chronophore
cul ar nodelin supports t he

0196
[001%3@2% g?qyp PQ?P‘llf’i}“Y 6F PROPIRBP TP MR AB BTETRSDY n t he
compleehthAMRMic Aid %E@tldﬂg we @mo&gthiél nﬁ)?&?[%ﬂ Enhanced Grepn

repreésentation of the structural conformation of t
Fluoreseent Peajein (EGFRYasca medel ed diskecighie intto two Gegments, lvdaﬁ&/and 159-

234 aa. %ﬁg??césgz 1#%%%&3 6\%{6[ (gtﬁg t@s@ﬁg Phgslésgnaggpfagr&d%otn%r{yng %ﬂl

EGFP-1t fte rqcnmaah OPo A 1B6, 0 A0 BatH ﬂﬁgrﬁ&it:ﬂﬁ/eﬂerbngm@:éﬁg @@Héveadaqmonal
inthe full-size EGFP are very cl ose

Cys resiffessatithe Grtemsnipgs (lphaCyi-fragment, 5P68) afnndcat ﬁtedihtftrenm& betafys-

reamel BRSO L CLMPLEDS T P LI

Biolabsj MAQ) axs@-tqymonl fasions folf Sep DB intéiar Thagrrttre of ﬂ(ﬁth@?constructs
]}68 Y67 and G568 (Barondeau et al., 2003; Donnely et
was verified by SE@PECINghe chr onophore in the a-fragnent,

[OOIQSFI'B@ Oipadrikdnlt ¥f EGFP‘%Qm RSk ﬁ‘é%@éﬁ&@@ﬁgﬁh&é’ nh\?éil.\tgﬁ with

amno acids in the CGtermn
some sn@allesmeteed dififerenres,hip to l] DO%sfluoeesEGiR cambe rastoredsbenprdsie deid-

based e B e RS AR R Bhloe Y aniBpRE 1l T oty v

surprisirgdyrplseivéth plieot ©2 R.10D Q6cL@¢d FIER )] He‘ﬁfé élMseetﬁ ‘kﬂj&ltlb§8f Itehﬁuratlon

resence of the, pro- f1 uor escent ch ronophore in

of EGFE?ffﬁ’@rF cReturedepraiei yitk magise shierophorg{Beid] & dbawe é9ﬁ7 Zlmmer

200 OGRS 108 B AL PR GRS ST

(Zlmmer; @aoo, (ﬂ ig.28 e Bused (Imfthé fst binétiadpre nhe oEthoE-6Y s thvehtibenable

on- fI cent proteins (streptavidin and

the Prodeﬁwo(f p“sff? Hogelnensst eonipismerdngptsedromerhord abisee o -fragment

is large éﬁ%ﬁfl E@Ig%fn @Oltﬁ% AiindAddPrbhe f\]r,aa il fonu? L2 SN o' ids
one can see, none emhas a

total in E;(BEP)amlms it potemiakfombiri dtroﬁh@ﬁhmafomﬂhoﬂ is visible in

[ r agnent
[001 t I v gcular gagingzsﬁg ortsl_gc\el\gr\égence 0 aflﬂly formed mature

chromophores in the a-fragment of EGFP. In Fig. 23 a schematic representation of the

structural conformation of the a-fragment indictes the o -fragment folds into very compact

structure (except for its dangling C-terminal part), and that spatial coordinates of the
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rat her hi gher absorbance in the region 300-400 nm t hat

is absent in the b-fragnment (Fig. 24b, insert), or in
w@eop7080979 | uor escent protein (not shown). Fl uoPEBUS00€042210

spectra of the a-fragnent though (Fig. 24d) clearly

chromoﬁﬁ&&‘lfé‘ﬁﬁh ﬁ.gﬁﬂ &z%scmr&aﬁ’a ﬁql(l) 1R 1%12%@%61%19 e%ry close

pectrum a em'ssion s
(Fig. 23‘I’th e d hépie @lsodn dine vmmh| th@smpﬂ“ﬂcarcémﬁecﬁ;f@mﬂ thé pél@pé}ftldé leRain of

h EGFP h d
ﬂuoresc\ci'pttlﬂroﬁe Hgtl?ﬁlé’(,gtar% Bg t%ﬁ’é%gé%{fh‘g‘? centgar]1 pt@,w%z;ﬁ&grgﬁgg?g glose
proximi§Peedrbghaé- f@)ﬂﬂﬁn% b@lido 4RsABPRBY ang 028 E{B?lloﬂge ee"gtai dﬁ)é)g)

isolated fromthe GFP by partial proteolysis
Donnely g§aha2@q1)alhe chromephorpist Tée oHzagnndng, aiﬁhbu@nflﬂlg)fledacks many

mportaff (R ERAIEE Rl 1o DB i pre dhe

full-sizef RGFP Sind 6t iEekposed kdsven€ Rﬁﬁsalﬁﬁclﬁ Qﬁh WHevelb §tron
split-EGFP fragnents pro uce a ffe nt spe tra

fluorescenge) Hatprgdrhydthe ehremophorg dn M@OE@% wtmmn expressed | n

[001571]\” M, Err&tw esJ[théﬂt Ogre% cg ﬁ% 21%#) husgﬁ g dqlﬁlxgcg) ore 1n the o-

fragmema,ox/e Mﬁﬂl}%d fabidi‘btlcﬁi dddcfh@i’esﬁﬁﬂ sheHroR e rahehtNAGHe M8
y can re-associate to forman active

COmpa‘i’feI%I tﬁ?}Fé@ '%P spicdiedt the ulorediGHh(§g. 24080 eonirdlowpedsta of the
P-fragmtf SRR A (0 HRh SRR CY ol [ 4fE 2c1 ons

tro and In viv
chymotrypsnncﬁm} hicteadl®o teberded mtiserbanteadpectia of bdthe- &FREGFP

N S N M LS
at 490 nREWREh 1§ vATblaEE ﬂa\ﬁ% G @i D4 o edEe RN ffe%géﬂt\f&tﬁ@s

reconstitution with the correspondi ng” conp ntary
rather higheigiveerbancenn gheriegion 389400 hm that is agseahin thé pE@Ement (Fig. 24b,

ner). GTHEL 0, AP, SDLOTORL G b ROL S o B pgmen

though (Efg 2heé) olairlyr shoGtuheRBRHM Ematial 4t B0 nef inteR&itdEehBpectrum and at
fragnment containing 8 1 Cterm nal am no aci ds | eads

b-
460 nm ngveakenpigtiom snesury These spastrp aee qwie-different &omprtheseiofi the full-
length E&F PL{P%“ Q@%)t Bh&led] tH@y 5(!?1% nﬁ(?lr AQURPRR's Jtrra orptlﬁqh%ro nthetic o

envir resul ti ast an rong
chromophiexecdndghe spec(rp) loﬁthed;hﬁh b]lnatnophﬁetdmtaﬁmﬂg pepnd% ﬁﬁﬂa[’f@fr&m the

BN T TR
chromophbRS@s 1t3$ ethe H@g?&ﬁ)%ﬁoﬁl@ %Héc;rﬁ llgﬁteat"é%ymb TRO HhER: of 250-

the devel opnment of nethods for
500 nm (g8 ipthe felhsiae E6FR) nIn\ﬂ S@paratldsexpglracntathf: rsp]gn‘@GFP GifagBRERER

t
B e ——
E.coli invB®Ul(FigutdD 3)Meisqiro@ice® i @ifs iy, Aed & Veﬁld'-:tﬁﬁgglﬂéﬁto? 'HEFP are in

that occurs W thin seconds. EXpressing thes
an activaigs) form pithpugh nepfluerestenberdsasive alanagienta) revdcsemate treform

aining a pre-formed mature chronophores
anacuveﬂlﬁ)g%%% %gt@}prl or to induction of the RNA conponent.

[00198]1 e Mhidy edabso0iatibn BRhe Syt cInflémEderyBEFE ﬂﬁ@l@l@@t@ tan in
facj Iltat fast-protein conplenentation of the

vitro andfl? é{{j’ﬁe‘i’ﬁ thafpclaieagio &t@a@@nﬁ gat fagditeis dherraplameniation of the
EGFP fraphkd TRE T8 kinBh& Sroflsbirdddferdy @ Sehsitution is consistent with

the fragments being in an activated state, which are only active on reconstitution with the

corresponding complementary fragment. In particular, the o-fragment of EGFP contains a
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particular RNA fromthe early nonents of its
expression. [00200] The results showed that the
w0 pwabsoron of the two fragnments of EGFP bear i PQI/US2006/042210
conpl enent ary oligonucleotides resulted in
ture & B e
B e b L R
quenchmlgalf dot reatust chrorhopthéZﬂEdchmmrzﬁﬂ’thﬂEGNB Ehanges coftaining 81 C-
uor escenc a were found n EG-P fragnents
termin WE‘%"SE@E %%Bg‘gﬁﬁefigfwm&ﬁﬁhwmaaé TRty PrISRGTP e
Shleldlr@%Eﬂi‘gmg H&Blﬂéﬂﬁiﬂe%ﬂvﬂémﬁéﬂ: %itﬂ’t’in fn%&laﬂd%m&é)rgéc%nce
acid b|nd|ng@prote|n [0020 In t IS exper|
developpean firexddedhidint thg pwe paditein fiogmehts arakepd tméxer byl agooibeidIDNA-
res in recqonstituted fluorescence

DNA of &h?lﬁl{u%ls csmﬁecrl](i cé'cg]r}o}fale{rﬁg%éfynpéeg%c&opﬁg apt amer sequence.

[001359] S Thperitheninewssdebofs ROvdrD idp sl for'%ﬁ@%%mg‘ﬁqe% of
gf ﬁgene were obtalned by PCR fromthe plasmd
methodg tgr Sa-RENyin cop etn@qnﬁﬁw@fm EerFUgenan tesagnent hEESERelready

contalnﬁ_])_;%?r% tglls%mﬂg)rh%ﬂ]t%gél)%dn dtlgln\zég {%%Fﬁ'%\g @ﬁh%ﬁi@%nem

results intthd foreationTdfeankction HGlFP ﬁr@ta@rrhxttoecmﬁ m&ihﬁiﬂé&cﬁﬁdse Expressmg
ting was perforned according t

d b t
these SP%BE@&ZF SRt t'E‘c%TS%?e %agf%f)n S, Tihererapsifl @ﬂ“ﬁﬂb?@tﬂémmatme-ﬁ?ﬁned
mature HeombpdREs é’éﬁr‘tﬁ doﬁé gfﬂnefé) ih@icBioh \A@thgllgﬁﬂlcgﬁqgeﬁgwe 1}1duct10n

and pACYDuet - 1 agen) constructed for co-expressi
of RNACsyn‘qhms okt R9es coﬂipelmt Wl&bfqoilﬁ&afak&pfc&m& odlrfpi@m@itdtlon of the

frogmerfil b B8 b Ao s bl BB 0 TR Aot
pamculaaquexmfo@nsﬁﬁcbaﬂy niorbéttd ofSity Apfbs@bl (DE3) (Novagen). In
MB12, the first 158 am no acids of EGFP, terned A

[00200); ¢ Therudtsishowedthe; thetinubatiomafibe ted fragménts hEEGFP bearing

Complelﬁéﬁ%é/ﬁﬁgfn?uétl{yrtltéih%sg%(i o é[e§§e§8% grlbq?slsgfgf SE)FegﬁElélP (e?xc:ltatlon max

490 nm)Shenchserwiyh the heaxiapini 20624 amt ahivhngckard®émstiodbr BEFRRbRGum.
aci ds. of EGFP, ternmed B, was |inked to t he second-hal f

No changes iz, f}jlogsgcerfcg SResdrapyere W@n@ﬁfd@f fragmengdp trfgre mixed together

Wlthout@&ﬁﬁkﬁl@%%,m&tfd@ger the control of the T7 pronoter
and were inducted with ImM I PTG Fluorescence | evels

wer e neasured by FACSEXAMPRES were conparable to
those in the non-induced cultures. (Fig. 4). As a
posi €onjegationtof Gletdctortphotsinexp efucheinicidwindiiy B e%ad

th EGFP in ve TWN (NEB), and _as a
10020t 11§39 iheriiamt be e GHE el pressionm Kt disperid pecisin

chimera$vilf AGIERMNtin écohfiBurl %ﬁ(@@en@ in tﬁe %Qen(:é: bﬁt&%kntgl[agggé) 2]

I'n anot her experinment, the A
aptamer BETECHER. ﬂ:‘hlS@IXFemmemtumseqecfoanublm E/sash Exqpmesseof EGFP hene were

ot GRS G B oo Bl A B o

same pofifiélY e medkber{homa geiiro (2198] 59@3@?}?&%1%‘119 cBh@fifull-size
essing both chineric split-EG-P-el F-4A fragnent

elF4A (Rﬁx(%){-élﬁ«}g Wag Yz Thg K land F2 fragments of eIF4A were obtained by PCR,

splitting was performed according to Oguro et al. (see Fig. 3). Two fusion proteins with an

SG linker were inserted into two plasmids pETDuet 1 and pACYDuet-1 (Novagen)

constructed for co-expression of two messages. These two plasmids have different origins of

replication and different selective markers. The resulting plasmids pMB12 and pMB13 were

co-expressed in E.coli strain BL21 (DE3) (Novagen). In pMB12, the first 158 amino acids of

49



fragnent of the marker protein (e.g., EG-P or enzyne)
and the fragnment of RNA-binding protein (e.g., M2

W@ oar/opoot ei n, or el F4a). The expressed chi merPCT/US2006/042210
split-fragnents do not reassociate in absence of

EGFP, fRhaEh, FMR 1(&%@%@ %ﬁ%ﬁl@ ﬁoe&ﬁ&s"&-*tﬁéu ﬁ%l{a?ygo:%%: X@é}@q Beior

resence of ta oduce a

protein #Ar(kHTr -4 Y, (betrme? F(l l;thg(m.rga ag(tS)srd-G{l}E)Qﬁé}ﬁilde Tinker, tSihm:}lhﬂy ?h@ﬁépilde
acti of ,the I.ndin rotein w e tar

containiag il Rinina Heick Xty el &mﬁﬁ ettt horpecpmd-balf of

eIF-4A Mirnied BNsh pMB\lB\(Plgayﬂ B&K let%ftﬁﬁc& drb HRAS ?l‘feemo%f fle 7

fast kinetics fromt ra ment s hi S
promotesand averq intlugtediwith lmMﬂBTGcBmprescmm lﬂvyls bienel hregsuréd by FACS

B I R, T
in this eﬁbﬁirﬁéht e dxb&s@ldtﬁnﬂéngﬁw EGEPGn 36416 PTWIHN TRIER) %ﬁ' 43 a negative

[ 00205] I n one embodi ment of the inventio
control 'pi&é{%’é‘FWS ObHEIFBFasedite thy samsdteliagment hbthg ellodA (@ﬂ?loB -Bb
(Fig.4 )aptaner tag to a nucleic acid sequence of interest,
for exanple RNA,. The aptaner can be detected by a

[00262ic| ehacanaﬁmdemnmeng thr ARGFP-E0R{UgAtsed B-BEGFPAEL-8FLOA
ular, the nucleic acid, binding

t
nucleic %F%t &':"‘%qe’ﬁpéesF ﬁfé?iiaé‘& A fermed AR 33 Mhighewesoxpressed in
E.coli. THRHMIB? Sdsrhid 1§ hecR@li%e %@PA@%{&E&&F@@&%Q%)@E‘&S a bicistronic

detector prpteins. Several paraneters
plasmid gpprasring poth chinrericspbt-BOFP el -dv%efmgmmllt peoéing,@omprising the

YT R P i S8 S oSS AT i
protein (a@t NVIB2 cedlGhrdtif; & TEAAITRE &Ep@és@e@&%kﬁc %1’[@&%&1&0&6@%’(

provi de ener%%Nfor the re-assenbly of
reassomﬁﬁﬂ%bscwfé@rﬁet( 3 (Fiaaire Saiglut resfssadinie eqmcam thetpoesenice of

t t troducti o f the aptaner
targct AR 10 BEpchB0 10 on BBl BISRRUSELDe8 et on anc
[OOZOBE]hav'ﬂms,, m(clend JcidRhMerhitiogi dfghepRN!Aeblﬁdﬁlg Pkibt8inBRith the target

meric, small ypept.i de, preferably consi sti ng of
RNA Ca?n?ﬂ?q%‘iﬁ‘réfi‘%ﬁgfottﬂaﬁwpi@ iop Ji viieeid d b #nd decotyery bl e

ﬂuorescérfée Wﬂl‘@aﬁﬂélﬁz@i@s‘, frod 188 sllﬁﬁﬁf(ﬁflﬁﬁ' %ﬁﬁﬂg TR can[b%q%%ﬁ ated by

IF4AA is a eukaryotic Tnitiat ctor
either comlmm@ b dinslimgoairessuciaséd 2 hbp eligamyghbtide br RN bﬂndrmlg protein

Its natural concentration within yeast is high
V”ﬂ“heféégﬁﬁWK%nd is conparable to that of another abundant

cellular protein, actin (Duncan et al., 1987). It is a
29 kD smal|l protein that acts as an ATP- dependent RNA
hel i case working in aE&éMBPek4wi th other initiation

