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WO 2004/ 035620 PCT/ EP2003/ 011626 1 PHOTOPROTEI N W TH
W(}[}/FGR/C))\[E[(?BIO_UMNESCENCEIIIIIIIIIIIIIIII ,
PP 1 ft *166166* The present i nventiGfER200301162

provides a chineric photoprotein with |nproved

| um nescent activity, the use there

of
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intracellular calcium 5 BACKGROUND OF THE | NVENTI ON *166166*
Bi ol um nescence is the capacity of living organisns to:
enm The psdsbheidviegliton pronodegh a chuartietphodbprotein with improved
chem | um nescent reaction systens. Biol uni nescence
lumiggsedid rartivatyyi the tder tereaf ors canponentiater knucepenten gene
a luciferase and nol ecul ar oxygen. However other
Systomporchtis Ael-tased deayeqinm éet idetensin B@dr exssiumeent of
i nc ing cations (Ca" and Mg++) and cofactors (ATP,
n hﬁ%%“‘mEﬁblferases are enzynes that catal yse the
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m at east seven p a use ‘ucl

realSHIM ?&]Iﬁ&eltﬁfgeer bP€eq oﬁgntscofptl%g%rﬁ r4 NG cffFed and

by three am no acids (2 tyrosines
mop eyt akapd e owkies 8fRr %ﬁgbﬁerﬁ@ may BBl ¥ k&dbirdd & some
| uci ferin/luciferase system can be extracted in the
reakaionspinchudingbatiohpiCROPAREEVIE™) antdi €dtaetort SATPYINAD(P)H).
upon cal ci um bi ndi ng. Photoproteins differ from
Lupuﬁms@s agesnzpmehahat bwtylyaree tiROosidatiohi afeal sokymanahedferin,
I nter medi at e conpl exes of luciferase and |uciferin. _
angnBIHEBLa HESEP pm@y@ndlaﬁ@ gt mmmétedowihemtépammable
and al | ow t hese %anl sps to em t ght for varjety

IntGFIs Ao 6531 e L}Eﬁ Hesdritg, gws@a}r}gg oxyhifiegiar ehaae are
) O A B LTSRSt o
1eats)fpé&r%h|§fhﬁg Bselide 365 AHLALHA N known as coelenterazine, which

contains a ring formed by three amino acids (2 tyrosines, and a

.phenylalanine). In some animals (e.g. jellyfish) the luciferin/luciferase system

can bg extracted in the form of a stable “photoprotein” which emits light upon

calgium binding. Photoproteins differ from luciferases in that they are
stabilized oxygenaied intermediate complexes of luciferase and luciferin.
Photoproteins are present in many marine coelenterates and allow these
organisms to emit light for a variety of purposes including breeding, feeding,
and defense (1). While bacteria emit light continuously, in many other
OTg anisms luminescence occurs as flashes, typically of 0.1-1 sec. duration.
This requires a rapid switch on/off of the enzymatic reaction and the presence

of reagents appropriately sequestered and ready to quick mobilization. In
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25 This requires a rapid swtch on/off of the

(K"mit-i c reaction and the presence of reagents
al[gé g?ﬂ’f’zﬂtel y sequestered and ready to qui ck PCT/EP2003/011626

mobilization. In 1111111111131111111222 1 1!'!11 11111 |
[t 1 1 1! *&0002* WO 2004/03, 5620 PCT/ EP2003/ 011626
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nzglli\ﬂif gftgrtxir?nl%lrs] g:&%tg ?%%ani%qgg Iot%ﬁt? Sér?}l?y%ﬁctv%% HPI g{tgﬁ%oﬁii{ﬁy Mamely
Egkgeilg%siicﬁ&?iliz(:nﬁ%&e&%ﬂ%é4&?,5?}&&%&&11&935%&) )’Hzﬁﬂ;?%ugisng (7,8),

. , have ated so
(iyotnesps. @it FMAEREARAS, Bf Ob8HAn ARIRTAL 8], Mnéfhiopsin (12,13), and
i mi dazopyrazi ne chronpphore (coel énterdzine), and

Berpyen(12, Thpilavs thesativsiatedse f4i ghl thesOpssefdare complexes of
especially in the region containing the 10 three '
adafpinraieshnali nyidsizbpsrdzite baArwnsplidre (toetenterdAQSE and oxygen.
ﬁ;'hand structures are characteristic of the
FE SR BITAt e higldy edamsemired, \espadiellp o tthp reg@innc@ihinig the
ht upon_ reaction with cal ciumwhich tightly binds

thah fraOBRS Riminp6oRel EF Tl siehourh. Tissss KF ind strootures are
A T e O
B8 bk RIRRORER Cinr Suhiiighit} $iidbotay fae §F-hand pocket.
TABBSSESTES, LB SOOI A L PTAR o o n

ikt i o P MEhO RA QL& IH]Se ?E Qo?e uorl o b : g{lg ge{ﬁég%}mtopmtein”

Aequorea victoria (14) an elin, 1S

ideatifies | the §usiséii-Holmd. p&P@BRQHE‘,dWHQ:h i@Q:'aipégf’é_J BF hflninescence,
nal C

under goes a confor nati onal ange converting itse
Winiks apopbowpygends s fdedciof @idasay theriotdint WRAout luciferin.
cat al¥zes the oxidation of coelenterazine by the
boundThe meest| ssedios ynertopiitheins are Abquores cisdlatpd Gt@h Meguorea
i s _made gf of coelenteram de, which is an oxidation
Yrbaie {1 61 ard Qhekine 1aglatnd, fisae Ohgdigaloagissimbdlfy Wpon binding
ot opr.otei n. The photoprotein nay be regenerated
é%@pgxequgrm uncpergoes apconfoe'mational chg/nge congerting itself into an
oxygenase (luciferase), which then catalyzes the oxidation of coelenterazine
by the bound molecular oxygen. The blue fluorescent protein 1s made up of
coelenteramide, which is an oxidation product of coelenterazine, not
covalently bound to apophotoprotein. The photoprotein may be regenerated
from the apophotoprotein by incubation with coelenterazine, molecular
oxygen, EDTA and 2-mercaptoethanol or dithiothreitol. Since coelenterazine
1s the common luminescent substrate used by the photoprotéins Aequorin,

Mitrocomin, Clytin and Obelin, the light-emitting reaction is likely the same

i these four photoproteins (16). The recent acquisition of the primary
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fromthe apophotoprotein by incubation wth
W(ggel ent erazi ne, nol ecul ar 25 oxygen, EDTA and
2HePRt oet hanol or dithiothreitol. Since PCT/EP2003/011626
coel enterazine is the commn | um nescent substrate
used by the photoproteins Aequorin, Mtrocomnn,

stidd Sthreinanst tQ@QJr‘:yﬁallbbﬁaJlHiQ Nat£ B8t Wd RGOt ?%?&i.g)sgav%ﬁiée to

likely the sanme” in thése four photoproteln
addatieid] a¢eimatién Wh FhetrN Bt dTRr Nalbe 20841iR3 '
PCT/ EP2( 103/ 011626 3 structure and of@gﬁfégsﬁggp the hydroid
Obeiistiatdiagmaphi & stadla-Haikesreedinnofngds hglnbnNa davesiduse (aa)
to additional information on their function. Native
withelann dppoowitiete hygsleicdlarOCogbéa bHNGDSUIR tHata contains  the
singl e-chain protein of 195 am no acid residues (aa)
nax ¢dyalgntlahonodi clebmapiiceu pasumassienfer2fink DEht h@blysis of the
contains the 5 noncoval ently bound chronophoric group
PTHgeresireqtargsnel Civien shaivysibat of comieinspt § e yand belongs to the
£ strucfures of Aytin shows that it contains 189 as and
gL AGBheIePTRIEINS. drhe hydiozsist Gor oviaiding phitiephyteim arever,
.ca" - bi ndi_n hat opr ot ei n, howevers differ from other
aifer i atheg, Cor 6o BRRE SR IRs SUah WoaAIReRHiTIERS BRBARTR C by

