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[ 001] Thiwoapmsbcati on i s based on and cl ai ns t he benefi t pOT/ER)IBI7057
Provisional Application Nos. 60/208, 314, filed June 1, 2000 (Attorney
Docket No. 03495.605 1 60/.210, 526 1led J , tt orney Docket
No. 03495.6052), and ?ﬁWW@&rﬁw At tor ney Docket
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| NVENTI ON [002] This i nvent| on reI ates to a nodified biolum nescent system
conprising a floure mhm oprotein

al l owi ng the transfe 7 2 H ce Energy
Transfer (CRET). This |nvent|on aI so rel ates to the use of the nodified
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visual i zed Wi th fI uorescent probes (2). CGenetic tools could provide new
met hods f ortheSa applicationg i rélreg. upp0 @4d inparpogatedi by reféregemisréin. Cam probes are at
present available. The first category uses the principle of Fluorescence

Resonance Energy Transfer (FRET) between two variants of the green

fluorescent protein (G-P).BAbKGROUSN OF THIOWRVENIIDN i nked by a
cal modul i n bi ndi ng sequence arone or rn conblnation wth cal modulin so that
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[004] Two groups of genetic Ca’” probes are at present available. The first
category uses the principle of Fluorescence Resonance Energy Transfer (FRET) between
two variants of the green fluorescent protein (GFP). The two GFP are covalently linked
by a calmodulin binding sequence alone or in combination with calmodulin so that
intramolecular FRET does (3) or does not (4) occur in response to Ca’™ influx. The
second category is composed by bioluminescent proteins, such as aequorin (5, 6). The
active protein is formed in the presence of molecular oxygen from apoaequorin (189
amino acids) and its luciferin, coelenterazine (Mr 423) (7).

[005] The binding of Ca™ to aequorin, which has three EF-hand structures
characteristic of Ca™ binding sites, induces a conformational change resulting in the
oxidation of coelenterazine vig an intramolecular reaction. Moreover, the

coelenteramide so produced is in an excited state, and blue light (max: 470nm) is



phot obl eachi ng and bi ol ogi cal degradati on problens. Furthernore, aequorin
is not toxic, does not bind other divalent cations and does not interfere
wi th t he w@am23obuf fer system even when nicroinjected atPar/gho1/07057
concentrations. Its low affinity for Cam(Kd = 10 (M is probably

responsi bl e for this and nakes aeq orin_a qQr in the ran of
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aequorin i ﬂubfe@&%i Efdbeﬁo%r@f&ﬂshﬁnd ek YRR irké babfigsleftehee, GFP Wi t hout
em ssion of blue |ight = acceptor fluorophore is exci ted by the
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quant um vyi eI d of the biolumnescent process in Renilla, another

coel ent er afl@ (ul¥B)s prohebly dsponsls forghisiand makepasquages gopdsersor ip the fanigd ( 14) .
i S possi H)elto ﬁrr;o,m tli#te invitro the Renilla systemand obtain the
spectral sRf PRFEEA YD 8% ar concentrations of its conponents because

the luciferase m]tMthgﬁgeﬁmfdm@gmnsbpglghﬂ Rerbhcke@ahfl@leqiddh . [ 008]

In the Aequorea syStem binding between ur|f| ed photoprotein and GFP does
not occur FENale lamve@y]dlfﬁv\éht tbmgm ugfinghlopolighe auentumoneldthais, | n

vivo, enet C gh n of GFP. It
can be obt 3%&511? %IF 81:}1 @@ﬁfoggggﬁfﬁgeuﬂhaggﬁg t@& I olﬁqg‘%eeggg%r “R“454 GFP on
DEAF cel | ubgs@idréiobi ahrs acfuidnn haklheerBobitel (16 dad proteisRavsocidial with ¢he

eff|C|ency of th| rocess depends on several conditjons described in the

case of FREF 1A oRinggige the pReTey acaEredidAeqrerst 1s trpayistred ogy st est
|
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transferre rongly depen on t e geonetry, In pa :
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ths Cnventhgh & ea HRle Sy 03nEN) I Crhigs W@thlté%%})ﬁéﬁ‘l@s%%ﬁw%s of
Ca++ - sensifieavil gz/mand fl uorescence of aequorin and GFP, respectively. The
fusion proterln, ich can be detected with classical epifluorescence, can
be used to rmle(Hl] «Sablumrrmcuiartrachmonﬁseewgy’ trguafertis oot wiustaién nol ecul es

nt ol o BPRMEHSAr Gl P AU RS SLTERar gy FRHeP ST CREE) . Ao o
result, t hBlCﬂMﬁﬁfewEht process in Renzlla, another coelenterate (13). The gain measured in vitro
ranges from 3 to 5 fold (14). It is possible to reconstitute in vitro the Renilla system and
obtain the spectral shift with low equimolar concentrations of its components because
the luciferase and the green fluorescent protein bind together (14).

[008] Inthe Aequorea system, binding between purified photoprotein and GFP
does not occur in solution, even when present at high concentrations (15). /x vivo,
energy transfer occurs because of the high concentration of GFP. It can be obtained ir
vitro through the co-adsorption of aequorin and GFP on DEAE cellulose membranes
(15). The Forster equation shows that the efficiency of this process depends on several
conditions described in the case of FRET. The emission spectrum of the donor must
have the greatest overlap with the excitation spectrum of the acceptor. The energy

transferred is also strongly dependent on the geometry, in particular, the relative



yield of aequorin appears to be higher. This invention shows that

physi ol ogi cal calcium signals can be visualized in single eukaryotic cells
with an iwoensisho ed CCD canera. O her constructs descri brdr/BReI703r get t he
fusion protein to the neurite nmenbrane. SUMVARY OF THE | NVENTI ON [ 010] This
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| i nk betwegme}t he two proteins has the function to stabilize the nodified
bi ol um nescent systemand allow the transfer of the energ

! | o y by . .
Cheni | umi nescend@%te domaimcef thisdprygptionisieddeselop edpahreperier gepe edmabingg
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system accqpding, iirlfe all'tEx‘ﬁ?%ﬂ A1 alloBR aRlcPi S MRPARIECYSt €M conpri ses a
GFP protein covafently ]|-I nked to an aequorin protein, wherein the |ink
bet ween t heChennlupringseents Resowmes FEineigy daamsferd CRESa s As B resulf, the quentas and
optionally at | east 5 ami no acids ,and,_ at .| east one c of . 9 am nq aci ds.
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transfer ofs2ARIAY bBYisubiiRMih YHLRASKEREE: BARANASLINEIRI CCBREMeFa, ( CRET) .
[012] In a preferred enbodi ment, the Bbiolum nescent system conprises a G-P
prot ei n covthertonstridtndesdribasl lzome tasgri ¢ind fusionpreteim, to Wieoreairite mAwbrangk bet ween
the two proteins is preferapl ~§}bklpdm st 5 amino acids and
five COpi es of 9 am no aci d et St “tHret+on—or stabili zi ng t he -

system and al | 0\{0%@1@5 ik éitfdnahuPpro®ities §modedBisiikkstaif sgRsie Resonance
Energy Transfer ( ). [013] The two proteins can be separate or together
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bi ol um nescent  §ypfjenh 3¢ efmbbdithenPof NMrotif@HidIMMinescent system according to the

invention, the bioluminescent system comprises a GFP protein covalently linked to an

aequorin protein, wherein the link between the two proteins is constituted by at least 5
amino acids and optionally at least 5 amino acids and at least one copy of 9 amino acids.
The link has the function of stabilizing the system and allowing the transfer of energy by
Chemiluminescence Resonance Energy Transfer (CRET).

[012] In a preferred embodiment, the bioluminescent system comprises a GFP
protein covalently linked to an aequorin protein, wherein the link between the two
proteins is preferably constituted by at least 5 amino acids and five copies of 9 amino
acids and has the function of stabilizing the system and allowiﬁg the transfer of energy
by Chemiluminescence Resonance Energy Transfer (CRET).

[013] The two proteins can be separate or together functional. In addition, the

modified bioluminescent system can be calcium sensitive and/or light sensitive.



b) detecting whether light is produced; and c) optionally neasuring ionic
concentration of calciumflux. [016] In addition, this invention provides a
conposi tivoaovmspr i sing a purified polypeptide, wherein theT/Epomposi7ti on has
the functional characteristics of binding calciumions and permtting

measur eabl e ener i.d. ener dependi ng.of, t tity . of I bound
and of the quant[ﬁ/‘g z&lspgllv?gta(%ﬁl%? O}Iﬁess%fng{hé) 61 %gé‘gﬂ%?’ﬂ%% "iylr’]”rgt?scgl%léé 1{(13&1@ an
l'i ght exci tpﬂzii@d]; cHeiddl, Bibclagsitali erbiolofical ¢ondtivhi Ahephciodiesmprigestr i fi ed

pol ypeptide having the am no acid sequence of SEQ IDNO 1; SEQ ID NO 2;
SEQ | DNO 3; SE®) | DN@roviding gedjfferpgbsamplesa iobpmnesgqat systen aecgdingtoghper

of ‘SEQ DG 7 SEQ HDRGHOR iPARACER e e o B R R e R O T e
SEQ I DNO. 12. i@)}9] Théa&uﬁﬁé/@hé&&i@it@rbdmﬂpk&ﬁl a culture as deposi ted at
the CNC M d tai ni h I id No. 1-2507; th I id No.
12508; the pl adhi d_ NsiechoSebme fescrabHpANEion OIS, {he pl asmid No.
1-2511; the pl aspj ; el i ] £ scrbeding o1 vibD 2 hafedrih her ,
this invention ggloﬁ\ji eghér’ g@%ﬁvﬁgﬁ?‘f%@é‘rﬁkﬁﬁ%ﬁ‘é’u&hé"‘%ﬁnc%i O‘Ifll a%l(:eearl gl

t ransl at i on physiagdpclemabalabigomamical, dbebivlwgimal crndipino rThei hethod cappiisen ithe
conditions to permt a direct transfer of energy by chem | um nescence in a
purified péFe)pBé?gti de according to the invention. The nucl eotide |inker can
have, for exanplyg, th@ncl-Bak tdle nRRANEAE AciptabRECrhpdstion chdiprisgd D No:
14; SEQ I D No: 1a ; SEQ I D Iﬁo:él6, or SEQ | D%: 17. The pept ipde Il nker can
conprise at |east 5 dnolnmizescahd system acsopding inthetiiventioiino 4 WO 01/ 92300

PCT/ EPO1/ 07057 cid enc f 0D No: 18: SEQ I D No: 19; SEQ I D No:
20; SEQ I D No: i’? _Ord%?egéﬁgiw%e-%sr_ﬁgg_ls?r@g%ed&rmt for neasuring the
transfer of energy i pribNflythedsiridg fonf SPObmIAMON I calcR@SHugne of the

pol ypepti des according to the invention or the pol ynucleotide according to

the invention arf@l@lhdnpeddigenttbisnevasionpovides acompabition sgmprisigge putified t he

said transfe in. presence or in senc f a gl le of interest. [022]

T anot her TEpBSRTdse e ey RER BAF G MacBolM e S b ; e
forml a: Gchlciunk id¥SERd peE@ing MeahreabRreptryy GaRl érfer@y @pondihp of #ecRBiktity
protein; AEQ is aequorin; and LINKER is a pol ypeptide of 4-63 am no acids,
pr ef er abl y of galsgummheyng andjoddhe quaptity ofipelypepiider iz sd eompesiten Mpbsense|0dwi ng
am no aci d%hyﬁi%ﬁééxcﬁ%a(n Gy Ser Ay Ser Ay Gy Gln Ser [SEQ ID NG 25]),,,
wherein n is '

[017] In addition, this invention provides a purified polypeptide having the
amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2; SEQ ID NO: 3; SEQ ID NO:
4: SEQ ID NO: 5; and SEQ ID NO: 6.

[018] In other embodiments, this invention provides a polynucleotide having
the sequence of SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9; SEQ ID NO: 10;
SEQ ID NO: 11; and SEQ ID NO: 12.

[019] This invention also provides a culture as deposited at the C.N.C. M. and
containing the plasmid No. I-2507; the plasmid No. I-2508; the plasmid No. I-2509; the
plasmid No. I-2510; the plasmid No. I-2511; the plasmid No. I-2512; or the plasmid No.
1-2513.

[020] Further, this invention provides a peptide linker having the function after
translation to approach a donor site to an acceptor site in optimal conditions to permit a
direct transfer of energy by chemiluminescence in a purified polypeptide according to
the invention. The nucleotide linker can have, for example, the nucleotide sequence of
SEQ ID No: 13; SEQ ID No: 14; SEQ ID No: 15; SEQ ID No: 16, or SEQ ID No:

17. The peptide linker can comprise at least 5 amino acids and comprising the amino
4



1-5. Preferably nis 1 or nis 5 LINKER can also include the am no acid
sequence Ser Ay Leu Arg Ser [SEQ ID NO 26]. [026] Another fusion protein
for energyoot/gassd er fromaequorin to green fluorescent pPOT/EPOL/1TYS7

Chem | um nescence Resonance Ener gy Transfer (CRET) follow ng activation of

[027] - wher P stpistire BESEGIERG o Sy Moo !5 REQRER < 2R NS ot | e

conpri ses fighe) frpklbowbng am no acids: [028] (Gy.Ay Ser Ay Ser Gy Ay Gn
Ser [SEQ I'D NO 25]), wherein n is 1-5; and wherein the fusion protein has
an affinity for [@4]+A kit g rwadumg‘ldnbftramfbleoﬁﬂne@y Ineamtor I@&l’#@m@lnﬂ?ﬁe

LI NKER can,i ncl ud

26] - Tn' acdieH| O ST HeDP MRS P TR PuPCht g b eRg TRl SoFTng gnal

sequence f g iHear@atiRend iR bR heBERAS 0T $iSualizR@l dr d@t’ecﬁﬁ)g the sbidafinkfek ar
conpartnment. [029] This invention al so provides polynucl eotides encodi ng

f usi on pr ofiebigsengs or geahsendsed agpeleule BRINKFEHESCRI PTI ON OF THE DRAW NGS
[030] This '“Veirf%é_z‘ﬂln aJlAtheéreh o%f&é&n@e%x%eﬁgéﬁ%‘r’d% f&ﬁoxﬁ pl%t B%ch{%gs '“

which: [031] F s a eren cons I Ons. t he
construct s formail®£ under the control of the human cyt onmegal ovi rus prormt er
(PCW). An asterisk |nd|catesth Eosition of a Val-163-Ala nutation. In
pGA, the coding sequ d aequorin are separated by 5 codons.

One to five lin 57
added in pGA V\hiﬂ:ﬁ (Wﬂgr{){ﬁgﬁr?g ereﬁ]g1 |%E)2Pgt%\gnke§ g%gﬁg;%ente slg as
to encode &saﬁolgmpmdeafnéyaanﬁah?ld@q:gﬁhmb? Efﬁ\(aammhoa@?sn 1 or[| ts]

t ransmenbr ane p re used. | me.with the GSA. [032] Fig. 2
depi cts Ca++ CR 4&1ct i&?@@%ﬁn&emﬂsgﬂﬁéﬁﬁ wWingemipepeldsion spectra  of
aequorin and seyessyl (G &'Qﬂ%@ex@%@&aaﬁ%ﬁ SEO 150).C88 %bmge%ﬁe a

per cent age of m’i ntensi t sure s are e )t essed as t he
rati o of greerPrefodriyn is been i, UeINKER aan alpdnutchxdstheﬁ 288l deidseqBerdelect s GFP

fl uorescen P- 0 oteins in Neuro2A cells transfected with
pGm (A), @Y@E}g%ﬁ%%é%gﬁ)dz A (D). Confocal superposition of GFP
fluorescence angoldMaHseR fiNidprBteis Fo?RRE %ﬁéf@rfr&n%‘é hétin RPESSSI NY

ei t her pSGHA (E?O pSt GBA ( 619?5 eéhovvn I?% Fig. 4 geplmct)sg?Can i nduced

bi ol um nes @enreecmlepmtq:ledbyﬁhetmlemsnersge@ed@ﬁmanbeﬁeergy Nisanst2 ACBE) s

f h 5M
coal ant or adt aving Bealigh of B asfiborti i onbbentE o e s i RE e 1 1
possi bl e to choose t iEapsfIgsikatk cAF The background recorded before CaC |2
s

addi tion
[027] wherein GFP is green fluorescent protein; AEQ is aequorin; and LINKER

comprises the following amino acids:

[028] (Gly Gly Ser Gly Ser Gly Gly Gln Ser [SEQ ID NO: 25]),, wherein n is
1-5; and wherein the fusion protein has an affinity for Ca™ ions and a half-life of at least
24 hours. The LINKER can include the amino acid sequence Ser Gly Leu Arg Ser [SEQ
ID NO: 26]. In addition, the fusion protein can further comprise a peptide signal
sequence for targeting the fusion protein to a cell or to a subcellular compartment.

[029] This invention also provides polynucleotides encoding fusion proteins as
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[030] This invention will be described with reference to the drawings in which:

[031] Fig. 1 is a schematic map of different constructions. All the constructs
were under the control of the human cytomegalovirus promoter (PCMV). An asterisk
indicates the position of a Val-163-Ala mutation. In pGA, the coding sequences of GFP
and aequorin are separated by 5 codons. One to five linkers (in brackets) have been
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(A.2) corresponds to the relative light unit (RLU) -level at tinme O of
experinment (A4, B). Intensities of fluorescence and bi ol um nescence
activityvoelrans| ated in scaled pseudocol ors. Represenpal/Ev@/@bEt ur es of
t he chosen field are shown after addition of 5mM CaCl2 and 5M A23187 at 13
sec. and 159 sec, respectively, after _the heginning of the acquisition (A
1). (A 4) edeed Prisnf ehars yisdhe aumbsrofi %rnglﬂ{%gﬁrwe S QJifntedhiomas sy egpds a

L al T - Ei . . ¢ : . .

o el ey bl Sl il LSS AR R e TS,
hi gh desetiafn with Ge@A. (1 OOmV) was added at the end of the

prle?i m(;g'? ??Og;gém)egt.o c(?eck éhé,t 1%lgl_ﬁﬁbi.ol.un‘i nescent tgr)rot in.was still

active. (©) Contol &ifdk sariatt Co e Fachyis ip Ge b gxfragiy. Jimission spectra

mock-transiggé 'H%H%@ﬁrfil_e(l}ﬂ?ﬁ%&eh@(ﬁﬁ] fuliof -p%&eﬁ@ Wefd Satfblifed %%B%r%rﬁ%egof 6

anal ysis of protein stability for various fusion proteins. .
depi ct s t henaxgsumtigtensity. HeRH & regaimenienis ara¢xpressedasithe sdtfa ofi grgenoP00mmbuor i n

and fusion prat.ei A. [ 038] Fig. 7 depicts the calibration curves between
the bi ol umoﬁgrsot&lgﬁihsﬁﬂ)ménland Ca2+, for GSA, SGGA, and aequorin. [039]
Fig. 8 shows fl yosxsaesncedapivls @Fﬁﬂubfédb&ﬁéob@%d&@@&ﬂhtc%a&lds\{hty In

di ssoci ated neurons in culture infected with adenoviral -GBA vectors. 6 WD

01/ 92300 P&RUERYY edipgamsieredofittp@n (4).98oEB Y, PGEALS0 sl GHY (I0a onfaealced

adenovi 1o SSEROTN $GF hfi R BpESIChFRRRHERER o Qukelathin oo o "

| um nescen@gp@@giﬁg/éjther@BGsA (B) a}psfg’sgn(ﬂ)is HAwal asn‘i d at the one cel I st age

Grpaequorin. | BEHAI U “clepts P71 GNERd PR R RGERTRORFIE ORGP oG

coel entera i 1 L X4 St . i shown

fhat the biahmsdogRRSAERRABPRIERGRIAL BESOINTE) FRtHEmABIRZ VI,

to cal ci umwifhi9M cpelehierarincainiatCe -fleadbffef (1Al HIGFR Hluorsmios madeitan i ncr ease

in the concentration of c%l ci um_jons. . Anong these photoproteins,. aequorin
‘gﬁFﬂ(SBIT' B e

i s one of PAIDIFHEhQRSE fraulerts ﬂegclafglgxd.rﬁcqéchwa{ 112 2ddit8Red i n
the jellyficgh, } i i s ; : : r A after
bi i g wi (5 05 SEPRRfIfiothe haatR (APLR D) Bl i SR Re R A 4™
spect r um ofintemsifigs.ofi fvawescemgtand didlumimesd@ant activitytace Hanslassincsahled

| uci ferase-luciferin_reaction, the emssi.on of l.ight does, not. .requLre
oxygen - andRHEtTIBI R REHEAG PREHORES iPep e iegneo ot SOLHER AL  of

protei n. Osy(gTaCE, ARCHAD NS SNAEY QL ardd0l 59868 Nedget Ny, laf@r R BRbRRing ofbY
the action of apoaequorin, a protein with a nolecular mass of 2IkDa,” and
the acquisition (A.1). (A.4) Each profile indicates the intensity of light emitted by a

single cell.

[035] Five regions of interest were defined by encircling individual cell soma.
With pGA (data not shown) or pSG5A (B) transfection, a high concentration of CaCl,,
(100mM) was added at the end of the experiment (500sec.) to check that the
bioluminescent protein was still active. (C) Control experiments were made with Fluo-3
AM on mock-transfected Neuro2A cells.

[036] Tig. 5 depicts the results of analysis of protein stability for various fusion
proteins. .

[037] Fig. 6 depicts the results of the determination of the Ca*™ affinity of
aequorin and fusion protein GSA.