[0020‘41‘(:t th%lc%%?ﬂ-{e:’%taénegnu%@c e(cﬁ?&?xd%gh:?ét?‘:h 2004).. el F4A

nsi sts omal ns an értructure

[00205¢se ﬂnﬂnbmem]bcrdm&bmtrcﬂ tlof ingertiombpekdin c&ﬁﬁ[@ﬁféh’ub‘h {s@yasdd @ the
C—termnal a flexible 11

detects a(gd nﬁ’ﬁg re connect ed

eteclon,of 40 AR REP a(nya Hid gavenesyerl 1 @9@9@ @werample RINA,. The
aptamer 46919&« debMdd IS Suchdic 8tid bt rotelNESH

P features rmﬂl}):e[ hi sc prlot 1e| na r((:)(?nven é%{tédé’tﬁ%%e@c}or protein. In
particular, dlag nycdgic addiinding yetedt isdragnieatetihed imtieidual dragntents are
conJugatg‘& i,Li'(tjheepSol}bpae\f)? ad ﬁagmen%s of the detector prpteins. Several parameters of the
aptamer/protein interaction are important for successful development of nucleic acid-based
protein complementation. (i) Binding affinity between RNA aptamer and RNA-binding

protein should be high enough to provide energy for the re-assembly of the marker-protein.
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strong bi ndi ng ol igonucl eotides or aptanmers that bind

el FAA wth affinity in nanonolar range (QOguro et al.,
wWQe®3p509@uro et al. showed that a strongly biPCi/n§2006/042210

apt amer sequence can be as short as 56 nt, and found

(ii) Thetlél%‘th of e % Faﬁfclr SRR At b@ftoc?fo'ﬁgpbtgawge 1H96<ﬂf$%1819 Bﬂﬁ%r apiamer

e the -si ze protein aner Wi
into RNh\l @hy aefsﬂltmm clyangwtums e&presdlon aDBsBhviof. QR (Rl‘]fAI&u&hﬁg)protem

hese charact 4A is a_,good candi date for
should bperfB?%?fﬂefé gy noRpetits g a%ﬁ%&%&%@ﬁ twuomgias et e
1nact1ve®0héﬁ%e§:§rﬁfe§' But @BRRG BHRINLEIL! nwhé@fé g%detbgétﬂ?]\m' ch was
eac

gllt mtotvvofragrrents andfuse emto
[00206]agnedfé4 int eulkﬁéy@@?lmtkdame&cm aprddhm in a uBBpitesecihyoreht of

resence. of the apt.amer therefo
the euk it Ard s B 7 T ot doBeriitor S B CE PRS0 ) and
is compai’ableaf) that bf ynddfier apluiaBl ce@lhl:aﬁ'ﬁrdt&hezic@l%émﬁcdn%t b 1939y, It is a
ﬂe ran e as the M52 coat protein/
29 kD sigHl grofein ’é’fﬁ agis @8 ap & TRodaperdenRRN Avheliviase Whldﬂrtgellnla complex with

oS85 11 8y LIRS PR AL

domalnsﬂdmieltmatysl\absktmctmieBasgnbl@ﬁ strdrtmuxe@maldambaélﬂ YmPacLt™$-téfinal and

. nclude two dlffe nt Rl arrers and two different
C-termitg) GoiSpins b cqRUER PGS SEHIIEKFT GnE HEKe iehent & Yrkand599;
Benz et ABI196Y; OidiRE bt af] ﬂ)OOﬁTheEé' fll%hﬁ‘él 04t ﬁ{a'kg R)télH

case wil|l be chosen f roma vira pro

_convenigi jaadh usgpuldael for domain IdlngtctinmnEmﬂg:rmbfel, reictmt shﬁh/@ Haee i‘lsolated

strong b nﬁiﬂgnehlggp%c ??tafgs B%ﬁs ee T?}rxf\t §P1gi(ﬁ,§]éilg &‘r%;ff 1&1%84%}19@5 ar range

(Oguro dP@p; 268).Reg@irb @ﬁalsﬂﬁb%ﬂ@lﬁi’té@{r@ bHREWMES RSN b
fer ence[00210 The advant a gggf t hi 35% tgrsﬁgltlﬁin\?gcan ©as

short as aégt » gAd faynd gt dissestent dareatene! PFéd shmnpt bindpptaniatewhil the

t
full-size ﬁgtéléllchg ;%Sdésﬂﬁgaﬁtﬁﬁ% }MP m%h?a?gﬁ]i rpg&?%%rro Flﬂaé} 2 %Q(@)gp € a
[002(§7@I i tDyertottledsa charbcterdstiss, idllF4 A s gdddecahflidbtetfbeprbieagment s
1 (%J sseﬁt ed g‘#&tel n wii ont aneously re-assenble. -
comp enﬁ%a TR popT $yste Hb%s\fer@otgm omierpensetiann Weansed
elF4A whichSh# ht tn¥o Rfo ﬁiﬁn&%d%séd}%):h of ﬁl?mstﬁ HRERhts td¥%he EGFP

i nteraction the higher probabi
detector W%@{R@ﬁ@?@bb’ Wiy e inetht ardsome o\Mher Rigoaptdrhatthakefoird Brings

ogetr 5P gl SR8 AEP 00 EIRL AR o SRR o

in the safne @ﬁlg&ets tHe Nise cSMl’ﬁiT@tEfnl/ V2 RINANBicra6tieh uSQIBARGIHS RNA
In vitro selection of artificial aptaners

within thawﬂi&\%elf TR P, RRDS; Bepeicetit-e 5999 Beacly & Biperh) 3004 pBobk pteal.,
2000). i n binding short peptides and bind only the cognate
peptide. At the sane tine, the |arger proteins,
[00208bnt mlwmagvellypdﬁsimuf the @appletlestingdmine hSSnéledStwoMifRrent
RNA td| ffer l%? aners (Herman & Patel, 2000). For
PR tWP LR PEARE RRPORIKES ﬂ&@nﬁdo@éh%frhgrn@gs pbthg
ker pRRAEThi(P1E. 6. Pb
marker pRA&ih!(Pip. T RBinReY pdRRPOATH 2 & ‘?iB’p[Sogge rhggetﬁgﬂ a hs&gfgxilral

functional |y subst | tute for Rev
proteins, for which aptamers with high binding affinity have been isolated in vitro (see Table

1).

[00209]  Table 1. RNA aptamer/peptide pairs with strong affinity binding

Peptide Peptide sequence Aptamer sequence Reference
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Rinmsky et al., 1988); however, in vitro selection |ead

to isolation of the anti-Rex specific aptaner which
waelo@g/0sr9 | nteract with the Rev pepti de (BaskePwi/Ubmo€042210

al ., 1999) The target RNA can aI so be desi gned to

It o~ Al

HIV-1 Iﬁ‘ﬁp[ L I;—, ?P &g% G #&%@ GUA | Baskerville et
[ ar et al s
correspogdl ggglys (g 0021 2‘*?% (| (SEQ | al. 1999

Aant r—and-peptide pairs—wi-th Qtrnnﬁn:g TV hindin

Bacterigha;  arMbAQ LR RERRAYK G Aq s GﬁAgﬁ&@ﬁcccuﬁAGAAG | Baron-

phage }Nnpl & n&W&i%N (SBRAIBYNE PV el WOAEGHUUALIUEH 4850QdD of Benhamou et
potentiial RNA-protein partners, which &8 o be al, 2004

HTLV-1 &evonyaSREOARRNRRERWREROR BEOUGTACBCRBAOTREGGU | Ye et al. 1996

sel ectied fr@8EQ IDINO.630NpPri 5i AT BGGAGAANMAGEES (BRQ
(i) M$2 coat protein -RNA s emloop (ﬁ‘@\p@; &Talra

eptidd O GILASYH (ﬁ'}d amamot e
gl SRR SR oy o o

MO s—+t¥g L n2| activators ( ar & Danth1

3re of .th aptarrer (Yarram)to et al.

03
[‘méﬁoogThﬁ’(W P tﬁlSS‘ ernatiyGIRgiengs St rwo difesnt prateipgor

peptldestv(/ﬂlm%k%gf 1%%%#?\/2@% eaémgtggti%ﬁn gg)g glgcﬁtel@g@ en‘t’ﬁécﬁtt\g{) i on

fragmena;t IIEQ?tS@ df b'yplamr@tm it mtuﬁil]qmssmh ttatbhe hgrgents of dissected protein

ol S0 0B TSP B
stability io$ tH@&‘féﬁﬂ)l@cn(Hd) Cihe @@dSrﬁgﬁt the thfera@ﬁo@ﬂfee}ﬁ@{e'r bﬁg)abﬁtt}oott e
I C

RNA. of interest, be recogni zed by t

marker-rtfP@trbtqmle,l@WﬁméR% att@r@tqrﬁ@atcﬂimtlmslms@cféhqprgmmpampudes)
e RS0 A U APRRE p R PRGBSI

symmettﬁcratd:gcqmmtgtmﬁnmanoneﬁte apt amer-tag should not i Et erfﬁr e
i.th_R beh 00215] T ow t he
0 b e o 2o A o
|
highly sﬁe@ftﬁrtﬁ%’indtl"@s}ﬁﬁ ﬁé@ﬁﬁe&%ﬁngﬁﬂgﬁz e & gﬂ%@ ? y@ide i\’ ﬁ{eesﬁltne time,

show t he  apt amer ect
the largeemteess mntmnm fhose shotiqpepitidds edBerosd-reatti \gldnénffe(eﬁg uptamets

cremarl e R ML 05 PR AR BB hion o

the Rev-téspchsb eldiiéd and @étﬁfﬁh@tﬁonaﬁ? Sbstitlko fd?']@evt(BBEerdQ@%' 1991;
hi s3- D200, leu2-Dl). W used an induci bl e Systemwhere

Rimsky gtiab, }%8&@{ Qyevge A Vitge, sglectfg@:]pad tosisplatien obihe antiiRekspegific
o I ESBRISHEEIH: BRIPLGEgl Bl Pl 1985 e e
RNA carpalsorbe éesigred to contain structural domains for the binding protein. This target
RNA will be also expressed from a corresponding plasmid.

[00212]  Table 1 shows several aptamer and peptide pairs with strong affinity binding
that can be used as RNA-tags in protein complementation. Alternatively, additional examples
of potential RNA-protein partners, which are to be encompassed in the present invention can
be used, selected from a list comprising but not limited to:

1) MS?2 coat protein —~RNA stem-loop (Sawata &Taira, 2003; Valegard et al.,
1997).
(i)  TAR-Tat BIV-1 stem-loop (Roy et al., 1990; Comolli et al., 1998).
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that in the presence of gal actose, TetR nediates the
repression of EGFP (Fig. IA). This repression can be

wo eto7esed by the addition of the inducer PCT/US2006/042210
anhydrotetracycline (ATc), which binds directly to

g R GF |
e

eH Plashngna0033i s (FACS) in cells cont aining a

t f th d
fgéﬁggiﬁ% #é%g? %ﬁ%?%ﬁ\agﬂnﬁﬁggk@ezﬁ dlfference in
¥ Baanc g7-a I DATEISSte -
(Ec);gr gnd cr:lgl I se%/\dhﬁg?gtag?traﬁn}gr@%was | nlgg?% at t%émfe&St Kd=
ehaMbfOgue et §eRBOYFi g. 2). Thus, 3'-tagging of a gene

wi th an aptanmer seque ot seemto affect gene
expression at the protnﬁélﬁﬁﬂ@? W reasonably assuned

[OOZIB]it Ridteih evmblenfenaitiog disatd BE aitembynidl€ic RERLBNERS Eltotem
his aptamer-tag. [00216] Analysis of literature s

lmerathqlPat ~aptaner sequences can be incorporated within 5 -

00294 M};ere@m] h terferin

(00224 1 RRTARRa o N B Ot ol R Bl

complemlentaﬂ@omsﬂxodmmwsed bh ivarpoadtionctt as bptatieenapyin®f the RNA of
al.ly ifthe incorporated aptanmer is

1nte:rest1 Vxﬁ' 81? gzal,ﬁ Pﬁ Hsc\%grlu ecg eiPr oLy CQP onﬁléiélgg g’r{t@\fo prgtegl chimeras
each coh@IniBCHEnhd of HRNEAReEbrofin anddRORNA- %dlr%ﬁjote% @' ¥liably use

results corroborate these data and show
this systepis fregaeaiporetionmef tha eptapteatagrshayjdinest tntefard AvithR6A synthesis and
behaviop - Untransl ated regi on does not affect expression of
he marker-protein EG-P in yeast, which indicates that

[0021E53FP ToMAW thieelse VESrotdis Boriplambaati®tto hoRk RNAQFHRKSst, an
em nore flexible, one can expand these

aptamer%@?iﬁ asgqg? of ggf,r,eﬁg T\Mﬁ]gpwéhe #ptamer ¢ig met afiferd evlggyaic gene
expresm%ﬁnw@ In¥RdB& 4R glggg{)h%ﬂﬁ&:{g%& o gf %h glér hse stop codon

exanpl e, using er pro
of a repersgp rge@esmcﬁacvhdmmp@s memmraed;tram wmommmn’dg 0ng3on, ke

i Th f.th
a5 B0 6L B8 RS e b
where théStpgHoR gbid) @CBGEM! isaflibe a?%lﬁélal(fee‘g@tpoﬁﬁge BATEbRB

anal ysi s, whi ch will directl
(Blake et alar%)@n nitkia sysieral a TERI dong is dxeremsmitfrdmk]ed GAiJlO@rémdster S0

f
ot i oFISORRL LR LR AR ORESS K9t e e gy, s
repressidomemrtpaelidved by ale RNAiFDYRAERTUEH '\ﬁadetraéychﬁ@ (ABc)2lBRh
sider atl on. The 3'-UTRs of nR cont

binds diﬁ%eéﬁroa%w g i nE%PrI%“'E(éWﬁEﬁEPgquSW&qugalam@ﬁﬁ {rfdoATC
was therd @)éhﬁﬁédl\g}e mk’tﬁﬁamc :l)fs)is LF%(HSC)%( %?l‘?éf co’nta:? U R ds08al

es signals ien
integration afithp inductbieitramsctipticmésystenhi Wetdbeelbewno HHMMQE inin

tors BB RS SR SHENERS o S SN PaRA B L0 TESSage
inserted 6GRaBt &6t tBs Sgﬁhe (Fig. %%hlﬁoﬁ"zﬁkgﬁg oF a%k:ne w3k ta R_f

exanpl e, the ort est p055|b e tag 1s u
Sequencwkteﬁ aat Seﬁ@ﬁ@\ﬂifﬁ@gt ZONg eRRNesSSonoAt tllleh}uomhﬁagle Wd lre;ammahlg

assumedtif AU P gk RS RTRRGRe O el 7

[002]6r]lt a@inalysis of literature shows that aptamer sequences can be incorporated

within 5°- or 3’-untranslated RNA regions without interfering with RNA synthesis (Hanson

et al., 2003; Nickens et al., 2003), while it can affect efficiency of translation, especially if
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| ocalization of RNA. Positioning of the re-assenbl ed
protein conplex on the RNA tenplate is quite tolerable
w@raoensenel | di mrensi ons of fluorescent protei NBCT/082006/042210
bet a-| act amase) and smal | peptides i nter acting with
I o] atl on
the 1nco§155r§t@@5 aﬁ’fe# 3 lgt %%gd?@ﬁgl frnggéaﬁssléu gfatdr & g A % ﬁrgf;yc ine
(Hansoree(tpég J'Z@ﬁé’aﬂt @ul‘qyelnmlr&r)t msnhi};sknon*ﬂbama thesevﬂatehaﬂdmhowr thixes

e r t he .
incorpopfiGio Bwn Amgy dgai 5&“% 9 3eH|IEIF ol Tebion dpy B?Se@cg.aﬁfﬁctof
expressioN@f thwnﬁkétn@bte‘i—h PGPP8hH §Sast %ﬁc}‘ﬁfﬁmc%ieﬁ‘ 'tﬁbg E@}ﬁﬁlﬁﬁﬂﬁi{]fevel was

of the fluorescent markér-protein and
also unaffRpisfindi ng protein. [00220] For successful real “tine

t hod of thi t t h
10020 O PRE PSR S e Nie St SRy b Her e rsrgieaio by
testing Whetlgsrshuatraisedd fefRE RN RIs6 BERESSTOR G%tblli’a@r Rebipsa®H. For

mar ker-protein conJ ugated to a R i nding protein and
example, pgjgg & éﬁ’ P as@qurken ripteiranh its cxmessiosatiyl egneasured in vivo

t
cepndih BB ot LU 8 9L ool PR a e do
measuriggtotal syth floesseace ﬁsm)gm ﬁhaﬁ:BOeﬁiSch iohteﬂ(FAf@S)@ﬂfd BSIQ{PM’thern blot
recovery of was det ect ed

analysm( Wﬁgﬁ will 911‘8(": ygq%{u(:i‘lséc ’A trapﬁggnthnée@é\ﬁéﬂ]@ Hegnest dielyesite for

incorportfloV\bf 16 afEIRIoas th%)Br"-tulﬂﬁﬁhﬁatQé e%'fd?lt ein fragments
occurs and an induci bl e system r the i ndependent

[002K8]nt Hehsiimpadt of kg iRMAPotipo ne RINA fo02iRddt afid leoahzaﬁm it wlo a

I t ej .ol ar anpuynt s
conmderéﬁ%???& on ve gﬁg\hgf F%lﬂée%atw egggqt%ﬁetgtpmg]é\géplgNA
1oca11zattms($@geee(vpﬁm@ketn 204 YERUKhmPRS 8 OUSR d‘ﬂ@r{@ﬁ@m RNA

ese plasmds have two T7 pronoters and two nmultiple
encodes éllgaﬁlﬁ Agilisientior mipdAdragsrorbandrangheregs withiarthe bypdiawever, in

many ca@fs @E@%ﬁlb&nwﬁﬁm OURr pﬁ‘g X0 «?me’saétagé he 2%&%@%5&%&{8 1%perSRNA

lcation In asm os ar
localizatiin| (&mnmgndi biedlr, 19Q9 eﬁqcmrzelss et0d)., 19%9)pF @rek@mbe) tHehbhbRést Hossible

ns in one plasmd and RNA wth a tag in a
aptamer'gﬂgflﬁ ?éf] Tthul LeRQying anst prxts oRbE IBxssRRSs 5t %ne 5% ableregulatory

RNA sedulflstsast ﬂnﬁﬁﬁ%?é@lqg Dhds¥rve RBADY Mﬁ?@%qn{e%cgbﬁgﬁﬂﬁ@gﬁ{% intact

I nduction of RNA expression wl
locahzat@;@mf B dtesitioning QfﬂhmrammldeqbpMGn nemplex basheRNBytemplate

e AR B B PO A B SRR B SPeno

small pefitides titagctifdORR2 dhtarhBRSAitIAN RNA MeReRhALS, Bl%?glolroeﬁﬁzah@n of
and pr oteln Con”pl ementation is rTDn| ored

the momﬁ%‘i% g dirgethy cheekqd in|copirelexpadments by in ﬁndgbndszatlon with

the probdsQBLLiRL und of the cells expressing two
©Pro prg lﬁn%ocrl’tlllglEh ras m'?he absence of the RNA conponent

di d not show fl uorescence (Figure 9A), whereas their

expression in the presgn of aptamers resulted in
fluorescence (Figure égf- Efies the specificity of

[002191€  BRVABEHEMI A RY et Bor RIALSIPERERIE LR FHRE AFS {fRheric

proteins each containing a fragment of the fluorescent marker-protein and of the RNA-
binding protein.