- relative hi gh cont ent, .of. ,cyst ei ne, )
@ d¥ivefy IR GiRioh: TP SRt nidhiaite | EyPbhaR protine and
i t udi es of belin structure and function are
ty&%%%?#%%hFﬁ'Bondar VS et al., Biochemstry (2001),

gg( %t%%fé%-f&abéﬂﬁ %%ﬁ}‘citulgl%,?& ggg%ﬁtﬁ %99%%%3% %%6’8(%5 VS et

13- and Deng L. et ett.

al28 Bikcheth@irf WROb 81,1 66(9): 107 28! Kok E@ee%%li.,\k/’\gzoos), 42(20):
bi ol um nescence and em ssion properties of a 2F 715 '

6 Qb3 ehfand Dritant et BhOFBBIOL @itN$260 B), Woded )y 28365 THE two latter,
. reporter gene technology to nonitor the cellular

Mepanioylas slostrabe diviunninssgpmade tndresgiseionopropeetigese a WI2F
expression. The study of cellular events and their
ObeHUMHINN requires sensitive, non invasive analytic

met hods. Phat oprotejns and in general biolumnescence
are " PEORKLAPF P VEISEY s dsipsanfitessgemselpchnglegy to monitor
back fl yuorescence .

thé;é%lgu?r%rl_ Vel 2EoEHEY %tﬂ snié:xgaqttrra%gﬁuét(ljon and gene expression.

The study of cellular events and their regulation réquires sensitive, non
invasive analytic methods. Photoproteins and in general bioluminescence are
©Xcellent reporter systems as they have virtually no background in contrast to
flu orescence systems.

Photoproteins have been expressed in mammalian cells to monitor
calcium changes in response to different stimuli. Intracellular calcium
CcOomcenfration can be measured by adding coelenterazine cofactor to
mammalian cells expressing the photoprotein and detecting photon emission,
whuich is indicative of intracellular calcium concentration.

DESCRIPTION OF THE INVENTION

It has now been found that by chimerization of Obelin protein
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Phot opr ot ei ns have been expressed in manmalian cells
to nonitor calciumchanges in response to different
stimuli. Intracellular calcium concentration can be
nmeasur ed by addi ng coel enterazi ne cofactor to 25

" mammal i an cel s expressing thé& photoprotein and

(aobabe] PRHRhRP FamFBOAE OB BIETC LSRR BT ORE Cpeen the firs
THE | NVENT. dt h b . .
bl el O e B8 MU AOFBrs R TRR eamin of foe phpioprotein

(Fl%iln‘?ﬁ?'{lﬁ)gi ggf)tc?pr%%h nglﬂ{n gﬁ??@\flecpgfmﬁﬂr&?&cgﬁéé’\%%btbﬁﬁd.

i"rst cirum bi Ites, wth a correspondi ng

regi s Qked NRrehotOBEIt ehay refertionany dfothel photoproteins isolated
phot oprotein with inproved biol um nescence is .
fobmaidifferenAsspeiel fdr ObaliaatiudimgyObelier longisaiyaoand Obelia
t he photoproteins isolated 5 fromdifferent species
gsicletd 4] 7).nARefgrangecobelin meslgpyde rndag@ i arich sequences are

genicul ata (17)..Reference Obelin nucleptide and am no .

PY SRS Mol Angt od ERbeyD NI elkngepamino acid and
respectively. Refe ce am.n ' [ .

SRS o erd 61 15 SRR IRRELLS AR o G ion pumbers

OBl ﬁnd%ﬁ%%@ edtiigg/ respectively. 10 A
corresponding regton or” fragnent", as used herein,

NeansA a@yrikfpoRdingCledicieat Gipenent’t A 0séd ketein, means any amino
phot oprotein, matchi ng Cbelin sequence in respective

sHquesmnenak] gwithin sClyitinh phHutopratept,i oratdiingt Obedigt sequence in
preferably at least 5 nore preferably at |east 10

rgspedive ber yansiedalignments chithr engxceptignsel delpash 1y paeferably at
rel evant protei nsbgdoel i n an? sel ect ed .phot opr ot ei ?’h ‘
l§&Pid 515086 | BRETERDRY sjmsAst pi &f Skt yAdPatesidlys which are no

esi dues .42-122 e f er . I esh - . .
SV i e TRAaRighe ki R WpR S ABroften, saic
e | | ¢BiiaREd ©42-pDOL @hBrd referably
0 ggnﬁﬁ?ﬁﬁgg??g?%é%gs?gﬁgéﬂ% to1 94 of Obelin rd preferably
R dRsF0-95, aserfened twi0lelm keqaerrt of Cytin
sequence extending fromresidue 53 to 97. 20 The

phot oAcobelingttous piefeired emioidoheha o bideninvamtion, the chimeric
"Photin"TM has the

protein is obtained by replacing residues 50 to 94 of Obelin amino acid
sequence with a fragment of Clytin sequence extending from residue 53 to 97.
The photoprotein thus obtained, which has been named “Photin”™, has the
amino acid sequence of SEQ ID N. 3.

The chimeric proteins of the invention can be further modified by
deletion, addition or substitution of one or more amino acid residues, provided
that the activity profile of the photoprotein, in terms of light-emission and

calcium-responsiveness, is maintained or increased. Particularly preferred are
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am no acid sequence of SEQID N. 3. The chineric
proteins of the invention can be further nodified by
del etion, addition or substitution of one or nore
am no acid residues, provided, that the activity
profile of the photoprotein, Pn terns of

bR R AL PALHES8S0 OBab (1 Ltn B HreRar P b9 gnd 94, as

Sl ' positions 55, 66, 67, 73, 74, 75,
r%g&%g% éﬁ%lﬂgg‘?d%éﬁghd_ 94, as referred to obelin
sequence shAdnSheyn By iyl t4QdRsUdiPRtinPhgkéduces an  intense
produces an intenhse biol uninescence in response to _
salwhliBssérdsuinatdsponsevio chldismgeirenktion, Wiglbris genetely higher
that observed with natural photoproteins. For the
thesghatatliservesf withenaghiatghotopiededsr ot ei ns, a
reconmbi nant DNA construct bear.in ortions of the,. .
phot diffothei Prepatating gﬁah%ﬁmerlg I%rcgaan@amsuéi fegombinant DNA