[038] Fig. 7 depicts the calibration curves between the bioluminescent activity
and Ca2+, for G5A, SGS5A, and aequorin. '

[039] Fig. 8 shows fluorescence and Ca2+-induced bioluminescent activity in
dissociated neurons in culture infected with adenoviral-GSA vectors.
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coel enterazine. The em ssion of photons is caused by a peroxidation
reaction in the coelenterazine, after binding wwth the three cal ciumions
on the aavoor$2300 Two hypot heses have been suggested for paT/EP@rEOess: (i)
t he bi ndi ng between aequorin and calciumi ons i nduces the em ssion of

i ght by a confor tlonal cha ge in the o , || owi.ng oxygen. to.react
wi th coel ent er at{ Fighd shoys SZS?@‘E?H%P‘?&{/) ugecf‘lﬁof %Cﬁl&l Bvitigsiteen

coel enteraé&@@m@te&n@lﬁeﬁ@@%ﬁﬁ ol I%&B@lrﬂ%&%a&%m) Aequorin  may

be recreated 1n vitro and 1n vivo m nati1 ng oxyluciferin, adding
luci ferin (coeI[MiI]elFa'gﬂﬁehoxivmretptmerpa@wmrméf lpﬁummcwptaotwtyaft@t and

oxygen ( Shi.nmonur a Johnso , 197 ecessity of adding
( 3- ner capt &?ﬁm@g%’f‘%@ 566’ 3%&816%? %Yl?e aequorin is

presumably due f@ux h?lé)rlQ%ﬁW?aﬁﬁn%Embg@%b pANEra Wit GEP Mbquriaup  of
cysteine 145 included Tn a negativéely ch ar ged m cr oenvi ronnment ( Char bonneau
AT RIRT

et al. 1985). [045] l.‘ BDE$( PNOE THE ENVENEENr i ns havi ng

di fferent af fini |CI u ! char act. ed. based on
the type of coel[(g'ﬁe ﬁ%‘atlerg]f’[r?geéstfl8ﬁnpﬂﬁscﬁ? oPET R | |l‘r>§¥ﬂf U5 1991

i ncor por at gghdiey hhed ﬁfo@ﬁﬂﬂaﬂﬁé BioNmind§tRnel B gefdralel ® phoPaitéins thacireeen
aequorin and the calciumions is estinmated to be between 0.1 nM (Allen et

al ., 1997) sens#ive taivricminashhese @rotains emitggiysh OAlhghbmghSppn@ tOSNARGTERSS R p

D e o [ R ARRB R TR R ORFork ARk RROBRAAR, SBAGRLCpRIBE ||

concentration fa I near

em ssi on offndst@lan sﬁnﬂ&d(ﬁﬁnﬁﬁél@lgﬂ@?@n concentratl on has nonet hel ess been
determ ned (Johnson and Shi nonur a, | ndeed, a.200-fold jncrease in

the signal to bM(’dréim%ie%m@éﬁﬂaﬁﬁwegua@agww (MWhERompE a4l 1+1962),
trat f 0, f
TosM to 10 EtoroEen iRt Vet ol ons A sk PR WL, (0T

si gnal em spgotram of ma:pnﬂmewav@éngﬂmmnmctContrammatodnsmchlriucMsseslucmrﬁa++ ion
concentrations i ncrease. | [ ntensity with a time constant of 6
msec, ndeFeReaP: s P Seon o gt %ﬁgap&reawge SHigkn b IRAFTOB HIEPEIS o
1978). Aeq el fRas

rapid and %Rfﬂg\%dt%(lj%%g ra @ggfeigé fﬁﬁét%ghp])l{%ﬁgysu%%ew 3@?%%(})glgégcﬁncond:{{“?ons

[ 046] The etqumirimgbyfhetdstompbamaequorin, germ‘eibwﬁrasﬂobculat maks of 1kD@5yndand

| nouye et al 1985) has l.ed t creation of expression vectors, nmaking
bossy bi o1 EaclprbBine I b epissuy i apfooS SRSl hEpERRHES S, SRerih e

nucl ear, C)é&él@ﬁt&%ﬁlr@; affer b With Mo thre%rzﬁwmra%ﬂsvonrtﬁé hédHoHA T Pl asnma
menbr ane si gnal gtl des (Kendall et al., 199 Di Gorgio et al., 1996).

I n additi orhypqth@ses avsi hegn enggested farrthisfpredess: p(whebmdmmwwsaﬁqmr@ and s

det ect fchoud e f cal
nd st ur bedicphiarS YRy 1 Bidihn S iebl b #EGuptofiorR Rl s BioiRi ked <o
a second pafbwing. oxygélﬁortﬁédt wioselknieBaikte an@(ngﬁyééerlaﬁS@tbﬂﬁ mnh@bmdmg or

GFP. The light emtted in this case is_in fact green. The hypothesis of an
energy t r ab§FEen seelapigrzasiid epoRegHerifShimomura and Johnson, 1978). Aequorm

may be recreated in vitro and in vivo by eliminating oxyluciferin, adding luciferin
(coelenterazine) in the presence of f-mercaptoethanol and oxygen (Shimomura and
Johnson, 1978). The necessity of adding B-mercaptoethanol or a reducing agent to
reconstitute aequorin is presumably due to the presence of at least one sulfhydryl group
of cysteine 145 included in a negatively charged microenvironment (Charbonneau etal,
1985).

[045] More than thirty semi-synthetic aequorins having different affinities for
calcium ions have been characterized, based on the type of coelenterazine that binds to
the protein (Shimomura, 1991; incorporated by reference herein). The dissociation
constant between aequorin and the calcium ions is estimated to be between 0.1 mM
(Allen et al., 1997) and 1 mM (Prasher er al., 1985). Although the relationship between
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by a radiative nmechani smwas proposed in the 1960s by Johnson et al.,
(1962). The blue Ilight emtted by aequorin in the presence of Ca++ is

pr esunabiwo abssobed by G-P and reemtted with a spectrunPQBREPEIg7ES7TTAXI MUM
wave | ength of 509 nm O her studies have shown that thi s transfer of

energy occ r t hr qu on-radi ativ rrechanl S i,bl e through the
f or mati on gﬂ ‘éf'lB‘?é’B‘? P\RB%‘?’?H LRaY a%@fgla T @ a[rglémg:t al . (1974)
have Succe?aa%ﬂsﬁlp\@ew@éﬂ thé BSidstonor HBBI A1 thé %@ﬁlﬁf iohoMddnt@tionis a Co-
adsorption of the two nol ecul es on a DEAE-cel | ul ose nenbrane facilitates

t he proces gonetﬁﬁﬁssdxghn tetiennimed H@hnmandtShlQOuap beHY)sindexsk pBOG-feld i ncrease

h f f GFP,
2l 50 1 ol atsgeehin e Rl P SOHRHE AR PR R e SN hyettibn
(Prasher elgo@ fmm1199m to 10:°M1 2gndIBenfadfer @f it 000 iffohe 1 ETNE t@uofmmabolamﬂerrs as

a cellular  expression and | i nea e marker (Cubitt et al., 1995). Detecting

this proteRinludPRY. Mpmousrcte kin $@%@eﬁtg@alrﬁmmssg@@gypld@%ghaﬁmd%qcp easy to
d bot h t
o bt T bl el et

depends on calﬁlstzﬁiﬂbﬁ6 rmmb,yander @S timtsamstioat dodiiong) tas bsax shma (ma &141.92300
PCT/ EPO1/ 07057 fl uorophore, consisting of nine am no acids,
char act eri 288)byragHerip éfrtﬁ’d%iléhptéﬁm@%@&@w@eﬁ%@ﬁ tgg}qaﬁge G’@‘qa?n’éfi gl yci ne

BT, qahi ch QoS s @k Outy * rELBd i Golofldpdaiditige S Fol | oved by

I 0si ne rans Into de rotyrosme(Helmet

al . 1994) . Thi[($46@r qlip clanidgnefittle apumicgeorm gonkt byd’eﬂshemms(al@m)‘ antilin$®ye
Iayers WhICh §fﬁ ;lgz an environment, that interacts djrectly with the
chr omophor éWY&ﬁé thasded to the §Epption BUBIPTRIINNVSFIORy MRKINg NPSTIPIE dR dABFING eq

time coul dnh&%ﬂiéche e Adtbnt fusﬂﬁl"v@llt}?ﬂﬁﬁéﬁr c}&&ﬁaﬂl@%it{["}é&)ﬁdnﬁ?d the

functioning o nervous system
chemi | um nesdephismic adticiulum, wir pismg, meebrans szgnq}rpopt@dem (Ksn@élse@ai ate; Wiit h the

green fluorgscent pr nd. a .green bhi oI nescent Si nal

o tted upbroeme T I pasiton iR e SPsaon ot feteret ek Haser on
the cel | ul & Ja@ehisHRISW 1V, léa@iﬁ?'the Hl‘ft‘a@élltﬂ& PSR 6 EATb el @HiRhrbBAOt ONs
after excitation. [050] The development of a new marker sensitive to

calciumwith a 0 eﬂn n@rumpmmprpédlmamtytlhwrﬁfoﬁc@hnlwctﬁoat@dondmp@m

bt waen t hd e RE By RG i T BREF BRiGsset BROAR G GRS P BB S Jenes

have been ¢St teses) Thbshygm@ﬁ?oﬁﬁhdeﬁguﬁﬁﬁsﬂ‘er beBSdentaef@orinandGlp nor e
| i ght bei ng emtted. [051 em | um nescent and fluorescent activities of
]

t hese fusi aga@a@‘fmeﬂwm vaepropessd 45 the 19R0nbrdplmpeine’ @) (19962)5,%1@60@@?. c
Cat++ i R
i onsi 11 obepeies bl AT e eShBOLACaTE brek ity MR A B o,

gene shoul ceentittedwvithe spestash bgwhg @ maximemlvedve iergpth 087509 s, Other stadieonal

networks and in specifjc subgcel|ular compartnents in transgeni c ani | s.
have ShOWFI)1 that tins transfer of energy occurrrrs) through a non-radiative n%]echanlsm made

possible through the formation of heterotetramer between GFP and aequorin. Morise et
al. (1974) have succeeded in visualizing this energy transfer in vitro, and a co-
adsorption of the two molecules on a DEAE-cellulose membrane facilitates the process.
Through this mechanism, it thus appears possible to increase the quantum efficiency of
the system (Ward and Cormier, 1976).

[048] GFP, also isolated in the jelly fish Aequoria victoria, was recently cloned
(Prasher ef al., 1992). It has been used in different biological systems as a cellular
expression and lineage marker (Cubitt ef al., 1995). Detecting this protein using
classical fluorescence microscopy is relatively easy to do in both living organisms and
fixed tissue. In addition, fluorescent emission does not require the addition of a cofactor
or coenzyme and depends on an autocatalytic post-translational process. The
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[ 052] GFP-aequorin Fusion Proteins as Cam Activated Reporter Genes. [053]
According to this invention, a fusion protein has been constructed with
aequori nvead/@BR t o i ncrease the quantumyield of Ca++-i nBOTEH01/07057

bi ol um nescence. This activity can not be increased sinply by

- ing GEP with. in (data .not. .sh At ' t  GFP
(any s 1 dBBeoRRes EarmistRA R niainp Seid. i AP aieg by BY FRRlE SRR o
1), since tRgy&entsfifid Bohnd5IOtihe 87, Bt dRel fise RAATinfRRV iatedmdezolidit 5cat ed

in the Ca+' -activated biolUm nescent process (20). [054] Different
const r uct s fhidewedlseoxidatinn ofityresing 66 sransfymengié inge dehyeketyrosivel e e R and

apoaequorin, shortest.spacer.is forned by 5 ) N | d

bngest by TeathnT Blet SRR fBlag oAt baesey 81 OF kbl Il Sabetfuss, o
Ca' - tri ggenedvRbhedttig Seetsetty Whttﬂi@auaﬁqgmrb QY ahoeresl., TY96)i ncr eases
of light emtti ng activity ranged from19 to 65 tines (Table 1) possibly
because of gr eatlB49prdewitaringatamm fhuges i rogh tong opdd belperupigsianyhs7  TABLE

al pa 0, 15 EBrngoy i Aiactss o e Tphofchy i GRS gng i eenf Bl 5750 T
(9.54; 7.23lyfpEARe CheiBlilrhiheSiZnt, 3aloRim bindind, Bequbrih prateinSEbsosiateddvidathed
when nore than two nmeasures vvereqrgggeg.rﬁeahervm se the tw neasyures arg

gi ven. [ O5SFeenfiionessent mateindSHE) nibjplugninesgent spgpabisieguticd wandea |

hereaf ter. Fhtsca Lauhag, §1%H§Fs'lﬁﬁéuﬂ%?ﬁéé&tﬁ&n;ﬁh@fcéuxgéx%dts%b&@@ FlIdRt he

am no acid a nucl eot’ sequences of eac asmd i nsert.
SEQUENCE | [t td thBSveRk @midstbnl afphotondafterexditattbnrSequence Nucl eoti de Sequence

AGASEQ 1D N0 A eGSR0 2y SERARN i 5 SEQ 1 D
quantum yield was therefore initiated. This invention utilizes Chemiluminescence
Resonance Energy Transfer (CRET) between the two molecules. Calcium sensitive
bioluminescent reporter genes have been constructed by fusing GFP and aequorin
resulting in much more light being emitted.

[051] Chemiluminescent and fluorescent activities of these fusion proteins have
been assessed in mammalian cells. Cystosolic Ca*™ increases were imaged at the single
cell level with a cooled intensified CCD (éoupled charge device) camera. This
bifunctional reporter gene should allow the investigation of calcium activities in
neuronal networks and in specific subcellular compartments in transgenic animals.

[052] GFP-aequorin Fusion Proteins as Ca™*-Activated Reporter Genes.

[053] According to this invention, a fusion protein has been constructed with
aequorin and GFP to increase the quantum yield of Ca™-induced bioluminescence. This
activity can not be increased simply by co-expressing GFP with aequorin (data not
shown). A thermoresistant GFP (Gm) was fused in frame with the NH, terminal region
of apoaequorin (Fig. 1), since the C-terminal proline residue has been shown to be
implicated in the Ca™—activated bioluminescent process (20).

[054] Different constructs have been made with increasing size of linker
between GFP and apoaequorin. The shortest spacer is formed By 5 amino acids and the
longest by 50 amino acids (Fig. 1). All the fusion proteins showed a better Ca™-
triggered bioluminescent activity than aequorin alone. The increases of light emitting
activity ranged from 19 to 65 times (Table 1) possibly because of greater protein
stability.



GA SEQID NGO 5 SEQID NGO 11 SeG5A SEQ ID NO 6 12 *The nucl eoti de
sequence of apoaequorin is contained in U S. 5,6422,266. [056] The identity
of the |iwderoaised in these constructs is as follows: DNCHERUITe® of
GFP-aequorin linker pGA (strain 1-2507) TCC GGC CTC AGA TCT [SEQ ID NGO 13]

pGLA (strain 1-2508) T@%%%%%%%GTCC GEC CTC AGA

TCT [SEQ ID NO 14] TCC GGC GGC

CAG TCC GGCGGGA %&r&@@ﬁ S%C%&%&%T[SEQlDNQ

15] p&A (strain I-2510 GEC GEG AGC GGA TCC Gifg S TCC  GGC |GGG
p Nae©

AGC GGA TCC GEC GEC CAG TCC GGC GGG AGC%ATC%LCﬁl%%;iCCCISCGIB

ACC GA TEREGCEEGCEECCAGTEC G CTHECAGATCT -SEQ,! 10O

01/ 92300 PCT/ EPO1/ 07057 PPGBA (strain 1-2511)- TCC

10U VWU
DJOEEGGATCCGGC

GGC CAG TCC GGC GGG AGC TCC GGC GGC GAG TCC GGA TCC GGC
GGC CAG TCC GGC GGG AGCPER' TCC GBC GRC CAG TCC 9 EGA TCC G
GGC CAG TCC GGC CTC AGAPGZA [SEQ ID NO 17 pSeGhAS; 8t@aﬁ%7123?512) and

pSt GBA (stfain 1-2513) p&fd |inker sequence as (17et3.9 sequence of
l i nker pGA Ser Ay Leu pGEASer [SEQ I D NO 18] pGlA83er- 1Y Ay Ser djy Ser
Ay Ay d asSEeris@hdicdtedwhsgmoed thah Sk&nlebsides wdi@lmpde?A Ser Gy Ay Ser Ay

Ser Ay 4 pikdrivisethe Fo/mehsirezeire Gvkn. Ser Ay Ay An Ser Ay Leu Arg Ser
[SEQID NO 20] pG4A Ser Gly Gy Ser dy Ser Ay Gy @n Ser Ay Ay Ser

Gy Ser Ay Ay An Ser Gy Ay Ser Ay Ser Gy Ay dn Ser dy dy Ser

Set Gy ser Gy G &hrEshidsetadirabif e gibctisa i el Retedfr Tt
Ser Ay Sefol@anﬁéQu@xd&: i@itifickl dre Ghod OTesEANE the¥mido/acid afncﬁmble‘éﬂﬁeG y Ay

Ser Ay Ser
sequences of each plasmid insert.

TABLE 2

SEQUENCE IDENTIFIERS
Plasmid Insert Amino Acid Sequence Nucleotide Sequence
A * *
GA SEQIDNO: 1 SEQ ID NO: 7
GIA SEQ ID NO: 2 SEQID NO: 8
G2A SEQ ID NO: 3 SEQID NO: 9
G4A SEQID NO: 4 SEQID NO: 10
G5A SEQIDNO: 5 SEQ ID NO: 11
SeG5A SEQID NO: 6 12

*The nucleotide sequence of apoaequorin is contained in U.S. 5,422,266.

[056] The identity of the linker used in these constructs is as follows:

DNA sequence of GFP-aequorin linker
PGA (strain I-2507) TCC GGC CTC AGA TCT [SEQ ID NO: 13]

pGlA (strain I-2508) TCC GGC GGG AGC GGA TCC GGC GGC CAG TCC
GGC CTC AGA TCT [SEQ ID NO: 14]

PG2A (strain I-2509) TCC GGC GGG AGC GGA TCC GGC GGC CAG TCC
GGC GGG AGC GGA TCC GGC GGC CAG TCC GGC CTC
AGA TCT ([SEQ ID NO: 15]

PG4A (strain I-2510) TCC GGC GGG AGC GGA TCC GGC GGC CAG TCC
GGC GGG AGC GGA TCC GGC GGC CAG TCC GGC GGG
AGC GGA TCC GGC GGC CAG TCC GGC GGG AGC GGA
TCC GGC GGC CAG TCC GGC CTC AGA TCT
[SEQ ID NO: 16]
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Gy Gy An Ser Ay Leu Arg Ser [SEQ I D NO 22] pSeGA and pSt GGA i dem t han
pGSA [057] Plasm ds containing the foregoing pol ynucl eoti des have been
deposi ted)va’olmshle Col l ection Nati onal e de Cultures de M cPODEB@ni78ives
("CN.CM "), Institut Pasteur, rue du Docteur Roux, 75724 Pari S

Cedex 15, France, as .fol : rt Si
pAeq+ 1- 25@@%%@%@”266%@3& G;@L f‘%%ﬁ%%ﬁ’@ 58870%%& ﬁi
June 22, 2000 @A p&RA 1- 2509 CRm&ECE AGHGFA &4

GBA pGBA 1-2511 June 22, 2000 A§€G§9§ 8L ROC 56502 Cﬁ%é“cé?z GG GG §1G&

pSt GGA 1-2513 June 22, 2000 [058F Q@@o@ﬁ%&ﬁ@ apCa &G0 G ASCLRSRABICE GG
within the cytosol, with a hal 630 GAG GCCamECoxITiatr ey TAT niSh@ 9 (L) .11 n
contrast, GFP is a very stable protein and probably stabilizes apoaequorin
in the chi peeGeApr(eteaans. ITFRE1RUr rRodepStiGies (Gft raie di-f2sdrgntsate WDnker

01/ 92300 PGEERLLOERSHGoayt osolic proteins were estinmated on transient
expression in COS 7 cells by treatnent wth puronycin (50,ug/m) for 6
hours. Ove r fusion proteins presented a 30% decrease of
activity c?ﬁ%ﬂ?éﬂmu ﬁéj?fr}@%%% | oss of apoaequorin when alone (Figure 5).
It has beepGdbséeve&liyhaten AmrgviStero,[SHe HudiCon IBrlot ei ns of the invention
were nore sensitive than aequorin alone. GbA gives a significant signal
over backgpourd sew G yCaty cencenty airotlgs d1IowEs 3@ mdl ywiefiedsgaaguor i n
needs 28 tiges mor @0:calogium (IM to yield a conparable signal (Figure 6).
Energy transfer may also inprove the quantumyield of G-P-aequorin

Che T agtor SERAS SR CE1P0, S Wy 207 i B o0, Ty Enas a0
necessary to sttg y t%%é/nr eI a>(<5alt| gn Jtgmsch/anle%rré gm %EEI qg‘—glg fII uor esceﬁt excited

state on puri| d h tel 05 od| nt of
this invenP 6% 3?5 }é‘g %ié/ [s[ir;o %lyn % ing or
and aequori n. ﬁ‘1>$|eél Y §§e yo etthG yu &I Ser
coupl i ng of the ﬁ/o@é'yn elé”y G4 YCR&H (dm t@éé’c&%é’e SR&s GHandeU BA&r GRITriahst er
(CRET) nechani sfP TusZldfter the reconstitution of aequorin and its

bi nding with calciumions, the activated aequorin transmts its energy to
the GFP, WpGOR Siem GarynGéryi SeraGiredrd iGght Gly GBtuiSert &livt $1gr Gemd Gltyat e.
Optim zing the BemcGlgnaly GauplsiengGigt waen Stefre Glwo Sprotdiynsllyaslhocesed on
three points: 1Glymegviseg Ghe iseducliyoGlef GAnceRriroBt idaRalseehange Sgt t he
G-P at 37' C, Gly Gly Gln Ser Gly Leu Arg Ser [SEQ ID NO: 22]

pSeG5A and pStG5A idem than pGSA

[057] Plasmids containing the foregoing polynucleotides have been deposited at
the Collection Nationale de Cultures de Microorganismes ("C.N.C.M."), Institut Pasteur,
28, rue du Docteur Roux, 75724 Paris Cedex 15, France, as follows:

Insert Plasmid Accession No. Deposit Date

A pAeq+ 1-2506 June 22, 2000
GA pGa 1-2507 June 22, 2000
GIA pGIA 1-2508 June 22, 2000
G2A pG2A 1-2509 June 22, 2000
G4A pG4A 12510 June 22, 2000
G5A pGSA I-2511 June 22, 2000
SeG5A pSeGSA 1-2512 June 22, 2000
StGSA pSIGSA 1-2513 June 22, 2000

[058] Recombinant apoaequorin is unstable within the cytosol, with a half-life
of approximately 20 minutes (21). In contrast, GFP is a very stable protein and probably

stabilizes apoaequorin in the chimeric proteins. The turnover times of the different
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which leads to a higher emssion of GFP in the mammalian cells; 2. Changing
to the use of aequorin codons adapted to mammalian cells to enhance its
expressi omQ oag30B8. Addi ng a |inkage peptide between the tmoT/gPaEdirs. [ 060]
Wth respect to the third point, an initial nolecular construct with five

am no acids separating the two prote| ns was first. (r:gg(gy% @%]dléyThen a
seq_uence oFY"ﬁf’ DProfiging vese ptidnajp Oy HRRETE FXRICSIN G reptmedte
copi €s. rﬁr?t?i p%f&ﬁ%&ﬁ' g% g)?ﬁl') $or @h ?dobé} tfhs%h@& WRbS ﬂ%’fdﬁ{ SRR hré@atar

under cont cyt onega OVI rus pronoter allow ng their
f unct i onal adb%d decyeasoofastienn tompaardd withgbe 86%dossrof gporegiionsn whgm aloge

identified P._si t.hr ou citation of..the bj.ol oqgical
prepar at i nggéur)ﬁpg Itth?@h?e 9&9&@%’? N’I’Zf’gg’ rﬁ;fwwf?t?lf}%? b dnyeatin X"gf?scopy
(FITC filtegfoke seﬁqbl'u)ve B¥an a@§ éan@C(t}5)('g§\bés ats{g‘hﬁ’itﬁht ﬁ@%a‘-’t%*vé}fba@fc Bl | i ght
after binding with Ca++ | [061 follow ng terns have t%{efollovvlng

meani ngs Gas ecortventition aSiwwgmm@mmmegmtlmtﬂmrﬁescence
[062] Em ssi.on o rona ic.r ation f om or,nol ecule in
W, in vi sF‘blFlé‘mo(qfl”]?‘Beto *‘ﬁf‘ta ‘éorﬂqua'g?%ﬁ 5'188@3?’ g {’])0 nteF%' f% MY 35% ¢ om an

el ectroni cahpnbve ﬁfég fRinSYisldofIGRrRidBobn SllaWg o WER et calk@f Yonsgener al |y
the ground state uorescence [063] Fluorescence produced by a singlet,

very short detestisint ekp @B@’Hﬂm@ﬁﬂ agaanigythe Taparg confibyiingde thechigher dighbemissian, i he

Cum nescentd! PETERRHRE R b e Kiblafoh MeehatiiTht MECREMRRES h iREeq o

Vi si bl e chgmeldmrplmgﬁge@sﬁdpﬂﬁﬁﬂyced by i vi ng organi sns. The invention
mmcs the systemnaturally present |n the jellyfish, without fixation to a

support. Bi ol um%84ctere gﬂg@ﬁém posepbadiment Qf tbwweesleeﬁpmw?ﬁ SFNHBIHY ding to
the invent h%g?lh §tag;1rgurﬂﬂﬂe§%§rgé§ fop@‘ﬁ)'ahﬁ aQ@lo‘?ﬁlu iy ? qﬁq_rktﬂﬁ )ﬁélg dig 2

peptide li coe entera rst nol ecul e
and the sedepadonltkecfunetiaay ab@hmlgy)f dict pmieﬂd bm at(hhermlhemlnesrdeme Resondnee

everything_if the ve for the firs site and for the sec dan
accept or sFO&E4L trél‘? &EBETD pechanigp ESP % ﬁrk £ IgG0PSHHRton ok JegHeRN 1

antigen). {RQinoGRRTEE ﬁnﬂ%ﬁé %J‘a&ﬁr&te@%ei bR GrdnSméts it @ ﬁ!éTgir‘%o @k GP‘P’t %ib% tOX' n

for its retrograde and transynaptic transport on axon ta,
R, Maury, ilMumn emifs 8greeelightto retum)tmstsrgmmndmataf Opyitnizidg phecftmtmal hat

gr g(r:at ﬁla: Ft rwgég%egéenn}?%é’k)a&é lrtsp%@@%al | nto t hela}ﬁ C?Ets;gl t ger Vous system
Improving the induction of a conformatlonal change in the GFP at 37°C,
which leads to a higher emission of GFP in the mammalian cells;

2. Changing to the use of aequorin codons adapted to mammalian cells to
enhance its expression; and

3. Adding a linkage peptide between the two proteins.

[060] With respect to the third point, an initial molecular construct with five
amino acids separating the two proteins was first completed. Then a sequence of nine
amino acids was added in a sequence of one to five copies. These constructs were
placed in a eukaryote expression vector under control of the CMV (cytomegalovirus)
promoter allowing their functional ability to be confirmed. These fusion proteins may
be identified: (i) by the GFP signal, through excitation of the biological preparations
with light of wavelength 470 nm, by fluorescence microscopy (FITC filter); (ii) by
aequorin activity, through emission of blue light after binding with Ca™ ions.

