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WD 2004/ 035620 PCT/ EP2003/ 011626 PHOTOPROTEI N W TH

| MPROVED BI OLUM NESCENCE The present invention
wonroeosiodsRoa chi meric photoprotein with inproved8CT/EP2003/011626

| um nescent activity, the use thereof as cal cium

i ndicator in reporter gene systens and in cell-based

Bi ol um nescence is the capacity of living organisms to
emt visible light through a variety of

hemi | um } i Or 5. Bi ol um .
F eab PP SN ST vien R Vi of COBRRERR LoD MGy improved
a. lucifera

TSR dheoTise i uEt RSO B AR Ao ot Toagter gene

BB T ARSI EAT Bk fEen o

. toxi ?@‘Ei on 0f a substrate, luciferin, and produce an
it e ClGi W inedi ate. Light is emitted when the

oenbr RGRU TN OE R RRYENTION 27 ol P e

From e YE S lebE R bR L o VR SR R Fsibte tighe
thré}(}%m 2 Zzarg(?n?}}n ;%?;g#i%‘éll?%i{lé\%uggl? nrggi?ﬂéﬁi(jggstgmrs! Bl L cence
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LuB{Rrie8SSRY eh sy HBOYhATRE4tH8/s6 A8k U8 ALRSH AR %u@%{rgi@, Juciferin,
these organisns to emt I'ight for a variety o

an@Up RS hACkMIhPR BiteadbMate.f Eeshin® endfdddehReASthe unstable
(). Wile bacteria emt light continuously, in many

intefhediater dedlyS Mo idNERAGKIERRRe OCeHESItAS Dk§R@forin. There are
typically of "0.1-1 sec. duration. 25 This requires a

mandPaeFfemint Chnetdietif types tdfeliatimt Alkhseale trhofly apdciebefrom at
presence of reagents appropriately sequestered and

leaseastyehophylac nseofbiel saati wRifekih, 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 be extracted in the form of a stable “photoprotein” which emits light upon
caicium binding. Photoproteins differ from luciferases in that they are
stabilized oxygenated 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
organisms 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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coelenterates, flashing is caused by calciumentry.

wabh@403d620 um bi ndi ng sites of photoprotei ns aPEI/EP2003/011626
honol ogous to cal nodulin. In _the presence of calcium
photoproteins enmt visible | |zght t hrough an
i ntranol ecul ar reaction. There are nmany | um nescent

costgeeiates, {lashingnisycamsed bypbaltopnodinsTheaabtiynbbinding sites
Thal assicolin (2,3), Aequorin (4-6), Mtrocromn (syn.

ofHalhotepacieiny ate h@)fnologbys ito o(ahymduhmt HnRhieapiesenye of calcium,
(8,9) Qoelin (2,6, 10,11), Memopsin (12,13), and

pméomatmqsleznmsywlbiadeghtdhmugin hatiatraswlbenlar AbhctitresEhere are
proteins are conplexes of an apoprotein, an

malmy dduopyesszinbe arganisophorbait ( codyerseyenzi pledtopantdins, namely

xygen. Their structures are highly conserved,

T]f@pmi:@]llny(il A).t Meequeginor(4cont Mitiosgomie (synt Hilebistaurin) (7,8),
cal ci um bi ndi ng sites (EF-hand struct urdﬂ) These

Cltinhi. @tltmEhmledsm&n@ 9)@1@@1&1:(%@,15{1 il¢),0¥neneopsin (12,13), and
cal ci um bi nding protein fam The photoprotein emts

Berogin (Ldda)r leaeq B@Wl walhtedaﬂ%f/aMnA\Ahtmﬁe mrgtﬂlny apy peraplexes of
to the EF-hand pocket. _The reaction is singl e

ar YPIIPEIine 08 ntnldnaomer@@meschrﬁmcr@qre|(ég@,1@nberram@) a#ied oxygen.
em ssi on of in the blue region (2max 470 nnj.

Theie St@ﬁmregr%@gpgb {eicansaryed desnqaialdy infhe region containing the

l uci ferin-hound pol ypeptide, which is capabl e of
thrwﬂegearmedmgmse&ﬁﬁv@aa@@wme@» nPhsse Llidandstructures are
ChagF a1k O E%ﬁw@“%%n%‘fziéq{aéfélfae{aw #5e Miasaprotein cmits
L e A AR 8 m%@w@skgmﬁm
Tﬁaﬁ%%&eé@aaiﬁgéﬁﬁﬁﬁ%@%ﬁ %véa'?tié‘@s? tip thgselease of CO, and
R A KA M oy L —
L R S B B e
wRAGEABhARLBLSL s e R8T mgg D B8 CHRORE Al Sorin,

oo o R Y et o e
VieR§& Ry &Y Qﬁﬂ'@belm, isolated from Obelia longissima (15). Upon binding
Ca"™ Aequorin undergoes a conformational change converting itself into an
oxygenase (luciferase), which then catalyzes the oxidation of coelenterazine
by the bound molecular oxygen. The blue fluorescent protein is 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
is the common luminescent substrate used by the photoproteins Aequorin,