GHNER e3fpacertions Shand poie PirosticeidR tadifasselp prepared

[ ' | 0 d j afied BYr b ies ;
198 SShTRISl iR <UL PR, it oduct i
in8EREE i ‘ée\!e)ét&"i“éx??ess_@d'% iaf 18 ERDNY hBSRaR theeanblted @€ld purified.
In vitro wth synthetic oligonucleotides and the
E@@‘éuﬁﬁ@l&aﬂhebeDNkslQﬁsﬁir(?(fom(&bdm wpd Olytsni tesbeetively can be
restriction sites, naturally occurring or
amiplifieditel PERi ot r oduced i nto the ol i gonucl eotides used
for anplification or for iin 15 vitro construyction. The
ORFHBEE G AN VEHOOWVIdaRY BRI %l,lg@w%%ﬁl FoAng &k? rRyoducts can be
reconbi nant construct, a. not er., ..a_ri.boso ndi : .
SRRBIORC AR 5 ChagHAD R Pt BBt o o PR oRBurring o
&Qm‘&gﬁz $nidbdGeddfntd tRY %‘fi[g'toﬁ)l'ﬁ'c%tﬁ%g Qﬁ?& "for aEﬂﬁifY@aQito?ir or for in
can —also conprise a sel'ection narker for isolating
1P NQ3ktrGslibs. CaMNeAkRpRGsidie velldh eansédritain, Buatidhlon to the
vectors are for exanple yeast or bacteria plasmds, 20
kaginebinephagessucy, 4 peasoter eh ribdsor=elsindindblde, athmitiation codon,
vectors carrying the reconbinant construct can be

anstopdwced ¢matdrmshosts bije foarizanseripgauesnhagnesrs. The vector can

@llt egC@ahE{)%%?ié;e g@gf@cgg%g@gggq gg Qécﬁ‘éﬁﬁ ot Iechgsrt cells containing the

DNA construct. Suitable vectors are for example yeast or bacteria plasmids,
bacteriophages, viruses, retroviruses or DNA. The vectors carrying the
recombinant construct can be introduced in the host by means of conventional
techniques. Host cells can be prokaryotic or eukaryotic, such as bacteria,
yeasts or mammal cells. The preferred hosts for photoprotein
expression/production are mammalian cells, including cells of epithelial or
lymphoblast ofigin such as Hek-293, CHO-K 1, HepG2 and HL-60. These cells
may express the apophotoprotein in the cytoplasm (18), in the mitochondria, by

addition of a mitochondrial targeting sequence to the photoprotein, or in any

other cell compartment (19-21). Alternatively, non mammalian cells, such
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~ yeasts or mammal cells. The preferred hosts for
hot oprotei n expressi on/ production are na [ an
““gawwggg¥ncluding cells of epithelial or 25HH§HHHB%PQQP“
origin such as Hek-293, CHOKl, Hep& and HL-60. These
cells may express the apophotoprotein in the

as BALRR{ARM ﬁlﬁ?ﬂ cdl Ye %rﬂﬂlﬁge@.o OHce2thePhos 28N L ivPR - Ris Been

m t ochondriar’targeti ng-seguence to the photoprotein,

1€EteliN tBEYpertile ORPRr b 8AtroGd8e® By calci hosphat
o Alétteg’r rfggi eéﬁ/l,% %%ﬁﬁkrr%ﬁrgrag?‘gngcel I s?, S?Jch yW%a CIUTL PROSPRATe

pred@Pdi 3D 6 20e it FERROAS/ 1 168fr GodvehBehel | RcRAhiqueBYi After
can be enployed. Once the host cell type has been
traseferfibfdcelld @red @A h CinCANSA Bld Cing damn b eciadned doe egpbypriate
cal ci um phosphate precipitation, electroporation or
actovhies. Thayaotdpesiin be cha igueastionifitagrbe tsotated had puorfied with
cells are grown in suitable nmedia and screened for
compputapral girec&hmed,i midli @s. exiinactphgt precgiititiong fchybmatography,
invention may be isolated and purified with
atfynity ehtdroatalraphyc ethotwphosasis. as extracti on,
preci pitation, chromatography, . affinity .
chr SeEtggrEbeps candes infpednedd intopdienghifsrist prodact hy means
fbe i ntroduced jnto the chineric product by neans of
ot QustieR sxEssMsP6R-PCR. 10 To produce Photin, the

Ndel,/ Munl . f t [ Wth a
el M OSSR R VBENS B SRR
Lng. . g f | eqt i : s
< LR HES Sl BPOLAELE MBS LBy 195 codins
oo UEhe fupeiOn el guaEnatdlgot e chimer ' proteins

nodithiefhrier Wspbdte 1 1 9RART L i€ atiecRA0RNEhAEKIc hOId molecule
exanpl e changing the codon usage to inprove the

enexqiigs s thinteritepasteldeste 18 yditclosed.| IDNaA poéfigr se@phences can
enbodi nent of the invention, the DNA sequence coding
bef anodified Plyovirmepshgenctié soskl degemdréayofpSEQPleNohanging the
and 5. To test whether the chineric product was
cordercrdagaab improvd theoexmessicandchetpralegowmnelystemams| at i on
experinments were perforned.in a cell-free @ant ,
In a preferred embodiment of the mvention, the D sequence coding

for the Photin protein is selected from SEQ ID No. 4 and 5.

To test whether the chimeric product was functional, in vitro

- tramscription and translation experiments were performed in a cell-free wheat

germ iranslation system in the presence of coelenterazine. In these
eXperiments, active photoprotein formation is recorded by testing
lumminescence from the translation mixture, after addition of calcium ions. To
correlate the measured luminescence with the amount of protein produced, a
translation reaction was carried out in the presence of **S-Methionine. The
arnount of newly syﬁthesized polyp eptide was determined by measurement of
> S-Methionine incorporation into the trichloroacetic insoluble fraction. The

results of these experiments demorstrate the sensitivity and effectiveness of
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germtranslation systemin the presence of

WOcoel enterazine. In these experinents, actiy EP2003/011626
ph B85t ei n formation is recorded by testi dg /EP2003/011626
| um nescence fromthe transfation m xture, after
addition of calciumions. To. correlate the measured

| Phdtmxngéﬁaaﬁﬁg%&hnﬁﬁ@scaﬂee Nh 1@bpdiisett8ical PiRdiess GiinduldBon.

translation reaction was carried out in the presence
-of 1355-fiveihidt GMbYEImERE of aMeuitivedtionewhy chtnéfiesirpedns here
pol yp eptide was determ ned by nmeasurenment of 35
pro®i il hrowsaé dsnaadsipal atdioatdont espiudally ifohlihe aacamirement of
~ insoluble fraction. The results of these experinents
M treéertinkirr edleidm econeastrativn t Y naadtypidad casswgnessofattonuch as
2004/ 035620 PCT/ EP2003/011626 7 Photin in generating
coepeplemarinese ewdded itm maspmhism tcolle gxprasaingots photoprotein and
. Sstinmulation. In a further enbodi nent of the _
light,ganesiom 1s erorded hirhethedst KnawnHarthe ast.dor s&gmple using a
used as cal ¢ciumindicators, especially for the
COmEREg ailgple lugpipametstyl ar cal ci um concentrati on.