[061] The following terms have the following meanings when used herein:
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a nmenbrane receptor. Non-radiative [067] No em ssion of photon from
aequorin to the GIP when aequorin is bounded by calciumions (therefore
there i swoot/oanem ssion of blue |light by aequorin in theCT/Ep&nt7I®N, the
energy transfer is directly made between the two proteins). FRET system
[ 068] Transfer of energy by resonance by fluorescence (i.e., between two
vari ants o#t ferences Fluorescent indicators for Ca2+ based on
green fl uoresce[vézyr%ﬁgsmmeleaio i idadiboN BoR 4P ABAL AT EROH 07057
M yawaki, A . fery, M, J.A, lkura, M
and Tsi enmlmlsikﬂﬂ ar R, TMQ%}ssMulresuESQOppthe&82518817 fromearedcqtmmqaﬂyl i ving
cells of Ca2+- ndent cha n the fluoresce SS of an

i ndi cat or g§%g”81w & H7 ggwnf UL SRERY: ggP%ng}’ﬁ'l 'l“hdnsg%el i nked by a
cal nodul i nFQllofggbéqgesequence A new cl ass of fI uor escent indicators.
Ronmoser, VA, Hnkle, P.M and Persechini, A . Biol. Chem, (1997) Vol .
272, pp. 13270- (63 4Fluoreterce pojduvediby & singlst, veneihgpt pxcited slostprisaliyy

O o "SR PR LS e B BRARLIRE! VIS

ener gy traagémﬂumﬁmél A K., in Chem | um nescence: Principles and
application in Bl o g and I\/bdl cine, Eds Ellis Horwood, Chichester, UK
1988, pp. 475- 5@454]8 Eiesqce TsuhBgdronyp Chﬁéwglyfeb%ﬂqﬂesonance by

bi ol um nes interaction between G-P and luciferase (jellyfish
Renilla). g@%ﬁ%@:kceﬁcep\ bi ol um nescence resonance energy transfer (BRET)
system appl i cafiésh Wasiblerhemiaminegcenice,prodiend bl dmiﬁgpxrgetrmnm The, Y.,

Pi ston, D.W and Johnson, C. H. Pro Natl. Aca 1999) Vol .
96, pp. 15UWEREN MEPIC it YSRmmatusp 9“6?11“&%?1’&3%{{5 iclgw&h%utf P%mg%toc@ |
popul ationgip.g eukaryotic organism [071] Targeting the biolumniscent
protein sensitive to calciumin a cell

Bloluminescent system

[066] The bioluminescent system according to the invention is a chimeric
tripartite molecule within the middle a peptide linker and a coenzyme (i.e.,
coelenterazine). The first molecule and the second molecule covalently attached with
the linker can be everything if they have for the first a donor site and for the second an
acceptor site attached on it (receptors-linker-ligand, antibody-linker antigen). The
chimeric protein can be fused to a fragment of tetanus toxin for its retrograde and
transynaptic transport on axon by Coen, L., Osta, R., Maury, M., and Brulet, P.,
Construction of hybrid proteins that migrate retrogradely and transynaptically into the
central nervous system. Proc. Natl. Acad. Sci. (USA) 94 (1997) 9400-9405, or fused to
a membrane receptor.

Non-radiative

[067] No emission of photon from aequorin to the GTP when aequorin is
bounded by calcium ions (therefore there is no transmission of blue light by aequorin in
the invention, the energy transfer is directly made between the two proteins).

FRET system

[068] Transfer of energy by resonance by fluorescence (i.e., between two
variants of GFP).

References

Fluorescent indicators for Ca2+ based on green fluorescent proteins and

calmodulin.
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popul ation or in a specific tissue may be achi eved t hrough honol ogous
reconbi nation or by transgenesis under the control of a specific pronoter.
Repl aci ngvgengsoby honol ogous reconbi nati on i n enbryoni cPCEEP&1/G7057M Ce,
such, as Hoxc-8 and O xl, with this new marker will make it possible to

obtain new |lineg,.of tant. mce. This, appr h i1l .perm he tection
of electrical a@{l}'%’% ‘?‘nig)p&r @-u‘ﬁle%s%e@&z%%%%m II g‘éﬂ%”éﬁ‘f‘ Qﬁ%?& e it
possible to conngeﬁ,qz‘lthaﬂbg,r(qpmev@tmplgfgggm;a_nts obt ai ned by repl aci ng
the LacZ gene ﬁLe Mouel lic et al., 1990, 1992; Acanpora et al., 1996). For
t he Hoxc-8 | ochstectiomineliyingeddlsod (o2 +tdspendenkehangesdnitiee Beorpssengesamission he
ventral horns o I r L.nni ection C7 (lLe uellic et
al ., 1990). Ano{)r%ﬁ]lglg?cig ihorpt% h@pg%ﬁlﬂqégggjf%ﬂ ﬂ(;ur%ffg% @gf‘?"%‘ﬁ vgpa?tgbnlﬁeﬁ% % neur ons
i nnervating thesgmodsioh-bimdiaveqhars. Brewoélhsstod fluofdRtent mdl@dterd/ 92300

PCT/ EPO1/ 07057 _(Tiret_et al., 1998), and a study of the role of the flux
of calciumin tRemessraliA sHinki Pl andRersechiniy Ay J d3igh&demod49%Valg

devel opnent nmay r aken. In the O xl nodel, the transgene

shoul d be expr e%?gﬁi Hms?ggg??%c regions of the forebrain, given that an
expressi onCR&dal i zed at layers V and VI of the cerebral cortex, and in

regi ons of the iLencephal op, nesencephal opn, and, cerebel | um have been shown
,[0%%&3% fuohsn

(Frantz et al. rans ST BEICSNAALS RY CgmIpRinescEnesiéfe MSIOF t he gene
by the Lac i 3 i . i : > | cortex
and anomal ﬁrg gﬁ:ﬂ ﬁllttﬁ@hia%qg gggg%ggﬁ& %rg%dg%g%Egﬁgﬁéﬁglﬁg&c&er%%ﬁ%@né? Acanpor a
et al., 1996). Réferdnges of bal ance and rotatory novenment observed in these

m ce can presunagflﬂé.lbe. attributed to anomalies in the sensory organs,
specifically in HEREICEGACT PRFEEY B3I These nice are al so subject to

general i zed epiCaRbbAI, FEKZ i EhemiR RS THHRINs £l a{ng&aﬁDbn%’BWG } ons
and/ or abnormal electrical activity could be i'nplicated 1n the gefiesis of

t hese pat hol ogi @l MpdictesEdsElls Moxwead, 4 hidiesey, URH888,9p. 475-63.5s new mar ker
will, on't ne hand, nake it possible to verify these hypotheses through
a functio nd dynam c approach, and on the other, to address the

devel opment of @pP0O] ePaMsienof &Rr@ My fes@Ban¥€by bidfurtidbdcBicele¥ I RRERNn _
Application 2: Study of the role of intraceilular calcium[072] Calciumis

i nvol ved i Petweens R and, siferase GeldyfistRenilldchani sns, such as cel | ul ar

mgration, nenbgane excitability, mtochondria) netabolism secretion,
mtosis, and symaptrc plasticity (Berridge et al., 1998). Coding cal cium
information at Ahbélunéldstdnas 3oy ki) uhadfel BRET)isgste@Mbdikatidineo! Vi ng
spatial, tenporal and %uan dtative factors. Targeting marker of the
invention to diffEEHe ClGHtan FlorlaPrat@ipart nents is  possible by fusion with
a peptide sign ob; bhe. 7 ; geting

t he nucl ear co%%r{tr'ﬁgﬁ% I '%%‘Eyé&{lﬂtg&gtgg%i ﬁr&g IEI%@' %aggé(/&{’rﬁgg‘?‘gleggﬁ cal ci um
in transcri ptiovolaé,ipratpbaSerechani sns and during the nechanisns rel ated

to progra .cel | ath (apaptosis)..[074] Exanpl.e B: Targeting two fusion
pr 0'? oi gs %ﬁﬂlc@g@ bgﬁaa%géce@qlwgﬁis fr&m a cell poptrlrlgtlon Elaeukagyotlc mggamsm.

[071] Targeting the bioluminiscent protein sensitive to calcium in a cell

population or in a specific tissue may be achieved through homologous recombination or
by transgenesis under the control of a specific promoter. Replacing genes by
homologous recombination in embryonic cells in mice, such, as Hoxc-8 and Otxl, with
this new marker will make it possible to obtain new lines of mutant mice. This approach
will permit the detection of electrical activity in a group of neural cells, and will also
make it possible to complete the phenotype study of mutants obtained by replacing the
LacZ gene (Le Mouéllic ef al., 1990, 1992; Acampora et al., 1996). For the Hoxc-8
locus, the expression of the marker should be located in the ventral horns of the spinal
chord beginning at section C7 (Le Mouellic ez al., 1990). Anomalies in the somatotopic
organization of the motor neurons innervating these muscles have been brought to light
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em ssion spectra in the two cell conpartnents, for exanple, cytoplasm and
the endoplasmc reticulumw |l nake it possible to study the regul ation of
t he cal ciwoofdasmo during cell activations. [075] Exanpl e BCT/EROIGE0ING t he
fusion protein in the synapses will make it possible to study the cal cium

activity ljnked t ctrical .actl.vity in negur el ls duri .t he rel ease
of neur ot rgﬂgq?rﬁ?lgrl?.bg}rﬁgé?#“g Otglgsrf’%iqfirﬁ??ﬁwggﬁ%Cl%ﬁ?ﬁ‘?ﬁeﬁ%ﬁpswerﬁm riple
fusion bet weeimdursdaRsdtionP @i deveopfiRnfiaf e Bt @hadHikes Br th&WMI25, GFP,
and aequorin. The existence of protein-protein interactions durin

exocyt osi smediletheitransgenpehauld be sgpressed iERBiiTrogPns plobs forcbrairg géAdhater a

d i bility: JA functj | | - in, th
one i n FusTbrassipniouRE b 3P VRN AP Eordig carlek Apfn BEINER, (1C
A signal wijehcdpaloh! @esmdephalon, gl édiebellim have deacstionm @fartde adi 19%Nent

proteins in the presence of an increase in the calciumion concentration.
Appl i cat i oMutent siggigbtamed By ghasisplergnent of the gene by tha Laséasna shehal evel [076]

Triple fusj ; - g ' ' I : jes such
a5 "t agmeist ol B e B Qe M ekl e s ok 3 Bl B R e pes
virus w t hmekdicepiatoraand oerebelisint {Acmadgerd 1 g303994)) &'ht dosslof balarcetdnd cal ci um
activity in a population of connected cells, f exanmpl e jn a neyral

net wor k. DESRIPIYIPPYANGH obseavedoRdhast a%?ﬁnd@rre%l%%& PiiHA RO “amRles in
expressi on J - a ; s

(o - Sl BGT LB SoaNS i Pl ha RS BB REACHN AR 20 e,
see fi gur ejensrdlizedppileptiasdizGrenl Thaezstadshmaht eifaliltyuetnnectoins gnd/beatiforhal

O Al SOOI B SR o5 5y
AGG 5 KpiNiciRAraGI60 5AEhEide d¥nfe itaindricbr withn Hiore &n@%ﬂ%@iﬁe GAC G
G GGA TCC "CAG CIG C C'CCT AGG GIC GAC GGG GAT CC CAG CTIG CCC CTA GG Sal |

BarrH St atpevezify hEGFRyOthnses tharph mfvegonekingd)dyhams) appoach randagshe sther,
O e LS U e B DR 8 o B R 1

Application 2: Study of the role of intraceilular calcium

© [072] Calcium is involved in a large number of cellular mechanisms, such as
cellular migration, membrane excitability, mitochondrial metabolism, secretion, mitosis,
and synaptic plasticity (Berridge ef al., 1998). Coding calcium information at the
cellular and subcellular level is complex, involving spatial, temporal and quantitative
factors. Targeting marker of the invention to different subcellular compartments is
possible by fusion with a peptide signal, for example, synoptotagmine.

[073] Example A: Targeting the nuclear compartment will make it possible to
study the role of calcium in transcription activation mechanisms and during the
mechanisms related to programmed cell death (apoptosis).

[074] Example B: Targeting two fusion proteins with GFP produces different
emission spectra in the two cell compartments, for example, cytoplasm and the
endoplasmic reticulum will make it possible to study the regulation of the calcium flux
during cell activations.

[075] Example C: Targeting the fusion protein in the éynapses will make it
possible to study the calcium activity linked to electrical activity in neural cells during
the release of neurotransmitters. The first possibility is the achievement of a triple
fusion between a synaptic protein, such as synaptotagmine or SNAP25, GFP, and
aequorin. The existence of protein-protein interactions during exocytosis makes it
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m smat ches (identified belowin |ower case letters), causing the desired
mutation. In the 16 WO 01/ 92300 PCT/ EPO1/ 07057 pEGFP-C nmut plasm d chosen,
cut withwoer/®seil enzyne but not the Agel enzyne, all oPCT/EROWATIOEL i ONS
were verified by sequencing. - Destruction of the Agel site, introduction
of a Sad site_and deletion of a Val.ine, codon nornplly abse in

"wi | d-typeP° foptoRsiqer 2 sqsopd poss f%&%‘}ctﬁﬁﬁéﬁouﬁﬁ?%,gﬂww &‘P BPender gast
F.G, and COnhg! the ¥he in filSfon Wty a §és'idi§arr'~9b?@teﬁif arldBe HELRItRA plshlaQirbidr een-
fluorescent protein. Gene 111 (1992) 229-233.) Sacll Mt Ser Lys @y Asp
OGML 5-' GAGEALRIEheomamed oAlfEuNBE tinBtapRdiogaGts: difforea-progiekds:the’
GCGCTACCGGTCGCCA(Jg ATG GIG. Aﬁ%C AﬁG G GAG ?f . Agel Val - Repl acenent of
the 163 VaPTignce 48R M57eash g SRIGEL WESROF8H8% to increase the quantity

of GFP assumhRehtidn G0 ShRg lof eBfued ﬁ?ﬁeﬂ@ﬁ B¢ calV pofulitRmBeveld, K R, Golbik, R,
Sever, R, and Haseloff, 3., Miutations that supﬁress t he
Al

t her nosensi ti vi {676bf Teiplsefusing ofia pecieia hevipe datercallulay ranspert prapertios spalnags)

1653-1663.) lle s.A a_Asn .Ph ' T . : G 3
pece. crartegnéic R e o bRy of 2 PRy of R EEG i wil SE0 "
codon by aaid sdqubiin &vill aehke itysussiblel ty opscesethie caleiumvattti-ityyipa popGatiof Bf asher ,
D.C., Eckenrode, V.K., ward, WW, Prendergast, F.G, and Cormer, MJ.,
Primary st ferieated cells, forexapplionadnepra NgosKgr een- f | uor escent protein. Gene
111 (1992) 229-233.) Ile Thr H's Asn Met oGVMB 5° GG ACT ATC CaC GGC ATG GA
3'  pEGFP- Desiciptionsof thiccmstryction of @ hisslamimescent, marker ggpisssige vertor
pEGFPnut - AsgnsitSieRo Aalpiramiionsf usi on protein) [079] Four PCRs (Pol ynerase
Chai n Reac j[)l done a, Vect.q oE- sing the aequorin (Aeq) coding
phase nmakes—= et y x* B, C, and D fragnents wth,
respectively, tng7pr D¥EbR RAEHh aMFEGPESAplemkbi18mEcI) AES BoureNehk kit
0AE3C, O0AE5D an(tzloa]oXEg[a;.a The overlg%Epi ng rep io%@ar e used tBig)ua)sAfgnb e the 17
WO 01/ 92306ndEmslpaymey. osfter l@lumtfe@ﬁimtth@)&pvgeWMﬁwgw@lu‘éM&&bw" PEHS2seHo,
S. N, Hunt H.WD. Hortl;or;1e 2, M Pullen, 3.K., and Pease, L.R
Site-di recfheecf &f{’{gﬁ%‘hé?i § E%P%%erl ap extension using the

5' GTC GAC GGT ACC GCG GGC CCG GGA TCC 3

3 CAG CTG CCA TGG CGC CCG_GGC CCT AGG 5

Kpnl Smal
| Y
GTC GAC GGT AC G GGA TCC
CAG CIG C C CCT AGG
U
GTC GAC G G GGA TCC
CAG CTG C C CCT AGG
U

GTC GAC GGG GAT CC
CAG CTG CCC_CTA GG
Sall BamHI
Stage 2: pEGFP-CImut (GFP mutagenesis)

[078] Four mutagenesis oligonucleotides were used on a single-strand molecule
prepared using pEGFP-CIdKS. Each oligonucleotide comprises one or several

mismatches (identified below in lower case letters), causing the desired mutation. In the
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pol ymerase chain reaction Gene 77 (1989) 51-59.) An A+B fragnent is
anplified starting with a mxture of A and B fragnents, and the priners
OAES5A anwvoAE®B00 Simlarly, a C+tD fragnent is anplified RCTEP@/QTI3 ur e of
C and D fragrrents using the prinmers oAESA and oAE3D. Finally, the conplete

o1 1 Gonuc! o8 PBECUBHHRSRE Satno S eS| SpReer B o e Al ol g
bel ow in |9F"$énﬁﬁ§tﬁms é/ﬁﬁéjf'bgg@t s fifp, s represented opposite, in upper

case. The primer OAESA suppres original initiation translation code
(ATG and i Iaemmmle of theBgel ites irttendudiien ¢fra Svell sitoABG Beletion oflay N@bn‘anodqmol

site just behi he trans| ati m naI

o odust . drgBalsabint it DAE-Bas TR R D et MR Wi e e

Bgl Tl - Sal | Pﬁh&&@as@fF Ghend EehRics MUt PRG-I sGuctin® oTHENA BquEda ¢1b@hatgk&n3/al i ne
codon (GTC), thé first codon of aequorin, is in the same reading phase as
the GFP (s @orf:$cgn’n@rptelrrh@em h]elr(1B9cBr1?@r95233|)ntroduce "silent" mutations that
do not change the protein sequence but nodify six codons in the jellyfish,
Aequoria victoria, to inprove their expression in mammuals (Wada, K-N.,
Aota S.-1., Tsuchiya, RSaciishi bashi, Met, Cojoboser T. ,Lvand |kKemurapsd.

% vpsage tabudat gd-dmemdhe cAenBanky |enet| c sgg@enc%@ata Qecl epfic 3
Acids Res. 18 su png@é 1990 2367-2411. The cor‘rRI eteness of the entire
G

seqUBABE &S veri f i GEHME ng, @%\ESAG(.?EAT 8¢ AGETTCAgat®ét GrernasA
CTT ACA TCA GAC TTC GAC AICCA AGA TGG ATTVERGA CG- 3' TCGAAGIctaca CAG
TTT GAA TGT AGI CTG AAG CTG TTG GGI' TCT ACC TAA CCT CCi BGlI | CAC AAG CAT

ATG TTC AAT.TIC CTT C CA T AAA ATC. T T GA GIG TTC
GTA TAC AATCRSBHACeR)at %ﬁ%ﬁ%&‘@ﬁe& ﬁ%@@“ﬁg odqringgidert n@a&e CT ATG
GIC TAC AA@a%g JHFEAEu il {38l SorformAdR 263 7° e &R CGbIKI@R CAA CC
TAC CAG ATG TTC CGT AGA“CTI% TAA CAG TAG TTA TTGCE‘?}% CGT TGT GGA CTC GIT
CG 18 WO HavegR3pandidayeist) 1/, Vhgstionssie5BppressAhe termemasitmty-GATreeTT GTg GAA
GCC TTC TTEC GGA aCT A TTT GCT GIG TTT CTA CGA
CAc CTT ‘Kﬁiﬁe%"% %‘ﬁ"‘é@@%&%lﬁ CCA CAC T 0AE3A GAA ACT
GAT TGG CCT GCA TAT ATT GAA GGA TGG AAA AAA TTG GCT ACT GAT GAA TTG GAG
CTT TGA CTA ACC GGA CGT ATA TAA CTT CCT ACC TTT TTT, AAC CGA TGA CTA CTT AAC

CTC OAEBC G T A he
oGM2 : 5 GC ATC ARG Gee AAC TTC AAG 3'
pEGFP-C1dKS 57 GC ATC AAG GTG ALG TTC AAG 3!
Val

- Replacement a 231 Leu codon by a Histidine codon normally present in "wild-type"
GFP (Prasher, D.C., Eckenrode, V.K., Ward, W.W., Prendergast, F.G., and Cormier,
M.J., Primary structure of the Aequorea victoria green-fluorescent protein. Gene 111
(1992) 229-233.)