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

in these four photoproteins (16). The recent acquisition of the primary
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is the conmmon | um nescent substrate used by the

phot oprotei ns Aequorin, Mtrocomn, Cytin and
w@@iiosse2d he |ight-emtting reaction is |ikel yP€TEPRAN€11626

in these four photoproteins g16). The recent

ach|S|t|on of the prlnary 2004/ 035620

é@?ﬂ%i%?ﬁﬁ&%@%ﬁo 6 dat ¢ g&ﬂi}ottﬁgm% Q}%ﬁllél EP‘é%flse to
adésféwﬂd oRmationn o Hrcir Gchon. \SHGT S Ohalins fwm $he hydroid
O 48 1GHE SR %L?@%x%{o@éf}?@?é“wg&ows S gidhfe hducs (as)
wiB ol S imelrnalRaript: $o5p (e 20y Fitg y that Fontbins  the
npgasatb S chamoph 8?ﬁpé{gﬁbp¢éa1§r&%%$ﬁe’r%§£®§£% of the
8332 SR A BEOBRICLET AT [ TR o

faml%ﬁmgfompyeﬁaﬁﬁﬁﬁ% BPPHE Catr i Pasopgotein, however,
GFES B HR Ednad Pfofsﬁn%tsﬁl%ﬁf%%iﬁcﬁt{lﬁ? St 35brnn C by

2 dettusdy Mlighocth %‘its it Psindpnist e gdBbhihy qusjine and
tyﬁ‘?%?‘?re '{H od WO I atter, in particular, describe

um nescénce and eni ssion properties of a W2F 15

Obelgtpe{'@ét@f]bbelfcli}hgt?ﬁ&&trg il ﬁ{n%tl\@nd%{ rébscﬁ“ﬂ?d Fn Bondar VS et

reporter gene te ogy to nonitor e ce

a1 VB cheRRSAY! %@qgt 63539*}}@&‘@' Eét‘éRPtEso%t d PE0), 42(20):

éprESSI on. r events an

601%99h%ld0ﬂjeﬁ quidies, Sensk dnéft% zr@@ri aﬁd@@gveswwﬁé fwo latter,

met hods. Phofoprotei’ns an ene [ um nescence

1naf>§rtlc%@ale)ﬁ‘e§hh§€tblﬁﬂ?i’ﬂﬁﬁ&fceﬁbféta%ﬁseﬂﬁsébﬁy ¥Pties of a WI2F
virtual Iy no background in contrast to qu escence

obRIEL fBantPhot opr ot ei ns have been expressed in
manmal i an cells to nmonitor cal cium changes in

r esansepideidist 4@r @nlleSt 188 in répériec ebhy!i8EhecloGyUHY monitor
the cellular events associated with signal transduction and gene expression.

The study of cellular events and their regulation requires sensitive, non
invasive analytic methods. Photoproteins and in general bioluminescence are
excellent reporter systems as they have virtually no background in contrast to
fluorescence systems.

Photoproteins have been expressed in mammalian cells to monitor
calcium changes in response to different stimuli. Intracellular calcium
concentration can be measured by adding coelenterazine cofactor to
mammalian cells expressing the photoprotein and detecting photon emission,
which 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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concentration can be nmeasured by addi ng coel enterazine
cofactor to 25 mammal i an cells expressing the

w@hb@topised ei n and detecting photon em ssion, MI/EP2003011626
i ndi cative of intracellular, calciumconcentration.
DESCRI PTION OF THE | NVENTI &N It has now been found
that by chinerization of Obelin protein WO 2004/035620
(AptSIEPAI08LH ibpecede{tApbmetégipnt theathcompirisedrbeivesm the
a region thereof conprised between the first two )
firstdate calcitn tdh din gs sitess, withtehcerresporslipg mdginp o€gimoteprotein
a photoprotein selected fromdytin, Aequorin, )
seledied| faemi Chytim, Adjtainpihalaskivedim, dfgorromaing MBendopsgein and
a novel photoprotein with inproved biolum nescence is
Ber@ihaknedel phosonreeeinhettbiimproved biolwayinessencet is ehrginsid.
t he photoproteins isolated fromdifferent species of
ObAlsi wsedi hedeinli Opebibetmiay tedenyite sinpreofathe phefoproteins isolated
geniculata (17). Reference Cbelin nucleotide and am no
fromcdidfesentuepeaiss av® Ob¢lsa,ethalndisgQObplig langissing and Obelia
respectively. Reference am no acid and  nucleotide
geneduiantied. defergndenObilinonndentidarandaegusei aridrsequences are
deposited at 10 GenBank accession nunbers Q0812]1, )
listed3904 BEQUIA2 7201 annd Resisepestivdly, Refesouce ammepzcid and
L29571, whereas sequences for Thal assicolin, )
nuclvegideopequencan Bl BN Mitectpsainr phd dA PAUPER RIS dEROSIted at

3, 12 and 13. A "corresponding region or_ fragment”, as
GenBsatk Aeassion n@mb@r%ﬁgﬁglrﬁln&’g%ﬂf‘iﬂ AR AZO a{{& FRspectively,
t he sel ect ed phot oprotein, matchi n]%/g9 C,?ﬁl in se ue%e in .
L13257; ds428; & %dduarbercas isganentes 1ar hhplaasiceligy fYlpFmiopsis
of at least 1, preferably at |ea 5, re preferably
and B enoxim prey deseri bl B’C?%%%%qeé @e?,’ ﬁ\t%h"’rncf]nifgr e not
conserved in fhe rel evangr pr ot ej, nsd.§15 el_lli n. and .
selectede PE GESIN OF H3EHCNL o i SHF G NIF Y ABANS any amino

i P Shh YR L L Yot RO ahence n
s SRS R O GTREATEPlg Mo R STl oty o
leasrtegi drﬂg?e %(%e%e%agﬁ/ %ft fg%gJ[ ilrb %?11115]18 ggfdd residues, which are not
conserved in the relevant proteins (Obelin and selected photoprotein), said
region or fragment preferably spanning residues 42-122, more preferably
residues 50-95, as referred to Obelin sequence.