[00220]  For successful real-time protein complementation method of this invention the
coordinated synthesis of the two polypeptide protein fragments, each fragment comprising

the activated marker-protein conjugated to a RNA-binding protein and produced in
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EXAMPLE 7 [00223] Use of beta-|actamase as a
split-pol ypepti de detector protein. [00224] The cl ass
wo2Mensmract amases have been used as split PCT/US2006/042210
mar ker-proteins in protein conplenentati on assay by
cquimoldhiul AAERRIFERY ORERSNE PR Shaf ol complggentation
showedgbatdf the twotprateini fusiodsewtrasesthedizddfram laamsdsobitledifferems copy

AT T T
developled @ls§6Bmah valich eqhBcihe sﬁﬁ{e@fslﬂﬁF&&ﬁffﬁgﬁéﬂtsQ%c% Qﬁf §§ ed

i . both in bacterial and €ukaryotic ce | mport ant
inducible gysteyofor thedaddpsndimt sorthdsio tenBdigectmpmnksict anase
r that makes ,usin

00233} b e SR R Aol R s oo o goed expredion

vectors allawingluiol dxpyessibn 6LsdveREMEEADE @I%?&%@Y@E@éﬁ Vel
s g g(a(£| okarni K et al., 1996%’.

devel oped by ghe Tsien grou | ! i
Novagepbé“%ga plpsmigs bavedar ’gm@ﬁlogﬁ;s pst twogmoliiple dleming sitesdtherefore
- t e, dissected at. resi.dues ..
xch ISR Gy BT el 555, G0 R0 S5 e B %o
in thesepiastitidy are diffdrenmblswingeheif cé-bepragan (W%iplﬁbgdttaﬂd chimeric proteins
inone p at%}ngﬁﬁ gﬁ:& %@E’tﬁ%ﬁ%&&%ﬁ(@ el%gg%lg%@?!gjﬁ%%gﬁé@i qg%lye%[rsigg %gn be
induced|iREcpeBEr@y. ]%@ﬁDqﬂ&ﬁﬁa & iRddRndd e glcfugﬁoﬂ:@it I@N)‘xtéxﬁregﬁgﬁ ,%éll be

and does not show periodi c secondary structure.
used. Thyyexppessin e vieheff chimerte proteins is tested HyhWedisy-tBtyanalygis with anti-

| ti ' t. -t ' f I nal
Fort 0 SRS Bl AT h e v
[002221z y "Ehesp ek ndp@ e F@f&n{eﬂﬂﬂ EEN @k pRbtein BB FamerRid is

) %§§U|t’ protein conpl enentatjon based on -
monitorgd by, meanirmgreiel eeliiupresgenseiusing FiGhahs compblst thedatkground of

: : It U e,sihgnal. ca
the el A e R e SR LR R A S T2, 5 o
fluoresc¢neH(Figmre 24), atherea? 2R)expfed§ad 6] the presbitel of ap@mers resulted in
a e%pgﬁsi ze thaIf_ Er ot ei n_conp 1iﬁment ation based on )
uorescynee (RS 1t} Yty t}teﬁeeféﬂ%w he aglame/RNA-Psdineawnpisineeptide

interactibfl terns of sensitivity; however there may be a | oss

in spatial resolution because of the diffusion of the

signal. Thus, this format of the assay should

preferably be applied. when spatial resol ution
IS not as inportant aﬁ%ﬂﬁﬁgﬁgi'for exanpl e, detection

[00228] RWse of befa-laciutnadelin daplie pbl§péptiae de@blor pfdqR27] In
%t hoﬂg using b-|actanmase as the detector Er otein for
[00224] i 1hs dtasa Adestastaciagrasesshayg been wied lag plgtmarkermtoteins in protein.

' - Lt A~ nt 0
O e M e
2002), wihiahugan (beehplaned by sateral aBfieflye fehwred sfapivRiiss of @§mes. First,

ansi st | f amno acid residues 24 to 197 _
these Pr"?‘%%% ﬁrﬁ-f?lggﬁ?aié Frall maeewmgTp sReBIeEs#dtheis epvstebstiucsurg nyell

known (Felseh@ihlt,0 90 8L Beth 5ot SRANK Wan Bk Eg[hr@ssts@ @ofhfig lbé%gﬁ'ﬁ ahfl Qukaryotic

. second one consisting of residues 198
cells; impeyganalyfeulsgpiretie Jellside not bavednidpgdBouslactanibheaaivitia A maticr

L - ment s wi | e first . PCR amplLified from. ..
signifioal G0 B ARCRNY R e franessh Yo - VG oot gelabii
of cell-pé&imablerflidrescent substrate developed by the Tsien group (Zlokarnik et al., 1997).

[00225] It has been shown by both groups mentioned above that beta-lactamase can be

dissected at residues 196-198, and that these fragments can complement one another in the
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of the al pha-fragnment by PCR PCR product coding for
the al pha-fragnent will be cloned downstream of the Fl
wo eagoenr9 of el F4AA with a pol ypeptide |inker, REI/US20061@42210
bet af ragnment of beta-lactamase will be cl oned
presencléi @f‘fh%ta Eél{@eﬁfrndtﬂﬁlj: ﬁtefe[cﬂﬁ%ﬁfbttﬂﬂg Qf\fgl%rn%n%f'pl 1039788 hrneau et
aryotic expressio himeric sﬁllt
al., ZOOZ)l lThIStSaﬁé% E18atino anjds)gia i eedtedrontthé oppoatte sﬂteﬂfrbl@dhkﬁ&dalytlc

e T o RS iy St
of the ASp{EAYGD tﬁb%ﬁi@fb Ghato TEC & s JTIhPNE Q?ﬁgél Q‘%njlen? &f l;eta-

co-expressed in E.coli strain BL21
lactmafmglzgqedmévw&@g shzymexfp ﬂ@éO,QOO-d@lﬂe(m:anamﬂ] al:gamd Aoa

kar yot cells
result, i So B RGBT ol VB o Steniictptifasion
about tv&»(cprdas of etdighitideCanidrthd Sipis cEOBE aétBitBd wﬁﬁlﬁﬁﬁﬁﬁh&e% a?tfer induction
a-| act anase and el F4A [bet a- 1 actamase(A)-(Fl') and
OftlleP@éql%(Wséﬁ%@{Bg 2}F2)] in yeast will be deri vatlves :
078840 9 AT B R B onigBin

of the erfzpmatlp ectivity iafprdnhising ilNteines of sensitivity s Shdwdvbr #hkteihy be a loss in
rote n.ex ssion fromthe strong ADH

spatial rﬁ%ﬂﬁﬁ@b %ﬁ%ga %hey’é fusiof S%Eﬁ sizaglp Fbuss fhinfospateishe pssay should
preferabB} l% aﬁnph@!i a5 8sls PR aribBEaG i 1&% ?521 %talw dnli V&E&I‘QB

fied to express the target ace
examplev\,ii@thcttcm@feﬂ\hﬁtsqu abptdaner is fmgondraced at the 3' end

I f.t d to . th
100271, 18 MRS sfhie Tt o e deieefhr priscin éérﬂpgze\éodﬁNA
detectiol® ¥RALESprORarbtid AR LAgSLH: BYA, WReDadEd @c{ﬁ tht into activated

gal act ose and anhydrotetracycline to t
polypeptm@jﬁag&me(ra askdopmn byl BIaIZ’G@B)U.p (Mohzm6h ciiie ﬁO@QI} Two fragments,

ctanns iV sent cit.ation of the
one consfthB-Ar AR RTRIE iy b4 ¥ 197 BlrBR EmeBGHkRE boT e
secretorﬁﬁ@na&ﬂsyéteﬁldk Redy) 106 EndyaiLRTThih MOERS 68N BR)second one consisting of
tal act amase activity occurs due to the interaction

residues 68% We%‘H) (hta-laparagnd) ara kloneghin k.celi. Ak alphag n@dw%beta-frlagmbmts
t
il e (RTE Bp ke AT BN SESHE Pl
terminusatf thdalphavfraginkntthy RER. eP@quﬁdﬁcE gocﬁhglglg@lgﬁ:]ﬂﬁgfragr?ent will be
i | .. 199 ection
cloned Aol BEEif BB ST Bh ot GiFrpebetepl GmEMicat Voik toa bea-

fragment\/dﬂHeﬁa-EBt‘alﬂaQe WiV Be clbgm %r@arﬁ l08 it @YU Ah %i‘ﬂ@%hﬁ&e

devel oped a robust nethod o etection wt
[00228|] vi lgr prokhryotiaexprassice theichimério/spdix f dedamasecalF 4 & Rbnjugated

povins 2382t TSRS T BT e R S
eIF4A blﬁlallngtab{m S0 BB bxfreAABRES) pRET (AY ?E&lnﬁi Fhe Fé@‘tah@'g plasmids

| ows substantially quick reconstitution o

will be cergxprogsed én Beobistipindtled I D03 (Nedhgesl. backgr ound,
[0022t9?getﬂ]§ xfﬁdeé;sli]onsé)fgo%?a-la tr;;.ail%llalse]c clzo%?&gla?e%’ to elF4A polypeptide fragments

in eukaryotic cells will be done in Saccharomyces cerevisiae. Plasmids used to express

chimeric proteins containing fragments of beta-lactamase and eIF4A [beta-lactamase(A)-(F1)
and beta-lactamase(B)- (F2)] in yeast will be derivatives of the expression vector pDB20
(Becker et al., 1991) modified to express proteins fused to an HA or myc epitope tag at their

N-termini. This will allow constitutive protein expression from the strong ADH]I promoter
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i ntroduced by the use of enzymatic step, results in a
detecti on techni que capabl e of anal yzi ng nucl ei c aci ds
w@boomosiorat e abundance. [00233] A protein w t hPCT/US2006/042210

enzymatic activity or fluorogenic properties is split

and anail)‘ﬁscbftg‘gﬁe %r@s%icﬁ)tlﬁ{%&eﬁfblﬁt?.d desﬁllj&)\/\#fgﬁﬁrlgi E}ﬁl}épg ?tsal,%jrog)c’will

are expressed in vivo as chineras
be modifieddd axprpsschetangaitiNeA (hgdacenf EGFRreiththa 6l Aglaemiaher tag

i deal cl ei ¢ aci d- hi ndj rot.ein woul d consi st of
placed {1 %a“unflé’? o Sigeptioneh B Hismid Lp fhegpnomes ! seainve
YPH500 Q@R b6w thd &gﬁlﬁ%d%{ﬁﬁ@ﬁ&? oPthe @d“ggE%ﬁ\'ﬁNM’ﬁ%&{‘%;Fo‘PﬁUr%%la%tose

bl e h I ndi ng

motif recogniza y the nuclelc acid-
and anhygrptestagyclingdo shst quitureymediumi(Blaketetal 200Protein i s
] di,ately.restored. In case the pratein tector, is
1002301 e 6 PR 4ol B R B Biiof o Bepanmann o 409
nm willdet 9IFRESarld diiss168 8l 520 Wilehie plecd@réehdRdkescence). beta-
anpljfication, but there is also no background,

lactamappactiyis opeuss flues oethe intergctinarhsieeeal the aptpaatiand sphitrelidd.
f e,.CORStr f.ar
g SEIFG A 8105y g RPATS I AR YFORSEI LT it
place inzhis anwerand rnmsshomas 4BNAn wilhbeobspived (BluEflaotekcdbd) ) Z(dRmndk et
1. 1998 ells (Fig.9). W fused the C-term nus of EGFP fragnent
al g'r esidues 1-158) to the N-term nus of el F4A fragnent
contai ning residues 1- 215 via a flexible polypeptide
| i nker consisting of Serine and dycine residues. W
cloned this fusion in EX8MBALESE nultiple cloning site

f .vect AC et.- Novagen esi gned for the, .
lméﬁﬁf Rk n&‘ﬁg?%f?sebﬁaﬁgr?t?%f@@ﬁ%?ﬂ%w igitro and in

vivo. pronoters. Simlarly, we fused the Cterm nus of EGFP
fragnent (residues 159-238) to the N-term nus of el F4A
[00282]4 g ke rile é}é‘ﬁ%@&@f@g@% devdoned axoBust 08:thado RN Aaleidotien

Cy s . i ' ... .Thi ' cloned in t
wiin RERVREBU A8 R L oL AP 8 150 U
combinationsif raat timelfhs kimetieypsteinsotipieniontation Sisig apfiedied g8iti n

a oxi mat el y equi nol ar . unts. The vector, pETDuet-1

i AT TG L R S T

tive ddtdetbr RS ARt re@ XM APl F Goth ificaf]
_ac e el ?:4,0{% i nter acrtei %Hg%?l gér}rg?ﬁdgébc%gglﬁtgﬁ{n(rglfgtn%g%g%lﬁc‘?ﬁf)g’
introduceérliy thertiss 9 gezyomtisistspersdfs ia a3Btection teehuique sgabendanalyzing

. | owed, by two .copi es of aptaner sequence, and about
nucleic %8%; Ogtmoodfer%{%%blﬂﬁg?‘%ase- resistant T7 term nation

[00233]quen psteih W3 lzyfati€ Ativit) @k HBoRXBEiE PRl PeBtidsRes R irkth Swo
conpl ement ati on conpl ex and appropriate control's were
parts (tegpeshfr and Prbunitonpessa paittare sxpissep i vz @e chimerssewith a nucleic

o |- h- DX Ri ct opyfanosi de. (.| PTG . f or
it bin RS AGPR RN by B RL ARV ATRAL ) 3Pl
protein wedd hedsisiof bpd partd, wiéhsiré jnacdveapnitselfibubbiel agtie fgbBR6 MWthe

zed by, fluorescence activated

= 0. t he . | : > activat
presencec%qo apﬁé\g@t W éh\é:\%&%g; ga}p%té rgc.ﬂg_mzebl_e éyﬁh%ggqlgﬁ agjd-hipding
protein, SRRl ANEMN BE Yetbbtd] Hidtdif %tiﬁfnﬁbﬁiﬁélﬁ ?&t&%?.hrelggf‘enthg prféffiﬁ 0

apt aner-contai ni ng' RNA transcript result
detector fsgincenzyme cthe sighal iawmplfed. i oase dscprotn {sHlwreghic, there is no
signal a@ﬁc‘éﬁ{)ﬁl, p])DItU? thtgpeeis% B eacl?grogrpcf, %%héecﬁl%rgéc%hgegis completely

dependent on the presence of target RNA.

[00234]  We made constructs for the co-expression of protein fusions and aptamer-

containing RNA transcripts in £.coli BL21 (DE)3 cells (Fig.9). We fused the C-terminus of
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coli cells bearing the conplenentary fusion proteins
did not display fluorescence above background | evel s

W@ Eiogio5®2) . More inportantly, we did not see aPCT/US2006/042210
significant increase in fluorescence when cells were

EGFP f@gﬁ{eﬁﬁéémle"s hel 1585 & GleN- FRARARER REF4A frééh?etnﬁ ?%&Eﬁ%egiﬁges 1-

l'ex along w th an untagge transcrip
215 v1a1iribp<€ble\a@lymptlda {ihkereoosisting ¢ Sevine and Glyeing ehidusd efle tlhaed

s fusiphid D onfilio ety sRENIC s o e Oapac et aoblo aeen

designell Mbrathé 8%feMonlbfi 't‘5v§ EIAI Fe‘éﬂin%‘?ramgv@TI ?%I:ﬁs Similarly,

guantlflcatlon of nol ecul es i n vivo.
we fuseftheoe dervumeseofAGIR{rhgment ffresilsentf 9-218 ¢ the-Rermesusatf@lif4A

S YT X TR ST U ——

cloned ilithd SJeMERIASoMAE vEM61ACY I uSi-NELcrbie hRobRAK Hb1B Spress
reater ampunt of full-length EGFP conpared to the re

the two tsépsETRpproRiaEely camsmiaramauats. The m@s nE"ﬁEdetbly
(N c)vagI a%%@&fﬁ% Il%;éx?I ssibh OI‘ 3 3561 ﬁI/—Iﬁ)n% I:I%tt?a%gal nlré%ﬁzm %oples

‘recycl e 0SONeS “sever a
of the el Aainbavhaing aptainer eéquend iaitmdem. F'\II‘MS Ilﬁalgmressta@aﬂo@med of a 33-

00238 made use of EGFP cali bration beads D
nt leadepfegacgto0OWes B it RYPIEDOkAPRTEE Sed YRS, 454 abfautéoﬁ\népé
nucleasél%!ﬁ%t o tdrhgndiidn38RAR €d EGFP nol ecul es per cel | and

hus the efficiency of our detection system W found
Ioozﬁﬂat Edlolisebxpipeessingdhddidire compleneiihtive complewiahth appropriate

rTb f .ab 40. d 0-600 I I f
ool NP BB Y S0 PR SR TRLEEUL .