Ile Thr His Asn Met
oGM3 : 5 GG ACT ATC CaC GGC ATG GA 3°
PEGFP-C1dKS : 57 GG ACT ATC CTC GGC ATC GA 37
Leu

Stage 3: pPEGFPmut-Aeq (GFP-Aeguorin fusion protein)

[079] Four PCRs (Polymerase Chain Reaction) done on a vector comprising the
aequorin (Aeq) coding phase makes it possible to amﬁiify the A, B, C, and D fragments
with, respectively, the primers 0AE5SA and 0AE3A, 0AE5B and 0AE3B, 0AE5C and
0AE3C, 0AESD and 0AE3D. The overlapping regions are used to assemble the
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AAA TAC GCC AAA AAC GAA CCA ACc CTC ATC CGc ATc TGG GGI' GAT GCT TTG TTT GAT
ATC TTT ATG CGG TTT TTG CTIT GGT TGy GAG TAG GCg TAg ACC CCA CTA CGA AAC
AAA CTA WG01/2380 T 0AE3B GIT GAC AAA GAT CAA AAT GGA CCT POTEAGATCNG GAT
GAA TGG AAA GCA TAC ACC AAA GCT CAA CTG TTT CTA GIT TTACCTCGATAATGT

Gar e A Bt WAl FEE . AT WY MR T e
AGT CTT CT A%Cﬁd%@s&tngfeﬁﬁ&tIﬁu%&mmﬁﬁéx@ﬁﬁon ofEpleA T A GAA
AGT GGA CAA CTC GAT GIT GAT GAG AIG A T cTg GGA TTT TGG TAC ACC

CTT TCA CCPolmwmErasachamacasiian Gene @?@19|8&é:51ré? )mrA@cfr&gm BemptificdAn ACC ATG

&2 1A TCTRERE TR i QO A pnl rigen o R e %%Eéﬁ%ﬂ &7 oA

CAG GGG AT BBl 2 CHAGASeN is & AE&DWltBtaagemﬁe olﬁGGAd(D fiagmenteusofg the
I nt ercal at ed sequence) [ 08 In.t r-Ae a_sequence of
five anm noPHBICESOAESAERd °6§%’%§@$W€ tﬁﬁ%‘gggp set‘géBﬁlbﬁgﬁd aequori n.

Cbservati ogsyd; %@%g ﬁf’cprin?é?%&ﬂﬁ?:&%ﬂd%‘?\]ﬁ@ S region by intercalating a
t

sequence in site conpl ementary ol i gonucl eoti des codi ng for
a sequence of ni neo am no &achisliginnelebhde cmnmms iohé onsexvepd odsmixteles dliat

ncer i on, " he BOpEI 35 MEMPASAHALE Y, Bives R (Lpe AL ORIe i RRFeRER
intercal ated sequenegso sgl%qu}t?pﬁ@ld%g $HE ﬁ‘ﬁéf YEEYA shp res’vsebﬂéto%gﬁmﬂ he

orientation is contro BspEl nz me. Two ies of this sequence
are needed to restor emtlh'eomtmnshitmnfcbdmfk"ﬁ@)amnhnﬂ‘bdt@épa Bgdﬂ sttheThclpngry:r

transfer between aequ and G-P i t.i e t ve. copie The .entire
i ntercal at ed sequenc@% ?)p aEaduges ap; fgtexyug bgain, Bﬂi“hé sil%;@% t?rf‘ﬁlf’?lé’IOd% no
acids = 50 aa) vas VerhhetnpyingaReRiidler, ahI= WPk R2B00 BFARROL 07057
Lys Ser Gy Leu Arg Ser Val 5 AAG 3" TTC AGG

CCT GAG TCT AGA CAG Enzym}‘spxsmﬂ lBtmll hgIAgpasl simact me@@@mcmm pbmnctCT GIC
T A O T G L A e ol e Pl i Sl R
GIC AGG CC 5 in the same reading phase as the GFP (see figure). The other primers

introduce "silent" mutations that do not change the protein sequence but

modify six codons in the jellyfish, dequoria victoria, to improve their

expression in mammals (Wada, K-N., Aota, S.-I., Tsuchiya, R., Ishibashi,

F., Gojobori, T., and Ikemura, T. Codon usage tabulated from the

GenBank genetic sequence data: Nucleic Acids Res. 18 suppl. (1990)

2367-2411.). The completeness of the entire sequence was verified by

sequencing,

OAESA CCATG

57 AGCTTCAgatct GIC AAA CTT ACA TCA GAC TTC GAC AAC CCA AGA TGG ATT GGA CG?
3! TCGAAGTctaca CAG TTIT GAA TGT AGT CTG AAG CTG TTG GGT TCT ACC TAA CCT GCI
BG1lII

CAC AAG CAT ATG TTC AAT TTC CTT GAT GTC AAC CAC AAT GGA AAA ATC TCT CTT GAC GA
GTG TTC GTA TAC AAG TTA AAG GAA CTA CAG TTG GTG TTA CCT TTT TAG AGA GAA CTG CT
ATG GTC TAC AAG GCA TCT GAT ATT GTC ATC AAT AAC CTT GGA GCA ACA CCT GAG CAA GC
TAC CAG ATG TTC CGT AGA CTA TAA CAG TAG TTA TTG GAA CCT CGT TGT GGA CTC GTT CG
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BanH BspEl [081] Optim zation of the energy transfer by inserting a spacer
bet ween GET and Apoaequorin. [082] A non-radiative energy transfer between
t he exci tvedoospbuci ferin and the GFP chronophore will bePE€T/EROIgI7957
dependent upon their overall geonmetry and their respective notions.
Therefore, a linkgt-zWwas designed principally conposed of seri ne and
glycine residuesTto intercalate a flexible elenent of variable th.
[ 083] Mh&CR dtACoPEF St E6h HATHI Eu%c phot’chs G@‘rﬁ;@t &d" o F@%&FF gcthhas
been MERSUF e COIITCETA GEAICAexITTACES Ap¢ SParEd 948h Cet tCeF TACaT| &Pt CCA CAC
transfection of Neuro2A cetfls. Thegggmptons emtted through a beamsplitter

ner e %ﬂf%%ﬁf %c?er @%%API%T ARPE %ﬁtT%GfAAVP\;; STTGC%%@}}%QJ[GAI] Bl L ¥ C{]AtGGFP to

aequorin I can nodi vel ength maxi num

em ssic%’-h TEEi §A 1290 G%é@%ﬁgﬂd@%ﬁ%ﬂ{ Fat i’7g Tt ?%frrﬁi’*%&ﬁ%éfr@ %’%e?”éﬂ/ APy aﬁ%’§f er.
The ratio of green overoMdboe Ei ght v(50@/450nm was further raised from 3
to arund,# Ry %dkﬁcg G;sAtCQLASA(Jcl Bi‘ﬁeﬁéc (CEEQZXTCZTGGCBEF )GA‘I‘ Ricel 48 @@1‘ Y;AT ATC

measurenent in 0 _can reach alnost 11 with

pr obabfy Aﬁ@ccfﬁs%TT FT(’E FFET szgc{ﬁ?uis}éﬁ %?1 GF P’ fustor profelit é%ﬁg?eT “to the
menbranes (see materials and Cnet hod#ls) T $88B] Spectral em ssions of the

di f f ecentcaganat clCtsn Wer &scal & anabhyz ede USirngrAa TcERNCRK oMMt Acc 2AARQIEr i N

Shov"egﬁz?c%%q SReEt %vyctfh%a}g\ﬂ%%ﬁg% nceedn “QH‘A 174 %e Jﬁr amaad.a

bandw corresponding to et vveen ow and A havel engt hs
at 50% val ues of the maxi numem ssion, at 108.3 + 20.1 M (F| g. 2). There
was acct ear g A1c tawach mchecgr eeh TEQ dAhecApentd eént SshaTcofct har GEP-G@quorin
const pECtd-QNSicl BRIENY 2kt QB 306 drat ade 2rBNBOr@ldad tér I AHB ctDehgashng the
| ength of 20 WD 01/ 92300 PCT/ EPO1/ 07057 t?e l'i nker fL}\rther affected the
shar pness of the spectrum as indicated> bandw dt hs, 88.4 +
9. 4 nAtAAGT BHEAOCA 3TQ GAMNCTE oFATPEE ARE APTEEAr &pERY icVelGFA THeFEs TR LCA0

evi dengee of @rbémodad ceperhram vid haamyr ofcTt b PGl AapGoh LONEET UCE SreG
indicating an optinal transfer which could be i.nconpjete in tbl}g%] Lcase of
pGA. [085] Wen the spacer between GFP and aequor| nis Ionger an 14 am no
aci ds, the donor and the acceptor dipoles have probably freedomto be
in a AE@@FglﬂTaGdiomGd FHDWRaTE Tt GEPIGEAANTI ERT af®ITes UicarcremaTq Tt 'ansf er .
The sygd efn Qfeat B atdv@dtireneas Ridscancefddncéoney: aofpaiedlceriahhe

i nternol ecul ar CRET neasured in vivo (22, 23) and provi dezs a cf ni ent
nodel for the biophysical studies of radiationless energy transter

mechani snms. [086] Cel lular localization and targeting of G-P- Apoaequori n.
[087] .The (_:e ) i zati on of theGF - apoaequorin constructs has been
exam HEgS 5C ap i g FAUERECY y 48h after transient

transfecti P(FBO'] nlﬂ\lﬁférMPmur-Aeq plasmld a sequence of five amino acids exists

between the coding phases of the GFP and aequorin. Observations led to the

lengthening of this region by intercalating a sequence in the BspEL site. Two
complementary oligonucleotides coding for a sequence of nine amino acids give the
composition a good deal of flexibility, owing to the abundance of Glycine and Serine.
After insertion, the BspEIl site is preserved on only one side although new intercalated
sequences may be added successively. At each stage, the orientation is controlled by the
BspEl enzyme. Two copies of this sequence are needed to restore the normal
fluorescence of GFP, but the energy transfer between aeqﬁorin and GFP is optimal with
five copies. The entire intercalated sequence of pGCA plasmid (5 x 9 aa + the five

initial amino acids = 50 aa) was verified by sequencing:
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cells. Expression of the nutant GFP al one (Gm) showed honbgenous
fluorescence in the cytosol as well as in the nucl eus as expected since
GFP is awomid23protein that can diffuse into the nucl eusPCMEP@EIG7037 V163A

i nproves remarkably the fluorescence signal and reduces photobl eachi ng
when conpared to the original EG-P (data not shown) probably owing to a

hi gher concentration of properly fokded protein, Ap.gvenly ¢istributionis
al so observed for all thesGFP-apoaega®ri BeLonstd UuCheONS rbh Neds 02Arcel |'s
(Fig. 3A-D) as well as in3COS- freel héc Bretght capot scoft @sa apprared:in the
cytosol with fusion proteins having the shortest linkers: GA, G A and QA
These spots were | ess frequentfiu t BsiIA and never BB5Eérved #&th Gn and
GSA. High concentrations of proteins expressed during transient
transfections could induce the aggregatio% of GFP (24), which is also
going to be influenced by_the resence of .the_aequorin grotel and, the

di stance separating Ehen1?@@88§ P-gﬁ@aegg% % éiso E%enStargeted
to the neurotransmt vesic es Wi a conplete or a partla
synaptotagm n | nolecule. Synaptotagmin | is a transnmenbrane protein of
synaptic vesicles and is inplicated in neurotransmtter exocytosis (25).
For imagi ng cal ci um nery odengi nsed N Eryesysapt i cLyconpry t oent Sset he  si gnal
shoul d be nore atcur at& t hass | fA@ventsar di 31T i betedceéh t hac cytropl asm of
neurons. In a Bhree pdit ¢Usi oFCPr ofd n, AGGHBACEF §CC 1) 6T¢ he28@mpEE etoe
codi ng sequence of synaptotagmn | has been put in frame upstream of GBA.
In this case, GFP fluorescence %&HSuperinposabl e with Sy#fdpt ot agnin

i mrunostaining but is also visible at the cellular surface (Fig. 3E). In
neurons (26) an L p2l WO
01/ 92300 PCT/ EP 1/187%%‘?%3@8?%?5 en%?g’%ég%ﬁ l?{ge+1§g§ﬁhg‘%glgl?§§9%q%n pl asma
menbr anes, am&ﬁpamhymmecause the dynanlc mechani sns of exocytosis are

f ol | owed b ra ocy to When GFP- oae or| n.is fused wt nl t’he
N-ter mi nal Y arf O%?f fré ‘é@?’ﬁ FRerRctrangf %%QW?@ G SHTURS ABY HHERT lﬂﬂ?‘a ﬁe bﬁt
l'acki ng th@F?%M%ﬁ%%%@t%n&%ﬁéldeﬁi ontheir évérhﬂg 2 ng Sé&Rf @sgence is

restricted to the The punctate uggests that
this prot eraspécive mnkmds i Tﬁheuefoh@ atlmkmswgﬂ)dleglgns@pnecnpalish@)mpnscéof seriaeget i ng

of the three, par.t 0 he inve es not occur with

t SGBA and arige f‘??“ﬁ‘g qug%é‘&?qé{ﬁ&}?ﬁxlbie ‘?elﬁ’é‘e?fta 38? 1% B\ten fused to the
conpl et e synapt pfgaPnirhe it Figheental@ bl phlotths BRSEANE di'iﬁl‘eldéfrlgg%rlﬁghﬁs back in
t he pl asna nenbrane, but nevertheless l'abels all neurite outgrow hs

present i nbegaumesBAredam) @llul[ao@g}acwrapar@tbwmﬁqs mranﬁetstutr@ls@cum PisNeyrodd]

cot  anst octit i AR RN kbR byt udtbels B P on w11

native cogheohieitezites. IOvaéﬂtﬂlnklﬁg’ﬁGGMUfof@Quor@fﬂ(@m sighifibaly mbdifiedtehas
been measured with a c|assical intensified CCD canmera upon the addition of
CaCl 2 sol ubpuHenath gignagimugn light emission (Fig. 2), thereby demonstrating intramoiecular

energy transfer. The ratio of green over blue light (500/450nm) was further raised from
3 to around 7 by adding 1 to 5 linkers (Fig. 2, CRET). Preliminary measurement
indicates that this ratio can reach almost 11 with SG5A probably because of the
accumulation of the fusion protein anchored to the membranes (see materials and
methods). _

[084] Spectral emissions of the different constructs were also analyzed using a
monochromator. Aequorin showed a broad spectrum with maximum wavelength at 474
+ 6.9 nm and a bandwidth, corresponding to the distance between low and high
wavelengths at 50% values of the maximum emission, at 108.3 + 20.1 nm (Fig. 2).
There was a clear shift toward the green in the peak emission of the GFP-aequorin

constructions ranging from 506.7 + 1.2 nm to 514.1 + 3.4 nm. Increasing the length of
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and 4A.4). Wth the negligible background (Fig. 4A.2), integration tine of
1 second is enough to record the signal in single cells (Fig.4A 1)
expressi mgoang23ed the fusion proteins. No signal could brCVEBUaAI7TIZEd with
aequorin alone or with co-expressed free GFP (data not shown). The

Cbeerved | TPt et SR e SHEPRBRS! S aPodnt g RO LR PGB or i

expressed bihdwliliths 4 p@\éﬁﬁm*&ﬁ& B6 det ﬁgtxﬁ@ foApGARAH PGBA leSpeRFAP! THEEN
targeted In mtochondria. Wth a cooled intensified CCD camera, Rutter et

al . (1996) wa2i) etidense of adumeda dpéairuge webany gf th@tp@lﬁ-l?@éh@@dﬁ?ﬂ’lms Cam si gnal s
when aequorin i.s fused t hr.one oxi dat ncodi ng

cyt opl asni @dé@aﬂ%??ﬂpwﬁpvaéﬁé’?&d%h qu e%PWF&tt? Fﬁ ﬁoﬁgpg‘yers of cells
only when phot o[oslsyl WHeRrthe §ﬂ3Ngr)ber@eﬂJ@E1dandl\56cﬁlbnﬁﬁﬂon ftRarS BNghinove but

| ack the spatl a resolution for single cell analysis. The stahility of

GFP- aequor eids, s dmor and theacapierrdipeles bavg prohabhippEseeedpmgebedRdssi on have
d t b| t
et T ARG 00t e Al

transf ect i gresdityitidoas efﬂtﬁ@ﬂy lasampmraﬁleae tieeinterinatecdp ORBT medsured, insueh t hat
openi ng of the voltage dependent Ca++ channels is likely to _be responsible
for the fa&2 Bﬁmgirﬁrmé@@%monfvwsah@ed@éorc%e:b@phyaeqilsmdeﬁﬁ O(f EAdjationtess | j ght
em ssi on background | evel because of the

desensiti zarkgg}ﬁ EjE(E«atr&]';dﬁh@tlnltrr\lgI s and the nenbrane depol ari zation by Ca ++
-dependent K cﬁ}sﬁmebsll(ﬂaﬁbocalﬁamn3n<$tmgmdxga>f$}FmApmaegu@in l e in nock
transfections of Niu @ af?; WO 01/ 9 0 PCT/ EPO1/ 070575@%58& 4C) .
Subsequent addi t48d eﬁel arlogalizationelthe A3 E1apeRequonn CORStEICS eni ssi on
of pnot onSe¥irhifed FRAAPNRsALAGRP wmt%%wgwf@r frgﬁsfl&ﬁ&ﬁﬁéfe&wﬁ%moﬁl over
| i ght |ntenS|ty|s etecta e|n 2A cells transfected wt

(Fi g. 4B). cése®Exarestion of éxcputntcGFRE alone (ﬁmbehovse@mmigeawstﬂ;mmﬂqmm

surface of .the menbra th onse Ki net.i cs e muc r t han when
the probe € Wokaér‘ﬁf‘gf (tg@ﬁ‘uc(?@l‘ﬁé‘s G§Be°6€fdesnf‘??e 1 Bl alﬁ‘??aﬁle@? E‘fﬁ?&r ter
SGBA pr obafiise Y kHARuckusY Mitdtiod V6 IN GhstovesidihadabRite ﬂh@:’é@&h@é signal
resolutions. In any case, the responses observed are not due to the

conpl ete en:dw@dn@ﬂsupdmt@ieaalelqg (v\fhen campamdéo teairiginah E&IE(datagghshomin) | be
observed mhe ne ion (1 o cells
(see Fig. H@ %ﬁﬁ cronc §tgxiop i ?gw!?ﬁ%%é ‘gﬁgﬁ%@; have been

repeat ed aHlthrftﬁlﬁbnﬂs élsdr@@senéd\f@ralme IGRPYapRhequonigi cohstrRtioB€in Seur 630 0EIELS Was
observed, probably due to _cell gopul ation heterogeneity. Further

i nvest i gat (IB&s3AxPa ap sgllias a1 COS- £ eglish Biicht spateftersanpeaist inthecylorlyith er sus
Cam conce t L RS

Cdent i 11 cal P PR RORERE HRRIERAR BACELASN AR PTiRL b Rhrc s
responses &squdnhevithfG4X tindheveebbderad wittaGaf et GHA. Bligh comebiteatienpof ent i al .
[092] The transgenes of .the invention should rmt imaging of el ectrical
activity i BrOteDy eipressedudnnng ransighbiransisntions %"U%Wd\‘/‘F? Flﬁ,aggﬁga%‘pﬁfjc@%%es wer e

used until o4y which is also going to be influenced by the presence of the aequorin protein and

the distance separating them.

[088] The GFP-apoaequorin has also been targeted to the neurotransmitter
vesicles with a complete or a partial synaptotagmin I molecule. SynaptotagminIisa
transmembrane protein of synaptic vesicles and is implicated in neurotransmitter
exocytosis (25). For imaging calcium microdomains in presynaptic compartments, the
signal should be more accurate than if evenly distributed in the bytoplasm of neurons. In
a three part fusion protein, SG5A (Fig. 1), the complete coding sequence of
synaptotagmin I has been put in frame upstream of G5A. In this case, GFP fluorescence
is superimposable with synaptotagmin immunostaining but is also visible at the cellular
surface (Fig. 3E). In neurons (26) and in Neuro2A cells, synaptotagmin I is localized in
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recently. The first nethod is based on the coupling of exocytosis to

em ssion of light fromsynaptolucins in nerve cells (30). Light em ssion
occurs wveaoi/p300 uci ferase, targeted inside the synapti cPeEEPEIE87 reacts
with ATP in the extracellular space. Wth this system the authors obtain

signhals correlated with the neurotransmtter ease but e |low |ight
Ie\g/el r equNSWERNA) BFQLEPSSRrd U ESH feﬁab E))?égla(rg%€>ra§%§ 3 blytbﬁcel‘ﬁi’é ecgnd

approach 562 nls\%@b AipRd BRRIY14SI8d With GRFasur enent s
intrace ﬁégflg?fe[%%galﬁﬂsrgﬁg Eyl'tbklg@r% gor si ngl §edlécel | detection, this

t ec hni que amgaquoEs is éusdfmﬂmré}ﬁthed{rmmmai @axt@tﬁ sy)ﬁpmtmnumlwﬁlsg theni nate t he

b1 o1 ogi cal FRHRSURGL GOt R Bo2e i FRPT Damir G Hedariet L or gy

transfer bﬁh&%@ﬁ%n&@i% reMRCEE RSthe B sbm:%m | THE fhindR%e Bb@hngaduggbsfsﬁh@:tl vely
| ong, between 4 and 20 seconds. is invention thus provides new

bi f unct i ontiis prptein do¢kediipiodhe tr@@@pgcégwaiﬁmp diheeorscidargeivg poihe Swerdy GFP
fl uor esceng u%lot\éq:xg)l%cﬁlg Bt %%qff%nltlgn ﬁgéseﬁ& foc@ﬁe 1 tSr(%%O&{aee{rPgn{xrs %{I)\%sloﬁgé' vity.