According to a preferred embodiment of the invention, the chimeric
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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sequence with a fragnent of Cytin sequence extending
fromresidue 53 to 97. The photoprotein thus

w@bioaissese) whi ch has been nanmed "Photin", has BCEEP2003/011626
am no acid sequence of SEQ 1B N 3. 25 The chinmeric
proteins of the invention can be further nodified by

thE SRS i orR A gioatBet? S0 0PaBl Tonats (e ek in B ST, 89 and 94,
as%gfiég of tﬁe phot ogrot_ei n, in terms of _
TehFRed 4P SBFHR SEABCNSSy ¢i umresplon3| venes?, i Sd o
gnt =t . e .
D004k 038808 Bk EB00 A 1 65edsE: ¢ f?il@?gi?i%{qugﬁéa:%t intense
. 66, 67..73.- 74 75. 78, ,
bi Bl i RBppBEe 1 Splstin s BanThEince WAL dp &RRobyly higher

thig i R AL ERRloBERTS & st at i on,

nat aon S EEEhRstch ft MEshiprkC hedfla PR B ptitiban DNA
ool Eh b S BrE FRACHT O e Bl Ruitiehe BEOTEIEM K hastected
phg)frtoegré)ﬁgi eC&tﬁgrg g Qﬁ’l?&til?i ngeljr%gﬁ%ih a}ﬁirg e!:bﬂvérf‘tioqa% o genetic

usi ng conventi ona engr neeri nd,

er SRR SRt BHOAUL iR OSR POk B SRE qaprossed

it 0L SR et B By 0] Sl i oo
- : . . t y o

oo 26 CRRRBLANERE b ol B oRA B0 ampliied by PCR o

comBltuBed &€ vofro SWithalhERe i gddiRlectide@Sand' 4 Rbl¥cts can be
occurring or artifi‘ctally introduced into the

e Ob B B ihgeFsd s iedbld MRistri186H 1s918s Omah@allyNoddurring or
vitro construction. The expression vector can contain,

artificaldly inteeddcedlineo the6TEBhNaRbIAe aEEd E6r adpRTRAMOR or for in
a ribosome binding site, ‘an initiation codon, a stop

vifrodeonoiuéti SN TeRS esphdskfor AectsaRan! t@itail) SNNANEEDBS to th
The vector can also conprise a selection marker for ‘-

retombatantg cohgtringsta gebhsotegnt aribosgme hBindDNA site, an initiation
construct. Suitable vectors are for exanple yeast or

codaat ersitap pbdsmiods, consensus site for transcription enhancers. The vector

can also comprise a selection marker for isolating the host 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 origin such as Hek-293, CHO-K1, 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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20 bacteriophages, viruses, retroviruses or DNA. The
vectors carrying the reconbinant construct can be

WO niogosiseed i n the host by nmeans of conventi onedT/EP2003/011626
techni ques. Host cells can bbe pr okaryotic or
eukaryotic, such as bacteria, yeasts or manmal cells.
The preferred hosts_for photoprotein

as bretassinfwagidwan bs ampl Dmngs e hest icelll tpendras been
cells of epithelial or 25 |ynphgblast origin such as

seleptiedpothe @eaeta, consbirta epiHbesontrofeeed &y |calciwgy phosphate
express the apophotoprotein in the cytoplasm (18), in

precigitaiione helegHoRoratign a @i t9thaT ocorvERkierMontaGhalques. After
targeti ng sequence to,the,{)hotopro,tei n, or in_ any X

trapgigstione qells g agovanin (siotably mediecandseipengd fosrappropriate
manmal i an cells, such WD 2004/035620_ PCT/ EP2003/.011626_ .

actgvitigs. B“é)@trg}qtgpmte%qq%ﬂ}e @é{,@ng@nerﬁﬁy @yggp a@fg @nglm;ur? 1ed with
host ,cel.l type has been selected, the genetic

CORGNIONAt BIQEAVERS, | SHCRotY CEHr 5| ofa P& [3HO8p A @matography,

recipitation, electroporati on or other conventi onal
af’ i@&}ﬁﬁgﬁ‘@@@mg&ﬁ@é}’a eleslpphetasion, cells are grown in

sui table nmedia and screened fqr. appyopriate 5
2ot POt wiliations AR Popngtaducedrinihahe RuERETIGProgch by means
i sol.ated and Elﬁ@%l ed with conventional procedures,

of oyeHaRLXSRFIQRHR: preci pitation, chronat ography,

mut 161 GeIBER sty Ry bEaT e CRBECk eyt Opimugene was
e £ Ry TS S ST eal g SR HE vt coding
Sei‘g%%g%gf\émﬁlél r@%%&tﬁcﬁﬂ&ecg%? %%?39223 luggf: Ied ?Zn ging from
| 56 o ] .
v b Bt Gl by ipsPafahd e8P Aopudtifcacid motecule

enBB80 0. AL R RS0 L A AL s can

virtue~o

be gfggﬁiﬁgd q%g@%rg&? rgrg %re\f}gﬁtc h%o‘ﬂzgxgé%éﬂér&a& MR %ﬂ%}%]]%echan §in g the

on usa 0 pression’in heterol ogou

cotaﬁgtl%ﬁlge ;cé gﬂ@rr]g\ré@fgg% ?%&%‘#n‘@%r&%g&ﬁ? sUEaN i on,

In a preferred embodiment of the invention, the DNA 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
transcription and translation experiments were performed in a cell-free wheat
germ translation system in the presence of coelenterazine. In these
experiments, active photoprotein formation is recorded by testing
luminescence 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
amount of newly syﬁthesized polypeptide was determined by measurement of