' th1ogalat:ﬂ®py1&ﬁb§1dé/@P’DG§3fdrS:oJexﬂﬂeséioﬂ Bf groteidslad RIGA. When %Q@é}s reached
his RNA concentration correlates well with

an optw@k&sr@ﬁlﬁh%’r}ﬁparom@%tQIYt%S 68Padio retiSk thezw,em anaﬂmdwba Thwessomee
. i I
actlvate%f%lg%o@g %@:A&g%t f(/é%?e )%)gé?&)?%fsi%h 4 Xe pcé)gq% n%]ﬁ?ngﬁlry Ifgsggﬁ P%otems

along weh ¢gesptandriahtapimc RNGadrinscapt resudled b €8-20ffold increase in

average PO FEGHAE 148 Db RGN EAmPIEAPSeIRE of Sebar-pataining transcrip, £
coli cell@ﬁ@dﬂﬁi@%ﬁé’é’bnﬂﬂeh&ﬁﬁ@%bleﬂ t1EnE BRYNoP H{ﬁ?ﬁg ﬂ%gﬁeIs&%ce above

plasm d bearing thé RNA pt amer
backgr OB@pIe@@IB ¢iEE| YA )avtbro baporentys Watlidyaxt serd si gnltﬁehrhtsncrease in

tors B GBS AR RSO ST SOTRPE bttt
complexCaQMé Wﬁh an uhtgtednmitiptdlg. RNATHB %Y I8 Qhﬁér@n&%l%{o?é@cence

onpl enentati on_system_ [00239] t hen

yield wh@a ﬁIiFaTEHaltSﬁ’éPtfhaG(S’Fé@éié@]él osweecltm@ngm; alhISs,suge@at$ gt t he
th
translatifEpRE RSP hes EhLinfir e MR Bkt o Expori mant s

that a nmaxi mum excitation at 470 nmfor the

re-assenbl ed conpl ex E rs§i 490 nm for native EG-P),
and a maxi mum em Ssi 0 géﬁﬂ O nm (versus 508 nm for

[OOZS(I]e I@Iahﬁﬁca%@ﬁ%xm\ﬁk ¢holdehles 11:I_biv% difference can be
xpl ai ned by possible changes in protein conformation
[00237] Fluorescence of cells expressing intact EGFP was about 30-50 fold higher
than that of cells with the complementation system (Fig.9B and 9C). This difference is not
surprising since there should be a greater amount of full-length EGFP compared to the re-

assembled EGFP, whose concentration is determined by RNA concentration. It is known that
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between the native EGFP and the re-assenbl ed EGFP- RNA
conplex. This result al so supports the notion that

w0 bwonsmwecent signal within the cell is due to PEEUS2006/042210
formati on of a nucl eoprotein conplex, since in our in

each RNVA Qe @XPRrbdTR ISy MhoRbrads 539%’1’)3??1%?& ig{gﬂi.{;l}afeggﬁgh%%élgre%ﬁo of

_em ssion spectrum (nmax 524 n
protein foeRN4dlergst Bdnlope.appended dupl ex ol i gonucl eot i des

m dov._et al,, 20 LE 10. .[100240] Spatial and
o028 e s wit o3 Horsreibinsion beasc B Ricksickiss Clpntechy to
evaluateCie absolitd @2¢ae MinieRof 1HEQEASERIMIS BEEP QRAQRRsHRC d thus

canmera were used to observe the cells expressing the
the effiqrpQay |04 BB deiestion sysem( Wedourgtthanat1g txpressingoRINAl frah a pET

iy BN )
vstor 571 s 1L PS030 30 TBAES o0 g
which ceneipahdd tone2 {iv RNOR B cIOVaRE901 ap thiohg? Ers;eggﬁz{kﬁ,ezoosy

) devel opnent, cells were grown overnig
This RNAepgneentration cptrelates gyedl, with therexpenimentalopsutslobsinedria A dvli from

S e T A T
experimanthl 1ead8Supfststan pradicyllyd 20 me®dchks ‘6’?5}%&1&@1"-05&&1@&1@%@&%&

(Fig. 15). [00242] Co-expression of the protein
detectedfhydthe rsasspabled groteincamplax e tegiad Hilnassymatiembieincreasing the
' . i Hght £l uprescent
oy SRl MR EE RTINSl 0 ol
observed Oipt bacterzbntlisaisplayed highss flaoresdfentdr@héribdmsirédtolE Briginal

du strongly fluorescent.cells wth a uniform
construc 138 TS FE3UH SYprps SuCeeBision bsgneiy i R storecules are

detected byl dir 6khpleffentafien @&t i Me, expression of protein
fusions in the absence of the aptanmer expression did

[0023}: | WathensogipgredftheAwaresdencr psctenciretle bedroprtante-4ségbled

' fi.r revi ous flow cytonetr .
e T .
that a maeémemadxciteion 4 ab) amf PathereaseinbldconIer @8&88490 nm for
nativeE&ﬁétl cles as well as changes in total fluorescence of

hiR) @Bfl panaxpnym exgssionoiheuhS 2em €reeusoi0sinmée sha aton EGFP)
i 04 . 2 F epr ntative .
(Fig 1), HES PR oB o PRy RASLICHERERIA Blost® somprmains
between dwoiative FiGHTsandfthelief dseerabitd BGHP-RNAecoiplex. Thisarsulfata!
in each cell .gradually dropped durin

supports {II!PQ;J 1§c{t{3 P ancﬁﬁﬁreg’cqu allgnrflldyllg}ig ithecge ldg ¥E té’gfg? fprmation oP a the
nucleoprSiefiédnAsl&Q WHicY in Gurdf %ﬁf"é@pefi?le%ﬁte\@h?lgcﬁf_’oﬁlﬁ b Qﬂﬁi?a?cf&{elglﬁﬂed

. . resulted in_the appearance o uorescenc
emissionFReetiun &52%524 ) e splitdsFER re-asseebled by agbgnded duplesl

. . {l cent during the course of the
0hgmum§§%é§“ﬁ§%ﬁ&§$?ﬁﬁ?%ﬁé% 180 min and thereafter). The

ki netics of these changes varied from experinent to
experiment, but the overall pattern of increase and
decrease of fl uorescERCEMBLEIG i ne was al ways t he

o020 s BN RSl
[00241]  An epifluorescence microscope and B&W camera were used to observe the
cells expressing the RNA labeling system (Fig. 9c and 11). In parallel, differential
interference contrast images were recorded to analyze cell numbers and shapes. To allow
enough time for complex formation and fluorescence development, cells were grown

overnight at room temperature Therefore, the majority of cells were in stationary phase when
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extracted total RNA fromcell culture and used real

conpetitive PCR (rcPCR) coupled with MALDI - TOF M5
w@ledago5i9en t o determ ne the absol ute concentr ap¢DOSH6/042210

the aptaner and nreB RNA, a housekeepi ng gene used for

tikid i Zes
e r SO0 iSO LR g
the newdt diﬁdiaddelﬂ&)weltehmt fleoresaeht (Fig.dSest prior to

di ff bet t he
1002830 EpESpieSHion o Be giEn dRicinau SSVA Rgmeorpt oonelaingigotamer
resulted]ln Pluorkstdnt BAKOWRNX bBSIR I TRIBrds6F6 51%1 e@ldéﬁ‘deﬂ At W‘c@lboTcE?lg@of the

quantify the abundance of t ext ensi on

cell (qu UDQLIB]OHM%ﬂ gperession of e ﬁﬁiswmdhmmngbﬂmrescem

t 4G icant o |IIat|
cols il P Rt Bkl e e ol is8). Kesp same
time, exﬂmﬁﬁoﬁ bbprotdir fustdnstif helabbudé offﬂl'é Iﬁpiaﬁi’cr 2Rbr28%4n did no lea
%ﬂSCI‘I pt reaches a peak then pronptly decreases
SlgmﬁC% Uprestenge dovelopnppsg éﬁqgn%a),aftfhlglzeonfmmr mewmﬁowmtmnetry
results. 1 S followed by another transcript peak at 170 m nutes
"and finally an abrupt drop and then recovery back to
[00243i t i Eimetlapse mizrascapt @redleddohéral evehbatlORAMSIs ofakd e 2.

t MRNA 1 script vel s and TI TAN (El vid e et
fuoresc EA s oyl doehates roud Kpreseemse abthevelts £ o

BB 58§50 R 2000, BRI ot

same fiekl gpmed synchrorbug 08¢ Hatinnd 80 diffefen afi@Fnitié (Big7IAE), Thial 0. 82

88 2 6E-14.3.5 0. 496 0.987
narss 20 208 R0 i B B e e
again. SinalltaasoB1yg afdetrebdean AR MRHrENAE Hs’hﬁ&i §1dthof: BOBBAED of the
cell culture plate. Fold values adjusted for

hlgh-ﬂu?fswa%@;ﬂlﬁgs gidhe e<ll PaJem éltme&tslgém devatloellabermedhatdsvent

oo e PSRRI S LAEE S 3 Be

changes emmde&mad:xpemmaﬂlas ekpefienenflblut ¢B @W@ﬂ Paf eI SScredse ard
for residual and | ack-of-fit values; indications

decreasecgf leobeg%lca Q¥fn e wasalyvays osamp. Appl i cation of the
[00244?0 h "T'o%@ﬁf tHMahéésﬁﬁ" @t{@c@nc% a%ﬂfélllg I?é\%amé}%eﬁ@cs we

be used to detect call zatl on and novene

extractedstotnRiINA ﬁbnsml}mémreaemdl uscdatelabwm]ietntﬂve @ORBQMR@R)‘WE@W%

ASH nRNA. Thi.s, RNA ¢ a
MALDEFHE: S M o0 el e it et amatibe govy: g1 mrch
RNA, a ifiselraping gepatedantndHmbkdi otk &) %o&)é@t%werﬁ@( %ﬂﬁ)f Ss'eﬁgﬂly

n the daughter-cell. Its localization to the

diluted QINA pﬂ@pgﬁgﬁ@cpcy asat ingesnal stapdard ethe gheawi ihigrest prlor to
amplification. A single base difference between the competitor and the gene of interest is
exploited in a 1 or 2 nt base extension reaction using MALDI-TOF MS to quantify the
abundance of the extension products.

[00245]  Analysis of the aptamer mRNA levels shows statistically significant
oscillations while the control gene, mreB, remains constant (Table 2). The data show that at
the 1 hour mark the aptamer transcript reaches a peak then promptly decreases back to the
time-zero baseline at 120 to 150 minutes. This is followed by another transcript peak at 170
minutes and finally an abrupt drop and then recovery back to initial time-zero aptamer

mRNA levels.
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different nmethods. ASH nRNA is well studied;

therefore it can be used as a nodel experinent to
wae7h§93ensitivity and specificity of the anaPgBUS2006/042210

RNA | ocal i zati on and novenent in living cells. EXAMPLE

oty T3S ek, A A U I B .00

Statlstlcand 10 we showed nonitoring of RNA in vivo, which uses

——een%@aﬁ—eﬁ—ef——f—t-eepe%em—pmma—egapLe@nt ation and
hi gh Z4ptilaneeLeipt @dact i on of the RNA- bi ndi ng protein

Timeyj th fhes RNA-appaper. | nfdldesd-wligeri nnts, the
(Min)RNA- bi ndi ng_pr O%GI nis the eukaryotic initiation
0 fact67EM4 (el F4AYE{IRat choGi sts -of a @aydbel | - shaped
60 strurysE-¢4 el FeAoRg1di sspeted pog® twpodg agments, and

120 eachzgfyp_gment A ]t:qqed tpospl | 28(5 ag of the
Oen agad greeny Erescep 9pro i
i on fotein fusions
170 ande%&ha:i?r ans gd cont]a [ ng 3:4A cif c aptamer
210 ¢ o5 0B 14 torat@-&h of 0.68P f0.98% escence in

240 bact?e(PQFa14 The %]E}ﬂladvahﬁ?hge ®#96 hi ©.98%r oach is that
270 t he X48bi4scent.14i-ghal i®ISol ed y52let ergganed by the
Concentraicgﬁstahl%%\lére folt tHt AR N TG AR X RRe %ﬁﬂ%@h Qél E¥ird Pﬁ{e Fold

ng detectable signal. Additionally, a re at1ve
values aéﬁﬁtqd thﬁ%?k?emﬁwp@tmh @nam@&bncé@m@daw& eelata\regetthd?iﬁ\iﬁe -ZET0

i on_an
baseling? Ot boBARHL £ VARG 45 BbRan it B PriEhed Y¢ s WopE Bcittoreny
expressezthﬂran cbasediﬁe/ eAdJlmmamze(DﬁaI@lesadrE QYO”U?S foY SesRRPHIBAL-of-8F values;

di fV| su %atl on, where the aptaner-binding noieties
in lcatl%ﬂsé’ 880 ﬂ {WE%Yl des. In this approach two different
eres
[0020NA aRbATBAGH & tﬁe ?é%ﬂﬁﬂuﬁsci} %awtrhg% Blﬂ@ elo%%ﬂs écgn%?et%n be

are recoagl zed by two s
used to geigct Rﬂ\{fg plization and spivemeGPRe ¢Fingple b6 juchBHneippliédi®n of this

o YO BRI TS RS i
that 1nhles FasiliRn FHY efdRcRAEsh IR RN -tg}% ﬁlﬂ%‘ionvers iqnr in the

containing re assenbl ed el F4A. 1 n gener

daughter-¢ell. falocalizagionto e, budrip Qfdh@buctdhé ypﬂst)bdm Haks 1byerm°hown by
el h. f el F4A is
dlfferenﬂcrg&ng%ise nfg El%?n WA ]tsrvgangﬁt%fF%ﬁli cllﬁ F?ﬂe eyusieﬂ a8 G%Wbt ic
experimergltd serifpdensitivitysandnpscifitiosef the aRIRESs o PRRAJ oPALHES &ld
B{otlel ns. Therefore, there is sone probability that
movemept B’\Végrceé]ﬁpr essi on may int erf ere with normal cell
functioning. At the SRR M1 short viral peptides do
not have honol ogous protei ns |n bacterial or
[002‘Eﬂlkaﬂ%ﬂ¢ﬁctmn oERNA ardve heingbimary dpnandr-ppide aséaetions. t he
|s nor e 0 neutral to the cell
10024 o5 SRl Fa' e SRl s s ROWS ot vippeviiauses
combmaﬁ&ﬁ: ofifhiFEdeeniGRTRIEonAs Bis e AR ¢h Jﬂd%%lpéﬂﬂnﬁg 1ﬁt?rat:p@n Qietﬂ’e

proach and shows its universalit Desi gn of
RNA-bH% ROiRH Wi iR Ndnaremne dr these expidaindatss ttel RINAHinding 0

protein 98 88k otic initiation factor 4A (eIF4A) that consists of a dumbbell-shaped

structure. elF4A is dissected into two fragments, and each fragment is fused to split

fragments of the enhanced green fluorescent protein (EGFP). Co-expression of the two
complementing protein fusions and of a transcript containing elF4A-specific aptamer
resulted in the restoration of EGFP fluorescence in bacteria. The major advantage of this

approach is that the fluorescent signal is solely determined by the target RNA, in other words
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bi nary aptaner-peptide interactions. According to our

schene, for detecting RNAin the live cell, RNA should
wheoosoppre ed with two aptanmer sequences capabl BCD1S2006/042210

interaction with the two peptides. Each peptide should

in the a&%n@extﬁf e AGHerk By ﬁdﬁ‘et&ﬁéﬂle Qﬁﬁ% nég%'tﬁ lgha P&Tl atl r gmg ? Brotein

fragnents of a split e cen
comple;p rweamblgdz@th)e tf(rEethN Agyhichrshouldewt mterfwd(mthm{-\éunctlon and
locahzaﬂgSt em wor k, several issues were considered; first,
% affinity of each interacting peptide/aptaner pair

[00256] ecClneskpsin@entd 1b&e pir&BnaRs akh BQ d%él@plﬁ&%@ Elﬁ‘Q cernatlve

affinity for both pairs. Second, there shoul
embodl@msfgr a\cwmwhtzgmqyemwhc hletamnbmpltnammwpm tmo short

pepide s o 850 R 18RSt Shaci P FOR - s
and are fetbgimiaat bpﬂvd@bm@:fal pé}ﬁldﬁﬁﬁisbdjﬁ/&h tH&lﬂrzﬁéinéh@élea split EGFP
erw se bring fragments of the markerprotein