Furt her nor € uncti onal cou ol | ows

the CRET pdéwe irpthe caseasl8GIA. I Whan Iﬁmsgbecstmrmumeteﬁyﬂapgmgmlﬁmasmpmeand a
greater Ca++ sensitivit Bi ol um nescent activities of these gepetic
mar ker s habelusaiapscsaias als.heldsbaqbu@tk@dﬁqt%nwm @neowt@evqrﬂle@%%labﬂééﬂcca

camera in 1,23, mtgp%ggggg? evef\ﬁF‘%ﬁ‘tc@ second integration tines. The

recent deveefo men etection systens should allow
detection of CR@‘B9§;| @aﬁ]detembhmmnglesbkbster integration times and higher

tial | ut | | ul d.int | 4 b
appr oached i UB0b NeukBielnices Gribiay ToRIoHP iR GFBaR0 POTA &
targeted tg g ﬁéi’ebt‘é&'vﬁrhlﬁ}@h @RHF 1Y), Oﬁftﬁx';% Qbrid féc%ﬁ’é% UtidrCwith RER)e U' ar

conpartments. Particula Perum® okci dons can t en be i1 nmaged
si nul t aneousdignt¢mzioein €a0 of- fmehuf&egnaimmmmfrmomm haub&myneasuredemha:l me.

b oo SR Bl erttameR oraee ittt CctsBiiop rvEiesed" A
the constr gt A Mer WillPe nbdlidihie bREGFRIA FieaAD, infdepittoRiblc ofhRcoRERP gene

is codon-optim zed for maxi mal expression 1n manmalian cells. It also

cont ai ns 2enmnghttcp taeerd the sigoaldhist €Figh@ul) expeessSesTny Qﬁﬁhcrﬁusm;du fy the
excitation ectra an ce f ence intensit e 163 of
The. Earp WBSTTS g0 SR8 BRRRRG Ap 4RL A BEE el RS it & mre i B nes s,
to inproveGrh stmi apesholrvdl. dTRYprebenct BEuche IGFPadids hoCigRSR: degorit UOT escence
at 371C (18, 19). The aequorin coding sequence, a generous gift by M-T.

Ni col as, helemilipinesesae asive obasevedin pife. PBecawg aftthe ew leyatopligetaogdisedne
Bgl | Usal | Eéqtu%ﬁn %Lpl%&%ﬁ R S naRe68: (A QBR M85 E sﬂf@g'cfell? gxceB{ witen targeted

in mitochondria. With a cooled intensified CCD camera, Rutter et al. (1996) (27) have
succeeded in detecting intramitochondrial Ca*™ signals when aequorin is fused to
cytochrome c oxidate. Transgenes encoding cytoplasmic aequorin can report calcium
activities in monolayers of cells only when photomultipliers (PMT) are used, which are
more sensitive but lack the spatial resolution for single cell analysis. The stability of
GFP-aequorin fusions of the invention and the improved light emission have made it
possible to detect physiological Ca™ signals at the level of single cells.

[091] Calcium deficiency prior to measurements or the transfection conditions
used may induce cellular depolarization, such that opening of the voltage dependent
Ca™" channels is likely to be responsible for the fast bioluminescent response to CaCl,,
addition (Fig. 4A). Light emission would then return to background level because of the
desensitization of Ca'™ channels and the membrane depolarization by Ca**-dependent K'
channels (28). Fluo-3 showed a similar profile in mock transfections of Neuro2A cells
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better expression in mammalian cells by neans of site-directed nutagenesis
using PCR (polynerase chain reaction) with overlap extension. Then,
conpl emew@ny92300 i gonucl eot i des, 5' - CCGGCGGGAGCGGAT @57 SEQ | D
NO 23] and 5' - CCGGACTGECCGCCGGATCCGCTCCCG 3" [SEQ I D NGO 24] were

[ t ed .t 5+ d

Conser vat | BHEGCY Rabrguiydidlo'dfE G RRoBASHERSSI T EREaRIC, 2200 on

of one to kimvRidn bto&@%(%g\:@ﬁ@arablﬁib&n&@wt mﬂo&«sﬂereﬁmmaﬂch tA lnwelr lifgh1|5| 0 ][1
nstr t were na In W t tic o syn mn (0]

\iﬁ. ih lJ ﬁeswwns@l@@wvda%@ Yewerdss! lsj %ct%im%llp ﬁﬁdgl 2! q%ﬁrg

encodi ng f ?ﬁxox%'s&lﬁ%aﬁgﬁl ﬁr'alaé lsedngl?&gdl g'nli}Q:rEﬁﬁéHé o?thd @%n%la'hét Pé34

N-term nal = "am no acl rising the transnmenbrane donmain ©
protein, vv&rsgorlseslmmhticm arfermmh quadker ﬁmnSNheartHe pfobe eendBdRgeted) ()i Mhgeseof 24 WO

01/ 92300 P /.EP01/,07057 Culture and tr sfectl o 097]

Neur obl ast I%WIECSG%&?MN%E&&E&% ’E—?qtllr?ﬁ/\?nsysl?wtgg' medi um
(Life Tech c Q% oY/ mrcﬁlp@éed
foetal cal %@?ﬁlﬁn%so%ﬁ% gflgﬁngl%agé ?ﬁﬁf@gﬁ%"ﬁg’&aes@ -(}(dl&(t:o élUl’() ’pand 100
units str emstun;puﬁpnopwquonhlas mof¢ biodurTeesnentoginestiil-be@bbarved Mke)na The cul ture
wer e i ncubat ed

transi ent| §/01%‘}53ﬁ§tf3g Oﬂ‘é‘}oﬁglfw:é?egﬂﬂl’ég&%r@?e@ﬁ ‘l%qll’é eg?. ek glgﬁE

6Tm transf ggdy %sﬁ&ﬁﬁﬁ%e&sﬁf&ﬁ@ﬁs hdvSAWVE Fepdatkd atviehsdt @ tadest Aﬁ%}ﬁiblllty of
cheni | uni nescence and CRET activities [098] Cells were harvested 48h after

transf ect i ordividugizetis @Spmmmawbsmﬁdap@wﬁémﬂﬂo cell popdetign hagergpeneity.

coel entera n ur.i . h I in 1mM
EDTA i n PBé‘“gﬁed 1ﬂver5l3%"stg’ 81ale berag‘ﬁ?%S’l‘&ﬁ rSf%‘gg‘?nl%F @‘3&@%"5 Vg‘(s%% Tri s- HOl
pH 7.5/ SW%MMu&mVl)éﬁhwm@wcmqa@mm aMd dllow me@dmfeanomtm type of
cocktail according to the manufacturer, Roche), for to | h. at 4C.

The cell AelgBimehesnglsimplicasickin these sespenyey @%F‘@Lﬁéﬁ%ﬁ:}@u@@ﬁgénﬁf@é@ﬂémand

t he cel |l ul S obtained after mcrocentrifugation at 13000 rpm
for I h at %Elb?ﬁe&qénﬁlggr nat ant was harvested for all constructions but

SGSA for which (0] mihbtranszeped dfehe inmastidnstiohklrpetai uspging efielefizicall um

sensitivity chem | um pescent acti V\{as measured in % | um nonqxjter (Lumat
LB95501 E&Ee B BEW@) netyorksip i l/e’lan@l? Swét Wigy Beetprrepchevpiedsedbitl wi t h

901 of 10”1}40@5{1 ﬂgﬁgr%ﬁ&ll &s&?%nk}%dﬁﬁﬁﬁ%@feﬁ@ oglg?olf»mgﬁbn omgﬁfﬂs' ty

expressed I N re atlve t uni t nmeas ter the nject|on
of 100, 1 ﬁbnﬁ@mﬁaﬁmmﬁawe 'Eclils(:B{;:lngh‘t éinBSsienbegurowher ﬁl@@l}cﬂ%{ﬂse CRET

measur enen a of extrac fromtrapnsfected cells were
ttargete(l mn 1d% tﬁe synaptic vesic es reacts with Rﬁ’ 1n lhe extracellular space. With

this system, the authors obtain signals correlated with the neurotransmitter release but

the low light level requires very long acquisition times (over 30 sec). In the second
approach, fluorescence Ca'™ sensitive markers have been used for measurements of
intracellular [Ca*"] by FRET (3, 4, 31). For single cell detection, this technique requires
a sufficient concentration of probe to discriminate the signal from the background which
is generated by autofluorescence of biological compounds and the possibility of
calcium-independent energy transfer between the two GFPs. The integration times are
also relatively long, between 4 and 20 seconds.

[093] This invention thus provides new bifunctional hybrids in which
expression patterns can be followed by GFP fluorescence while the aequorin moiety is
the reporter of Ca™ activity. Furthermore, the functional coupling of the two
components, which follows the CRET principle, results in a higher amount of light
emission and a greater Ca' " sensitivity. Bioluminescent activities of these genetic
markers have been assessed in single cells with a cooled intensified CCD camera in 1
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pl aced in a reservoir chanber and brought into contact with an optic fibre
bundl e attached to a photon counting canera (Photek three-m crochannel
pl at e i ntveagi/fazedd CCD canera: Photek 216). Before captur BCOEP&I/NE S,
i ght passes thr ough a monochromator allow ng the spectral. analysis of

emtted photon |5| L L6 L of
CacL2" and Baphs BeTATR Ths Eetl Heloiet OF RRCRye e peeb Mr B8

sol uti on (&M alldvodetadtRRANYFITRIET plapilo Q&thrlﬁlhd}mhdﬁélelmﬁgmionaﬂﬁcs amaalmne
procedure was followed but in this case the system neasures the ght

emtted t h$pauglrremlweor( Antyacrlulasaad grtesellylacon n)slgnﬁlln@ge‘eagl bsr%p@roaah gm

fﬁlrluﬁlf)ﬁtr)carll gation %gg&fﬁ%& o@iﬂg%lqﬁﬁj Wl xe# %&gﬁo tgtg‘%?ér}aggl?eg??on

i n 4% par apspuldiotienyade to smcm&ubﬁlﬁﬂaér,comaﬁmdnusn Pa%uladaﬂcaimumt ed. GFP
fluorescence_is visualized, under a _ conf Calcgkl r Scanni nagm Cr.0sco

(Zeiss, m?ﬁ@i%@ﬂ@carﬁé?%%wagﬁﬁlsﬂﬂu {poeQu a‘k%@‘iﬁ’%}ﬁd heipgyy t| ng

innulti-lj 3% or an Axi ophot m croscope with an epilum nescent system
(Zei ss, ?ber g, Germany). For imunol ocalisation of the targeted

GFP- aequor| n f[09d} Thislisventiom will be tlessaibediingredtesdntil M the @llawin®BS pH 7. 4
for 5 mn. roomtenperature, perneabilised in 2% BSA/ 0.02% Triton/ goat
serum soIEF‘i’BPI‘e? n PBS during | h. Antibodi es agai nst synaptotagn n
(StressGen SYA-130) were then appl pghMprgEng 2-4 hrs. Cells were then
rinsed in PBS and incubated in 2% BSA/ 0.02% Triton in PBS with secondary
anti body diluted at 1/ 1@bnsHERecHc obGF@m@drindnsibb@dgfﬁinSCel s were then

(0203 1 For ty- il AuRCeomsiars pers s s BEGEPIQ Re Ll BREERS P oamy
NaCl /  SmM:KEp né é%%ﬁﬁ@ﬁ@m&‘éld forkha il Sgirkssidh ih rdnliadiZRQells Ot 2y MySOY/

. 5mM CaCl2 mM d ucose and |l ater incubated in the sane buffer

Wit hﬁut Ca®@nt@ns mmatmns i heeheomenhers, K64k ang 8@5559%11%%@1%6&%9%;0& or 2
4 37C
hodi 11 od orrphand SRRsk AlGtsalinl B9 Palip B fothe BRI A" @

epi fl uor esﬁﬁﬁﬁﬁtd&fbyt aliingeing sixi;l@:u@hd mm@nesismo Ghyrope she propeg felding oty

di stance water-i mersion. |ens uorescence allowed to
choose t hethegueeiang 1ngeasedhe Hluorasoeney %é”ﬁ@l(i‘% I%hgh%%‘?ﬂupﬁf‘ cednganp was

shut of f a0fubhe a 08ldolloift B MATERolal a8 BEGH fusd A RARRNYR o b UNAGE

every second wWith d coo Cience exte €0 canera.
Each prof i EGFPehd guheBgIII/SQIII eﬁe‘srﬁfqal?ﬂ]@ -ChrSzvet cmionls wgind medlﬁtedédr over the
i ndi V|d cells wusin

imgi ng - Ve bRIsE SISO S R TR 6L Tt BuRes e ANe TR
Eft LVity apRidhais! dhifehdlion§ A bvERSYEQERIAL SThOBmAbeare Made wi th
" oligonucleotides, 5-CCGGCGGGAGCGGATCCGGCGGCCAGT-3' [SEQ ID NO: 23]
and 5-CCGGACTGGCCGCCGGATCCGCTCCCG-3' [SEQ ID NO: 24} were inserted
at the BspEl site in the 15 bp sequence between GFP and aequorin. Conservation of the
BspFEl site at only one end allowed sequential addition of one to five linker sequences
(pGlA-pGSA).
[096] Two additional fusion constructs were made in pG5A with a synaptic
protein, synaptotagmin I of which the cDNA plasmid was generously gift by M. Fukuda.
Sequences encoding for either the entire open reading frame or the first 134 N-terminal
amino acids, comprising the transmembrane domain of the protein, were fused in frame

at the 5” end of the GFP-aequorin gene.
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AM on nock-transfected Neuro2A cells to check the experinmental conditions.
EXAMPLE 6 Protein stability [0102] The turnover tines of the different
cytosol i w@poeBsdns were estimated on transient expressi oRCT/BPGABGI5Cel | s by
treatment with puronycin (50g/m) for 6h. Cat+-induced chem | um nescence
activities were perforned on cell ul %W E%t obt ai ned 26 WO 01/ 92300

PCT/ EPO1/ 07057 after the reconstitutton of "aequorin in presence of 5M

coel enterazi ne. Cal ci um sensiellMiilyurel@d dramsfe@paence activity was
measured in a |lum nonmeter (Lumat LB95501 E&EG Berthold). Ali quots 101)

were placed in B9 %br%ﬁ!embla@f@rrmeﬂﬁ(@wom maweMvEFa gowein Dylhegcdy Eagle t he

(LR | weo Bt (7 etion B SORCh YR REFEGR i (PSS el bk

Tris-Hcl pfdeial bals sdruhi Dwmm g!ataatme/a,lfdfmuhhulmgnes Gébrooe UaDtand 1100 esitar e
ime zero (1009 The

expressed. as a ercentage. qQ ct at_the
r)ég ul'ts ar%reem%m-aew@?n g.te ﬁ%@e&l'efy % g UK). Ei}eﬁultuﬁp gveﬁ%mics itedh#fs t
fusi on projpNg JAeS mg&a%@&@@e%ﬁeﬁﬁﬁgw@m Yid HansFeRep faﬁ&ﬁa&%asmge 80%

| oss of apoaequorin Det erm nation” o

affinity ofitheethed?dPOatedntgue piothe FRGENEE™ tramdfection cdagentl(Rothedscence
activities were perforned on cell ul ﬁé@l@ﬁ% ct obtained after the
reconstitution of aequorin in prese coel enterazine. Calcium

sensi tivity chen jHkRPESEPSEshfe cehiluififiedBAGURACRE Padtifiigoet er (Lumat
LP95501 E&EG Bert hol d) Al'iquots (101) were placed in a sanple tube (with

90l of 10mM Tr [083]4(536_118 wete habjested 48hefteumanstaction in 200! ofmMYdht i ntensity

expressed in reI e n su af t e injection
of 1001+ gpetiprPehi niPRbrA sk dodidnatiEh BESH RSB ind ot 5 6
As seen i NCéilOwer® rins&Andhing EDarA §il PBS kha BifvestéDined00QY 8f hypacdsaiodid hiffet t h
Ca2+ concentrations as |ow as nM whereas aequorin needs 28 tines nore

cal ci um ( 12QpM drgiEF HpH 7cY ﬁﬁd\{ﬂ?@/silgw-rnmt@ﬂimlr wih eproteasquor i n has
bi ol t
bl ur syl BB D eSS £t o 8, ERAEERL

report er s, colleveidbphecatiebskdndtiyepabdag tidevsh DPE R decdleBnditelceNulaary dat as
have been obtai ned about sensjtivity of G-P-aequorin ﬁh;)t eins to Ca2+ ions.

EXAMVPLE 8 @it Wanehtaingd afjergnictgsantaiteeation At 13940 Biafor Bratdly é8e bet ween
L e A 0 67 SRR SO RS B
extracts obisfunhecr @fitspendelde Gaknmnsbmﬁmlwhenﬁlu&ﬁnmoent racimtypwmﬁeaseredof 5M
col enter azii " um%grgétgr%%pn%&ﬁgggOqegtgﬁgcﬁert%(: M)V Alxluots (10p a\szvlélreep ace?i ig

sample tube (with 90ul of 10mM Tris-HCI pH 7.5) in the luminometer and the light

intensity expressed in relative light unit (R.L.U.) was measured after the injection of

100ul of 50mM CaCl,/10mM Tris-HC1 pH 7.5 solution.

[099] For CRET measurements, aliquots of extracts from transfected cells were
placed in a reservoir chamber and brought into contact with an optic fibre bundle
attached to a photon counting camera (Photek three-microchannel plate intensified CCD
camera: Photek 216). Before capture of signals, light passes through a monochromator
allowing the spectral analysis of emitted photons. The acquisition begins 20 seconds
before injection of CaCl, and carries on during 40 seconds after injection of the CaCl,
solution (50mM). For green/blue photons ratio determinations, the same procedure was
followed but in this case the system measures the light emitted through blue (450nm)
and green (500nm) filters after a beam splitter.
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| um nonmeter (Lumat LB95501 E&EG Berthold). Aliquots (10l) were placed in a
27 WD 01/92300 PCT/ EP01/07057 sanple tube with 90 | of [ OrM Tris. HCL pH
7.5 in tveobumdnoneter and the light intensity expressedPCi/BPei7e37 ve
l'ight units (RLUs), was neasured after the injection of 100m of different
CaJEGTA sol utions (Ml ecul ar Probes m Cal i bration Buffer Kit).
Figure 7 shows the Ca2+ response cuf SG5A and aequorin. The
curves represent the rel@fpshdse ,R%ta\fﬁqgnﬁlnﬁ,h;@j,kﬂ,&{ Lmax and [Ca2+]. L
is the rate of RLUs at any given [Ca2+] and Lmax is the rate of RLUs at
saturating [ CaZ6]00]MNege2Aesild were fotedWsh aftax:ﬂnartsfaghen ired %oi parafgrialdebgde + of

t he vari ous GFP-a t han

appl i cati dﬁ?%gé%zlg 5‘8&"1%?1%%%? %W@P@dAg}gﬂgﬁ'lof?Fer{fgd? S?gal%eﬁleﬁnﬁflg aequorin
vere devel gpeghal Hﬁeﬂscérﬁhﬁfge\nmco {55 Ug¢ielbeligS Semhalys WhiiUuiseign f rom r at
spinal cord in culture can be transfected with  higher efficiency. Fi gures

8 and 9 depierkopwalasedpedting bl mritnibeseade of Yrasisphmeistaserpeatith A2 singl e

cell level in dissociate eur I r A y
Senovi 1 ol HBEThRESTTHERGASH P Moy, Gecpfif MU ImEThOBARES SHY |
with 5SM cagkgat@iRidqierih nﬁﬁed@%ﬂﬂ’vxfef@ﬁehtﬁafedrwnﬂ SOraNENH,Esin®BS pHidrdescence
and biolum nescence activity are translated in pseudocol ors.

Repr esent afor § anip; aitroeradersperatuee, pREBANLISEE 3% B IA/ L5 RT rHen/ BRat 648 M ddi t i on
of 5nmM and an T - z g 12 and 9
seconds. oélt}?o?;ﬂl %@S@g i é u@bg\ag&g&lésb{ég?ﬁﬁte t%{a 1&@tﬁ;§s@ex§§¥8§l§ cin and
hi gh concepékeahdncapptibd GagiP2-4 1O NORIs \Eéﬁé\MEHnEnﬂsed ExXPB®asd arubdtedi2%equor i n

Cal of um <1 BRAT R i AR sekendes wily youenar 40] diefimdingg | ©°

st udi ed. fdtl‘%ﬁ@. ﬁ%gﬁg‘%‘ﬁéfﬂeﬁ%gﬁgﬁ %xdﬁﬂ&ﬁrﬁéd" of |l um nescence activity

illustrating t I'n 1 ntracel ar cal ciumduring the neural
i nduction after the injection of thEX(BMBLEémd at the one cell stage in

Xenopus enbryo. Figure 11 en| c Xe s larva wth

GFP- aequorin. These techni EEP&\SBE‘QH 'b"éc%‘ﬂ"ﬁldéfofg O%ith zebrafish and
nouse transgeno‘iél]ﬂ&%ﬁﬁgﬁﬁfdﬁhta?ﬁe?%ﬁéﬁ&ﬁin EAIRSFer€ AinSdUR INGRMI NRCY can be
used in a great  variety of organisns or tissues to visualize calcium

activity a.’vrdI\/UéCﬂﬂblésﬂMéie@a:’opHGtﬁ/ 500 Ot G Qe lmMNaH@H@4]0 SmMMeh@r/\l. t he new

cyst om hae TNECRGRT B Gt aEhe: Fio et 6Tl Gt pleRpb PoES

with 5uM coelenterazine to reconstituted aequorin, for 2 to 4h at 37°C and then rinsed.