**S-Methionine incorporation into the trichloroacetic insoluble fraction. The

results of these experiments demonstrate the sensitivity and effectiveness of
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for the Photin protein is selected fromSEQ ID No. 4
and 5. To test whether the chineric product was

wo ewvevsme@l , in vitro 20 transcription and treCFERPI0DON1626
experinments were perforned i-nh a cell-free wheat germ
transl ation systemin the presence of coel enterazine.

I.n these experinents, active photoprotein formation .
Phetn in (g@pggqprg@{ncoggmm%scepﬁﬁm égggﬁ@g to, uEs1ons stimulation.
transl ation m xture, after.additiaon of, cal ciumions..
To Thoa Fustitocriadiagst, PEdhe v kBECEnCaS i ReFIeDIotins here
unt of pr.otein, produc a 25 tra

] d, I i ti
PrOfAQed 4P WAt oA TERe T E4ioREe STOCHELY NeF HhGrPResurgRent of
intgagelfy _SLQEW aéﬁé‘%ﬁiétkéiﬂiﬁ% ﬁ@gf%lgf%ﬁ@?gﬁﬁ%rgggch as
coqJi ik BB oL B aaIan cells Ehersing fhe, PRotoptatein and
i ]%Lf ecti.veness of 2004@8%?%% PCT/ EP2003/ 011626 .7 .
el GRYISFIOR 1§ cnaniadngy the Wi B T Arholog R@mRle using a

cal ci unyi ons. Sﬁli ﬁrul ation In a further enbodi nent of
COMETEIA BhEY BAOLE (BB REIS e proteins here provi ded

ﬁéi@%ﬁgﬂsﬁﬁ%ﬁ‘fﬂ%ﬁ ﬁﬂ%@ﬁ%fﬁf@{ospsgf% b Bohssebigt Grrotved in
. i | o1s . .

m’%ﬁ??&?l@i%l‘é%%ﬂ@?@?“%f%&l‘é?& G Bh it 20 e pandiggtecmelsgtos for
thef BB bR angeb Moyt "I, SR Bor GRERSIoRdtn of the

inv%%% ﬁz&eﬁlrl))lﬁyltl@ﬁaf.nlt szla?ieltg R r&'ﬁ?—%g%ed ﬁ?ﬁétﬁfrﬁﬁ gisgﬁfé Hht utilize

otoprotern and a receptor 1 nvol ve

meia%ﬁgﬁﬂ lélfa{ntf:a%leﬁiul’@ogﬁ’ﬁa%ﬁltzﬁcg '%l? ec% U3 e ngéxtoteins,

candi dat e nol ecul es elrr e ts on recept

paffRAMhAY G-g»dtol—@iﬁ &hipIBg iﬁ%}é}%&@l@(}@@i@ d&?% E}T@Sﬂlé‘\a{f&%io%he ion

can be”us in avarlety cel'l - bas ction

chABRAYS ARBbugh i fhieZ Parfgeeﬁﬁﬂrf‘dfﬁﬂt iRireadd HACHIttddeular calcium

calciumto evaluate the activity of proteins,

coR@dtt B RTbN o FiRg GRER sCAUP G chasfel gl LHERehn W detected
pl asma nenbrane Ton channels. Although the |arge and

byreficud Repeass kicH abradeldntlsahsiteC fldrdstent dyes, the use of
concentration follow ng GPCRs and i on channel
bidtuhitdeaddm phvasploecide (R} édpreferred as their background is virtually
absent in contrast to fluorescent dyes; moreover, calcium measurement with
photoproteins, besides producing rapid signals, generates a high signal-to-
noise ratio with a broad range of detection sensitivity (22, 23). Cell-based
functional 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 calcium concentration, for example a calcium
increase induced by either rapid influx from extracellular sites or release from
intracellular stores (18), through measurements of the photoprotein activity.
The use of cells which express both Photin and a receptor involved in the

modulation of intracellular calcium concentration provides a valid system for the

screening of compounds for their effects on the release of intracellular calcium.
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by various reporters such as cal ciumsensitive
fluorescent dyes, the use of biolum nescent