(Fig.16) ing: 715 Sexefal 1oRtPES {ofthessguodifieation Tdist dhe prtein complex which
is asseml%?éalﬁﬂ{tﬁé‘ [Hii%e[t ‘T@T 3 gﬂ%@taht?ﬁﬁr[ Jﬁma‘fl er égqc%tn?peclpéd: WES tl?ala O#)Jri}gig*ng re-

conpar a to a asse
assembledh elFddnmbi geverdl,i thg smwﬁmltﬁdet&tm&ltbql, the IIIBNeﬂltHe: progasitityt dre

1nterfereé18% Watgfﬁlil%ﬁ] % (!l,?ql[@l% ger\eli, %gg de néeetlrg{]r}s %ﬁ%{}fsgd@;qﬁy in

karyoR€ caLGA c
N e o O

some prefabillity tl(aARﬁ/pV@free:ptehson g rintetfsretvidit n@taiaéceﬂ flmchangi‘ng At the

cificity of | t.era
same tmgq&h(gjt %%alllﬁ)gp pcre(s) i 8.“8@ R vetl}?n&oé%/g élglg capw& gﬁ)rgfg&glyyotlc
cells and ﬂlax)efor&'lﬁl&lmmﬁioﬁ eathecell &f mbRasRlPeMeikegall td tife cell
erance of arginines in the absence of other

d
functiong; Fypy Fe gfp PR § terP@B’@rﬂeS@ﬂ @étheRMA reepcaizingrompeasdiismpre he

flexibilit¥B6 M tion with the
o llt?ﬁrres,peg\ﬂgl ZQEM consd]] dde%&ﬁ specific pattern of
[002%k] gi rﬁwgnmfshet ¢ommplandntﬁ1hm¢dm$le;t for RN A detepitg indévo based on

binary 8 AL BRI RO RGSHOINESR L WPt dsptpe KUA i the Tve

cell, RNARJHb@l@We'sﬂ iediveiR R arft ﬂﬁ@@e&&@'ﬁc&é : Ealrlpgbﬁl\fér%t%mth the

bi nd NA targets, although w esser Init
two peptides) Eammpﬁldﬂgslmldsbq expressed, indles cliose fRNva mlﬂnchmg)f the two

B N (T T
e st v ol oo,
peptide/ %ﬁ@?@r pagéggateé shotj@ps highengd éverai vidh ermeasabln ety for both
pairs. Se@@r?f g%gé ?Bi ??&rl-?ff b s§r %étx% )%he 1% %{) %}%%:}e@epaghgg?s in

other wordsaipecificitydofepchirftenaction shouhl Hedgglaém)u@hr”flﬁﬁ:‘r tlegrel should be no
NA aptanmers in vitro.

0SS-reacti vi tht ther
ineractiq R TaT fioen it -oueh st ofiediior Phas Eagmeniaef the marker-
protein t6EMAEHr bh@ s Wiedhsé tﬁé%ncs%@&ﬁe bhdrARR, RExRHNR lgr%ttﬁ‘ BFthe

were allowed to form conpl exes W th incréasi
peptides Al bp of eranpacabdelengthtto aHew sywantptrieal afsembilyt dfghanount

complen@pip SoHRRE AU, BeAToe ALS L aGePE Soud o bRpacommten

interactidof each of them with the corresponding peptide. This can be accomplished using a

flexible linker placed between the aptamers.
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peptide and H V-1 Rex peptide displayed high

specificity and did not cross-react with the
woornrsoched RNA aptaners. At the sanme tinme, HICVUS20Re042210

pepti de did show sonme crossreactivity with the two

002l R P B TR o BN ISR e
high affinitsi anddugh epepifivily o irgraetier of maryVRNAcbibdiag pmtelﬁﬁlmth
i n conpl enent ati.on conpl ex

corresp lidélég %&r ‘glrgel)tsn &[2%81' 8 Ao Ot atgre rthess pepladss s/ pygponderance
of arginids it theldBE&GRe Bl’\l&hépilﬁﬁ‘lﬁﬁ{yp RREdrf @ﬁuﬁ@s Eﬁne[doeg %ﬁéﬁ%rstanﬁhpg the

Detection of RNA transcripts in live cteria
mechanusm AGABMrareytise pritrdeionpyisinthe donespoadingRNAs Bomuiwded that

o SR PR GBI LB B
for the s’b@%ﬁc”ﬂilﬁinfg b EorragordingHERR aﬁg '"@E)t HB%{I&Uﬁﬁn}lAm-)pes)tldes

fused to the NNtermnus o eRexpptlde(
display \ﬁhamélqonlé;lﬁebb@lawwﬁ Req bing marwtmg tegets calthovglawith désyeri afBinity

(24). Kée?ﬁigqﬂﬁsln (ﬂ% féﬂgga%@g?ﬁ%é)%ﬁ%ezsef? Iprp %hh tez%ﬁl@fwraq pelg?': s

(25-27) it eeshddrthisir ofossk -Napidyityi wigh {22 oa@3poaliig RINAs Before applying them
g’o‘%‘? tide.linker. The entire DNA insert coding for
in protefhg Fﬁ BEURHP™ usi ons and the T7 pronoter region in
002581 WeELreMiTenBY iRt GRS oA |
[ [ ﬁ]: 0 tﬁ% vect olr pACYCDg(e):&}/af%g1l1 érv%%h&é)ﬁggﬁ%%éq o %ﬁ le data
we chosgithres peidstaptaneer pairs D tHIYcRex tﬁh)eBacmeroph@emaad (1w)) HTLV 1

Q [ n The..vec TDuet -1 (Novagen
Rev (sog RN P st Sy Do irismgrier e e vptivio
with twe 6t ARNANghtANErs 3P VAFEW S RAEH BOEBRliddcRkE gelbs)ﬁlf@aéaay T
residues. This nmessage consisted of a leader sequence,
conditiopg, whéme%wwraa@p&ﬁﬁRNéem@n@re@ere alawedtouforr2 @0mptexes with

s S5 ARSSLESIAARY T LD BB RS o

aptamer@ﬁd’}ﬁh@tﬁﬁdﬁﬁrﬁbf e saifEh lcernpRRATAFIBT O Thé AdsBltESHdkWea tSat WY BN
own overnight at roomtenperature in the presence of

peptide @%Hl\ﬁd%féfrpepﬂé@ fispiyad high pacHficiiyand cibpytosgsogeate with the
f f
ronmtth Tk a5 4P Sl BLOLPRLP A Bl il o

reactivit)) v&th( tBOGOO nen-fhafiched Rﬁﬂa@l apwemersaBasedoadhéxy rédulioes eaiRtfled
gﬁ %ed cell sorting (FACS) (Fig. 17). Fluorescence
that the N apd Kexineptids oidH B Brlowsh thyitqeareapnnding aptmsire powideditem

optimal g&lm&ﬁsﬂgﬁl %%%ﬁ%oﬂp?é}nédté{%r Flﬁ)n&eﬁg{ TcIthTe ells

xpressing two protein-fusions on teln
i ons plagsan@s? | ncoryect comnbi nation of the tmo
Peptidpt amers—(t wo i denti cplprRexregRpd de ki fdi ngTARLA By S
linked with nuc eotldes) f)[00257%1)%|The resu
showed that TnductTonwth—ImvtPTGresut-ted—n ngh

ceHIVﬂIlelwddmce in the absence of- RNA expression

FHeg—3+A)—and—therealso—was—no-difference in

Hdcte@iopﬁgg%rpmpgbtﬁferl bution.of the cekls expressing

dincorrect! aptaner sequences (Fig. 17A). W

smqaﬁ%vtﬂgﬁﬁdew pronot egs induced with 1mV | PTG
expressed too high concentration of the protein

[00254)si Frable IunErohs-reactdtyewtthindhee BNA aptainer/pérsidapeirof { he
[002§}|A Detection of RNA transcripts in live bacterial cells using binary

peptide/aptamer interactions. Protein fusions and aptamer-containing RNA transcripts were

cloned and expressed in E.coli BL21 (DE)3 cells (Fig.17). The C-terminus of EGFP fragment
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target. If this suggestion was correct, reducing |IPTG
concentration would | ead to reduced background.

WO pabzesho7decr easi ng concentration of | PTG 10- f BETIUS2006/042210
resulted in separation of the fluorescence

(re51dué§' 1315 &) i 'f&’s%a 16 Be NAGfiflsl o tﬁél@é}?éesp\xi&? IQPCE e&t;e Vigg {Iﬂ tﬂ%rhnker

nly and those expressing proteln
cons1st1m\|Af mtna mpd glychimwesidues. Sinakilli thie NY-top@smstor ke R6EndEGhP

di sqrimnate correct .versus incorrect
ﬁagmefﬁ&@éﬁws &eg %@ﬁé‘é@é fuged {a theyC-teaminusofi |7\ﬁ1\bp@n§1|d© €22 axa@lsorvia a

t n or es
pomefic EE, Bl LA 0 S8 G
promotérmegion m:lbetwpebrawes sysiiguizad b mulliveep POReSR] AetddThiaHe vector

f rescence of the cells
PACYC@%&‘F&&@ shthe Vel f‘é) glgﬁlé?séﬁﬁrﬁam eISEBeHAbISIO SR EEBIETIEWO
fusion ﬂ@@t@iﬁg rmmcfdr Y ESERNRIoVAR VA GOIRBP Btk pkSs: &?of Ob?o nt-
and the cells with correct™ aptaner seq uencg d
long T74r@SQrmen1hing¢gefrWd aptonasecgureneest lirkad tbbxé ardloldy mlﬁhest m&ns

f fl
messagd AT aT6ER: pend) eVBETbE TP e s@ierecs and about 200
nt ofth@mrwa@emtsainlt o7 tG Rt sb{heﬁ&t i mzed conditions were
anal yzed using fluorescent m croscopy. Different types
[0026ﬂ f | fagolseBnewressingthe entire pomplemenistion venpleRiagd ap.lﬁ))prlate

controlslvﬂsrggar ) e%rﬁ]gfl rée{g%ﬁ ?e%?atﬁ‘% ahl?%b E%télcgéfb@? eqf&qFrSISOprop}’I-

B-D- thlomkantopymhemde ABTY) doresot éxiptedsiods piotdiBUS/TIERINAY When cultures
taner interactions. Sonme cells (about 10% had

reached fip e Bty 94 PPIGI B84515.0g) (OLoh T ) fBcy s b
| t
ﬂuoresc&%; acl?g%)ﬁécp%g%sr%% @)@S}?ﬁg A. ﬂgglfg%%ﬁ?ee 5% E, Colf e 'eﬁ9 )go gﬁsmg
the entirg n@lrnskmenmtlou hamgbs was Cbhlpatredménﬂmrmbﬁde M?Qh@célls%ﬁpressmg
t. t h el F4A- bas
two protglg::?ﬁflg%?@(yi g}’] r(g §§)§Eéﬁ,fu\,\sﬁﬁné Qf anfgcéﬁ'ﬁg\gor%b@%fébe Bro
aptamer$ (B9 edertidKIERevhdpfidSBindiry dp't’ﬂrﬁ‘é’ry hRed With 40 A9YRS1e bpdéé? e

representative experiment | fluorescence s
[0023d i | Thetreyults éh%‘ﬁ@(g@ahlﬁdu%@mwlﬂal v éP T\ﬁlr@ui‘lyd] ohhigh oels

Ruoresclfle ) FESHERSPRAR oSl 11 RD260 I RS 8300 B
in fluoreacet cedistribution Oﬁﬂie&:ﬁﬁaﬂé)@ﬁ'es@lﬁig Yst@na ﬁl&ol/ﬁéﬁlap‘ﬁdrﬁ@ﬂs@({uehﬂes
res to those obtained with the system

. ever al

(Fig. 175 % SUZBeRTe it 7 arorpion gedispd mth(lemkm)m perspssed foorhigh

concentr%&rhofttfi@ FF&&lﬁ?ﬁﬂ%d{NﬁgthQta@gﬁ%iedFév%ﬁ bn thte tagse ce of the RNA
| ocal i zation of fluorescent particles Zar’ ty

target. Ifghis shggesaon waacorreh:e rpdices IiPa“chmemtae:nn staubd reacﬂ t(bl@tliibed

econd, the d nam f, f nce changes
backeroffit 80 REERTSY adntn OB PR LG oo SRS pere ot the
fluorescdnOe eistribAvioas /5 tisy/&dlIe Bkpredsial ﬂthelI?ﬁﬁ{blﬂE BRlyZak 'tl?d%e 'e ressmg
fl uorescence changes between the cells i s visib

proteins ithfiwe perrestek N Atsplencre laveer, ﬁ}pﬂC}ﬁqﬂl’J’aI/aStShH nmahlgh_@nomgh to
dlscrlmlﬁa?%cde?lf\ér%f g%ﬁﬁp QOIP ??}%)tg%elgs%ﬁ%?eng a?c%%gﬂ%:qulceﬁlgfaagn of

IPTG to t)J@é mMsdllemeﬂeemaitklg&hd)r@bmlé dmlllbdtlom Bdreh® SelRMwiSE tcorrect
[ in sim/|ar applications. The

. tid b
and 1n00t8e @i}@%{é& g?cglg{j@eqsgﬁggpr&]gqs‘q ﬁp’qvggeé §amditions, average fluorescence of

the cells expressing the entire complementation complex exceeded background fluorescence

(no RNA component) 10-15 fold, and the cells with correct aptamer sequences displayed 4-5

times higher fluorescence than the cells with the incorrect ones.
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prot ei n-based system for RNA visualization in live
cells al so supports this conclusion (18, 20). [00261]
WO 2007®5G9mt er esting to note at the sane tinme, CPOPHS1I086042210
of two conpl enmentation designs revealed differences in
00258F S QbesS| i - -
O Py B eles bty or 2 Ao R kes” P cxpressipe s epie
complemgnigtioneataplsr enohtirhizetbeasliteme evend artabyered aking fRRLESES NG
. shoh5.fgpibpes sed to s ILL EGFP was nuch hi gher
microscpRY PG BOERACRIYPSCPRE UFPYIQReIE ObsoTyed (Eagnidinls nasist
cells fludtdsdéhct Wag Hightdtlt EHe 3 les\MimARSY TR Ijeﬁﬂfs.o%tb‘fné%wﬂ?eeg{p'eﬁﬁx%ms
due to their positive charges and their capacity to
when proffie eeraplemicntatioe was iriggksed dyallbdt-aptantee imeraetivchs Db @ cells
r-on o.assogci ation t.hrough the.thir arty
(about {195 bl 050 BRLHEs TdoBfocdiR s Biihc FechE ool oFfiscle tathe
results reportddy GaamgemnBlQoxane). hi gher background. In attenpt
to reduce the background we reduced concentration of
[0025%TG hiee-lppsrimagnedeysadasstempeliat anghipetial changes in fluorescence
: ' : cat | - fold,.which is.in
which vihE G RB L RS Wi R BSeet SoBh Raltio By e Figufe.13

shows aldbqenveof intigectaken Withi30nnmipghtenan fHhe heek i 6he RPELUAIING
guences was al so achi eved under these

. t !
experimg Gl {1gRs: cqngpstzyedvseiptoay shanges A dveistionouers synchronous

in differS@neils i,p;g;ig@nd Strains. [00264] pMB33 and pMB38 are
derivatives ‘of rACYCDuet-1 (Novagen) into which the
[00266}t erHestreswts pbttimsdnwvith thgrbimts aptadet-peptidRintefacisHsRndeE&ein
c ed, respectively. Coning of el F4A fragnents 1
complerfutEh sy GRS Vot Ry miset +peiisoipse Sfens pish he
system Wi pO6indt@tioh Th@o RIBLA in@é}@a{@%aflth(tﬁé\@m’siéoﬂ}ﬁlﬁ %ﬁ&h‘ﬁer.
PCR-anpl ification of the nouse el F4A protern ¢ om

- by PCR- f ) A
First, th?)%a@,liﬁaaorpeﬁﬂ@%mce{lwmlys idosttragjonly diithe Gisiag therpolag)is

: pha. (A 1-158 aa) an .
charactea fof B puciyd, SRS b RURArr B ARG pme and in
cellular {pakoiseliecihiland thdtan elF4iAnbaed S¥abDIahally, ¥V za%068 in

ETDkIJet -1 (pMBl % {espe_c_t ively. A chineric gene,
ﬂuoresc%t?ﬁ/s Fjee eibieen s cells Brviniblsin Bl sy$temerPhescaggvbia implyj that
the nat t ' I f yia a

TS R R S5 1 R GO vt
complenjagitaiogspmplex-ichyt-iBgortasdbr (e wySem 1GmprlSand otharssplit proteins or

t.ed di. t Q. vasl l.,.. 2004. (S i
short pefE b EBA 5P it R alliesonse Py PittisFod Gowla S osptise soa
protein-W8&d $igeeh fod RN A ais@alif8oh usliv ey o & %thii @%Q&]Nfé%% afs,
et - P )

B-F2 into pMB12, a derivative of pAC
20). was done as described previously (Geiser et al, 2001).