Calcium signals were visualized with a modified Olympus upright microscope (BHS)
fitted with an BH2-RFCA epifluorescence unit recorded through a plan x40 Olympus
long working distance water-immersion.lens (N.A. 0.7). GFP Fluorescence allowed to
choose the recording area on transfected cells. The excitation lamp was shut off and the
gain of the camera increased. Images were integrated every second with a cooled
Photonic Science extended ISIS video camera. Each profile in Figure 4 represents the
amount of light emitted over the area that we defined around the soma of individual cells
using the Axon Imaging Workbench 2214 software. Intensities of fluorescence and
CRET activity are translated in scaled pseudocolors. Controls were made with Fluo-3
AM on mock-transfected Neuro2A cells to check the experimental conditions.
EXAMPLE 6
Protein stability

[0102] The turnover times of the different cytosolic proteins were estimated on
transient expression in COS7 cells by treatment with puromycin (50pug/mi) for 6h.
Ca**-induced chemiluminescence activities were performed on cellular extract obtained
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Forms: [0105] Different am no acid sequences and peptide sequences of the

| inker are described. Its |length conprises a mnimal size of 4 to 9 am no
aci ds, wwahi/ean be extended by a group of 7 to 12 am noP@UEBES/(TDIT a
preferred enbodi nent 9 amno acids). The said group is extendable to 63
amno acids, i.e., 9 x 6 tinmes. The experinent was done, for.exanple, with
2 ept | de. T TekoRHOr o) PESugri s PERSPOS Ol MR HAE o CB e not of 9
ani no aci dgnsikyie Eh@RARiminkELAE adtf‘vﬁt?r fak Sleaditbd Id PRiMifohtep@RImRACHh donor
sites and acceptor sites of two nolecules for a direct transm ssion of

ener gy. ThLB9750AKB&EGderdokl) anligpots (Hlul) wergiplasadema sdmple duher (@witht30ahofri ssi on

by CRET. 7] Th f ionis th bilizati f d i bed
yst om by T LESIGG TPhG hill PePREoBE LAt B bt duE Ssrrhd PASTOH of
G-P. The agghiQhit§(RISUL) Whetleadubed dfRr GleRnjedhidrk bf 10031 af S@hi Cacieighmor e t han

24 hours. Applications: [0108] In a bi 01 um nescent system aptitude for
pr ot ei n- pr brieHal PRy sdutiosn Relgtvepbpmppgpineseanice acthfitiespse BXIPisad A3 cent

system wi t i X il | 5, Cdli VJ .| zat kon of the
ear onal o P acsRy s RERRELER ool L RARS piethala FB 5

neur onusc udedh CBIFNE,viedthivpdrivd, Mest fagibh pajtéinnpebentdtbIEL decreadd@-athvityn t he
spinal cord. [0110] Application in apoptosis with a chinmeric protein

conpri si ngcamared Wb the §(% drsaohapagquar WhsreHenon by the visual i zation of
the nodifications of the intracell ugaia\$pkgi um pools. [0111] Visualization
and precision of the role of calciumwaves in living organs |ike the
spleen (intra and i rD&enginatibaof ded Catiafiiyof aciastin bad G340112] Chineric

protein is nore bl e by au ntation of the half-life of the ecul e.
Augnent ation of kg é@ﬁsmflﬁlq;%@emﬁvmegﬁﬁnam%%eﬁvgerp RESPEREGOR VRS The

l'i nker of éﬂﬁc% wﬁma gﬁeﬂﬁére%eﬁsﬁﬁwnr&ae &Hﬁfﬁ:irP?ése e %bé&m&% ef
calciumions o the chineric nolecul e contal ni g tﬁe aequori n an tnhe
| i nker i s Qaltfuar samsitivity ohenbilabinksereneeaptivity waaneasured frea lumvieoneton(lpmaati des a

better sensitiyity,. 114]. .This |inker makes it possible to at h, t pget her
an aequor Pﬁ%ﬁl%@é%&lﬁ!ﬂd& .Otsl'@“})d’f’qrﬁmaﬁ@d%&M‘E_g‘ Séﬁlﬁfhgb%‘?fgs t hat
the both nphfgulrsHAP, AIPY 5 ﬁiﬁé%ﬁinph@&@faﬁ&fhemgéhhﬁﬁénsﬁélek fkd, iorise, H
Shimonura, 0., Johonson, F'H and Wnant, J. 29 WD 01/92300 PCT/EP01/ 07057
(1974) | ntustatve dight unitsERBUgY Wes arrssused pfiertthe injéasion off Ae@Wefidiffsrentem of
Aequori a. CEJ’EW?&I&&&%. JI%& rezs%ﬁ? ér2e6sg§vm in Fig. 6. As seen in Fig. 6, G5A gives a

significant signal over background with Ca®* concentrations as low as 38 nM, whereas

aequorin needs 28 times more calcium (1 M) to yield a comparable signal.

For Chimeric GFP-aequorin as bioluminescent Ca** reporters at the single cell level

Concerning the invention of chimeric GFP-aequorin calcium sensitive
bioluminescent reporters, new applications have been developed and some preliminary

datas have been obtained about sensitivity of GFP-aequorin proteins to Ca®* ions.

EXAMPLE 8
Ca® sensitivity of G5A and SG5A: Calibration curves between bioluminescent
signals and Ca®* concentrations ‘
Measurements of Ca®* sensitivity of two constructs G5A and SG5A were
performed on cellular extracts obtained after the reconstitution of aequorin in presence
of 5puM colenterazine. Calcium chemiluminescence activity was measured in a
luminometer (Lumat LB95501 E&EG Berthold). Aliquots (10ul) were placed in a
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[01151 It is the first tinme that one can obtain visualization of aequorin
signal ina live single cell system (or in an alive animal). [0116] In

sumary, weni/sni ng cal ciumfluxes in real tinme could hel pCT/@POWNTOET St and
t he devel opment, the plasticity and the functioning of the central nervous

P! Gesoc e toe i 30" daR T AT 7 515 e iespe G ety PO S "
bi ol um nesgenkitstgRadsed Sn r@lRive 18t URRIREATS) s\bamé@hreqmﬂemedﬁfebﬂ@doﬁ 0 use

this Chem | um nescence Resonance Energ {%Tr ansf er (CRET) between the two
nol ecul es. l(lmmmfldmf@emﬁa/EGé"AtﬂObltmﬁMQ nlar Pr@p@ﬁal@rurgéhbbrahawuﬁ%én

const ruct fus GFP a uor| nre r t . bei ng
Tt ed | chi RS e AR e oA o A et el alIRE Fpt bks
proteins haygsHRehe REARMSIEH befive¥h TRBdatia N/1G8At &nd Pmpsp id the GREOEREUBASES
were inmaged at the single cell level with a cooled intensified CCD canera.

Thi's bi f unetanygiieniEpdtliand Lepsris therrats of BlUow setweatingd €21 lyakhesnrestlizal ci um
t t d | t t
?ﬁ It\r/:amlsgz :n | ' ol'f oW ng ‘ar e !sequences an e cor?resgggdlsng
ol LRHEERBhCL SHBY b3 APSot fle VRS fohfis SHARFRLUIGRR GATP

sequence i giebiini ers referred to herein: Peptide sequences: GA MS K GE

ELFTGVVPI LVELDGDVNGHKESVSGEGEGDAT YGKL

TLKFI CTTGKLPVPWTLFXSMMPLEYY GVQCFSRYPD HMKOQ
HDFFKSAMPEGY RAEVKF EGDT

LVNRI ELKGI D F‘?ﬁg"ﬁpﬁ?&‘i"f‘“f@‘ﬁ’?‘ﬁ‘@'@’% g'eﬁss HNVYI MDK

QK N G| K A NABeroviraRvedtoys with @ma@um@wmwemp@i QLMng thesen®D G P V L

LPDNHYLSTQ SALeaKDPNE H%V“EL FVTé(‘%dG.thHG

MD E L Y §onstrests, qissacigh I\?uanSffBHﬁabSRkP CRE UEs ganibeyappleciRdpith o v N

HNGK | M\ el V E k

FE G 6 DefRtteithel. Fitheds Pab b dibibt GoNindueld biftiminefbeic duidifiichaled § F

TLI RI Wik mgleléemld:vel/irmwSoma@lee@'mal cetisL Nouona) ¢ella iveftedbp A G | | Q

SSEDCE C DEMTR L. G. T MD

PACE K #do OY%T%VRC‘QIW’[?%%R(E‘ O%é%%\%gl\ﬁ)é"?{e&%%“&tﬁd ‘6‘“55\@% | LVE
|\—/ |[3) \C/;VE‘ ¥ Es)e%@:d’férhmﬁe 2 aVC§2+C§ré:e tﬁffar GIn@:n@itl-Es of" ﬂﬁi)ﬂésd-ena_e &nd‘blﬁldmﬁ‘es-Eeﬂ_ceM g :% (F;

Y V Q E R &tiv xty are m@r@lamctanmswudoctrloméiemseman@ p;cmrers of the shaven figlds are G | D

FKEDG N F K

| RHN I g’ f‘§r ec?‘@i f?’“é’[dnﬁll'#r@k’ll"féaﬁb%sﬁe@ elyl_f‘g%lg‘% M ?‘s TQ

SALSKOQRN MG Rebhdd. Mlg(lrés dd- &aﬂﬁi@ﬂ'wére%bﬁméd dftdrl adioR oEidnoMyinS G GS
GSGGQSGLRSVKLTSDFEDNPRWI

and high concentration of CaCl, (100mM).

EXAMPLE 10
Expression of GFP-aequorin reporters in vive in Xenopus embryos and
measurement of calcium activities

Calcium signalling during early and late embryogenesis in Xenopus was studied.
Figure 10 shows representative pattern of luminescence activity illustrating the changes
in intracellular calcium during the neural induction after the injection of the GA plasmid
at the one cell stage in Xenopus embryo. Figure 11 shows a transgenic Xenopus larva
with GFP-aequorin. These techniques can also be employed with zebrafish and mouse
transgenics. These results show that these calcium reporters can be used in a great
variety of organisms or tissues to visualize calcium activity and to measure calcium
concentrations.

[0104] In summary, the new linker useful for energy transfer by CRET system in

a bioluminescent system has the following properties:
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RHKHMFNFLDVNHNGKI SLDEMVYKASDI VI NNL GATP

EQAKRHKDAVEAFFGGAGMKYGVETDWPAY| EGWKK L A

TDEL B&oM2K NEPTLI RI WGDAL FDI V DK D Quél/@/d7057 L D E

WKAY TKAAGI | QSSEDCEETFRVCDI DESGQLDVDEMT

30 WD 01/ 92300 PCT/EP01/07057 RQHL GFWYTMDPACEKLYGGAYV
P[SEQID HefMM$] A MSKGEELFTGVVPI LVELDGDVNGHKEF
SVSGEGE G[&O%]_hff&e%m-g deld%eﬁuéncgs dnd; Rﬂé%tfﬁe %e@eﬂcé@ oM Inker ¥relT T L T
YGVQCFSRYPD HDF VQERT I"FF KD
D G N Y K HeRbibed! Ks Rengm @n[pn‘ﬁes_a mnmmal sleoﬁ4ko Q;amnm xclds EVhDhGaNbIe L GHK
LEYNYNSH N SV QL
ADHY Q @"ﬁng}e‘g’ﬁa%"ﬁp ofy7 o {2 Frhqaciisiin g *?rﬁ%er?‘f“é’@“ﬂeﬂq Rarping 8892 R
D HW L L EpE st@T&l}ﬁs@xtehd%lé"to%%ﬁnE abid¥, #e. D L6EnTesC Thelex r%&t@va@ SGS
GGQSGLR DFDNPRWI GRHKHMEN DVNHNG
K1 S L D Hon, Vorexampls vith a paptide dinken comprismem @mowcrdsrﬁolakowdpbwl PAFFG
GAGMKé%S fg iDgélPA Yl EGWKKLATDELEKYAKNEPTL
| RI WG DRESPIRaMifeti®sy o NGAI TLDEWKAYTKAAGI | Q5 S
EDCEE FulictRat¥ CDI DES GQLDVDEMTRQHL GEWY T MD PAC
EKLYGGAVP[SEQIDNO 3] MAMSKGEELFTGVVPILVELD
G DV N G H K F[&08] dtscirst fangtian iptoapproaghdoroy sites pngageeptopsifespfvr L p v p
ERTI P PR KedeqpipngasiGh b fncrgy. s fnfnjais o ol ¢ 1 5 ¢ 2
DGNI L @nHrd&uheIEfdféﬂeigerafﬁshls&io‘deGRENAD QKNGI KANFKI RH
SKDPNE K RIHIbE secqddustings foeatagilization o helepsribed HRnEG G S G S
GGQSG &S yeur V K
C TS0 F B b RE f Fappdh B (i Gk o TR Theacibtitistinked | K
ASDI V loheNGEP, GAiictPhdz aalf lifeRfdc aA ¥ ewrssA F F GGA GMK Y GV E T
D W PAY | EGWKKLATDELEKYAKNE PTLI RI WGDALFDI

VDKDRQ ligationg: | DEWKAY TK AAGI | QSSEDCEETFRVCD I

DESGQLD V[@l(ﬁ%“ﬂﬁ biblfnhekcdst & \%Ya-ﬁnMd@foP rﬁteﬁl dfeik infeigetford V P [ SEQ
IDNO 4] GBA MSKGEELFT GV V EL DVNGHKFSVS
G E G E G D A T[0NSGApplicatian of the blo@rmnaso@xwmtem MtPthNImkErL VTTLTYG
VQCF S

|gpi\feplgog[?anesis, SNC disease (visualization of the neuronal cell activities during
development and in the adult), neuromuscular connection with the implication of
homeogene HOX-C8 in the spinal cord.

[0110] Application in apoptosis with a chimeric protein comprising the linker
according to the invention by the visualization of the modifications of the intracellular
calcium pools.

[0111] Visualization and precision of the role of calcium waves in living organs
like the spleen (intra and intercellular calcium waves).

Results:

[0112] Chimeric protein is more stable by augmentation of the half-life of the
molecule. Augmentation of the sensitivity for calcium ions is important.

[0113] The linker of the invention has surprising properties. The sensitivity of
calcium ions of the chimeric molecule containing the aequorin and the linker is different
from that for aequorin alone. The invention provides a better sensitivity.

[0114] This linker makes it possible to attach together an aequorin molecule with
a GFP. The following reference demonstrates that the both molecules do not interact
together without a linker: Morise, H. Shimomura, O., Johonson, F.H. and Winant, J.

29



NDONICO xOrx > =

E|GAh§EtDWRngKLNE::tGSGVE:kAKNLKQ:HVK|T

¥¥YLCZILAOX AL>>0a<< <O >
FYIkaGPTETAﬁLCQOiQI VEVAK?LDEKHI;SFDYAW
>0 O _ <=0 WOZW 10T X

X>OLWX —_Z2ZW0Z2x ¥ L

SZE>NS <A Ww> ZI<Zm>Z0>

STElozoiEazropa T A Prpoons zuxo
PPUOpL IXE> FWYKMQ%@G%&W%V@&@SHWEYH
TN@L&WNWWD@%CW@EML?MI@D%% P rovenSo
KYML%WNG@Le@QWMP@RW&AE&W@LbLKG W.WR
>zE>ul _wgo” - L@R%ED@&W@NWMW M;T
NYDMQWVI@GQMV@MfiW%%NM&VMG %@%G%AMW
GEAH&?IM@S.WNL&F @?ﬁK@ﬁWMEs%ﬁG WM "
DLLD@WDP%EW@h%%W@EW&G@MTﬁFW@WGW%KMD
DKQR&TSW@DD@L%%K@LWMI®$%EK.mﬂSRnW >
KHVKQWADWIW%V%@V@MVEK _8938 5~ g ==

2 S E = S & S>gat0agO<o
LOOWuE> X -2 0N E < B>-9Tro0gad-&7 § Z

= <N = g4 = SBWEFHL BzZzZ WO o
FLGN&%YEWC[MNWKﬁWﬁT%Y@VW&%@M?@Dm >0
0o G >>E >0 J%&D@EfﬁDW%@R S & S loo
TNEDQWLTRWRVmAﬁLﬁS@DW;®$%%W&Hdnm.IMW
XO_ 08 W>{ I —RUP- € >0 > L O W;i%vWADS
EDNSQ@DKW%WMAW&&%I% TWF%MYW&WmS@PKE
QEHI;%QLM@ MWLW&ngQLMVMIEAMMHMWANT@WDDU
VKRAﬁﬂSGW@VﬁL@ﬁM@MW%V@&W% WMﬂQLWDVI
YFIS%@IAP&TMA%%D@PV%VMEW%S@Aﬂ@K%TID
GDKQ&@%G@ﬂ%mW%niﬁvmﬁQn&%%Dw@WﬁVMEDc
EIFT@@&GWEE@PW&MN&W@VMKG%KQQR@SNVFVP
PGNS&M:MF@SmC 0& pRL_%FmL K@Sd %F@thnmR.MGN_RV
mKALﬁ%MFm&WML@@?ME@MQ@MT%FW&N&LWYDFA
B ax>xI gl oY HKECL T_Brg 3= G GO MORO
X W o T >@ E%&ﬁQJ%&AmM%%QwAﬁWTWRﬁﬂémMW@G
LGz D>z F3xy GOJ 8 U E 0 SofuBe §Om G- >
FRMDEjym&Wﬁ%MH@:”ImDWWEJﬁﬁ?QE@J@:g%Wﬁﬁ@l
DNMP%@&DA&VALW@WMH@%W@&@%Q@MF&GK&T@K
I>S R > AEWAﬁMKW@WWN@MVM&W@SG&T%&

QLKLQ@FHK&#LNKDVHSKDEGGGOYFRSSGNFTSM
KTDVHSMRETGAMFDLVFESFTSSMGDIQGSHFPSP
SA<<AFOIX o> aWlL g axXYxxanne>" WX OOZ<<cwdn

TOSO _OXYIUWCTANXYOXYOAWOLZXYN oo OLnNnO>SWZ_S

HORMHAOUAQNOB
G AN DU R A A
AHPpPPPHAGRE MG
(GRS B A VI R TR L RN VA o
HnagEe>sSgeae o
(GINCINAN OW ~ A THE < o B Vo B S |
HOUOEREZOEMAQ R QD
CNe N Ne Fi..Neo Fall'He
e HZHEAMdEBREM
RO~ AT sl g O VR i 2 I S
NHUEASHE QS
QAT RQMAR
M AANKMAOMUNB QD
D EHMDOMMNAOE D>
UVHRODMZZOgO0
ZeehAnKAZEmOd
SPHEAHRBHUODZERHEARZA
AEHEBZAMAD OO
GQRGEDSIADS&
ARZEAANMEBEQ MY RS
LPQENSLSWDDE
EVVKHLKADVIQ
VPYFRAVKTID%
A O0OAHNWSNEAQAU—
HMEHMOMD>R>M
LU REBEAYOAAX >
PHEMZOUMEMQ R
SHGaCANANABY
VONEHM MIds0OEY
HHMHAHDDNONOEE S
B OE A DA
ANMBBZZORNMOX AN
HAaAsNMAAQADYHE K
BEHDAO0AdS 5400
VAR DNBH®A
MKgOQP>OEZE 00N
NUSOULMED>EEHOQ

M
Y
H
E
M
G
I
D
v
N
I
M

<

i
(U

HAQRHOUUOM M B
AuM>O0OgHBHSAS
AHPEPEPHGRERAQNADE
UEHEZAMBMGONBQD
HOgDe>aAR AR
D unZkzzodn
HUBZOHAZKRUOJ
WOMMOAdL HHZO
nmeEsHEZeaak>0uu
PORZMEHP>POHGA®M
NH>OEQS &AM
DA EDAnEAon
MAaAaMJdQAagA>H
TEMODOM>MEHA
VEHRUSMND>MEHAQD
ZekAnNENg D> > R
PEAHHOZ 3OSy
NEBHZAMNDYE >N Q&
VAU AQANANMAB
AZEAHNMOAS UM
HMaOEZndn0=EE
e dd0HgHD
SLHEQURNMOMO
Ad0AHBDUYUOHRHE
HMEHMMOWUNnZzZRA®
O AM OB RSB N
PHESMZNOZL O
SEHCGAGAW P EEH
VOnEMMMHMAOR>ZH
EHoHMHHIMN G NMO
By o b O Z A A
OMEHEZZAEZ N>
HaAD>dmnEDMM
HeE30das s oeEs
(G o I SV I GR- 3 VA I
MM AAQAPDMERQ
NUSUVCMEBEEHOAQN
SHEESUOHMERNR

30



[SEQID NGO 6) GA Atg agc aag ggc gag gag ctg ttc acc ggg gtg gtg ccc a

ctg
ggc
ggc
cag
gcc
aac
atc
ctg g
aac
cag
ctg
gag
cAC
gac
gat
att
gt G
gca
aac
gat
atc
agt
atg g
Atg
ggc
tac
ccc
cac
cgc
gag
ggc
atg
gag
ggc

gtc gag ctg gac ggc gac gta aac ggc cac aag ttc agc gtg tcc ggc gag
gag @¢yeogsa3ogcc acc tac ggc aag ctg acc ctg aag ttc PETEP@A7BIC acc
aag ctg ccc gtg ccc tgg ccc acc ctc gtg acc acc ctg acc tac ggc gtg
t gc R bcHage gt Ytad! ©ce Ag&cE KacY ft § AdgPcBFXae Npac2itc ttc aag tcc
atg ccc gaa ggc tac gtc cag gag cgc acc atc ttc ttc aag gac gac ggc

g aCC cqgcC CC {tc anNggéﬁ %ag sa%c Ct% g agcAQTgc

gag %ng% 33:F (‘G g£ GtEI(CLaPa {g%g gci v ‘P‘t(EC g g C?‘CP q)ag
gag f §c, 4a dcaa¢ guCntaty 3L x atH I6Cy daG RA0CR

g9c @iCp aiaﬂ ﬁ@iCRaﬁcE (A cﬂ@gnaft & @GB: GCRCr @a@ BkCy, 59qu aa& §9€ NagcY qt g

ctCc MJGCp 3AQ £arct 8G gag adr aae MCCECSG &t ¢ PPcada® YgyQ KO pgkgs ot g

CCC @acvaat EacNiRx Ctgy TagcCs act £agpte@ GCKk RCDQH ag¥ RAaE gar TCECA &ac

aag TgcEgal Taclal k §t€ TBYEE § GaPStEE §t G ACGCCYL S §oc Ry KabcT &ct
ggc Tafgd gaé RayIct ¢ tHak HaMgr 't € gda Vel & aIGAKI'@TSgIt @ BdhVcttk &ca D tIca

ttcgéd;%% %gaig%% SQEIEZEH &%g\’{EczacFﬁ éG&%?%V %glzgt
gt ¢ faac cht t c
gtc Lgéayi?g %93} Dggig ?9% % w"cgc aag gat
gaa ? ltDt o aaa taf ‘ggt gaa act gat tgg
tat att gaa gga tgg aaa aaa ttg get act gat gaa ttg gag aaa tac gcc

gaa qz@a acC ctc atc cgC ata tgg ggt gat get ttg ttt gat atc gtt gac
caamatxk gga geatl rattc aca ctgL gat gaact gy adaa HyEar tsav 80T EaadE geb yget
at C T&aKtica L caFgad gar @ §cL gay panPatd Wt € TgaT gt § Vor Cghts & ¥ Rt

an&aKcﬁlé:I lga‘t Fgt tS gaf Fg8gG at § @daRa aI (l:"aGI%@tD@@ %Ttlﬁtf\'@ I‘Eéc

at %ggg Rhaﬂ aa ;cfgcggg %Eg § lKLch% A ES SR
: o
gac Pha, 3ag 3 -4 B EG 0 JRgs 4D §aD s08% dak HEe