w@hb@topised ei ns (22) is preferred as their backptDuPINO3/611626
virtually absent in contrasgt to fluorescent dyes;
nor eover, cal ci um neasurenet with photoproteins,
_besides producing rapid signals, generates a high )
Highi threughpubGcreshing psgays cant Alse be iasignashyasiag a photoprotein
detection sensitivity (22, 23). Cell-based , functional
accasdiagstot thsi twleniion AspiepoEten SusteE. ahhasprepvitytal the system as
agonist to a culture of cells expressing both GPCRs
weldas iitsrhighsignal do apiserrato pHorothedtssi ¢f, smgld apsagnvolumes.
determ ning any variation of cal cium congentration, ..
f orlnerafiptheracwhpdingnt, anphetopsotct wseerdine dpt Higr mvention is
rapid influx fromextracellular sites or rel ease from
congagatadrtacemaleare of gnalyticab)diagnpsiicgpr theaanmudiceinieres) and the
t he photoprotein actjvity. The use of cells which
congugrieas poduchrst sechid a Feppstisve; slafpbagss inppEnoassay to
nodul ation of intracellular calc¢iumc ncentlratbi on
detprrainegthe ampant of hajrmplacyle ihbiologicad senpley For example, the
conmpounds for their effects on. the rel ease of, . .
phetapreiest mavabe cRPRIGHY SqBjveviardgsshgrmone protein and used in a

solighRhate dMBBIRESS gh et R AI R pHERUF BP0 go r drianine the
Sal{if%l’_ty ﬁgvéﬁﬁgmgghgg?@rfep Zéﬁ)e{ @Syﬁstgﬁp ;thﬁg}‘ Sel%ar:g’%h]\égt,ya fusion
el o oS-t B R 0L PSR e citteren
(poIRIPEIEaI TR g ROBTETS: P aPABEE T KOS et ghdopky chein
im":%é?%lhﬂirﬂl E{aﬁﬁﬁét@é@ﬁ@ﬁf FepBrRfhet it Midueqd ayith known
t . i i y .
e B Db 2L 0L TSGO Il i percby
i B0y G R PR o Brocesses
sal Tg%fﬂéu'o%ﬁg f%x&fh {R&1IRNIRRe (Bnti dinBeréler BT
enbodi ment, a-fusi 8h product %etvveen a photoproteln

acoRORIOTION OPHE TRAWINGS! T or ent

(po as a hornone, an antigenic

pepkage ciigh ey sbntingemioeg] ohil ey dhnhaise
photoproteins. The photoproteins were translated in a wheat germ cell-free
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 translation in the presence of coelenterazine,
with luminescence measured by diluting the reaction mixture.
AQ:Aequorin,PH:Photin,0B:Obelin.

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

DNA. Cell transfection, harvesting, and Photin expression were performed as
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techni ques of genetic engi neering, as disclosed in
uUs6087476 (which is hereby 15 incorporated by

WO edoaozsee®) , and used in inmunodi agnostic or i PEYEPZP03/011626
processes. The follow ng eﬁfnples illustrate the
invention in greater detail.” DESCRI PTION OF THE

DRAW NGS Fig. . 1 Calciuminduced hi ol um nescence of .
desgrhed @yRAxaapiok elnwesp ﬁr@@éﬁdﬂgf.ﬂhr%o ﬁﬂgﬁsebegmt)@@ﬁgtratwn of
were transl ated in a_wheat germcell-free 20 system
ATPn @e Téweegﬁ-ﬁ@ede céléss|té4ﬁs(£%tﬁﬁ1n@1thm<$bqlpa@m ivgere used as

m xture aliguot,s were incubated._for hrs in the dark
positivggentrpleLpEHBES GRCHAS CKBERFERD Wi ¢ ealatiyg lighirumts)-

| umi nhescence recorded for 10 _seconds. Fig. 2

PhdtigpAdPeserdeprdenta fairye i Bf Photife Jstiydignde GHHO-K1 cells

trog AL e SEAZLG LD LT RS eene MEaSHl e e recoptor was
R R ot o ST S
B erkSaeE: RIS SRS Shboressing
oot e B b e TS T LA T, AT 158 Yo
oo RGP AT 8F LORTA! & CaporRE Gt Capg SOTHL
Egﬁ{%wlﬁﬁﬁi fagc(ejﬁ.glel ins D?lﬁp\rl\gggegssg ?zﬁu ??:: falt ?/se
acel VIt ik GradorpefdiE TraRPRIHEY be PHGpPheeb BN, o
C A o SRR Pl AR P PP gorm cci-

freg Sgr’}gszgﬂgr ?fN%n é&{, %Qngbs 5 %‘890'&%%': e thnQ%? %n?&ﬂ@ﬁ?ﬁ@tof the

btal ned Promc expressi ng the  phot oprotei n

su@&%ﬂ N A 05(%21&9&/ ‘gag.g%: gk d g aerAas d‘hg%(y 5%31‘ ¥ in vitro

ecifi agoni st; ca cin, was use

SRR A 50 B, P A Rl o Bt
25 ul 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). **S-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 I .
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Transl ati on of the photoproteins was carried out in
the wheat germcell- free system (TNT kit, Pronega),
w0 odosossicry t he general instructions of the suppi/ER2003/011626