i cal : f h L .
P S5 B e AL 0.7 sy o
kSR SRR B 90, LB b LA st
thegg {TEH%%E a %hg {%c\é?{dr a mo%ull%kq]g%q MheT chifdl S p%@&ﬁ%?éiﬂg of the

pfotein an receptor 1nvolvedin

in ViRt ACEAN BEalse3h G VR ADR F icRALh AR IR RSN ASAdalP tha Sitilize
candi date nol ecules for”-10 their effects on receptor

meeRwtAEntons ihkacsnilaedatcibhat apredtRiate Qhe tdidivitiv @it praieins,
can be used in a variety of cell-based functional

PardssalysytGagrotdin Icorpledneaspreone (GPORs) nndgdeshalmembrane ion
calciumto evaluate the activity of proteins, _

chamameisc A hdyelGihe dargen anduprasdd riscegssor iy (mparaliulanpalcium

| asma nmenbrane i on channels. Althqough the |arge and

°°l§§§paaﬁ1w¢ feHewingGPtikaerdl i chapdiymulgtion can be detected

concentration follow n

GPCRs and. i op._channel
by CRHRATHS FPBAFIEEISD Ho PRIt el 9o URe BUGTPEREr 5% Dicse of
bi cal ciumsensitjve ore : £ 1< virtuall
P TR Gy 3P nR R T et PR BBl is virmany
abd B8 fin RAGKALOHN Aubrbs Uil 4ALLY mAREv&Noal dufiOEhAREt with
fl uorescent dyes; noreover, calcium neasurement wth
pPhotoproteins, besides producing rapid signals, generates a high signal-to-
notse ratio with a broad range of detection sensitivity (22, 23). Celi-based
fun ctional assays typically comprise adding an appropriate agonist to a culture
of cells expressing both GPCRs or ion channels and the photoprotein, and then
determining any variation of calciuim concentration, for example a calcium
Incxease induced by either rapid influx from extracellular sites or release from
intracellular stores (18), through me asurements of the photoprotein activity.
The use of cells which express both Photin and a receptor mvolved in the

mo dulation of intracellular calcium comncentration provides a vahd system for the

SCr eening of compounds for their eff'ects on the release of intracellular calcum.



10

20

Phot opr ot ei ns, besi des producing rapid signals,
, s a high signal-to 20 noise ratio w
W(?g‘ﬂg@g@ detection sensitivity (22, 23). Celpltd-%k/)%szgdg%?&%
functional assays typically8 conprise adding an
appropriate agonist to a culture of cells expressing
Higppﬁﬁo Qreditfo qig@g,ge&agl eh!pgb.uglaed edpiigihgi 4 phatwprotein
t hen termning any variation of calcium
acc6PAREMH AL 11BFenti AN aLxeptRles &/staahcThmsensitiviepsd thadystedh as
by erther rapid influx fromextracellular sites or
well ek ¢ag8el E@fal toidigctibulRyw shonssof &B3l] atsay owdinmes.
measur ements of the photoprotein activity. The use of
cel Ins a Whirther esnps@meitota pRlodtprot@ndaczordiegdoothe invention 1s
involved in the nodulation of intracellular calcium
conjupatedtio at motecpteond atedytical aiagneyiae emthesepauie interest and the
screeni ng of conpounds for their effects on the
conjuigatasre whditelt naaskd uinar cxorapeilivaNORd-Phasp Igpenoassay to

PCT/ EP2003/ 011626 8 Hi gh t hroughput. screeni ng. assays.
detegming Eh@'@EO@WS@%W@HTYIES‘P%@eaalF’(S’E%P%tSé‘m?lesa Q5 giagple. the

to the invention as reporter syste The sengi.tivit .
PhOFoPrFigins ey o seomigety Camuaac IR RaTgREF TGl rdd uwed in 2
ratio al.l ow the use.of . small assay-val L I ~
solf diniied TWRRREA, ViG BROTOBOTEr aangier, P  detpmine the
inveniion i 5 .,conj u t | egil : -
Salgngrp'y{qvggl ?f atpgglhoé—g{()lnga(ggst hlglr gpgﬁt ic |e§tég§%%%m§r?& B ysion
L ugaty r lein UnGDrlah A 6 OtRelivehiN6 d a different
pr(gégpéltdggwggg ?n@gdﬁigtggge%/ to r(l(zilet"’erm' ne the arr%u?ﬁ of
(péﬁ%%ﬁme?%ﬂhﬁ dsNa HoPhegé Cah SRARES paptitie XgHPle heahg chain
phHot oprotein may be chemi cally conjugated to a hornone
imphoheHfhang seah, i sireptavidilni orppastein tyuinopsaiagedi with known
hormone-specific antibodies to determne the 10
tecdahiquer yf benveisendfinddnmehas ndiselosed jin USH087486 (pliathisrhereby
. enbodi nent, a fusion product between a photoprotein
ingoguraedfytrofertree). ndnised in AFYNERQIIAERASER OT 1MagIng processes.
(polig) peptide, such as_a hornpne, an. antigenic

pept Threfollowgng esampleaiustrateshe iRy B BTRANT A di n,

t i.dj t el [ d with
f egﬁﬁ%\@}g{fégﬁég [ 1E@§%Wh§eggg d;MscI ogggv\?n
US6087476- (:whi ch_| b y d -
e A ab B SRR e bty pthesizes

pl'f)%go@g?t%%’s THd! ?hgﬁék&glrﬁgv@éﬁ'@aﬁﬁaitéd ustar f¥heat BErm cell-free

ion’i'n grea etail.
system in the presence of coelenterazine. All translation mixture aliquots were

incubated for 2 hrs in the dark at 30° C. The reaction was loaded with CaCl, 50
MM and luminescence recorded for 10 seconds.

Fig. 2 Photoproteins DNA tramslation in the presence of coelenterazine,
with luminescence measured by diluting the reaction mixture.
A Q:Aequorin,PH:Photin,0B:Obelin .

| " Fig. 3 (A) ATP dose dependent light emission upon stimulation of the
eradogenous ATP receptor expressed by CHO-K1 cell transfected with photin

IDDINA. Cell transfection, harvesting, and Photin expression were performed as
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DESCRI PTI ON OF THE DRAW NGS Fig. 1 Cal ci umi nduced

bi ol um nescence of newly synthesized photoprotei S 011626
WO RWBREopr ot ei ns were translated in a wheat CG&f /011626

cell-free 20 systemin the presence of

coel enterazine. Al translation m xture aliquots were

des%vgfg)g{? ?)%?i‘g(&h&nﬁ? ﬁ @g}% gﬂ:é% Ifllleéaqu’ ki 8 twRD dffferbhecb8Ratiation of

mM and | um nescence recorded

ATiﬁ’gr(tBﬁoTﬁg‘:@ﬂ‘éﬁKlFiogﬂs @-Eﬁﬁ%@%@hﬁ{m@@m NASkafd @8ed as

e presence of coelenterazine, wth |um nescence
posTeRe bR o P hiddkb ot et i@ xpeasskt A RIV i(pelative Boht units).
AQ Aequorin, PH: Photin, OB: Gbelin. Fig. 3 (A ATP dose
depﬁ@dﬁ@odé@égen@@hﬁsﬁﬁﬂeupﬁh Botinu lagtivory of CEEO-K1 cells
endogenous ATP receptor expressed by CHO Kl cell

trans feotieettchoth tthe [EnabiielirDNArec@pkdr andaRkétect Timreceptor was

- harvesting, and Photin expression were perfornmed as WO

actpodt4d D$E6ROLPETERZIAN (N 46268 ongenfeaitar ped0§ and 500 nM.
Exanplel. Cells were treated with two different .
conBentrRejeofepgndeATPcurv) ThtaicpD Remtepelds expressing  the
transfected with Obelin DNA were used a%