23, ' T7- | pt _cont ai ni t he .
002 RS SREBS R B ARG 5o B PR g e rlsgreniption
designs wecaladaditforenods ip BkDuehgth dfueegesn) sighMBhA sisl/Background ratio.
) that also expressed

For reasqte i onsigioe B Wleesdmal P eRFaeR shibe sollcmerestias short
peptides $RR kSEPHAEURP WaS AEShibREr TR Sud&lBhdeSdr thcel fUxbressing

strains
fragments of elF4A fused with EGFP. We assume that the ARM-peptides due to their

positive charges and their capacity to interact with negatively charged proteins and DNA are

more prone to association through the third party molecules than neutral eIF4A fragments.
This results in EGFP reassembly and higher background. In attempt to reduce the

background we reduced concentration of IPTG and found conditions under which the
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XLI O CGold (Tetr A(ncrA) 183 A(ncrCB-hsdSVR-nTr) 173

endAl supE44 thi-1 recAl gyrA96 relAl / cHte [F proAB
WO 207095 Tnl O (Tetr) Any Canr]) and XLI O GopdI/Ks2on6/042210

(Tetr D(nctrA) 183 D(m:rCB hsdSMR- mr)173 endAl supE44

I
mgnal/ﬂa@kgoéuﬂrcgl%tr‘\%) V\%X é@‘%& fﬁ% M@g trg{%lg sy It n éb\%lenrt‘glg g%sglv%feg 4A
system.dVlorgovey, giscrpoimeson Bit@aéDhE Sofréct and Ivuro@ aﬁ)taiﬁm sequences was

(DE3)) (Stratagene) was used

|
also ac}’f’%}%dé'%a?”é%ﬁe&ﬂn@? ‘?"%s?on proteins and the target RNA

[002[6Qp26§/]até?famaqtqétggdsof protein fusions containing
fragnents of EGFP and el F4A was according to the

[00263} ho@O@I%%?SlaﬁécStIBylSVay et al, (Vasi et al, 2004).

o040, B T BB AR B KA oty i

the intefaCdmgpriovsin frﬁgmérﬁé andlthe @mm&mspectwely Cloning
GICGCCCATGATATAG - (SEQ ID NO. 9) 2. 5"-
of eI %%%@#@éﬁéd A#@@&@@@@é@@@@m@@% am% BEEL:1 206006 aa)

into pE@%@&&%@Wﬁ%W%&“%ﬁf tllc? mouse elF4A

protein BomyGEMICHGERAGE] KidlEasiared bEDCAAGAIGA): SISRAY, BOYP.

ol L TS ) o et o
(Clonetéﬂ@) gﬂc} clbR&l 1ﬁf(ﬂ§AC?ﬁ]quﬁl EﬁME@@*ﬁf&%’[ﬁ 21 l@m Oﬂ ]rggpectlvely

end of fragnent

A Chlmqs@@enﬁ i(ni\éBéi) whage 1312 <E1’cfargnmi ten@ SERGFP ﬂ‘d@meﬂlﬂé\ is Tilsed toethe N-

d
im0 LHEANED T G BSUNGE SOH BRI LE iy er
Ser-Gly¥eb.G1$-Sar)dvak pen&rardd G&€ardin ?E@V‘aﬁ NGB 2008, @Q Sllgﬂ)lementa%
MBOB (carrying fragnent Aof E
method%’leéﬁ%ﬂ ngsméﬂwmwm 1 vests usedHoayealipthe fatiomB GIMBL 3ol

t t
Cloning ¥R 2> 1% pRAFIS! & Bbh R E B YRBHCIMET aEPol it s cee
described pnaaduesty ((RGRr wad., 460 1)0 r;ﬂcéBlZ%iﬂi\eismgﬁéf 1-irmesaril Z@ﬂltalmng the

elF4A- 1%8 o %%T?rg?rese@@%n@ 1321})% g%q,%a ?&@éﬁggﬁl R{jglijt-tlf{l\{z)H@gen)

4
pMB42 gg!ra h@g;%v@bpgkgor A i%) gfglcafo eéﬁ%s%y&{h%%eg&dan% 4%6r the

clF4A-infprapting dntamaer (See Rupplehorgatmahodstfepmate &24ls). THe cmarams

XL10- Gm%ﬂ?%[( 2&{35% g@% g’%ﬁ%m&%ﬁ%¢%§&¢p@{f thi- recf] gyrA96

reldl zaam@r[BmetBabyfqzwzbblmzm$e WEAMRUTdntr] eshaanch d-Gaat Kgnf (Tetr
I U of ase New Engl and Bi ol abs).

Amer )3 A G b e 13 Gt ot iy 1006 amigktIan it [F

proAB Z&?Ag@% %&gtg @1%?1?‘ g“)nIS §ﬂ?ﬂ¥l) %Eﬁ}ﬁﬁgir&tag%n%? mggeslg%g i clgrgng

purposess éi{uﬂélrﬁDEbig(E Aok Bl 1 dum @mpT heds(raU sizNgged RQI}EB’)}J (dtendded@swas

and #4 was followed to cre the chineric B-F2
used for G EuSor o (468 PSRLEL S ppRROTA
[00265] . Preparation of protein fusions contalnmg fragments of EGFP and eIF4A was

according to the method described by Vasi et al, (Vasi ef al, 2004). Two sets of 5°-
phosphorylated oligonucleotides were designed and purchased from Integrated DNA
Technology (Coraliville, IA): 1. 5°-pCGAAGA TCCAGAGGA
TCCCTGCTTGTCGGCCATGATATAG-3’ (SEQ ID NO.9) 2. 5°-
PGGTTCTGGTAGCATGGAGCCGGAAGGCGTCATCGA-3’ (SEQ ID NO. 10), 3.5-
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[00266] Cloning of two chinmeric proteins into two MOSs
of pACYCDuet-1 . In order to maintain simlar |evels
w@bBoormsnothi meri ¢ gene expression, the B-F2 fr apomens2006642210
next integrated into the second MCS of pMBl12 al ready
F ’
pCGAAE@AIIBSdedr‘&et (ﬁFA L) fé‘ T & %R?%}g%ﬁ’lﬁﬁ}l(gdll) 4.
5’-pGGfF it m&m&ewwmmei 3’ @md) B N‘OSDZ)OThe

e O  Eah hRRAA e o anC P B FHEFRBEQ
ID NO.9R it st of ths eu &éqﬁelder(swﬁb?mﬁ O?t i a@@f ?]ﬂpag\é@eéﬁB (SEQ ID

perforrre W t reci pi ent ve
NO.11)s anddhe heginhing nfmlmofra@ma(sm ID INO U2 The vest bDthevi a

oigons B8Rt B e SR RO SR S6 8 s
(SEQ IBNOS:9 13@5@(}:3@@@%@% ROSSPEagdih) 8P1]a9mmsgyM1§©8 e&RGing

Pfu tu ol ynerase. The anplifie roduct
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and ECONT F?s%ét%% s@f gﬁilchsﬁg tes vyﬁre (U: eélc')if It?O Hl%o Svth%]et t&e

S were ané or ne
ohgonugde@tcﬂes hnndalleals RCRswasgrerfpinhel Qﬂh the3€ tih&irixed pREMARIGSD
i sol ated and confirmed

b
Ohgon“‘g‘%f&flj;&ﬁé 6 2(‘%&?@3‘5? Expand Lowgdiemplate KOR systep é@cmyla@ngstics)

a t | b
i O s (VB LA D

72°C fon$0 mipesdingweticofinaldil -thiorel &gator xtpp @s%1°GN The PBRGhix was then
treated YRR Fheytud PP et e e e S OR dbe PR Bivdnding

approx1m%g:54@l<BMa§ $ll BEES&EMH liga%"(ﬁ%ﬁ{gslU beTIe Atig R e@nd

respectively. Rex pegm{tl de was %used
England Biglabs) dhedigetsd erodvﬁem trepeformed tnta X101 gompeteitoedls

(Stratag%%).i’/i’_@%@ ok %ger {cé%js_ﬁ{é%sr cagé/%ngdAyFl é%I\r/IBé%yvgreerlﬁelated and conﬁ;med by
sequenchgc Aesimiphagr coNishedligdeuclesides 88 dnd #4 Hae fdbof@d 1d Biéste the
q\é}{he b- EGFP ( Fi ure f(ﬁllz/w\éla the sane 10-aa |i nker.
chimeriq\1i2% gegp & vesees @-to create a DNA fragment
[00266] at @Bﬁ&%‘?ﬁ‘ t\k&’@hl‘iﬂéﬁb?ﬁ)t&ﬁ?hﬁb B0 RIS JFf AR??@Ph&r 1.'11 order

bet ween construct was inserte
to maintpinGaibudtvels ofimtoorhir¢iivgaype )k plostiow die BHR firgstant ok aext

e TSR Y LA T, RSl T8 i

protocolt(Gef¥eNetap 20089 By B 9V QaslFOR -afipligied L0k e %ia% MBI3
chi meras were expressed from one pACYCDuet - Fn

with ﬂaltl@lgefn spded’ é’)%?ipe&ﬁslilﬁgie% dierflsnking saauenees c@rremmded to 20 bp of

DNA 1mk%€%ﬁa?%§ ngre (%Rxﬁ%fé %ro% t)%? !Pglngﬁgﬂs&ﬁg%ﬂpWI 2. APCR

reaction mes /ﬁhrfgxyrmeg&ﬁi}‘zle thal rec}&@enﬂegtoﬁr Bhd fHedNB2 |fﬁ{éﬁ1%nﬂgﬁf§h Trdufd anneal
trat agene) was used for

to the UDSEPToYﬁché VI?ENhI(e 2@%@?’&%@ élgmé?r%y\/ 2hs P&B@rwa@wt}eﬁf_@d Aga

denaturahgﬁ) gt@é kit S9cone @O§fo‘PlB{>v@@ b QP@&@%% ,?r(])g Etlsﬁn%ge%g 8-10

encodes two one o
mins at 6&Q|Cpeptg RYe tenbd DN potyh@rasboTMaIMal[ﬁdaqorothpWad aeatddhevith the

enzyme Dpnl for 3 hours to remove the original methylated template DNA. XL-10

competent cells were transformed with an aliquot of the purified product. Plasmids carrying
both protein fragments (A-F1 + B-F2) were isolated and confirmed by sequencing (pMB33).
The construct A-F1 + B-F2 was also generated asa negative control (pMB54). Finally, full-
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aptanmers were separated by 10 thym nes and restriction
sites for Xbal and Avrll were added at the ends.
w@oorespendi ng DNA tenpl ate was cust om synt hesP@EUS2006/042210
PCR-anplified and inserted between thecal and Avrl
ct or
length 1S g oRE it P H P AC GRSy Ehs 4 gt Cor R TP
expressiphQViABA8).- 1 vectors are conpati bl e i N co-expression.
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vector (N dmn):bdtwa@t theeessrictid sieON s rand e Al | WEch ?I&Eé@{he AR after
wer e transforned with a pETDuet asm d

the ﬁfstgf?rnr%nlﬂ ChEPei st bedre thenketermingfos gegior algwy 13}). Thus, two
protein Gfﬁlﬁ@ﬁg Y éﬁ@sécﬁfr%rd%b %‘A@%lﬁ*létslt %lgéfnﬁizcg eh&ré%p{@s@ 2
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Amer RIS L ot SRR Rasd o A6 e (el trsoAB

laclqZABIIG ALY 0APERTELS ek Afy) (H‘u%’fa%@ﬁ Qﬂa%)use@ﬁg ¢ dl‘?l’éﬁ; All constructs

overni ght at room tenperature. he optica
Wereveql’%“@}meau@%ngwas between 0.4 and 0.6 (OD600 = O. 4 to

[0026}3)! @5 g@,@ﬁcl&ggg 1@@3@&%@%&%&%& g{‘ﬁ% i &%@' eheodes two RNA

aptamer:{ sne af ejizheéindsAd AN fegtidé i thedthetl @NETIMVE RO pdRid¥Mrhe
and cslls were, allowed to grow for 4 hrs at 370C.

aptamer IS CRRBR G ) dGTBiAeS NI CamRRe dRieFPdlind dini & axereordded
el SR i SER SR T ] CELRDDOR TRy
inserted betweeis ﬁmm and derll Fiveiction bitesiinrth pBTBaeME v ectovedloetgch)
wmer oo R SRR LR TS R e UL,
co-exprebdibi. QG %é@théH&ﬂt@WA%@?ﬂe@IJ en&d&é’t%q%éﬁfﬁgéﬁléﬁéﬁﬁ @%

then di ssol ved in the buffer cont al ni ng
sequenceypRsspnidesized Hml E T Aob aiteio XL M3 ot Twasiised Eirribis wloning. All

dilution into the sane buffer
construc{s%e% g@lﬁjﬁgyb §e§8£1§:t16%ﬁd applied to a chitin affinity

[002&9n1 r O:@BWQ{ cmghwinﬁ S?ﬂ 1ddeEB@Q N?Em)% ot@llﬁ%reHék@t}ansformed with
UI I, Dr ea w e u er r's
PMB33 (garsssipanherprotgimabizmsra) a0d 4 SV 3R (exDRS90a B9 targﬁq\ﬁ)mmﬂjwo
plasmlds-lgﬂgocﬁﬁé Pitei@ad Wﬁﬁnnﬁ&feﬁﬁ%'f‘ﬁﬁfw %drntgg %Qﬁa&(ﬁ{% omplexes were

Then the co was equili In"a
co- eXpremdumEnqraigBE@l (NEY 3 (B FHGm pipT. K3dS 150 myV) gal A (DE3))

(Stratagene). As a negative control, the cells were transformed with a plasmid containing two

identical aptamers. As another negative control, the cells were transformed with a pETDuet-1
plasmid containing no aptamer insert. Single colony of transformed cells were grown first at

37°C in LB media supplemented with antibiotics for 3-4 hours. Following incubation at
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NaCl, 1mM EDTA , 1 nM DTT, Triton X-100 0.1 % 1nmM

PVMBF) and left at 400C for 24- 48 hrs for the intein
web@awsye t o t ake place. Eluates were col | ect ePCEHOB2006/042210

protein concentration and purity vvere anal yzed by
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HCI pHI 84,1108 tmMAQLIf @502t ABX 06 lerM EheAl !Phﬁwbﬁ Q?Y%%dh& azide
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and thelh@lﬁ%%YﬂdrlaﬁhQﬁuf&m doplaining 8 Wewrea eﬂﬁathbﬁESmH 8['58—1 CAGHE BDTA

and 0.1 %\QW 1%\P eli% \feerrg:r%tlpgq aiyelﬂgépgaé&u 6 F@L%n&%ﬁl‘fﬁeléyontammg

no urea md/a@hee bd a tlgitin @ﬂﬂnﬁjﬁd}@@hﬁﬁgraﬁ@f re'sﬁlc(ﬁ\ﬁw ep1d Blolabs MA)
ep

a-subunit of EGFP in chitin chromatography s

equlhbrq’ffs‘i? yithdhe Biffer 450 mhd muBELIRHIS 80y \PBSChUNbE EDITA, 0.1 %

t
R T T e e——
Then theveolemp wyas hqmdabraftafdmm a HhTfeDwntaiﬁhigrﬁO)I 1o @STH(TFW 7\/@9 ll 30 mM

N N PSR

48 hrs farh@indin tREvAsE 30 FRE ;Mﬁée AN OWRILB LD aﬁcﬂfg’ﬂe Y@?xlfl @5ncentrat10n

amounts of protein fragnents in the presen
and purigiayerepsalyzedb PSP AGE fad €oamdsi® PhivIPotein staining (Pierce, IL)
s it O3ROBBLAY Sl (20 P B’ SRSl R e Sasions o
isolatiorcd fasyshatsubdilO86 KGEP id-tigitin 2Bomaldpea Aﬁ?%i@peﬁlscﬁdrﬁﬁﬁér was
ing two halves of EG-P and conpl enentary
Subsmutﬁ?%&%k@@“%@h des were mixed in equinolar anounts in a
al ' [ . ffen .containing

o 45k 4 S LRk AL 2

dilution irm F?ﬁ@a@ﬁﬂ)ﬁﬁfeﬂvwﬁalﬁhg 0o exsecand epSIxRICH A hivad ﬁftnayen in 4
hour,s usi | ent spectro hot onet e

chromatEHBIS 4R et o iolh, NEF Fafipied balye M S0@M tris-
HCI, pHrgesliours IWNJCIaP BINIEDY A © 08 Thit6H %C1 oloC PW%%@Q column

and/ or strept onycin) and induced with
was WaShwwréyeWc\éltbfhe(ﬂamrhuﬁfen iThes tHesohate was tquitibhaied. in maffer

s AT e

0.1 %, 1 o RMsmmdnaa: @SARCYTof 24928 e o tHeQhtehi Jlgdvﬁge {Ptakd Blace.

. The absorbance at 490 nmof the cell-free
Eluates Vg%ﬁ égﬁeé‘fe&lrﬂnd\mq)tpmﬁ'@ncentratmn and purity were analyzed by SDS-PAGE
and Coomasie Plus Protein staining (Pierce, IL) (see Figs. 15 and 16). All proteins were
purified in a similar way except for one occasion: for isolation of alpha-subunit of EGFP in

chitin chromatography step Tris-HCI buffer was substituted by PBS buffer. In these
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measur ed usi ng NanoDrop ND- 1000 spectrophot oneter
[00272] Flow cytonetry. Fluorescence neasurenents were
wo@bdoaiosied wi t h a Becton- Di cki nson FACSCal i burP¢1/082006/042210
cytometer with a 488-nm argon excitation |laser and a
15. o9 . h ,
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automatically 'set "t o" the maxi mum observed val ue
chromogenic subsieate nittoeefio [The bogativacynings welipikpressalol aptmmér ssquence,

there were.no pixel.s in.1the background identified
corruptel] dBaplel Sdciie S hPorPle B Wikl opg e Sbenesy Epgponers for
binding pthe @ptamen athy 2Bsdrbdrick &l £3) nWR$ 1R TtR SupdiSta Rk Iie
cont alL ned_Ar ea_of BI xels, Mean, M ni mum and Maxi mum

measuregiugipg NaneDetp NBelWOP speciropbptesrcter The total .
[002 '{ ﬂ UOTER& %gtg)ﬁqgﬁ‘gr.t ]%"}281@%&'&5‘ m%%%nﬁ%f%% okf){aiﬁencf with %té er({g)n-

o e produ an mnus
Dickinsqngf ¢S Calliter flowedytorhsterAwith a @68-npi %gbs pxcithtibs laser and a 515-545

. cal eyl af.i hod subtracted background. Kinetjics of
nm emisigp g"’llfte’F {lﬁii?-e Eﬁm’%feé’ﬁaéh@fg%nqeﬁvl&l &X%&S@r&slw agfa¥ing.