Approxi mately 2 g of DNA wag,used for each in vitro 15
transcription/transl ation rigcti on m x. The

transl ation volunme (501) ,:Inglﬂ d 251 of the wheat
germextract, 2 | of the n buffer, a mxture of

am no aci ds except for Methionine, Rnasin an

d
dedneinn of RedinactieLahel inty Produqtsat Translation offhe phetoproteins
AdabdDRA) - 35S-Obdii(@n)ne WaspHsaa @iy det enginieint (IRg)

anoumt—of photoprotein 20 Synthesi zed in vitro. 10
fRI(OURE 5 | from each sanple of the translation
HpeR §Paifer e TEP6Yr eci pi tat W0 n ice for 3B04 n,
firpRdadenr washed with cold 5% TCA, nethanol, dried

and Obelin produced in the cell-free systemare shown
i n ZaPhetdprot2in Wex#4004/ 035620 PCT/ EP2003/ 011626 10
Table | Inclusion of Radioactive Label into Products
of Frnadslapl ofi thé ttanelapiont mixtore wese ddckbely MitedOyath $5-90 pl
(1g) Photin (1g) Aequorin (1g) 31S Counting upon 90
of PBS 8ahRi @R a0 a1304&:11 Pletasilmichowas apegnted.into the Luminometer
Phot oprotein assay 5 and 10 | of the translation
(Baithold)e Teerisiggier qutotyproitsiad light lerdBsan, | 50 gfl saigtion (50 mM
solution in a 96 well plate which was nounted into the
CaCllp)i weneingectesl inBe thhwiedl) andriumitneggencpresosgedter h0 seconds.
light em ssion, 50 | solution (50 mM CaCl 2) were )
i nj dbeedsults of thednwdirp teamglation ofcRketin Obeltnaad degyprin DNA
10 seconds.
are shown in Fig. 1. The luminescence measurements obtained by diluting the

photoprotein in vitro translation reactions are shown in Fig. 2. The comparison of
luminescence 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 amount of photoprotein newly synthesized).

Table II

Content of Radiolabeled photoprotein and its Luminiscence
in the Translation Mixture

Obelin Photin

DNA TCA Counts Luminescence TCA Counts Luminescence
(ng) (Cpm/pl) (RLU/pb (cpm/pl) (RLU/ pl)
250 2722 358944 2927 990308
125 2396 271952 2094 858046

63 1030 139241 807 339348

31 579 41970 502 88326

16 265 13482 196 30617

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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The results of the in vitro translation of Photin,
(obelin and Aequorin DNA are shown in Fig. 1. The
wo eovieseence nmeasur enents obtai ned by dil uti nBCT/RR2003/011626
photoprotein in vitro transif\ti on reactions are shown
in Fig. 2. The conparison of 10 | um nescence data wth

TCA caount s, obt aj.ned ring tr. lati ith diff t

wers RS 1 PRGN A0 @50k BHGa. FRCerHb palls et G0N up to
the measured | pym nescence i roportional to,th

Weﬁmlﬁ e @olms%ﬁﬁ%tce RigRWeye isa%ﬁﬁégg? IE‘H}I.@WT%l%Feé and selected
Content, of di o). abel ed, phot opr [ dits, .

on [Fhiti 1A% G BIGIF UNEORRL RETRAT6n (PR Er et SignAD phydifferent

COI)(%%Q}I‘LGC@@%E? A%ﬁt%;c%? g% %eo)v;rr?geff?tli%t at%;%n %@nggdogenous
recipHy A¥bIATIBO IS SYSIISITE bR’ £RF61889080 g hoBihef each
ASAaR ASE R0SLE. . 2, ol of el BRoE g Tt
Y T N AR o
w504 oA R TR OB AL At A5, i
duSES AR ALRBACED. aSEiphER) T2 RATED LERE gmisson
N L L T T L
P, TR AL o, PERABIAN <P EEARY 0 fys 10
se¥nd§36hs integrated by the luminometer and visualized on the screen. Cells
transfected with an empty plasmid or untransfected (data not shown) did not
increase photon-emission. To detect changes in calcium concentrations, 10, 50
and 100 pM ATP were injected and the kinetics of calcium response
determined. The curve obtained is shown in Fig. 3 (A). A cell line expressing
the photoprotein 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 concentration which is measured by Photin
luminescence. Cells were cultivated as a monolayer in DMEM/F12 medium
containing 10% 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
diluted in PBS at a concentration of 100 and 500 nM. Approximately 50 pl of
endothelin were injected into each well and the response measured. The
emitted light was immediately recorded over a period of 30 seconds. The

dose-dependent response to endothelin is reported in Figure 4.
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experinment, cells were |ysed by perfusion of a
sol ution containing TritonX- 100 and CaCl2. The active
W@ botopioet ei n was reconstituted incubating thePCEEPR03/011626
with 10 M coel enterazine diluted in PBS containing 2
nmMv cal cium in the dark at137Cc in a 5% 002 at nospher e
for 3 hrs. For light em ssion 10 neasurenent, cells
werde3| v380 icelk Hingr espressing bathciApophatin handnihet gt VR1
| um nescence recorded. The nunber of photons enitted
capdaicimged¢dyeof i rastaltm-pecmedslonmn ¢hanpgl at wdregrawe to 80-95%
| um nonmeter and visualized on the screen. Cells
confhenskdnt Bskus ¢lltare Bagksyaml harvedtast byrtypsisizativadCells were
(data not shown) did not increase photon-emn ssion. To
dispersed: atch090scelts/wall diand Govedbmthrite plotes inl grovsth medium and
and 100 M ATP were injected and the kinetics of
incubhteidumveesighhset 3J8Cerimi acbumididieduiveulmitoni ated% sCO,. For

shown in Fig. 3 (A). Acell line expressing the
lunpihesoproet experdmeinis; thasellsewerns lpadid with contend¢raging 10 uM
3 (B). 3.2 ACHO cell line expressing endothelin A