99C Aa0s ¢ ¢ é‘CGCQ Ke}.: ¢ §GC rabGr 8Ck P9Cc dag LLIMCEG §L B £&C
acc \£hCy G & AGe Laﬁ?% ﬁt@ YaGRCAt@@ 909€ 104k Qv €ag A @Cptd @ AGE RCYK DAR EGC
at g 2AaQ0r GAG £armMoRl ti¢ H rCpaag ACGC 10€Q% atQ XL CLCAQAd PACELACy gt R &g
acc mtrcLtt & t tw cam@ gaE [gacv gg& macr Nt @ dag IACCE COE HCC TgAQ: ¢t @ |mag
ggc @macS & O CtEyEQT F &a¢ TJclat € §ayoct P Fap KyYcT &t @ Jac 6t FO7 Fag Mgay
aac lafcCdt § Jggccacd Hapy 6tg Hadot &d aac tac aac age cac aac gtc tat

gcc gac aag cag aag aac ggc atc aag gCC aac ttc aag atc cgc cac aac

gacg% Eé’tg Cg% GLe 9¢C A6 aDCt G %29 £39-38G 2L C6G 3LS 99C

ccc ook Gt § LLOECEG gal 2adc, cag Ct g, J9F AGCrGAd TGEOFG GL Y AYC
HMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKF
EFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYTI
MADKQKNGIEKANTFKIRHENIEDGSVQLADHYQQNTPIGD
GPVLLPDNHYLSTQSALSKDPNEKRDHEHMVLLEFVTAAG
ITHGMDELYKSGGSGSGCGGRSGEGGEGSGESGGEOSESGGEGSGSsSGGES
CGG8SGEGSGCGGERPSGGESGEGSGEGGEQESEGELRSEVKEKLTSDFDNPRWIGREH
KHMFNFLDVNHNGEKISLDEMVYKASDIVINNILGATTPESQ
AKREKDAVEAFFGGAGMKYGVETDWPAYIEGWEKEKLATD
EFELEXKYAKNEPTLIRIWGDALFDIVDKDQNGAITLDEWK
AYTKAAGIIQSSEDCEETFRVCDIDESGQLDVDEMTRAQ
HLGFWYTMDPACEKLYGGAYVP [SEQ ID NO: 5]
SeG5Aa '
MVSASRPEALAAPVT TVATLVPHNATEPASPGEGEKET DA
FSKLEKQKFMNELHKIPLPPWALIAIAIVAVLLVVTCCTF
CVCKKCLFKEKEKNKKKGKEKGGKNAINMEKDVEKDLGE KTMK
DOALKDDDAETGLTDGEEKEEPKEEEKLGKLQYSLDYD
FQNNQLLVGIIQAAELPALDMGGTSDPYVEKVFLLPDI KK
KKFETKVHRKTLNPVFNEQFTFKVPYSELGGKTLVMAY
YDFDRFSKEDIIGEFXKVPMNTVDFGHVTEEWRDLQSAE
KEEQEKLGDICFSLRYVPTAGKLTVVILEAKNLEKEKMDYV
GGLSDPYVKIHLMQOQNGKRLEKEKKKTTIKEKNTLNPYTYNES
FSFEVPFEQIQKVQVVVTVLDYDKIGKNDAIGERKVEVGY
NSTGAELRHWSDMLANPRRPIAQWHTLQVEEEVDAMLILA
VKRSGNSGRATMSKGEELFTGVVPILVELDGDVNGEHIKTFEF
SVSGEGEGDATYGKLTLIKFICTTGKLPpVPWPTLVTTLT

W
[am—y

tc

gat
get

cct

aaa
aaa
ggt

gaa
acc
dA
gac
acc
tgg
gac
gag
ttc
gac
atc
atc
gac
aaa



gac
atc
tcc
cga
gac
gag
aaa
act

gat

tgg

gat
At g
ggc
tac
ccc
cac
cgc
gag
ggc
atg
gag
ggc
gac
atc
tcc
gac
gtc
gtc
gaa
tat
gaa
caa
atc

RERE L LE P

CCcC aac gag aag cgc gat cac atg gtc ctg ctg gag ttc gtg acc gcc gcc
act cAc ggc atg gac gag ctg tac aag tcc ggc ggg agc gga tcc ggc ggc
ggc W@ oa®B00lCT gtc aaa ctt aca tca gac ttc gac aac ceer/apa/d7gyy att
cac aag cat atg ttc aat ttc ctt gat gtc aac cac aat gga aaa ate tct
gag vatov @t ¢ tacran® gca M &togab atr kgt @ &t & mat yaag ettt Tggar gca maa
Caa @eCY &aa K@aECax dam @at T getv YitrGIigad: §CcE It DCFtH ¢ DgaNggal gel ¥Yda

tat lYtN gt § YaaNacty gat A ok K Yo It KA at T {daRghd I gy DadaS 4a8 b iy
gat LgﬁaYtgttg dgPabh& Pae Hy¥cl dad Adt Hghad €ch LG ct & 5% ché & ?%
t
% 9?1&9
P 198G 3t P Aeax REaxGap sat 1 @ q0aR 4 o Atlgg" baﬁ 6Ck & J

r—r

getMtf’gL t Tak & HcCahg aff g
LAQ
d

cct ggﬁtetp,g@ fPafpang &L v ack g0k coga gef sgt® ece § SEQA B d® 18b ﬁB%A

agc ®agn guv gagMoaR oty 1t ttCcrace yYgypgbr gty Kwacyad € Btygpgt ¢ gag ctg
gac [gE@ masoggse cac aag ttc agc gtg tcc ggc gag ggc gag ggc gat gcc
ggc aag ctg acc ctg aag ttc atc tgc acc acc ggc aag ctg ccc gtg ccc

accGéltc gtg acc acc ctg acc tac g gc gtg cag tgc ttc .age cge tac ccc
g P24PEage e AECgHE £e Cttﬁct%(h 9 ge@ &t ot a%g
acc S eI 3 ta‘(gl %E Héc. % gt 5%C &4 gf@c @a c%?c g %1
ggc _aa g c cc ac C ad ccc

gge cgéc Csti*v cgz a@ e @ggtig Cofatdt gc 2ag Fi
aac 4 a Q:Qg it QS ‘@t gt’tg.,aga 6\.Q:c @-& &%Cgﬁag(\ggga&caégc %9 aﬁgt
gcc cﬂ@ca&agt@aﬂca’@tgz aa& BeCqyad %g@-aégicg aa§ ddcCc@a@calgngCgey GAg aac
gac @gCoRggadlagcCaty Gt§ HeCcgnat€amgt afy eag LadabAGaaClcCeEg alag GOC
CCC ggtgazt gtctagCowy gac aICciTngay dmcCidyr dge MCccagagat caacgegte dlag age
ccc aaacgtg:agacaaggcgecg gay aeacIet gtgtazacty eeg tgagaezq etgtafcaeec gee Jyec

act 9eACIZFYEIR gag &€ qctfa@aaaF@Cttc‘tc §§¢ G4 a%?g@C@gf&Ct e’éc @g
gccégé‘t gg ‘&99 ci¥a af g t¥Ca

azeiaéa e E@%ﬁ @ggg ?%zég;g@at Rk t?ni% -

aac <a 095,080 b0 GLColaG:aad Oz, ¢

t t%aga&téacg% gga a%%aaté-‘cc'ftcgac&tcééc 9e& aaa%ag&Q%aéaé-‘agaQ@a G_%'E &Qt
gcc atttcgttct Etg3at 04t get fLeagat gecaartl ddg 868 FeJafPA@dg@Cdaclada 199 it
att g@aagggact ggcana aaa dobgo@eiygacitggada gaa datgoingaaasctt agt goe aaa
cca weCadt etatwacy@ ava daggaggtttgaictgatt why dabt tigatyaatapagtic gac @ma
aat aggagggetcatacCacer ety ayst apad vy giytaget geh ttactbc gahaacgett ger
caa FeaLIca gaagH" £hE YagCgad acat tY dan gt%ggécga%aaaﬂ‘t’t gt %

atc atc caa tcatca gaa gat tgc gag gaa aca tic aga“gtg tgc gat att gat ga
agt gga caa ctc gat gtt gat gag atg aca aga caG cat CtG gga ttt tgg tac ac
atg gat cct gct tgc gaa aag ctc tac ggt gga gct gtc ccc

[SEQ ID NO: 7]

a
C

GlA

Atg agc aag ggc gag gag ctg ttc acc ggg gtg gtg cecec atc ctg gtc gag ctg gac
ggc gac gta aac ggc cac aag ttc age gtg tcec ggec gag ggc gag ggc gat gecc acc
tac ggc aag ctg acc ctg aag ttc atc tgc ace acc ggc aag ctg ccc gtg ccc tgg
ccc acc cte gtg acc acc ctg acc tac ggc gtg cag tgc ttc age cgc tac cecc gac
cac atg aag cag cac gac ttc ttc aag tcc gcc atg ccc gaa ‘gge tac gtc cag gag
cgc acc atc ttce ttc aag gac gac ggc aac tac aag acc cgc gcc gag gbtg aag ttc
gag ggc gac acc ctg gtg aac cgc atc gag ctg aag ggc atc gac ttc aag gag gac
ggc aac atc ctg ggg cac aag ctg gag tac aac tac aac agc cac aac gtc tat atc
atg gcc gac aag cag aag aac ggc atc aag gCC aac ttc aag atc cgc cac aac atc
gag gac ggc agc gtg cag ctc gcc gac cac tac cag cag aac acc ccc atc ggc gac
ggc ccc gtg ctg ctg ccc gac aac cac tac ctg agc acc cag tcc gecec ctg age aaa
gac ccc aac gag aag cgc gat cac atg gtec ctg ctg gag ttc gtg acc gce gec ggg
atc act cAc ggc atg gac gag ctg tac aag tece gge ggg age gga tece gge gge cag
tece gge cte aGA TCT gtc aaa ctt aca tca gac ttc gac aac cca aga tgg att gga
cga cac aag cat atg ttc aat ttc ctt gat gtc aac cac aat gga aaa atc tct ctt

gac gag atg gtc tac aag gca tct gat att gtc atc aat ‘aac ctt gga gca aca cct

gag caa gcc aaa cga cac aaa gat gct gtG gaa gcc tic ttc gga gga gct gga atg
aaa tat ggt gtg gaa act gat tgg cct gca tat att gaa gga tgg aaa aaa ttg gct
act gat gaa ttg gag aaa tac gcc aaa aac gaa cca acC ctc atc cgC ata tgg ggt
gat gct ttg ttt gat atc gtt gac aaa gat caa aat gga gct att aca ctg gat gaa
tgg aaa gca tac acc aaa gct get ggt atc atc caa tca tca gaa gat tge gag gaa

32

ggg
cag

gga
ctt
cct
atg
g get
ggt
gaa
gaa

gac
acc
tgg
gac
gag
ttc
gac
atc
atc
gac
aaa
999
cag
Hca tca
gat
att
gt G
gca
aac
gat
atc
agt



gga
gat

agc
ggc
tac
cccC
cacC
cgc
gag
ggc
atg
gag
ggc
gac
atc
tcc

ggc ggg e

ttc
aac
atc
gcc
att

cca
aat

atc
agt

acc
10]

gag
ggc
ctg
ctg
gac
ttc
acc

caa ctc gat gtt gat gag atg aca aga caG cat CtGgga ttt tgg tac acc atg
cct get tgc gaa aag ctc tac ggt gga get gtc ccc [SEQID NO 9] AA Atg

aag 9o ogejogag ctg ttc acc ggg gtg gtg ccc atc ctg grCT/gRQ/WCVYY gac

gac gta aac ggc cac aag ttc agc gtg tcc ggc gag ggc gag ggc gat gcc acc
00C 2aa0:€d ggacfoCt: aag ddtCqat Gabh gytagga aee gycoaagtet gatcoeg gitg acc t gg
acc xfaCcyl gaBCIEGagga ¢ty BOCti@mcgyrgby caly 19gc tyt aagrracgec ttae egic gac
at g magycagtcarcgd®Eq I8 NG:c8hag tcc gcc atg ccc gaa ggc tac gtc cag gag
acc atc ttc ttc aag gac gac ggc aac tac aag acc cgc gcc gag gtg aag ttc
ggc C acc ct aac c c atc ggg agc

t

c ag ttc aa gac
aac a%ct gtg c% g é*ég @%@ Eﬁg %cg g %t g g;i%é fgf atc
gee Fdcg adff & %@é 85 TieTiadi at c
gac &gca(?tg%t g&gcggc Gk @:Qgcagc;a-c’iagaé:gc g€y 34 ’@gagt@@(ég@(:@gccﬁgc adce lec gac
CCC Gl0a€d da§thoClEc GA6 BRCLEAGab A cChE AYE AKRCgEaGobCCa¥GEc Jag SAC aaa
CCC @rCa@A@taagcCltc Gay ¢acqat GogtancCty Ghg Hagcyd wegt groagty geg goc ggg
act Acoggoaatgrcgaty gag atcgct@ctaagpat cty gge gygabgwaggecd @@gg@g T cag
ggc gggaagetggaat 649 §gc IRYC ckagar crcgyec gy Mfc gy FaccrQgec gg& ey tcc
IYYa2E x29g %gg**g@ TR ITEC ELE gcﬂ%cé@\ tI’ECE‘Ta c,atéa%ﬁcct:f‘c &C8 ¥'¢a gac
gac HHcITcqIagy CLt %% ‘;gé’aﬁ E (?59 %ﬁg a Cgta‘fcct f"E &t Yt gt

at c

cac %?&t gt%a%{:agaaa c}cct gﬁfg g gtc
aat Hics G0 g@g e}g%a g‘g & 9
ttc ¢dC g&g% 8 &a gﬂ@ alc 9&c Q Q@@T@'@ gtga$aa ggt CaQ:ta 88 at
gaa cﬁgatﬁcggaaaa%caa@a talyg get a@@tggga&gagagc tahg @agabpattagatgeec ard §ac gaa
acC gdcCadd ca€Qfatatige tagg Ot t@atctgedad tgp ity @gat tat cagt fcagact ama gat caa
gga get alat tabicrcctgt gat gaaatygeaageogcad 9ac FEC coaFacgeta gaet aygt gt c
caadecact ¢ac gda gadt Jvgcofagiyaadara tie Jagastgt gea getgwt 499 SFat 9%faa
gga taéaat‘btgéaﬂa ﬂ “gat2ay a t%tggta%‘e? EG %géadrt@atga@ta@a gé £6% ¥§g2t%ac

oty = T g e SR
atéi %gtg@a tigci o ggftg%tc%& [e Llogc
Ctg Cca %‘Ec @g@@ Coed06t Gt 9%y 989 L9Ca{3a9
gat &Qcc@@%ctt*@fc Q&a@@gct%t ga@ C&cﬁl @@49 ECcc'tt Qsﬁcgfinaﬁ& a¢Cc ggc aag
ccc gtg. ccc tgg 3 WO 01/ 92300 PCT/ EP01/ 07057 ccc. acc ctc gtg acc acc
acc d¢4ac ggc gtg cag tgc ttc agc cgc tac ccc gac cac atg aag cag cac
tt c Atigcagagat cxycgoey gieg ©BC tyaacgguudt atg gite cagagagtycyes dee dbcgad c
aag EcIgactyracadec tcae %Paigté%@gég%tggééc gag @?fggga%lg?algt@gc ga@ g&@ca‘f}ac
ctg @Fgg%@a@gitgatﬂ%c g“ég %ﬂggt*é%i gg‘igcaﬁ‘éc iéaé qgtccaé%li @aygggg

acc ggc cce gac
cac atg aag cag cac gac ttc ttc aag tcc gec atg ccec gaa ggc tac gtc cag gag
cgc acc atc ttc ttc aag gac gac ggc aac tac aag acc cgc gcc gag gtg aag ttc
gag ggc gac acc ctg gtg aac cgc atc gag ctg aag ggc atc gac ttc aag gag gac
ggc aac atc ctg ggg cac aag ctg gag tac aac tac aac agc cac aac gtc tat atc
atg gcc gac aag cag aag aac ggc atc aag gCC aac ttc aag atc cgc cac aac atc
gag gac ggc agc gtg cag ctc gce gac cac tac cag cag aac acc ccc atc gge gac
ggc ccc gtg ctg ctg ccec gac aac cac tac ctg agc acc cag tcc gcc ctg age aaa
gac ccc aac gag aag cgc gat cac atg gtc ctg ctg gag ttc gtg acc gcc gec ggg
atc act cAc ggc atg gac gag ctg tac aag tcec gge ggg age gga tce gge ggce cag
teec gge ggg age gga tee gge gge cag tec gge ggg age gga tec gge gge cag tec
ggc ggg age gga tce gge gge cag tee gge cte aGA TCT gtc aaa ctt aca tca gac
ttc gac aac cca aga tgg att gga cga cac aag cat atg ttc aat ttc ctt gat gte
aac cac aat gga aaa atc tct ctt gac gag atg gtc tac aag gca tct gat att gtc
atc aat aac ctt gga gca aca cct gag caa gcc aaa cga cac aaa gat gct gtG gaa
gcec ttc ttc gga gga gct gga atg aaa tat ggt gtg gaa act gat tgg cct geca tat
att gaa gga tgg aaa aaa ttg gct act gat gaa ttg gag aaa tac gcc aaa aac gaa
cca acC ctc atc cgC ata tgg ggt gat gct ttg ttt gat atc gtt gac aaa gat caa
aat gga gct att aca ctg gat gaa tgg aaa gca tac acc aaa gct gct ggt atc atce
caa tca tca gaa gat tgc gag gaa aca ttc aga gtg tgc gat att gat gaa agt gga
caa ctc gat gtt gat gag atg aca aga caG cat CtG gga ttt tgg tac acc atg gat
cct get tge gaa aag ctc tac ggt gga get gtc ccc [SEQ ID NO: 10] '

G5A

Atg agc aag ggc gag gag ctg ttc acc ggg gtg gtg ccc atc ctg gtc gag ctg gac
ggc gac gta aac ggc cac aag ttc agc gtg tcc ggc gag ggc gag ggc gat gecc acc
tac ggc aag ctg acc ctg aag ttc atc tgc acc acc ggc aag ctg ccc gtg ccc tgg
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ggc
atg
gag
ggc
gac
atc
tcc
ggc
ctc
aag
at g
gcc
got
gaa
ttg
gca
aga
cat
gtc
gcc
agt
aat
gtt
ttc
aac
gat
gaa
aac
gga
aag
ttt
tat
aac
aaa
gcc
qot
aag

aac
gcc
gac

‘CCC

CCcC
act

ggc

ggg
aGA

cat

gtc
aaa
gt g
ttg
ttt

tac
gt g
aG
cce
cct

cct

gaa
gcg
aaa
atg
gac
gag g%f
cag ct
ggc
ttt

act

gat

acc
gaa
ggc
ggc
aag

atc ctg ggg cac aag ctg gag tac aac tac aac agc cac aac gtc tat atc
gac aag cag aag aac ggc atc aag gCC aac ttc aag atc cgc cac aac atc
Y0 0HYS0GL g cag ctc gcc gac cac tac cag cag aac aepCT/ERE/EDIY ggc gac
gtg ctg ctg ccc gac aac cac tac ctg agc acc cag tcc gcc ctg agc aaa

3a¢ 989 R8%tPecdalcCaly atd fkCodd gt&lggoagd ki€ QrcRCeadecgssic 999
CA B6f =8t kcGRcagagcClig ta€ a30cdLGc@GLylfy a8€ PYardCatggraeggas cag
08 age aggaticCetg@roggr gag ducCagggtag@@guags: gga deccoggyotggaachg- t cc
agy gga dbccagyctggiocaay tec aggciagggtageaguesr eee ggigctfgfgea@a}gt 8%° ggc
TOF gie adaactot t9acact T ghe Jdefctajaecadaeccrr aga Pgoratt etgdga %%F cac
atty fec g&étaatgt EaEtRIGIC gIT 2Aac2 3Pl adt y 35%1 a&FcchCcf:a tatalc ' gag
t & &%1 Eaa‘-{cc?t at9atc gEc %f caa‘faf:a%le‘fégc cgcgcggg caa
ac cac t c acc c gcc ct

ggi cgcgggs@ag 53 igggaaggg G5t .49 Qjé; tat

g ca.ét cggt kg 55 982 pdacd 222 gat
Oa ééé‘gtgéca&‘?@g@%caéé‘c gaat c%atc%cgg@tg@gae‘isﬁ: gg& t@baggcggggq;tagge&c get
ORfe 36¢€ @gtlgPAtcaaycOffc cad w@atggyasgelscaida aca wgogatagarct gg- aaa
ace: acm 1getgigehagg@ittaie ate waatitccgat cacgas gat tggcatgagogaaaacax ttc
tape gat aavttiyatagddcactt gya Gaaeast cagartolee gat agagte gthcmcagre caG
Ffa v te gaatgaéCéaéC@ta% ‘a‘t Eetatge ﬁa*% Coee 449 %ﬁcacfaaécggﬁag get

@E@?@%@cm a=s SESAICIA © t& o978 &t t §*\get
i iy o %gga%%g gagtacc cgg g PRt Eg
gat%a tig gg ca a’ta:t é‘g:t%

C € a aa, al cg%@tt & GEA £E0cad ga Q:Q:Q &ataagg- tggcgégargga%% at d'i
f 6td etagHt erOl@tagt LEE Jo8Ccdd etc t@t i€ ghPlgagdagrpasa t@h t4Q
ag} 88@ wactvAggaagcaad ¢gga Ragc@agecaage Ggoaagggtaathaagt goe ait
agta gaE[gEgiﬂaaogaﬂ]tta ggg aag acc atg aag gat cag gee Ctt'aag
gat get gaa act gga Ctg act gat gga gaa (gaa aagd gag gag ccc aag
Séaa Ct gga aag ctt caa tat tea Ctg gac t at gac ttc cag aat

3? ag*atC@taff%t ea &tC gaccty gt éeacctt £t g
at%t atcacccazf a?ccc f"cgat t c(g ci % }?a %
Sc?t caal L coa, &a gie
@(9 9 gaaﬁgc ataEaazg;gEaQ%%caﬁeg; aca a%tgggcﬂi[ gaét&ag@{g gtg

t&gta 98¢ 26gCadd gc& Cae;ta@eg: @@@ PaCqat gratdaa gt 908 dobCastpac@tdtgCeig at g
0k gad debtcggeagamtyia: 86€ @Pago@aget ggacge gat wtcoeagaagiaageig gag
0y Cad cgagedagati@ygery gac @bcydagead tattican cbt wycctmgagtmtcedce act
ady cey aattaagt cagtdvatity oty 9yaarigeetaagasw: Gt:g wmag-@ageataycgato gt g
te% BBy J9§atITcec dictgrat 48y t&f:tg%éa%agca’%g G&acc @afé:gg ctg
CEgEED Eag%ﬁ:gc%ltataaa%ﬁ @5@ HcPHcaCCt ‘% ﬁc g2h tcc
ttt act t gc

tat gat ttt gac cgc ttc tce aag cac gac atc att gga gag ttc aaa gtt cct atg

aac acc gtg gat ttt gge cac gtc acc gag gag tgg cgc gat ctc cag agt gct gag

aaa gaa gag caa gag aaa ctg ggt gac atc tgc ttc tecec ctc cge tac gtc cct act

gcc gge aag ctg act gtt gtc att ctg gaa gecc aag aac ctg aag aag atg gat gtg

gqgt ggc tta tect gat ccc tat gta aag att cac ctg atg cag aac ggc aag aga ctg

aag aag aaa aag aca acg att aag aag aac aca ctt aac ccc tac tac aat gag tcc

ttc age ttt gaa gtt ccg ttc gag caa atc cag aaa gtg caa gtg gtg gta act gtt

ttg gac tat gac aag att ggc aag aac gac gcc atc ggc aaa gtc ttt gtg ggc tac

aac agc acc ggc gca gag ctg cga cac tgg tca gac atg ctg gcc aac ccc cgg cge

cce ate gee cag tgg cac act ctg cag gta gag gag gag gtt gat gecec atg ctg gct

gtc aag aGA tCC GGG AAT TCC GGG CGG gcc acc atg age aag ggc gag gag ctg ttc

acc ggg gtg gtg ccc atc ctg gtc gag ctg gac ggc gac gta aac ggc cac aag ttc

agc gtg tcc ggc gag ggc gag ggc gat gcc acc tac ggc aag ctg acc ctg aag ttc

atc tgc acc acc gge aag ctg cce gtg cce tgg cece acc ctc gtg acc acc ctg acce

tac ggc gtg cag tgc ttc agc cgc tac ccc gac cac atg aag cag cac gac ttc ttc

aag tcc gecc atg ccc gaa gge tac gtc cag gag cgc acc atc ttc ttc aag gac gac

ggc aac tac aag acc cgc gcc gag gtg aag ttc gag ggc gac acc ctg gtg aac cgc

atc gag ctg aag ggc atc gac ttc aag gag gac ggc aac atc ctg ggg cac aag ctg

gag tac aac tac aac agc cac aac gtc tat atc atg gcc gac aag cag aag aac ggc
atc aag gCC aac ttc aag atc cgc cac aac atc gag gac ggc agc gtg cag ctc gcc

gac cac tac cag cag aac acc ccc atc ggc gac ggc ccc gtg ctg ctg ccc gac aac

cac tac ctg agc acc cag tcc gcc ctg agc aaa gac ccc aac gag aag cgc gat cac

atg gtc ctg ctg gag ttc gtg acc gcc gcec ggg atc act cAc ggc atg gac gag ctg

tac aag tcc gge ggg age gga tce gge gge cag tee gge ggg age gga tee gge gge
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ttc
ttg
aac
ccce
gtc
acc
agc
atc
tac
aag
ggc
atc
gag
atc
gac
cac
atg
tac

ggc
ggc
cga
ctt
aca
get
aaa
atc
get
tca
caa
gat

[SEQ TD NO 13]

agc
gac
agc
atc
aag
g99
gtg
tgc
ggc §
tcc
aac
gag
tac
aag
cac
tac
gtc
aag

999
ctc

cac
gac
cct

gga
aaa
cgC &
att

tca
ctc
cct

ttt gaa gtt ccg ttc gag
tat gac aag att ggc aag
axe ogysogca gag ctg cga
gcc cag tgg cac act ctg

caa atc cag aaa gtg
aac gac gcc atc ggc
cac tgg tca gac atg

cag gta gag gag gag

caa gtg gtg gta act gtt
aaa gtc ttt gtg ggc tac
ct g gRET/AREI/C0TY CQgg CQgcC
gtt gat gcc atg ctg get