. jtiLve -
Phetppreisin Rhatim @sdetice rats vappheids EerePHPTRL u&ﬁi# -atf %9 egspecific
light units). Fig. 4 Dose-dependent rve .of Photin
agopieEpgRicH oS Yeedui conasTiratidr €t CandisPH Mot h ¢ he
Endat.hel i receptor and Photin. The receptor was
act %W@S. njection of endothelin at a
congeqy Rﬁ{ﬁoo'f'rg‘t‘xsrc(])rgrgtggﬁfj[éplgslg%n!:df@h opPSfif gReRdent

curve obtai ned I's ‘expressing the" photoprotein

th’ﬂr%s‘?ﬁ‘t%ﬂ BE K AhnYaBHb Ak 8 WaRCAREQ obt {MRE)whddt@erm cell-

speci agoni st, capsaicin, was used at a

freeoneasiy atNaNkaf Fr8naRd) S0olibMind GhEXAMELdiSnktrutiions of the
Vitro Transcription/ Transl ati on of Phot oprotei n DNA

supbidies| Apoxihatehe pheicopsDt BIMA wess caedi ddr oedchi n vitro
the wheat germcell- free system (TNT kit, Pronega),
trafrpsdripwiongradséatyen esaationmetx uThe drskatiopheolumgds0pbrincluded
Approximately 2 ug of DNA was ufsed for .eac{;] tin vitr.o
25 "nl of the wheat germ extract, 2 pl of the reaction buffer, a mixture of
amino acids except for Methionine, Rnasin and Coelenterazine (40 pM), T7
Polimerase. The mixture contained also >°S-Methionine (specific activity 1000
Ci/mmol). 33S-Methionine was used to determine the amount of photoprotein
synthesized in vitro. To this end, 5 pl from each sample of the translation
mixture were TCA precipitated in ice for 30 min, filtered, washed with cold
5% TCA, methanol, dried and placed into counter vials.

The amounts of Photin and Obelin produced in the cell-free system are shown

in Table].



15 transcription/translation reaction mx. The
ransl ation volune (501) included 2 51 of t t -
Wg@?‘fﬂ“&?%"r act, 2| of che reaction buffer, a "ﬁ?‘%"%‘g%&"“
am no aci ds except for MetHhifoni ne, Rnasin and
Coel enterazine (40 .tM, T7 Polinmerase. The m xture
cont ai ned al so 35S- Met hi habde Ispecific activity 1000
C /ol ). 35S-Methionine was used to deternine the

ARHHon Of RABRL SRV Helin?Pp oS T2 8iikldtTon\bf teOpholsproteins
this end, 51 fromeach sanple of the transl ation

Exture wer e TCAuo!r(e% pltat$ Ln(1 e for AS;&) rrnnn( N

pr&iCethiingt 0 counter vials. The anmounts of Photin and
Glopdn 90 ihoduceg; don t he cel | gfgpee system afmagshown in
"Trablaod 25 WO 2004/ 035620 PCT/ EP2003/011626 10
&M | Inclusion of Radioactive Label into Products
of- Transl ati on of the photoproteins Added DNA Obelin
(1gh. plﬁgg%‘gr&t@g) afeguorin (1g) 3'S Counting upon 90
mn 8169 90 13049° Translation (cpm 2.
Photsogfdt @uh ofissayrahsiatidn Wixtud wehedireatis trakédwith 95-90 pl
m xture were directly mxed with 95-90 I of PBS
ofsBBGt dobuti o 110 2986 wedll platakdivhiveds mwasinpsumtedhé huminhmeter
Lumi noneter 5 (Berthold). To trigger photoprotejin
(BiengimldenT ¢ shigger Fhotoprotain i bght soianpTadiop! welugion (50 mM
injected into the well and | um nescence recorded for
CaQlaetasndriectethinte shamed asrd fumpinescenaerigeeidsdsioad P sroonds.

of Photin, Ooelin and Aequorjn .are_shown .in Fig.
1. The Heﬁ%%%@!?ﬂéé’l%é@aﬂ@ﬁiﬂ?t%tﬁ%a ﬁ@&ﬂwnéﬁ ohg DNA
artgﬂ g}w}{%}h ?ﬁ %F)gé o{ .g{rﬂerh@x%fséeg}qte; %}%Sa%l?rte}n%rn)tsr gbat(a:%nleg %Sy {lgting the

Photoprotein in vitro translation reactions are shown in Fig. 2. The comparison of

10 Iuminescence data with TCA counts obtained during translation with different
amounts of Photin and Obelin DNA is shown in Table II (the measured

luminescence is proportional to the aniount of photoprotein newly synthesized).

Table 11
Content of Radiolabeled photoprotein and its Luminiscence
in the Transkation Mixture
Obelin Photin

IDNA TCA Counts Luminescence TCA Counts Luminescence
(ng) (Cpm/p) RLU/p) (cpm/pl) (RLU/ pl)
250 2722 358944 2927 990308
125 2396 271952 2094 858046
63 1030 139241 ggz 3?3328
31 579 41970 -

16 265 13482 196 30617

15

3. Examples of cell-based functional assays
3.1 Photin-expressing clones have been obtained by transfection of

CHO-K1 cells (Materials and Methods). Two days after transfection the cells
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10 um nescence data with TCA counts obtai ned during
W%gnsl ation with different anounts of Photin and
MPRCBNA i s shown in Table Il (the rreasuré’(fT/EPZ‘m’"”Gz"
| um nescence is proportionali to the anount of
photoprotein newy synthesized). Table Il Content of
wekadhmbed %ﬁdﬁﬁﬁh@@ﬁ@to%l @RS @ﬂdé%@'o%ﬂ@ Rede grwhfif to

Translation M xture Obelin Photin CA Count’s
well 48d1pRa cNGiE e Ghe(CRWHiSs WiTeneaEaged tc( ﬁgw)v AR selected
(RLU gl) (cpm1) (RLU I) 250 2722 358944 °2927 990308
on 1R& 138602 Ah9E21 29 Hn8P804Eond3 (BN eIAIR4ioRAY 1338 Ffdent
31 579 41970 502 88326 16 265 13482 196 30617 15 3.
conpcampties of ACKR,| whiseds fkwredhotalstiasdagsthiz. CHO endogenous
Phot i n- expre33|ng cl ones have been obtai ned by
recgpigrsAndcto oise dhe GiplkdmpelTCs  (drtcenirationand thietemdde) each
Two days after transfection the cells WO 2004/ 035620