forrkebeqtt BT°GnE%PREY]. Calaim gsspxhisieswas stiopdatest binaddition of 10
Wi th an agonist, this receptor induces an 20 increase

and #0i pM agishigiartocaaddi winlk ohbe dinetico@ivilagh lpminescence was
measured by Photin |um nescence. Cells were cultivated

folksved ming AyebsystemVEMImoskaad Aneent owhashilpipcip gpagents and
Fetal Bovine Serum (FBS) in a 96-well plate, On the

recgags bight temeissigrefTom each isirglevells é%gpl}n?f/\la%?%aé%v%lsed a
and cells were incubated _wth ];}fg M_Coel ent.erazi.ne in

rappgndotransions duminespenes ¢ignad wHhpe 80i teonds, th a peak level

diluted in PBS at alB%ogmentr tion of 100 and 500 nM
ocogpigxithabrtyl G gepongds (FAgWs dklin were injected into

each n asured. The emtted
IigmmeM@éw&ﬁgd over a period of 30
secqonds. The dose-dependent response to endothelin is
rep&eﬁ‘gﬁn $ Figure 4. WD 2004/ 035620 PCT/ EP2003/ 011626

12 3R S U5 GO P0nLly ORI B g ved
o RS ] SoleB RORET o LSS i v
Tr&leslclrl%ti\g%r S§nd Translation were from Promega (Madison, WI). Pfu Turbo
polymerase, reagents for PCR, and competent cells of E. coli strains XL-1Blue and
BL21, 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
assembly, gene amplification and cloning. We synthesized 30 oligos, 40 nt in
length, 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 uM of mixed oligos, prior to a 250-fold dilution in 20 pl of
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di spensed at 10,000 cells/well in a 96-well white
plates in growth nmedi umand 5 i ncubated overnight at
W@ 7Z@4/085620 hum di fied i ncubator at 5% CO2. For PCT/EP2003/011626
| um nescence experinents, t:ﬂg cells were | oaded with
coelenterazine 10 M for 3 at 37C, 5% CO2. Cal cium
response vvgls stimyl ated by addition of. 10 . and SOIK/I
GenagiaRi &iln PAR anth (Renkin Hieer) Wiaﬁi @apgfﬁontlaghprocess has been
| um nescence wa f o] | qwed ing Lab tem Lum n an.
carpééewt?mm% stasfﬁeécT_ge ?@&b@%}so'éfvgﬁaarﬂsﬁ?/df SEoWiEh mﬁ%é_cﬂlgos as
oSO 23 S ShE o oraeke B TR0,
10 e oSBT oo ekl St e reacion
.Reagents 15 Restrict] en S r urchased from .
miKEe Ewgrsa% uisico ise-told Wi reshc bR P?tjldt a@a}aﬁﬁssrn@x The
i nstructions. asin the TNT Ki or,1n vit
SeOPal AARS TTG 2 LR (TP EAS e A E, i 3 BABELT2C for 45 5).
Madi son, W).  Pf ur ho l.ymerase, . r ent.s r o
Thigpic e wanagain el feesfoldihcorrpiers SLICME. [Racqaditions
and . BL21, were fraom Stra Jal.L.a, o
for e HATE Pt ke A0 bR CHEodoDbo s i Br o REngf2°C for
70 gy TS eadtiih Brs Qs Wb Rl dh it ehrsEieL Bleghpphoresis,
an 558 Sl SR 62808 sBBL IR pesdSRETRRHTET ffper clonine
ste are regui red for P S O RT ' .
stebf i 30 8ifd ol Htch FErh AR, feh B o ¥R PR Seactions
' ' . in 25 length, which
wa%%%%&ﬁrﬁ%déﬁfdggg%gg&g%ﬁeﬁ g 'alnds of thegOoeI [ nI gene

e 45 ARSI, % 12,0

o AFTEIRGE SETHIE BSOS SEIEETNOf 0 Blyin s
A PR WHIRAL i e hsen
geft WitheriZh8 o MPhk ol kel RCSS M 28 he following:

Clyt-4
5°-AATTCTTTCCATCCATCAACAAAAGCTGGGAATTCGACTTCTTTAC
CATAATCCATACCAATC-3’

Clyt-3
5’-AAAGATTGGTATGGATTATGGTAAAGAAGTCGAATTCCCAGCTTT
TGTTGATGGATGGAAAG-3’

Clyt-2
5>-TTTTTGAAGAAAGCTTCGACAGCATCCTGGTGACGTTTGGTCTGTT
CTGGTGTTGCTCCAAGTTTGGCGCA-3’