A ddeCaddBogVibcThla E66 JJoHEE @adCcAbge A6 ARYg§YEcEaghage (ag L1 C
@t POt @gtdyaCter Ghe FRrYcad Gegagycygte a8 TiTaghaGaggcticacaaag ttc
bec ggcogagaggragage ¢ge agat ggregacmet agg ggt AAYtet gadcttackegtagg ttc

atc amcccyyeahatyactyp ete gitgetcwat grpoces ate @tccagz gcackctaget cattg acc
&g aét @at:t‘ttta C (a4t

gto -
%%%é%

(gga cca

aag cat atg ttc aat
gagh AlsgrginC 12 90»)aag
gag caa gcc aaa cga
atg aaa tat ggt gtg

dh

aca ctg gat gaa t gg
gaa gat tgc gag gaa
gat gtt gat gag atg &
get tgc gaa aag ctc tac ggt gga get gtc ccc [SEQ I D NO 123 DNA
sequencepe$a GEPraeguosiin | i nket ssaqpGled att alca 1@5@Es FCCcAETcETC AGA TCT

c@ é&tg
aac éa%Ct@aanégé-‘aaCa&t %ag &Tgcgéa@ltacéttctca & 4&g Qﬁcgél@&t@a&ataega%@ ggc
g6k aacCctd Gatafrabsr 696 £CadAGgatdacyagr YAC GHC eyt gt ChcCage Citg gee
tat caggcagoaamaacsy €t @icCogygeogar-tggec cec DiFQ T gioct rlccc gac aac
ctg age acc cag tcc gcc ctg agc aaa gac ccc aac gag aag cgc gat cac
Df HeREEN O 0 ldakejsc ggg atc act cAc ggc atg gac gag ctg

é.&c 99&8 99C &

gtc aaa ‘et

ege atcacc@c@a@é@aca%c a0y g
%a tga*&

@

at gaa
Oget

’eé

%9

o

E gctggﬁé %

g935290C, 33€

t(éC oon Ca tcc

ad thcCSG@g,Ec
Tednc0dert
ttc ctt gat

il

gggchggg aPC

ggc ggc cag tcc

@chGggaGGtcch(gq;gcggc cag tcc
£oJfC @aC; [4Ca aga tgg att gga

€ %ﬁac agi § * § qf
cgc
ggica E: : ﬁga t:géia ctg

gaeatrigde ttc
ait "cggaég i& gac

gga tcc ggc ggc

gtc aac cac aat gga aaa atc tct

gca dect cgahcatdca gt cat ccq@ata@aecctt gga gca
cac @@argaehyeatccgt@ cgaacgeted teeCtdT gga gga

@aa Ot (gt IPgEp:ced] gca

tat att gaa gga tgg
aa cca acC ctc

ag aaa tac gcc aaa aac

§§

a

%@2@%

%A
caG cat

5%% g@

2C

T

cc L aat gga

atc caa

sES‘axDagt 99a

tac acc atg

pGlA (strai 16a2868)cCTCGA GEC GIGCACTAGGACTGECcGEE GGC CAG

TCC GGEC CTC AGA TCT [ SEQ | DANO GGR4TCHGRA qCSt £2G TCE2BUIFCHT BCC GEBB GGG ACC

GGA TCC GGC GGC CAG TCC GGC @&k &ECEEIGART CCCCRES GEE ACAGEICECEEECCTC
GGC CAG TCC GGC CTC AGA TCT

[SEQ ID NO: 1

7]

pSeGhA - {strain I12512) and pStGBA (strain I2513)same linker
sequence than pG5A.

Peptide sequence of linkers

pPGA

Pgla

PG2A

PG4A

PG5A

Ser Gly Leu Arg

Ser Gly
[SEQ ID

Ser Gly
Ser Gly

Ser Gly
Ser Gly
Gly Gly
[SEQ ID

Ser Gly
Ser Gly
Gly Gly
Gly Gly

Gly
NO:

Gly
Gly

Gly
Gly
Ser
NO:

Gly
Gly
Ser
Gln

Ser
19}

Ser
Gln

Ser
Gln
Gly
211}

Ser
Gln
Gly
Ser

Ser

Gly

Gly
Ser

Gly
Ser
Ser

Gly
Ser
Ser
Gly

[SEQ ID

Ser Gly

Ser Gly
Gly Leu

Ser Gly
Gly Gly
Gly Gly

Ser Gly
Gly Gly
Gly Gly
Leu Arg

NO:

Gly

Gly
Arg

Gly
Ser
Gln

Gly
Ser
Gln
Ser

18]

Gln

Gln
Ser

Gln
Gly
Ser

Gln
Gly
Ser

Ser Gly

Ser Gly
[SEQ ID

Ser Gly
Ser Gly
Gly Leu

Ser Gly
Ser Gly
Gly Gly

[SEQ ID NO:

pSeGSA and pStGSA idem than pGb5HA.

35

Leu

Gly
NO:

Gly
Gly
Arg

Gly
Gly
Ser
22]

Arg

Ser
20]

Ser
Gln
Ser

Ser
Gln
Gly

Ser

Gly

Gly
Ser

Gly
Ser
Ser



AGA TCT [SEQ ID NO. 15] pGAA (strain 12510) TCC GGC GGG AGC GGA TCC GGC GGC
CAG TCC GGC GGG AGC GGA TCC GGC GGC CAG TCC GGC GGG AGC GGA TCC GGC GGC
CAG TCC ®BEIGBGIAGC GGA TCC GGC GGC CAG TCC GGC CTC AGA FCIEPGAQI™D NO
16] pGBA (strain 12511) TCC GGC GGG AGC GGA TCC GGC GGC CAG TCC GGC GGG AGC
GGA TCC GGC GGC CAG TCC GGC GGG H@@gﬁseecoecmemcoeceesmc
GGA TCC GGC GGC CAG TCC GGC GGG A GGC GGC CAG TCC GGC CTC AGA
TCT [SEQ | D NO: THe7follpSa@SAblistticshat@bded)cited herpst. CBie ¢mire disolob@s b8 padime

| i nker E%‘ nce tha?rl GbA. Pepti de s%gg rfe of Ilnkers pGA Ser Ay Leu Arg
Ser [SEQ I t‘ APRR ANEHRFOFOyat HITeReE DD gy G n Ser Ay Leu

Arg Ser [fEQ I @eyggelﬁ/]_y&@%%%w(ﬁy] GysSer Ay Ser Ay Ay Gn Ser Ay
Ay Ser Ay Ser Leu Arg Ser [SEQ ID NO 20] p&A Ser

Ay Gy
Ay dy Se2 d y Cebbold B. I&&Kinh M(G%?)&qdz@@r]@% 3323y dy An Ser Gly

Ser Ser €] y Ser

Ar g S E’g"%ﬁgﬂﬁ 5’?16% %%li%éré g §/@§é A @cyﬁ@qy‘? Ser
Ay Segc,Ciij9§g13gim4§§y an Ser Gy Gy Ser Gy Ser Gy Gy Gn Ser
Gy Ser Ser Gy dn Ser Ser Ser @ n Ser
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gquantity of polype sald c osition 1 n absence o I ght
excitation. 42. AApurifiedgdlypebiigeirvingethh amimygadid scqumcen fREQ@ IBOehce of SEQ

ID NO 1. . A urified pol tide having the am no agi nce of SEQ
ID NO 2. 3: A %J?Hrﬁegd’o aeé{i e a@mgo i‘%‘gseéilﬂfﬁ%? %ﬁfﬁziﬁﬁﬁﬁie of SEQ
ID NG 3. 3 A PWirffle8PoRYepi@Phd s Ma vkt e @R FRE) sBguense of SEQ
ID NO. 4. 6. Apurified polypeptide having the am no acid sequence of SEQ
ID NO. 5. 7. A pupurified popppepipdslidving thawninigp adidsapienee SEQ $odienze of SEQ
ID NO 6

6. . A purified polynu ti.de.having t e,of SEQ I D NO
7 00 A pur i1 ed bbbyt er B R AR P LB AAREGIBEETTD o B 10 A
purified pobynuclhenirifite gosuboti ehSEHHBB GERhcSHBEQ D088, 11. A
purified pol ynucl eotide having the sequence of SEQ ID NO. 10. 12. A
purified polt¥nucPedtifisd pehipuaigotidrhayieg iba sequshe EQIRAT019. 13. A
urified polynucl i i . S L 14. A
Bol ynucl eot ilé'e I ﬁﬁﬁ%%fféﬁg@f%é@%g%@%%ﬁ%@?%%@hg (gfé%q% rllrye%(c))f ?QSEQ | D No: 13.
15. A pol yna2! eot sleifledpobmublevtidghdvinez thelsyquentcoft SER IBagOence of SEQ I D

No: 14. 16. _A pqlynycleotide |inker haying the polynucleotide sequence of
SEQ I D No: 183 13‘.3/%&%6&5? Flegtideiraving foe sCargpreef StEY@UB(N?h%Ieotide

sequence of 19EQ WRydNhuckBtide linker having the polynucleotide sequence of SEQ ID No: 13.

15. A polynucleotide linker having the polynucleotide sequence of SEQ ID No: 14.

16. A polynucleotide linker having the polynucleotide sequence of SEQ ID No:15.

17. A polynucleotide linker having the polynucleotide sequence of SEQ ID No: 16.

18. A polynucleotide linker having the polynucleotide sequence of SEQ ID No: 17.

19.. A polynucleotide linker according to any one of claims 14 to 18 having the
function after translation to approach a donor site to an acceptor site in optimal conditions to
permit a direct transfer of energy by Chemiluminescence Resonance Energy Transfer (CRET)
in a purified polypeptide according to claim 1.

20. A peptidic linker of at least 5 amino acids and comprising the amino acid
sequence of SEQ ID No: 18.

21. A peptidic linker of at least 5 amino acids and comprising the amino acid
sequence of SEQ ID No: 19.

22. A peptidic linker of at least 5 amino acids and comprising the amino acid
sequence of SEQ ID No: 20.

23. A peptidic linker of at least 5 amino acids and comprising the amino acid
sequence of SEQ ID No: 21.
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18. A polynucl eotide |linker having the polynucl eoti de sequence of SEQ I D
No: 17. 19.. A polynucleotide |linker according to any one of clains 14 to
18 havi ngvo he9fomcti on after translation to approach a doPOT/EBi(E0370 an
acceptor site in optimal conditions to permt a direct transfer of energy

by Chem | um,nescence..Resonanc ne Transfer (CRET). in a purifjed

pol ypept i dglz Cco?‘(ﬁeﬁadltcjln@%? tfe'asé%'gmglopa@bc{sia&fi(@ompﬁ%&g tg‘? mﬁﬁ“’laé t 5 anino
aci ds Weﬁwgg%mmgzam no acid sequence of SEQ ID No: 18. 21. A
peptidic linker of at |east 5 ami no acids and conprising the am no acid

sequence of 28EQ Apentide ligker 2aving theefynitairctol appkaach efdoner siteds an Beeapiarsitaci ds

d i.Si i i d.. f SEQ I . 20. 23..A i di
e TR B8R RN st SRS B Bl R PRl o BEREAAL o
SEQ | ng\@p@}&ﬂde MErBibs 8 3R PCTS £P0L/ 07057  24. A peptidic linker of at

| east amno acids and conprising the amno acid sequence of SEQ I D No:

22. 25. A pépti dé& neptitelinkmaarengdingdo paend efrlaimsade dachavangibsdunationdot o an
accept i e 4] i mal . er m irect transfer. of.energy
SR R R LR R e I

26. A pepiy tethk brdseticeata@udified pblypaptideciteordingcoaiaim R0 to 25, having the
function to__approach a donor site to an acceptor_site in optinal

condi tions £& pefrioptide Hpkes agcardingde any one ofshaimgy20ita 206nwhishdgsthee of a
purifi I ' A ' | i nker according
to ari 5%3% g(fﬁc lg?een%ﬁlggﬁ{eg bg%mtn\?ﬁ%%%t ggé%er? %’Z:”‘"éég‘g@.} ?5&?8‘ stabilize a

modi fi ed bi @Bum Aanedifitd bivdireinesdenysysenacuhmisingitwo biolumin8sceds promirdsi ed

bi ol um nescent. system conprising t bj ol um nescent proteins and a peptide

| i nker St BIRHAIGORE igrdiieetogny opgrhglates &ty 29, A nodi fi ed
biol um nescegt  sxshEuTHES 6RIEhREsdeht @%éhﬂ&c%@rdiﬂg‘ﬁar Ghith §8a'v@1erré’i{ri: saig two

bi ol um nescent proteins conprise at "l east an aequorin prot ei
nmodi f i bidhihipkssenineeastconypsise pt Jlagt en dequyringretedi. s 28 or 29 conprising the

o =t el B R P B R A S ety bt '
| east QIRwWahe toRtiRChYEP ARG URRSraeiPdfll NGFP §rétbial M 2 to 7 or the
pol ynucl eoti de according to clains 8 to 13 and the reagents necessary for

vi sual i zi ng3br dAtkdiclor pgasuringghe dansferndieaergy in viyo oz énvigrogmdicontalidegiate of a
R N e S
claims 8 to 13 and the reagents necessary for visualizing or detecting the said transfer in
presence or in absence of a molecule of interest.
32. A fusion protein of the formula:
GFP - LINKER - AEQ;
wherein GFP is green fluorescent protein;
AEQ is aequorin; and
LINKER is a polypeptide of 4-63 amino acids.
33.  The fusion protein as claimed in claim 32, wherein the linker comprises 14-50
amino acids.
34.  The fusion protein as claimed in claims 32 and 33, wherein the linker
comprises the following amino acids:
(Gly Gly Ser Gly Ser Gly Gly Gln Ser [SEQ ID NO: 251]),,,
wherein n is 1-5.
35.  The fusion protein as claimed in claim 34, wherein n is 1.

36.  The fusion protein as claimed in claim 34, wherein n is 5.
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LINKER i s a pol ypeptide of 4-63 amino acids. 33. The fusion protein as
claimed in claim 32, wherein the linker conprises 14-50 am no acids. 34.
The fusi omopr/a3edi n as clained in clainms 32 and 33, wher ei PCT/EBROG7NTEr
conprises the follow ng am no acids (Gy Ay Ser Ay Ser Ay Gly G@n Ser
[SEQ I D erein i on.

i am a4, widr ei A SIS PiottnfEr ey Fef Fopp BRARRinTS StsR MdtesFert oPaeiA 54,

wher ei B%' '@hbﬁnlﬁmlneggenww%rﬁﬁgggngﬁlmrqmﬁ fllowiflg hbtsvRonRFeieci N for

energy transfer fromaequorin to green fluorescent protein by

Chem | agduesisde HieepressnonaiCe  Swkergin tiie fisidneprote@Rimm)the Girmeld:ng acti vati on of
the aequorin in C Cam wherein the fusion protein has the
formula: GFP - L Edeﬁ\ﬁiﬁg Tein GFP is green fluorescent protein; AEQ

i s aequori Niyhafigh LI NK&BPqQE%m@aretsmt gtk ng amino acids: (Ay Gy Ser
Ay Ser dy Ay Gn Ser ID NO 25]),,, wherein nis 1-5; and wherein

the fusion protei n haé lsatﬁﬁli(mrb?nﬁor Ca++ ions and a half-life of at
| east 24 hours. %ﬁko{&ﬁgorrﬁgﬂh@ f@ﬁo& @'aﬁﬁﬁjo M}d&l ains 32 to 37,
| nc a

wherein the Ilnker anm no acl d°sequenceé Ser Ay Leu Arg Ser

[SEQ ID NO 26]. 39. @GlyGly®er plptet Gl}aGI}CGHJISB%cﬂSEQ IDINMONBS3Z to 38, which
further conprises a  peptide signhal sequence for targeting the fusion
protein to &heeinngyl-Ppand subcel l ular  conpartnent. 40. A pol ynucl eoti de

encoding & (SlANGRANS Brin BhehiBhik) BV Ol Ohadl Bl f o ke 41 A

conposition according to'claim1 in said purl eis a
puri fi adupol ypepti de accordi ng to any one of clainms 2 to 7, or a nodified

AR A R, BN NG N S L
C. N C AN i I 43. A culture as deposited
at the%l%l:1 1&%3%&c%§é?%feﬁéqgrglep[gﬁ%%?ﬁgj&]1 2508. 44. A culture as

deposi ted aB9t he AGubloGphteiarad ctanntdumclagns Feto8awhict Mdherbopdies a 45. A
ul ture

o R DS B MR A S0Pt DRABLERR o 201
1- 2511 compartment.

40. A polynucleotide encoding a fusion protein as claimed in any one of claims 32
to 39.

41. A composition according to claim 1, wherein said purified polypeptide is a
purified polypeptide according to any one of claims 2 to 7, or a modified bioluminescent
system according to claims 28 to 30, or a fusion protein according to any one of claims 32 to
39.

42. A culture as deposited at the C.N.C.M. and containing the plasmid No. 1-2507.

43. A culture as deposited at the C.N.C.M. and containing the plasmid No. I-2508.

44. A culture as deposited at the C.N.C.M. and containing the plasmid No. I-2509.

45. A culture as deposited at the C.N.C.M. and containing the plasmid No. I-2510.

46. A culture as deposited at the C.N.C.M. and containing the plasmid No. I-2511.

47. A culture as deposited at the C.N.C.M. and containing the plasmid No. I-2512.

48. A culture as deposited at the C.N.C.M. and containing the plasmid No. I-2513.

49. A method of screening in vivo a change in a physical, chemical, biochemical or
biological, condition, the method comprising the steps of:

a) administering to a mammal a composition according to claim 1 or 41;
b) detecting whether the light is produced; and

c) optionally measuring the ionic concentration of calcium flux.
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47. A culture as deposited at the CN.C.M and containing the plasm d No.
1-2512. 48. A culture as deposited at the CN. C.M and containing the

pl asm d NeoO 01/93613. 49. A nethod of screening in vivo a PONEB&E/G7N57a

physi cal, chem cal, biochem cal or biological, condition, the nethod

conpri sing e s i

accordi ng ttgbcl alwraﬁﬂ%h% Of%re&g@ giel?églté .CE%’ WmﬁeC@%ﬁwgb%%@gﬁlced

and c) oobioi il byndmmsuwhergntﬁaemethndcompnmnt ration of calciumflux. 40 WO

01/ 92300 PCT/ EPO /0705 50. A nethod of screening in viftro nge,.in a
Dhver ooy Tohem ok badding e Ao sy SrB g R posBRR PR SHne I Slegnd

met hod conpri ses: (a) ot AdhRivte 6?@1‘%&&5‘?%?&%&@‘0@1&%&& dfizon aCCOf di ng
toclaiml or 41 containing an anal yte of erest 1 n presence or in
absence of a nol ecul mcﬂéculmoﬁnﬁesttcobdakstbé;mdd and (b) visualising the
em ssi on of ener produc d | od of creeni ng of a

product | eading a ¢HHA egrﬁﬁyéxf%%qnergy@ﬂ@%gpmstspg heni cal or
bi ol ogi cal gendi Al QBhbA oys&@emﬂmf £hiddhAted Bl (11 GRARS inSeShysicdl, chemical,
adm nistering to a vertebrate a pharnmaceutical ly accept ab nedi um
conpri bmlgeralcebmﬁvglpgncelrp@ddmndnwgyos wheted the meghodacommisgs:esence or in

absence of a nol ecul e t er est e.tes et ect t he ener gy
produced in presg%ce ﬁmﬂf&an%%b%gﬂe 5ar1‘iea8h%}ma(:ét§% 8 ¥Ffﬁ?§ al%% ﬁ@gglurl ng
élhte eIfECtl :‘/et (r:]oncent fc@xtnpﬁéhntgfao%ﬁipésﬁgga@dgnﬁngﬁo gam}gewan 1@9&@&&3@0&‘11}5 or the
1ol ccul o capabl o of | mBkumae phgmobeSkralngrestio be tewedbos ¢ | on accordi ng (o
claim1l or 41, rei | ogi cal
sanpl e a conposi ti‘on gg{ggﬁ%é%te% &g&%@d&c%@ﬁq prg%09é9%1€%§g %&h&s%?

cont ai ning the n’Qd)ECUb@ubxﬁhll?enie&ﬁirﬁ@ thc( éﬁeodeé e@ideﬁgat&mmtbaicﬂhblaaulefoft he
energy by conparison with a control npl.e containing said conposition
according to claim 1 é?te‘@f‘%Cﬁfﬁé‘{}’tforf}}"i‘éieFﬁSP%‘%:Bf@eteéelﬂé“ﬁé@Pé@ and (c)

optional Iy, 5gete ﬁ Egﬁ‘-e&-ﬁﬁ M6 aTh b ¢ ﬂl%%@&ﬁcﬁfuﬁé?fﬁﬁﬁer eyin g

nol ecul e capable |t|ng I ncreasl ng t e energy tra
conpos i Eompositidn éccordmg toclaim 1 or 41 wherein the method comprises:

(a) providing in a biological sample a composition according to claim 1 or
41 in a reaction system containing the molecule to be tested;

(b) detecting a modulation of the energy by comparison with a control.
sample containing said composition according to claim 1 or 41 without
the molecule to be tested; and

() optionally, determining the effective minimal concentration of said
molecule capable of inhibiting or increasing the energy transfer of said

composition.
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