- eXpeamnar2 0ot ovare2ksed byvwarfusiompof i &@utlan d:qmtalntn@dTmonk—

10" 100 tinmes. Once the cells were gro wg
00 @i 4a6d> - CHhoAP@ES PhoteDTYEGR; aS TRI0BSH Rk ﬂrecmﬂoéangéhe cells

withy o Bing eer é"rﬁgﬁ‘?’eﬁé@’% ﬁ%hﬁa ﬁséﬁﬁicboix‘féﬁgf’% et :GP’fCé‘r‘@ntm the
S entibqetiods X1 ECPpEGPORRISTS o8 BRe. EJF dofis fgssion
rneg@; fenfe\%g,::ggllﬂ %({:}%ngysp&e B [}E’f eﬁﬂe%f cBa6f ¢ ﬁ)ﬁﬂ%réﬁ Me emltted

yse a So I on contal ni

'luﬂ{ﬁés(?é’rPée rERBr A fmbk o@%ﬁa&snm%aeaoa&mg ‘ﬁ?@sﬁrst 10

reconstituted incubating the cel wth 10
sec@oﬁdsaﬁﬁsc%h@ezdrafeddw et nlifo BRStcs aaawlmdmea d“:Mh@ abfdedMCells

tra1llgfected with an empty plasmid or untransfected (data not shown) did not
Increase photon-emission. To detect changes in calcium concentrations, 10, 50
and 100 uM ATP were injected and the kinetics of calcium response
determined. The curve obtained is shown in Fig. 3 (A). A cell line expressing
tﬁe photoproteih Obelin was used as positive control Fig. 3 (B).

3.2 A CHO cell line expressing endothelin A receptor and Photin was
established. Upon stimulation with an agonist, this receptor induces an
Increase in intracellular calcium con centration which is measured by Photin
lum inescence. Cells were cultivated as a monolayer in DMEM/F12 medium
COm taining iO% Fetal Bovine Serum (FBS) in a 96-well plate. On the day of
the experiment, the culture medium was removed and cells were incubated
with 10 uM Coelenterazine in PBS for at least 3 h. Endothelin peptide was
diluated in PBS at a concentration of 100 and 500 nM. Approximately 50 ul of
end othelin were injected into each well and the response measured. The

emxtted light was immediately recoxded over a period of 30 seconds. The

dos e-dspendent response to endotheldn is reported in Figure 4.
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dark at 37Cin a 5% C02 atnosphere for 3 hrs. For
W0| 385 &M ssion 10 measurenent, cells were '%%ﬂap‘z&b%ﬂ%za

presence of calciumand the emtted |um nescence
recorded. The nunber of phogons emtted during the
first 10 seconds was integrated by the |um norneter

ang 3V'<§H@ i zgd Bfles %ﬁﬁﬁé‘sfs?ﬁg b&@ | Spoptotins faat ek Wak hVR1

an enmpty plasm transfected (data not shown) did

cap§‘£’i*cm fé%%gﬁﬁs L emhﬁﬂ-ﬁ%mn%%bw ionl GhaielebCtw&RaNEeS 10080-95%
cal cium toncentratio 10, 50 15 and 100 uM ATP were

confﬁie%@& ¢ (RBfe LhRuld f188ltCon dhaeadsiediby repparisstion. Cells were
determ ned. The curve obtained is shown in Fig. 3 (A).

dispeellat INBOE PN ESIING 2 96ewpliovloipe pladéninChrelrth medium and
used as positive control Fig. 3 (B). 3.2 A CHO cell

Inchibaed eypersghngt e3a Hal hahAmidept ancardoPdt Hvo Wel@,. For
established. Upon stinulation with an agonist, this

lunvieespnoe éxptuimesntanthe2@llnwaraseaded writh a@ellentqrazme 10 uM
cal ci um concentration which is neasured by Photi

for | 3t st €N % CRbI Salime r@@ppm%\m stign atasinty agléqunof 10

DVEM F12 medi um containin o Fet al V| n Ser u
and( FPRSIM sapsgiginggy (eaph arall. et @C@g? Lanesobnce was

follv%}glgg :qrgeé%né) &t%}ggsf\% Eu?r%ggg %gné.ls\/\%sﬂtr e;{‘gfli;‘:gnf qr%]:gspé%agents and
B G s
Iaplild g trgnggﬁpﬂrhgm \Q%]n ¢ ﬁbﬁtﬁg %gltlllxﬁ sasthdee Wlt}?ﬁ%éaﬁelevel

S onse nmeasure was | hmedi at el Yy

ocdft AE02 OKRN PsfBhlO 1%ﬁ1ré05)seconds The dos

ependent response to-endot’helia is reported in

F| IM & TERYO R0RMMP RPETH BEIS EP2003/ 011626 12 3.3 CHO
cell lines expressing both Apophotin and the rat VR
cap$aiagients eceptor - a cal ci um perneabl e ion channel -
were grown to 80-95% confluence in tissue culture
f | afestraibnhenzyest ecrbputelypesidnireat Now. Exglpnd Biglpks and used
;Dgfensed at 10,000 cells/well in a 96- Wewwlg
acqpriieg fon sgpBhRTs fetrusoand BIRFiRuBRE d8° ol AFlnikghifopin vitro
37C in a humdified i ncubat.or
TRt Aa epeRnaR ATaS . Hum BT Re s mel Ry Pe Turbo
pofgirenlereagg,erregéén eforOP&l{, and competent cells of E. coli strains XL-1Blue and
BI.21, were from Stratagene (La Jolla, CA). Oligonucleotides were purchased
from Primm (Milan). Coelenterazine was from Prolume Ltd. (Pittsburg, PA). All
other chemicals were from standard sources and were.of reagent grade or better.
Assembly PCR for single step synthesis of Obelin DNA sequences
Four steps are required for PCR assembly: oligo synthesis, gene
as sembly, gene amplification and cloning. We synthesized 30 oligos, 40 nt in
lenigth, which collectively encode both strands of the Obelin gene sequence.
The overlap of complementary oligos is 20 nt. Equal volumes drawn from

each of the 30 oligo solutions were combined to a final concentration of

approximately 250 pM of mixed oli gos, prior to a 250-fold dilution in 20 ul of
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wh

for 3 h at 37C, 5% CQ2. Cal ci umresponse was

Wosﬂoﬂbjzls ed by addition of 10 and 50 M capsaicqigpadeS011626
_ each wel'l . The kinetics of flash | um nescence was

fol | owed using Labsystem LU@ noskan Ascent, which
injects reagents and 10 records |ight em ssion from
Geaghp SIDPERWRAL (PAlH Hignen! Tirpsaptifinateupedcass has been
rapid and transient |umnescence signal within 30
' carsiegiondsn thdekht@cRedle feviestepowasicritmg out il pool®dl oligos as
seconds (Figure 5). MATERI ALS AND METHODS Reagents 15
follRest:r4020 6or 2maipmtienveddition ofigodvmerasm REW Evigll@sge., then
Bi ol abs and used according to supplier's _
40 epstas 847G rfer 1RsadNC dod .%t)heecrr@pdldo °G o Ti0rsegi ) e reaction
_Transcription and Transl ation were from Prone

miy i won,dilwtyd thres-frid beitkpolrgsieddde, aqdeaabﬁ?%%ﬁ% rmix. The
o< BRSNS oG Aokbha T T P %o K s o
O N | eoti des._. h d 20 fr. LAY I "
Th RO 25 FRE LTS RPPEBTG H COPR S By Bhr b piitions
th hem fol t °
forabbe i Nagg St o a g o (BALelc! TASaiSl o A o 12°C for
708 e ré&c%PonZ%ﬂ)tdﬁgé 'vi?erg];ge%l?zle@ by Y 2ttt Ped eldc®¥phoresis,
st’eps are required for ssenbly: Ol1gosynthesis,