MeasureGRh&Ult efteh Bn@ 900D REI1VEW beteﬁic§ll§cit&? by applying a
rectangul ar segnent tool to the cell of interest. For

[0027} an thilddressenasnniofostdpye neagiem el dhts bralysit | Ravtalaboglstihe
fl.uor ence profiles along.the axis.o
culture i bnyp P4 ERT TR L R et & el ar b o5

Microsc&pl wad g Remedatiyb6thas@pératores Kith a NGREMEEIHsE S0RTvERASUr ed
3tod4tinmes, and the results were averaged.

microscopg CRWPBEYILh pn spilaereAesace pYRAT XeGtin 1 2G| Imagss were taken with

oYL ] VTR SN BT TR
magnificatieh clgbdtiviermagireltpd bydPakb eS8l7 sdftwine (Sasdggesdc). B4 filter was

J asurtgd Wi (tlh Bect on- Di cki nson fl uqrescence activated
used to reqhice celbpheip ISP HERCeSYIRG Wat Reriorped nesterest I-3mB
software WE9He RAKRNY, NITH. WublesBSit ﬁﬂ?ébe)f 0608 AGu B fflroscopy were

. software. Cell i'maging wll e per or med- us ng a
read intod myageldial/PEGdonss apé ceyertedin Brbiatypefiteahresinld tdviehgas

- nefluorescence and differential interference
adjusted %%%ﬁ@grsﬁor ?%*?1 ager erllgggﬁri tﬁ{eé%oelg Egl&qcﬁgﬁs qm@tlca y set to the
maximum observed value and the lower threshold boundary was empirically set so that there

were no pixels in the background identified as objects. To obtain total cell fluorescence the

option ‘Analyze Particles’ was selected. The output contained Area of pixels, Mean,
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x50 will be directly transmtted onto the cool ed,

sl ow-scan CCD i magi ng devi ce (C4880; Hamanat su
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x150 willrbefditeetlyrtrandintified bto t1R) dRWANH Rk 0TI im%de%@ (mkso
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acti yvates unusag dNTPs fromthe anplification
image C%WPB’% iR 5 ths Gentral dRisscenos eageot oG BiPnHerpg, an Argon

laser withBE 48y Al e‘%@ltéﬁonaﬁlg ﬁlﬁrbe u%é’c?aﬂ@ ¢ Eﬁ?ssmﬁ%n&&? w1ll be set

ext ensi on CyCl e, . final concentration
betweengy e ¥ nom. T gemsratem @bl@p@ltEJlmagerffeﬁwaetqne pam we will use 3D

o SERIERS 5t St i e 755 e Errion)

RNA velticit v}l d heaolied 8 taki i ﬂ@gww‘} SOt hAEeSr e if 88¢hsary, and
reaction at 50 mM for each base. The extension

following {Rgresrai KN ePeideinkbyARIMol d for two ninutes with 75

I
[002’?5'13 o qgeéag gorgéﬁltfvg g%%ggrnb Ehf:'}gartlgé é%ﬁ% 8}?‘(%811%8;[‘?&? %&A or
samples [ﬂl@hrDbelIRﬁ]’Etuhﬁdee@ﬁmtan&&ﬁbe‘d&b% B 8t 42°0 With 08 |

MALDI - TOF MS anaéﬁl s, salts fromthe reactions vvere
random hexepydertisies apd SpAMY sTeBaNranssintsa (Brong:eal ing0 patogal volume.

pimers 00 OSSR L R BB S g
obtainedd@n liatk grarid DNA3@hi | edye( Govslile, MY DlmpidfcalBn of cDNA was
performed using PCR primers at 100 nM, competitors at varying concentrations, MgCl, at
2.75 mM, and 200 uM dNTP using 0.1 U HotStar Taq DNA polymerase (Qiagen) in five pL.
with the following PCR conditions: 95°C hot start for 15 min, followed by 45 cycles of 95°C
for 30 seconds, 56°C for one minute, then 72°C for 1 minute, with a final hold of 72°C of
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SpectroCHI P usi ng a SpectroPO NT nanodi spenser
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will follow localization of the entire ASH1 message as opposed to a reporter transcript with

ASHI 3’-localization sequences (Bertrand et al., 1998; and Breach and Bloom, 2001). This

might give us new insights into the mechanisms of RNA localization.

72



el ectrophoresis with 15% TBE gel. RNA aptaners and
pepti de- RNA apt aner conpl exes were stained with
we@edrgsoem br om de. [00281] The exanpl es are pukCT/U81006/042210
so as to provide those of ordinary skill in the art
i h j esari ptd f.haw to
O e e R SR AR £ O ER T LR AU bRience
of 2 uM GCERLNE in DMEM for e asthe pendehtraivat 3 x 16° ¢alldahl ThS cells will be

re Setheir .invention, nor are they intended to
washed s Bz i Bl e o dnigsbateay ko Zclipser0i with

filter REIRCKEIRHIORE Carl WA sl | af
: 1ter(§€/ thosle 1ski ‘I[f%sdﬁlih’nar{d;}né arjt t S??SS?MH' Ff‘lgﬁt“ gli)ég&t%fciée%ﬁge also
measurgsy s

Ble fluorgsesaeoantiveted walrsortar{F AOSarid, odthi tha $asandith bacigesn at

C e I the particul ar enbodi nents and exanpl es
407 nm’eggcrtr%} P?&gngowvt hout departing fromthe intended scope

[00280] t hen VinveCti-Shift Ashy StucherfoRdithd §a%Li4-6Bsl- Mg é%&,%@'ed
t%ff be included within the scope of the appenge
purchasgq ghepustogingynihesized pentisles ansbiNAraptanadre listed fro@sble AnRNAs were

firs derfied bR RN TR ETR: (Rl b PR AL R o
minutesand thenrstavgl eubled ercappleip@iit@s t@fepafuRCOE BNV AS, FEnh@FRi INAs
andpep{_i@qthel r.entirety by reference. [00283] 1. Conmolli LR

stv&c?{e e pﬁ(femmy gffe(r.(i(@.g@«j[ Kjﬁﬁﬁl@H&O,éO mM KCl) at
S e e S R e K T

electrophoresie avithd5%-TBERet. ROWA afantGrs arldgdeptidle-RIN ARaptaiet ¢cdfplExes
P, &. | bauer G, L. (1994) J. Biol Chem 269,
were St%&%h%@é‘}“‘rg’t?%%s Oguro A, Chtsu T, Svitkin YV,
[Oozﬁqnemfﬁaﬁgle%@ﬁﬂ @t so észtg%ayi@%o%fadﬁfnﬁgﬁ ill in the art
. initiation factor 4A helicase hinder cap-dependent
with a complete disqlesyrapndisieserkatiog ofhipwig anab yad sse tRdpresent invention, and

. X - R Del | jng, U .Chen CHS
arenot gl ettt sty ket G @ e e apes e ar
they inted to répRsdriNtel cnly experifeitsfand eXahples it 8h BNsbrformed by the
. . Tat-n gi ated tr Bs-act ivation. Genes Dev. 4](‘(91}%):
mVentm&%‘%BVE ?alinﬁ?ﬁz%“?‘]? b thosg skillegd ke axtithanzin light plethp present
disclosult RIth &0 FoMificdBER a{ndléﬁaﬂ{eg Q3 vd %éﬁqﬂﬁggr%%ultap %Inbééﬁ)urnlénts

as transcriptional activating regions. cl'erc Acras
and exarmeles exgnmified W8@OuTdpaftdRABBY tle. inGatat @ofYof haiifdnkon. All

03). Modi fi ed tide.selection in vitro by )
such moﬁf{{%%%ﬁm %ﬁeng?d &e%r {pelaS YUamithe ssome OF B¢, appRwgledichpims, and
it is unddrBgod 4B the Pethodslan 38 aphIRA28 Hany- ; 2Y;

JB, St oneﬁouese I\L]5vana%15en Wor r%n gys}é’té\tlggﬁégv{éad\{%i_{aﬁ?%gon of
RNA. || (1997) The three-di mensional structures of two

conpl exes between reconbi nant M52 capsids and RNA

operator fragments reveal sequence-specific protein. J

Mol Biol . REFERENCES

[00282]  The references cited herein and throughout the application are incorporated

herein in their entirety by reference.

[00283] 1. Comolli LR, Pelton JG, Tinoco I Jr. (1998) Mapping of a protein-RNA
kissing hairpin interface: Rom and Tar-Tar*. Nucleic Acids Res. 26(20):4688-95.

[00284] 2. Lee, G. F., Burrows G. G., Lebert M. R., Dutton D. P. & Hazelbauer G. L.
(1994) J. Biol. Chem. 269, 29920-29927.

73



270(5):724-38. [00290] 8. Yamanoto R5 Katahira

MbN shi kawa S5 Baba T, Taira K, Kumar PK (2000) A
waoenels®@MA notif that binds efficiently and  PCT/US2006/042210

specifically to the Ttat protein of HV and inhibits

00 S ORS5 U T, Shodp SIS

‘ aptamer's T mltlmonafhctoﬂ%i heli¢asehimér apeadepbndegt arshition dy bloudting ATP

Nat| Acad Sci USA. 102, 9160- 9164
hydmlyf]ﬁ éj@)@%&% 10. Demidov, V. V. et al. Fast
[00289]Tp| @r@@y S‘tDéII"n%JU SRéA EHf RBQJn%AeS‘(gleﬁlécf}E 3@\19%%9@&1@9

bridization. Pro¢ Natl Aca )
structurg ggﬁl‘éds%A]({ 2@@)&5)3 refaio2bfd} Tatlbindingiadd) & at-Gediated Prans-agtivation.

S ., Ragoussis, J. Devel opnent and
GeneSJev 4@&%§$9%f real conpetitive PCR for high-throughput

[oozam]ant 5 tsaﬂla BeAagpi AZalanell KA MadhnBN.GRRIM Kﬁg 033 3{1;\1,@41
2005). [00294].12. Vasl, J.5 Pant er, enci na,

Sequenq(?ﬁ thet ‘é{P%k aspranpsrinhigRalAcH HAtHRE resiont Nt@legceﬁ@éf m ﬁé(,ﬁt) 1365.70.
|
002 e B OF G5 GO R o e 0 AP

introducSioh mif ap;rotéin -RINAegreection RbreRCR:4.Nagimnt $5-a4. any
ng vectors wthout the use

002887 oL Giar i Mgt Sadiuse Rigrmedon s o srioghles PG
Liljas L3(]19§$)‘ﬂ% tﬂl?e(e%ﬁgéﬂsmr{a@ 2Blred 8f i3 e&%&ﬁ%}g bdtwedh ?eCO{nbﬂﬁJAlt

nol ecul ar cytol ogy of gene expressi | uorescen
MS2 capgidsandRISA opaiator dragmentsaeveal sequence-spEeific pratbiat Hidod Brol.
7-64 (2004) [00297] 15. Singer RH. RNA
27005): Iﬁg'éa ization: visualization in real-tinme. Curr Biol.

[0022&]03 8. ﬂ%ﬂa?ﬂottR@JKaﬁtﬁﬁa M,00i2R®hwd §, Basaar uran@ 1€ KurfdtepK

ramner

Vhl . s
(2000) f\/ﬂ%‘é an%f H@t binéﬁ it @mrnﬂmnéﬁmeonﬁcaﬁs pothe Tost nrRiixsof IV

o R L I BN . g e
5(5):3718%al i zat| on of ASH nRNA parti cl 83 |12 I |6\(;: gg yeast .
99 0
o2, Ele Prige af et B SBR0hi S2 ii e
Natl Acd¥ 96 ol 1(1&09@6659164%%05)101 11310- 11315 (2004).

00301] 19. ding, I, 'Paul sson, J., Zawilski, S M &
[002 ;2 Demﬂzbm Vt Vet 4!(! Fast p@mpl@meg’enen atspliv fluyreseent protein

triggereci %Pg\%j H%ICP ai bﬁl:fﬁ]\?ﬁ) zac )],&g%l%S%%ﬁgg 2080)-

[002933006)1. Etvadies Gilnt Privealr, SOUd}Ehﬁbg I10f R odeyelr opERM Bhent and

gene. Curr Biol. 16, 1018-1025.
evaluation of real competitive PCR for high-throughput quantitative applications. Anal
Biochem. 339, 231-241, (2005).

[00294]  12. Vasl, ], Panter, G., Bencina, M. & Jerala, R. Preparation of chimeric
genes without subcloning. Biotechniques. 37, 726, 728, 730 (2004).

[00295]  13. Geiser, M., Cebe, R., Dreweiio, D. & Schmitz, R. Integration of PCR
fragments at any specific site within cloning vectors without the use of restriction enzymes
and DNA ligase. Biotechniques. 31,88-90,92(2001).

[00296]  14. Pederson, T. The molecular cytology of gene expression: fluorescent RNA

as both a stain and tracer in vivo. Eur J Histochem. 48, 57-64 (2004).

74



[00303] 2 1. Shav-Tal Y, Darzacqg X, Singer RH Gene

expression within a dynam c nucl ear | andscape. EMBQJ.
WQBB/HsS@3 15) : 3469-3479. [00304] 22. Smith CA PCIES2006/042210

Frankel AD. Using peptides as nodels of RNAprotein

o0 e kOB P A R o,
13(17):ReY3-A7 i ni ne rich notifs pr esent m?flotogpl e interfaces
W&ﬂ 125366 Pg%%gf%t %tgdﬁl a542, Ny Kraper, BR. ol rea) S.

Vo T 3 0l S

4. 100, éM3E133llﬁd2Qﬂ$,) A D. 1999 Anti-Rex aptaners as mimcs

100299, 07, BogD ! % T G tiondr Mg mRlp biricles in igioe yeast,

Mol CelP&t, ¢B7-409 191;@96 Deep penet rati on of an al pha-helix
intoavméened RNA naj o oovelnthe H V-1 rev
[003B@pt i K- Ealdingpt. aS’ﬁpr,ClJ@, dyemiss indive Bclpdrichia coli cells.

0 3 - Benh uJ, CGehring
poe Y SRR | R enrars . e
[00301 t et &ol¢ingtIlePmdsson, Rolﬂwvﬂgk@t'\s/lhﬂﬂ& (B%d @%Regl tutne kinetics
chni c rot ei n
of gene ?ﬁgg’g‘[ﬂéﬁzndiﬂaﬁliﬁgﬁél (?%{ 2319224 02& (3085)- bi ocheni cal
[0030'§t WogK omaepmgrrcéﬁlﬂsﬁbﬂs%i f%‘éﬁ;g%?ﬁ?i o c?o%g T%chgénonal

W claim 1. A met tion
pulsing ‘hﬁﬁbﬂ@éﬁeb)pmﬂnwégenﬁ Cordl Bipl. 116, tl8pl(2$i ng: a. expressing a

cl ence odi det ect or, construct,
1003GH, PR T At e b e Lipprenareesian pibaya Gymamic
nuclear lapdsepep EMBOT 2008 DS (16pMa9gd7ed to a nucl eic acid
binding nmotif, and at 1east one other pol ypeptide

[003Q4] 5 o Pn Bmith f; Arfeliead. Fernkeh& B Bisingaeptiddsian diadglsro RINA-
protein ﬁ’l‘!%ff{cﬁbﬁ]s Wﬁhéd@%}%ﬁr 1%85%18‘@2% 4%2{?(@)55 conmbine to form

tector prot s’ac state, wherein the
[003@5j0 f23aBapatES, Boethi INddmaled SBI, BightanADY mgmﬁleqidhxnoufs

e 5 S Sl v
[00309] C OBUNYmMBK (L 4180 Q/o 'T@&t?léé lgﬁlﬁ%g cﬁﬁgélggn Mol.
Aucl eoti dé o

construct conprises ere
Cell, 2000, 61 HI&T- 15(5’”|6d bi ndi ng sequence wher e| n the nucleic

10035 9 22 BRI RINCE N o SERRNS AR 140 a0 s as
mimics ofoiRSRExSIndirnddebiar e Vﬁ‘olt. hs(cpuneh-ag7pf two or :

[00308] 26. Ye, X., Gorin, A., Ellington, A.D., and Patel, D.J. 1996, Deep penetration
of an alpha-helix into a widened RNA major groove in the HIV-1 rev peptide-RNA aptamer
complex. Nat Struct Biol. 3(12):1026-1033.

[00309]  27. Baron-Benhamou J, Gehring NH, Kulozik AE, Hentze MW. Using the
lambda N peptide to tether proteins to RNAs. Methods Mol Biol. 2004:257:135-154.