e Lk bCae Bt ¢4 fet. fulféher cloning
an%y%?h E?I?e[gh %ﬁ?g{)@gﬁigftﬁt ﬁ%elnﬂ&zmg | engt h; which or clonm

stegdd et ivghid BACBES bAldy pldra0Bs Te fibiditthdltha RfEReecactions
sequence. The overlap of conplenentary oligos is 20

wasd coffiimidd voldidesydeqauendingn each of the 30 oligo
sol utions were conbined to a final concentration of
apprOmisten etign 25 0hdthifmerizeprotdigos, prior to a
250-fold dilution in 20 | of WO 2004/ 035620 .
PCT/Ferpoo3imed 606 oliggs ceateanpest esenadk {9 fhen Clytin gene

s S enet s g G Bt M b £ 88 3 R B S boen for

W t h .pool ed ol jigos..as follows: .40¢ I bhen

=l PeRERgHoRor Praliageucisoey S prifire ¥t firllto i
cycl gg;(94C for 15 s, 40C for 30 sec. and 72C for 10
sec.?: he reaction

5°- AATTCTTTCCATCCATCAACA AAAGCTGGGAATTCGACTTCTTTAC
CA TAATCCATACCAATC-3’

Clyt-3
5’ - AAAGATTGGTATGGATTATG GTAAAGAAGTCGAATTCCCAGCTTT
TG TTGATGGATGGAAAG-3’

Clyt-2
5° - TTTTTGAAGAAAGCTTCGACAGCATCCTGGTGACGTTTGGTCTGTT
CT GGTGTTGCTCCAAGTTTGGCGCA-3’

Clyt-1 , _
5’ ~TATGCGCCAAACTTGGAGCA_ACACCAGAACAGACCAAACGTCAC
CAGGATGCTGTCGAAGCTTTCT TCAA-3’
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5 mxture was diluted three-fold with fresh PCR and

ol ynerase m x. The second .stage was: 25 cycles (94C
WB&“%%‘% 40C for 30 s and 72C for 45 s). ™ EBhodsi 2o

reaction was again dilutedyghreefold in conplete PCR
nix The conditions for t%e third stage were:

Theleatasd phight dbye ke dhnfS iR ’%f%@?’éé‘é i) sites
in fid g&t—ﬁ);ﬁ“gfgr%%} S TitOpRRf4 ;&;%p%g%%cf e (chABRO ol Cﬁi‘%@uct i

rtther cloning” steps.

call-ghepgc%ﬁmiﬂ. FﬁﬁtiH%NACﬁH Bgeﬂcﬁlrt%r sm':l@loﬁb&ifihiot theOpcDNA3

reactions was confirmed by di deoxy
Ve&gg%wg t @k, the chinmeric protein Four
coupl es o?n afﬁ)gos %en designed fromthe Cytin

genpCRLB 2364 USH\E6n U'Eﬂee@ﬂi between EF-hand | and
EF-hand || have been ¢hosen for genie chinerization.

TheTh¢ kgiighe of i Berlpp i sxkséssiva RCRhead ehipbayerdgto Wloducsd the
5' - AATTCTTTCCATCCATCAACAAAAGCTGGGAATTCGACTTCTTTAC -
Obeﬁlf»%ﬁifﬁ(ﬁr&TSBCééﬂiﬂﬁﬁ of 2Qirfknst werd designed with ten different point
AAAGATTGGTATGGATTATG GTAAAGAAGTCGAATTCCCAGCTTT TG
MUTEGATCRATACAAABE teCidjffent :c@don usage changes. To amplify DNA

TTTTTGAAGAAAGCTTCGACAGCATCCTGGTGACGITTGGICTGIT . 25
fragrgmeryaticonatrr regnsnm, P CH pactionswere carried out with 2.5

- TATGCGCCA AACTTGGAGCA ACACCAGAA
B RS o
P2003/ 011626 14 The_ anneal.e

un

PCT/ g hav
PG bALEerhBIERE R TP 08 "l s B ?Q‘é&‘e‘efs
em e@e{ﬁi Werg%49batsorrn ldm%?néf’alfnolrnp n{lﬁ?aﬁﬁ] '75‘3('5'f8r 9%@1% 30 s for the
first 10 cycles, followed by 20 cycles with an annealing temperature of 50°C.

The site-specific mutations were confirmed through DNA sequencing

performed at Primm (Milan). All molecular procedures were conducted using

stamdard protocols.

CHO Cell Culture

All cells were cultured under standard humidified conditions at 37°C
and 5% CO2. CHO cells were maintained in DMEM/F12 + FBS 10% +
Pen/Strep + G418 0.5 mg/ml + Pyruvate 1.6 mM + NaHCO; 0.2%, all reagents
were from Life Technologies. DNA transfection was performed when these

cells were grown to a 70% to 80% confluence on the plates.
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call ed pcr-Photin. Photin DNA has been further

subcl oned into the pcDNA3 vector which contains the
Wa 204056 er. 5 PCR- Based Codon Usage Change PETéEP2003/011626

techni que of overlap extensgison PCR was enployed to

produce the Qbelin nmutant. Six couples of priners

i d wth t diff t i nt tati
Mﬁ?ﬁ@%ﬂge ten different codon usage changes. To
ed_t | t P,
L APkehdall e, M R T ARSSL (GOSK] PRakOReg ‘%"’”“
blogﬁéﬁg%rc%ﬁge rﬁg}/é}, 19{1 Q{-}IAmtcg tr?ew %220 Mreagh Blwé%hnology

a total volunme of 100
16d5) :J'p@r,gycl ing par amaters enpl oyed were 94C for 1.
mn, 45 for 1 mn, and 72C for 1 min 30 s for the

P slambdbeflychesc fakhewed Ry 29aweyids, Wydll,aR.C., Hart and
anneal ing tenperature o6f 50C. The site- SpeCIfI c

Heppimt ilons (¥8rse) conpplicasbdt hrafugheDiphosemrotaini mpelin to the
performed at Primm (Ml an). Al nolecul ar procedures

meaeeamenduaifed friesi n@a™ St apdar deplsot dool BiotwonEet¢nce and
Culture Al cells were cultured under standard N

Chmmﬂdinﬁmdenmdjasicoahemistsycanchﬁmam@@.@ppbﬁ@l@@? (Bdited by
vvere mai ntai ned in DVMEM F12 + FBS 10% 20 Per g
M. Acitlue Hdy. B McBjioyy.ape- $06-6A ARG 165 e‘alf k.

rea ents were from:Life Technol ogi

S 0
arier o (IO ot Reasaat s Pﬁ@ﬁuwegc%% @ the
00/ f | at 2 035620
RN A MR SO G s Lo S
d d t M 199 A
E‘.”mﬁla PoRlar: oV Jondsnoon - Erhe ?’?ﬁ%@é ﬁté?vr%ra@%?é‘ﬁmé’“"n

Pugﬁ?{:%&p%111%9%08&1]’(%5)>E?a%a]:§>%n a%mﬁﬁﬂﬁx*é@éém pﬁ«otéﬁn, from the

C., Hart and
hate i dud gtyero}nec(u]sgﬁ L egupehi gatdan @xﬁmp hehyhelt 6pr223el 0.
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Loquk h%l%l"ﬁr ABEPToR ety ¢ PR T S 3 b, whereln  said

es%%i'l M%vﬂhm {H@i '@lé&e@hghgﬁfﬂbﬁdﬂ matches Obelin

alne C|ng a region o 5 protein
s%@jﬁéﬁb@@ﬁi @@béﬁ@t% E@@éﬂc@sﬁllgﬂﬂlehtbe“ﬁﬂpm egaeptiommof at least |
binding sites with correspondi ng region of the

ghdicoptidtresidu€l ytin. 2. A chimeric photoprotein
according to claim1l, wherein said corresponding
J.egi oh wiltieria hphstipsetasn pmﬁ%ém oith flABhed, OngheTgin said

sequence.in respective. se uenc nts th th

Cé?(%%iﬁoir’ém%)f R T kS Pﬁ%F%%rPﬁgdB rgalches Obelin
phot oprotein_accor

EhFRcs dpPaSpRaT e nad e ek RUB dhe URBisn be at least 3

zﬂ%‘?ﬂ&ﬁ&‘dﬁ%%fﬂd@m ches Obelin sequence in respect ive

sequence alignnents with the exception of at least 5

am nopactini@sd dydotdprofeinA sbdording photedginot @i, n wherein  said

according to cl a|m3 wherei n said :

corresponding region w1th1n the selected photoprotein matches Obelin
sequence in respective sequence alignments with the exception of at least 10
amino acid residue.

5. A chimeric photoprotein according to claim 1, wherein said region 1s
from residue 42 to 122 of Obelin protein sequence.

6. A chimeric photoprotein according to claim 5, wherein said region
extends from residue 50 to 94 of Obelin protein sequence. |

7. A chimeric photoprotein according to claim 6, in which residues 50 to 94
of Obelin protein are replaced with a fragment of Clytin sequence extending
from residue 53 to 97.

8. A chimeric photoprotein according to claim 7, ha\/ing the amino acid

sequence of SEQ ID N. 3.

9. A chimeric photoprotein according to claim 1, further comprising one
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corresponding region within the sel ected photoprotein
mat ches Cbelin sequence in respective sequence

WO 204436t s with the exception of at |east 10°CTAR Y 011626

acid residue. 5. A chinmericiphotoprotein according to
claim1l1l, wherein said regionis 20 fromresidue 42 to

or%ﬁ%{eoimﬁ{&edéi@ sﬁﬁ&{tg{iang‘?gﬂgg&?on@ﬁ Aeclames i T4, 75, 78, 83, 84,

oprotern accor aimb, whérein sai'd fegion’

g*;exggem%j BP@bre?ﬁl' Qﬁge&g& to 94 of Qbelin protein

sequence. /. A chimeric photoprotein according to
12l ai MeGsioh gréﬂ‘%h?Boﬁtﬁﬁhﬁ’b'?ﬁe%dt@p&'ﬂemﬁf &hehd D-9r ot ei n

are replacéd wth a fragnent of Cytin sequence

1 lext endbAfhgadion§ poausesélier03 plotdprotéin cotdingripclaims 1-6
phot oprotein according to claim?7, having the am no
arat iadnol 8@ €6€ endifyti SQAI dgnld st 0B tbeﬁapﬂmms@c
phot oprotein according to claim1l1, further conprising
1Zne AYDi26latdan6Ric R ERIDA3Y16 11626inE0a Primesice PRA{OPEOtEIn
acid substitutions at positions 55, 66, 67, 73, 74,
acrsording, to8331n84]-9.87, 89 and 94 of Obelin sequence | 4.
A fusion protein conta|n|ngthe ph‘iﬂé rote cl ai

13- 9. Ap 110137$dc@1h?197§a%q16ﬁn EtaBRIHBE O£ 13 F’&‘E 1jg the
accordj ng lains 1-6 5 an

Pgh LA, ¢ 3aim % hagiR6et FRAUSP oSS 85%3??@&@ %N fnand SEQ ID

N|s_QIated nucl ei ¢ acid nol ecul e encoding a chineric
photoprotein according to clains 1-9. 13. An isolated

1qucl ¢ ¢ acl d %ﬁﬂneengcﬁﬁ%s{)ﬁﬁat&% GbabiBide toerb@zﬁﬁisng 9,

the "protein o sequence’ sel ect ed

GCf)fﬁﬁha%Foq whth Do cteBRhuBERakP, fé{oth%' deBectich oflEciise i@ds.

meri c photoproteln according to clains 1-9, in
1 sonbitpatyen a\%éﬂ@jnﬁ’g ltycéthghi N4 ubdierebesaifiolncifegin substrate 1is

detection of calciumions. 1-5- The use accor di ng to
cokbdemradnewherein said luciferin substrate is
16. The use according to claims 1 4-15, for the quantitative determination of
cal cium ions.
17 . The use according to claims 1 4-15, for the determination of intracellular
cal cium concentration.
18 . A host cell bearing a nucleic acid molecule according to claims 12-13.
19 . The cellular host of claim 18, which is selected from bacterial, yeast,
fumgal, plant, insect and animal cell s.
20. A method for producing a photoprotéin, which comprises growing the
ho st cell of claims 18-19 in conditions suitable for photoprotein expression,
an drecovering the expressed proteim.
21 . A method for the screenings of biologically active molecules, which
Comprises exposing a cellular host according to claims 18-19 to a definite

arnount of said molecules and dete cting any variation of intracellular calcium

COncentration.
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coel enterazine. 15 16- The use according to clains
wolfnud@seah Or the quantitative determ nati on opcTGRbe@b/TS26
ions. 17 . The use according to clainms 14-15, for the
determination of intracelldPar calcium concentration.
18 . A host cell bearing a nucleic acid nolecule
22 acchmiethgdt accordingstal 21/ 212evhegein theehest pellds transfected
.of claim1 S, which is selected frombacterial, yeast,
Withypjeterolppaws G-prageint conpledneegitocer 1o channela et hod
for_producing a photoprotein, which conprises. grow ng...
231 heTheBq Of & onibiEAdICH Produst AP QTHIECHATIAIBL. Wi COPBLitive
f Qr photoprotein expression, , arid recovering .the .
Solégpﬂhé%esémrwrmaéﬁw tor deferminieg HBE #BP RhO s ideMolpgule n
b.gf biflo ically active nol ecul es, which conprises
13R85 Blegel i ul ar host according to clains 18-19 to

240 o et PSRBT RS ol PIARoRal TUR - CORELHL r CEREL e
L 03 ) [ EP2003/ 01 ;
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transfected w th a heterol ogous G protein coupl ed
receptor or ion channel. 23. The use of a conjugation
product according to claim1l in a conpetitive

sol i d- phase i munoassay for determ ning the anount of
said nmolecule in 5 biological sanples. 24. A

Bi ol um nescence resonance energy transfer (BRET)
system conprising a fluorescent protein and the
phot oprotein of claim 8.