[00310]  28. Michnick, S.W. Protein fragment complementation strategies for
biochemical network mapping. Curr Opin Biotechnol. 14, 610-617, (2003).

75



nore nucleic acid binding notifs of the pol ypeptide
fragnents to the nucleic acid binding sequence

WO e@onstore ut es the active detector protein in PEHDUS2006/042210
time; and c. neans for detecting the reconstituted
detector protein. 2. The nethod of claim1, wherein
detection is in vitro or in vivo. 3. The nethod of
cl gy wherein the detection is in vivo. 4. The
met od'é?'clain11, wherein the nucleic acid is RNA. 5.

Th th laim 1, erei.n t.he,nucleic acid.is

ok "R o PieieRistion PRRiFTa addS i el e ammiving

nucl ei ¢ _aci d bindin tif associated with the first

pol ypepfi oeé‘pf‘?sélﬁﬁﬁﬁg‘c ¢ qopbseguense easodingk detactprcqrgiruct,

of a full ' WalP i ol
associ at ed\lvlé‘mé}% %ﬁg?@%tgéatgrt Mgﬁté&% ?ﬁﬁe} P h%%la%rgﬁ.bﬁ%é%{ldé fra§1 ment
fragment ofonjugsteddo e atideicpeivlttending hotiThandmeldasicbnefother
claim1l1, 3,.4 or.,6. wherein the.nucleic acid, bjndin
notif ass gcqlg%egﬁdg\fr?gm:q{éowpggﬁd B)o‘I1 Yidge iaﬁ‘é_bFIPdA%@ﬁgﬂ

of the detwidréih the Sfchdlypeptide frtibhbaeebAviRYS fqrmetéc?or

i ndependent from the nucleic acrd binding noti
associ at edProicihingts aciwaied gafe, whdrein thotwpipgietds are in an

f t af.: - tein. 8. T t hod .of .
ot Skt BRI i By e n v

conpr i ses wibdrgipapra¢inpandul ti - domai n nucleic acid

bi ndi ng nol ecule. 9. The nethod of claim1, 3 or 4,

wher ei nbt hﬁpﬂa@iiﬁ‘% hdleipaBld@tduehSe éhdolithR L8686 BRAREE N-

10. The nmethod of claim9, wherein the fluorescent

prot ei n i vhestia theagperias ponsiaiceanuprises apréleotids; ofgnterst and a
fl uoresce of e R) ed green, fl uoresgent
ocer - BBl B SR RTIER, BRSRA 438 6651
prot ei ns (s&ffenbe sapcogynikd dyvtid bomesCeithe RidEiRiaBid(bikThg

enhanced ﬁel | ow fl ﬁor escent .protejn (EYFP); blue
f I uor escemots Bt BF delepiepyonsantaprdbwherehe bindingsafawe or

protei n (ERFPhucieitaRid it EROER o %%tcﬁgg?pépgﬁg )é‘rggments to the

enhanced cyan fluorescent proteln

f | uor escemvclgicocs bindidg REDEncearconstitlités thahétorsletntbr protein
fragnents.the[teof_. 1dl. The nmethod of claim 10, wherein
the fluor E8CENT™ 5 %in is EGFP. 12. The nethod of

claim1l, further,conprising a. cleayage product
| ocat ed™ bePFEACY ‘if’éecﬁgg G r&?ﬂilsg@&ﬁ%t@@immt@@g nent s.

13 e nethod, of claim1l, wherein the first fragnent
of 2t ﬁge greed; of Cj?r’ﬁ“rﬂo wiieredn detection is in vitro or in vivo. )

3. The method of claim 1, wherein the detection is in vivo.

4. The method of claim 1, wherein the nucleic acid is RNA.
5. The method of claim 1, wherein the nucleic acid is DNA.

6. The method of claim 1, 3 or 4, wherein the nucleic acid binding motif
associated with the first polypeptide fragment of the detector protein is part of
a full length motif, the remaining of the motif is associated with at least one

other polypeptide fragment of the detector protein.

7. The method of claim 1, 3, 4 or 6, wherein the nucleic acid binding motif

associated with the first polypeptide fragment of the detector protein is a full
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1 to approximately amno acid 158 and wherein the

second fragnent of the EGFP is approximtely am no
wW@eid/oid®» t o ami no acid 239. 14. The net hod ofPct/abro0d/042210

wherein the detector protein is an enzyne. 15. The

met ho h ' 3 [ h I.5.5€el.ecte

fr om {1 R Bt ind BB ST ERAITE sliR BRI Ste

bet a- hesotiated seith dtdeaat ghaisthed phdgeptidefraghers Of 6 @k eor protein.

chl oranpheni col acetyl transferase, dihydrofol ate

r ed§ic Tas ee(todrRkclaih6r, wHeinmie hodlelefack] Binding tnotW8hliBes
t he \?\szma IS beta-lactamase. 17. The nethod of claim

15, wHeHans of pavti-demamyngleihacidbinding meleeulp.act amase
IS ap;%roxi mately am no acid 24 to amno acid 197 and
whet-eil ke aetwd oiglaimdg fentt, whereinghd detectbaprptaim e flworescent
approg}or@ﬁely amno acid 198 to am no acid 240.18. The
nmet hot of claim| 5 wherein the nucleic acid binding

tif root.ejn. 19. The thod of claiml1, 3 or 4,
el ThE PRUBHE Rt 92 heref WA THG-HRsF PIoshb riclecid rom the
f r agneiug Comptising Ve ﬂﬁ@éﬁeﬁﬁﬁaﬁmp)%k?%gééa S18%n

fragnent is conjugated to the first detec
pol ypéperestent pratpineiGTER giske flapresaecheprotrimiike pteins (GFP-like);

f ' t .

conpl St AresfONLATEah SRRk -urY Serer rrtein

f r agn@vER); ale flwrescBntta6teROBFPH atlaked bAfeMidreRent(Rdtein
are n@}tﬁfﬁﬁt ive by thensel ves; éc) conpl ement to

recon t @rapdliogseen; profeindctBY:  sphancsdieynm flnengbcent puotein
by bi ndidg, t . . cndi th
repor Lor donatr LRy Gl kAU R P RIARE g dgifons

wher efharepfie nucleic acid binding notif is a M52 coat
protein and the nucleic acid binding sequence is a RNA
st dir Tieopethod of tlaind 10 wheteiachelfiiiradcMdproRid s BGFPAR
and the nucleic acid binding - sequence is a Tat BI V-1

st am TigoRethed of Hleind U ¢] fRitherdGhipriing & MAvARE blodiis lg’cateéi
repeats of the G3/C3 stem -1o00p and the nuclelc aci

bi ndi Pr§Wesadhe st and second R P fragmentsal acti vator, or

the nucleic acid binding notif is an aptaner specific

" od 3 eTlranethod of ¢leinm Uit wharein thafitsi fiaiment o6 theeR@EP issanaino acid
el F4a, . or 1 he nuclei.c aci inding motif is apt angr
that 19 a&B}e"é‘i??l'f‘tSnyaé‘P‘ngla H‘}gﬁgiaBg &@gﬁl%ﬁ?ﬁ&lﬂ?@dgﬁ?&e}%%g the

pr eseGFP i dpproxipelt £hin6 ABIENI5YEE amfo dcie21yic! ei ¢ aci d

bi ndi ng sequence present in the reporter construct is

an 1 2pTRREthb @6 cldiln 1,T\b§er@iﬁttﬁ@&’eté&oh@réﬂem il anenBfmé

wherein the neans for detecting t reporter
15. The method of claim 13, wherein the enzyme is selected from the group

comprising; beta-galactosidase, beta-lactamase, beta-glucosidase, beta-

glucuronidase, chloramphenicol acety! transferase, dihydrofolate reductase
(DHFR).

16. The method of claim 14, wherein the enzyme is beta-lactamase.

17. The method of claim 15, wherein the first fragment of the beta-lactamase is
approximately amino acid 24 to amino acid 197 and wherein a second

fragment of the beta-lactamase is approximately amino acid 198 to amino acid
240.
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protein conprise quantitative or qualitative neans.

22. The nethod in claim1l, wherein the nmethod further
w@eowpios®es; (a) detecting a baseline signal ofP€TES2006/042210

detector protein in a biological sample; (b) altering

th it . t . . ti .
L
th pth th | ei, iLd bi ndin .
ot SREERAISPORNE £ ol hhE o st adf bireBiegofarorein
det ecisdragpientegiifto t¥6 br mvpegh@halty, iRt bh@ﬂa@n@rﬁ@@&lﬁajuga‘ced

in the activity detector protein fromthe biologica
sanpl f@,tﬁ%ﬁ@‘f getreter Rluprptide fragmghtaand wherig thegememing  a
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et hQdbtaRei Préteidn kéhl GhRiYY bindi‘ﬁ% {Fthi nhﬂ@icda%fcle&g&’i?lﬁ sequence in

construct and reporter construct are expresse

cel | tByreperpsdonstmeti on or transfection of the cell

with the constructs. 25. The nethod according to claim
1, 20iBreanethodhef datrett3oor 4 vdtesdim thesuckeiy aciribiadinandtifds a
nucl gi,c~aci.d bi.ndi motif, by . an in frane fusjion of

tvo nde? & Pé%tflasan_gﬂf&egwflﬁgc ﬁ%@ Bigingcieateng? Bt&RN asigm-loop,
the nyeheinklahdd BindtHaeomDik TATE edkht RatleR JLiSkifMin

1
product is produced. Z6. The nethod according to cPai m
25, WRdearaisiahkat BiYbsteprloo or thenuiclettewidibipdnigenstif is 3

it [ ifi ion., 27. . The .net hod .
S ccorthoal i3k GBI SeuR bRk B trediieft i URGTE SpREenea s o
or a tgisdriptibhalmetiGidy, angikanask dcalbigdingd mRRIEd Aaptamer

epi tope.. 28. lasm d conpri sing DNA sequences that

enc oc?ge%flc ?%&ﬁi‘&oﬁ@ the nueleie acklbipding seqyeneson en clftda, of the
cl ai eic(detd by d f.claiml.. or .

(i 1 YRl e AR SR ana b3} sithife B Mpdgeliacia

r eporbimsting seqeenca preseiit ifithe rep@®er cAndtruet) ©g el richei @adid Binding

havi n? conepetengl integrated in.its g[enorre at | east
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or i, sm havj 0] tent| integrated in its genone a
PPN met‘ghod or}g(zla?mnie% or 4, wherein thg means for detectinggthe reporter

protein comprise quantitative or qualitative means.

22. The method in claim 1, wherein the method further comprises; (a) detecting a
baseline signal of the detector protein in a biological sample; (b) altering the
assay conditions such that there is an alteration in the contacting the nucleic
acid binding sequence of the reported construct with the nucleic acid binding
motifs conjugated to the polypeptide fragments of the detector protein, (c)
immediately detecting a change in the activity detector protein from the
biological sample, wherein a change in signal is indicative of a change in the

nucleotide of interest.

23. The method of claim 1, wherein the means is selected from the group

consisting of a fluorescent microscope, confocal microscope, electron
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functional genomic expression of; a . a nucleic acid
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nmo8f Aipdasgpe compisiip PN gruences ket entiode asleasione of;

di sorder; and b. detecting a change in the signal of

t he detector djnterdettior shestiaciofidedmdiet ecti on of a
change in signal fromthe detector construct is

i ndi cative of (fhthepeerncenstlctofdisaser or di sorder.
33. The nethod of claim32, wherein the disease is a

pat hogen. 34. (ilinBotHehkd Weechir cohau® 88¢i) MaGhEtPoktbeeonstruct of

pat hogen is selected froma group conprising a Virus,

i nfl uenza, bactetida, fungus, parasite, and yeast. 35.
The nmethod of claim 32, wherein the DNA or RNA is a
geA2t Adranisggnis prgenismthavingdospewatly integrated in its genome at least

one of the DNA sequences of claim 28.

30. A transgenic organism having competently integrated in its genome a

functional genomic expression of;

a. anucleic acid sequence encoding a detector construct, wherein the
detector construct comprises a first polypeptide fragment conjugated to
a nucleic acid binding motif, and at least one other polypeptide
fragment conjugated to a nucleic acid binding motif, wherein the two
polypeptide fragments combine to form a detector protein in its
activated state, wherein the two fragments are in an active and
conformationally correct form when compared to an active wild type

protein; and/or
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36. The nethod of claim1l or 3, wherein the detector
protein fragnents are designed so that they are

wa@edoresoed | nmedi atel y when reconstituted. 37.Pdmnes2006/042210
met hod of claim1, wherein the detector polypeptide

7 ol AIRRS Sk R Bl s,

active wi | chpbytpecomsivhct icompiises maiuoleoBdRbEIRRMASRENd a nucleic acid
det ect or pgpl ypepti de roteln fr%g ts reconstitute

the det ect BrdpieseaysRe rv&legqlaﬂloﬂn g pinding segugnoe jsme
in the pregepss &fv %&a}ﬁ&ebfﬂi&q{u% e Qc% gmﬁﬁx & o the
of nucleic acid sedgnents encodi ng etec <,gon ruc

and a r epodetestoremstruaicandtwheren ehn bmdnng ®ff tw@ ot Mere rucleic

real tine, in; (. e de ect o onstruct

conpri ses ?%%@EW@H[%‘“WSQ% t 88 ngptﬂf{eofg%gmp%tpghe Ripcdeic geid
an active &ﬁdm@cgeé@ﬁwidc@mkdtys 1RO hEREL det P PARER in real time.
conpared to an active wild type protein; é) wher ei

t hgy, | adi
ST, T OSSRl A i
to a selestedifroradhaigrbiimdonsisting vf & moase) zEbiajislhe. clegmstenst,

constyuct. co nucl eot i eres and a
nucl e?a%geg@f n%’l"ﬁ‘i“laﬂﬁe &é’a’ﬂ}éﬂﬁ%%ﬂp \%ﬂgﬁiﬁoﬁ ¥H&EShucl ei c
uence is_.recognized by two or nore of

Légn@ egﬁl%?%%'e}gf %teﬁapﬂ@f fistas¢sor sards aparsindiridual
constd rmngpd wherein the binding of two or nore
nucl ei ¢ ‘acid binding notifs of the pol ypeptide
fragnments en
oonet it ioRudeffi PAGA Bt RNACk Sy A i B IR GBicoior construct
time. 39. afhlesaribedaf clhine 1 witdreinchannddeis agidbiddin®otif is
cl ai m 38, mhe%eln the.n kﬁic ackf detected in rea
time is dePEOfisHond Pyt ¥aseOnisoredndi si ng
plasnldg npr.i si ng DNA sequences that encode at | east
one of; (.Cfé‘fe&tla%@é e ip Givstgnabef he defegionranstrppt, yherein the

r epor ter  GRRSLBHGEa B &

detect or construct oﬁan((é}e;fH ga[%l(qj'pﬂtf I%Een éhergi)gtre? g{r gg%%@f b n%dlcahve
of (ii). 4ftheTpresdnict oD distaae or dilordeher ei n t he det ect or
construct conprises the fluorescent protein of claim9

or 33.0The mathodnf yhim 62, whatimtlddiséade isThpatkédenof cl ai m
40, wherein the reporter construct conprises an

ap34. amem&hod bBdlaMP 83, wherein the pathogen is selected from a group

comprising a virus; influenza, bacteria, fungus, parasite, and yeast.

35. The method of claim 32, wherein the DNA or RNA is a genetic disposition to

a disease.

36. The method of claim 1 or 3, wherein the detector protein fragments are

designed so that they are activated immediately when reconstituted.

37. The method of claim 1, wherein the deteetor polypeptide protein fragments
are in an active and conformationally correct form when compared to an
active wild type protein, wherein complementary detector polypeptide protein
fragments reconstitute the detector protein and signal phenotype in real time

in the presence of the target nucleic acid.
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43. The nethod of claim11, wherein the detection is in
a cell selected froma group consisting of;
wo p@roRivast s, neurons, oocytes, tunor cells, VPCHUE2006/042210
i nfected manmal i an cells, epidermal cells, bacterial
44. The claim

RELT e SN DT MR —
construct to detect nucleic acids in real time, wherein;

(i) the detector construct comprises fragments of a detector protein which
are in an active and conformationally correct form when compared to an
active wild type protein; and wherein they are conjugated to a nucleic
acid binding motif, and at least one other polypeptide fragment

conjugated to a nucleic acid binding motif; and

(ii) the reporter construct comprises a nucleotide of interest and a nucleic
acid binding sequence, wherein the nucleic acid binding sequence is
recognized by two or more of the nucleic acid binding motifs in the
detector construct; and wherein the binding of two or more nucleic acid
binding motifs of the polypeptide fragments to the nucleic acid binding

sequence reconstitutes the active detector protein in real time.

39. The use of the nucleic acid segments of claim 38, wherein the nucleic acid

detected in real time is detected in vivo.

40. A kit comprising plasmids comprising DNA sequences that encode at least

one of;
() a detector construct of claim 1;
(i) a reporter construct of claim 1; or
(iii) both the detector construct of (i) and the reporter construct of
(). |
41. The kit of claim 40, wherein the detector construct comprises the fluorescent

protein of claim 9 or 10 or an enzyme of claim 15.

42. The kit of claim 40, wherein the reporter construct comprises an apatamer of

claim 20.

43. The method of claim 1, wherein the detection is in a cell selected from a group
consisting of; fibroblasts, neurons, oocytes, tumor cells, virally infected

mammalian cells, epidermal cells, bacterial cells and yeast cells.

44. The method of claim 43, wherein the cell is a genetically modified cell.
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