Clyt-1
5’-TATGCGCCAAACTTGGAGCAACACCAGAACAGACCAAACGTCAC
CAGGATGCTGTCGAAGCTTTCTTCAA-3’
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carried out in three stages. The first step was

carried out wth pooled oligos as follows: 40C for 2
woreev4/0sdsen addi ti on of pol ynerase, 72C for 10 BEDEP2003/011626

then 40 cycles (94C for 15 s, 40C for 30 sec. and 72C

for 10 sec.). The reaction 4 i xture was dil uted

three-fold with fresh PCR and pol ynerase m x. The i

s eThredarstarded waigos Maveykéas clawd inde the Ndellifand gnigpe sites

s and 72C for 45 s). The reaction was again diluted .
in thareetOB vieataroheeptashtd conxtaining dendhimerie gemer prasict is

third stage were: 20 cycles (94C for 15 s, 40C for 30
called grud-PFRatin oPhotit BNA Has besacfurtherpsunlened wefoethe pcDNA3

anal yzed by 1% agar ose-gel el ectrophoresis, 10 and the
vectpewhidhccéntagmetite TY pmenhofter. o t he pcr Bl unt vector for

further cloning steps. The plasm d has been called

pc P-CR-Baked [GCaidon Usage Chan®eR reacti ons was

confirmed by di deoxy sequencing. Constructjon of the

chiTier teshpi greiof dvstlapcotiphsionoPCHl Pgscmplpyegddenproduce the

designed fromthe Cytin gene 15 sequence. The ,rfgi on
Obdlit weetanEFSixandupleared mEEnREhwere designegewithclsasdiftergnt point

ene chimerization. The oligonucleotide prinmers werg
mutgalﬁi@msawhmh pg)_du@e)tpndiffsrentgcodon usage cha%ges. To amplify DNA

- AATTCTTTCCATCCATCAACAAAAGCTGEGAATTCGACTTCTTTAC .
fraginenisToealTincoranter sxtgpiony P CR reactions were carried out with 2.5

5' - AAAGATTGGTAT T TAT IT TT.
unitpc BT GOATBERRS 1E) 1A tmplate, 550 M cach UNTP, and 50

pm&Wé?&%ﬁ%@ %@&Tﬂqgﬁng 2;? arameters
e TP A MO MU i 305t e
firsEc)%/ E}?glgg,s%oq}c}vggg 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 -
standard 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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14 The anneal ed ol i gos have been cloned into the

Ndel / Munl uni que sites in the pcr-OB vector. The
w@bk@sns2cont ai ni ng the chinmeric gene product PGI/EP2003/011626

call ed pcr-Photin. Photin has been further

subcl oned into the pcDNA3 ctor which contains the

T7 pronoter. 5 PCR-Based Codon Usage Change The
REFIRENGES! overl ap extension PCR was enpl oyed to

produce the Ooelin nutant. Six coupl f primers ) )
1. verfeenéallgnbdlwi andt W%W@menM-&oi (19980 dheagagea vietoria

. Which produce ten different codon usage changes.. To

biokHpIngsgensR MPVaY nEke s2il sEFitiBg oRew| SEﬁ-eif j?rﬂ,ot‘#fér@ology
reactions were carried out with 2.5 10 units of Pfu

16(301346eP4se, 50 ng of DNA tenplate, 250 M each dNTP,

2 R b A2 KL e Ry h R BlCa Mt ano
el 50 ] "R o Sidbadetdh, B o e
eSS (S, S0C TN SiLe SRSt cence  and
B o T Y S RS RUBFEOH CBaicd by
R 57 Mo ] AR AR, g Yor
. Y ka9 1o DL E5S IO A B SAED o e
SRR TS A M, BRI g el on

o, SOSElRREsoon g ob REYLRPgey) mxperion
PR Db ioe S0 B SR LR BGras oty fom
lulgirp&{escﬁyn@xjo?@é’dusan, Aequorea. J. Cell. Comp. Physiol. 59,223-239.

5. Shimomura, O., Johnson F.H., and Saiga, Y (1963) Further data on the
bioluminescent protein, aequorin. J. Cell. Comp. Physiol. 62, 1-8.

6. Morin, J.G. and Hastings JW. (1971) Biochemistry of the
bioluminescence of colonial hydroids and other coelenterates. J. Cell. Physiol.
77, 305-311.

7. Shimomura, O., Johnson, F.H. and Saiga, Y. (1963) Extraction and
properties of halistaurin, a bioluminescent protein from the hydromedusan
Halistaura. J. Cell. Physiol. 62, 9-15.

8. Shimomura, O., and Shimomura, A. (1985) Halistaurin, phialidin and
modified forms of acquorin as Ca'" indicator in biological systems. Biochem.
J. 228,745-749.

9. Levine, L.D., and Ward, W.W. (1982) Isolation and characterization of

a photoprotein “phialidin” and a spectrally unique green-fluorescent protein

from the bioluminescent jellyfish Phialidium gregarium. Comp. Biochem.
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sefiheBnis” LespaRHYE SeBPENT PNETUPRLS UL PErertgpgon of 3 least 1

corresponding region of a photoprotein selected from
AT & ,rs’&é{]} rin, Thalassicolin, Mtocronin,
3 Vhe glgﬁl n_and %erowor% . 2. A chineric p:jot oprpt

" acct ]_énirécclph Oﬁ?ﬁrl, \ei\ﬁe(r]I aryIdtia t%_orc %%o di ﬁ‘gﬂere_in said
cob AR NEP PO LR, BIBLO BARASRIRE R’ Db
se GEGRRH R fe{:ﬁIVel giﬁten&e a:h%éﬁﬂ%rﬁ? v@ﬁbdthreeélé%ﬁion3of At least 5

ing to claim?Z, ereln

I'Meric photoprotein acco
aniiftb %eid residue.
4. A chimeric photoprotein according to claim 3, wherein said

corresponding region within 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 is
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, having the amino acid
sequence of SEQ ID N. 3.

0. 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
w@bdiogiosepd s Wit h the exception of at |east 5 BEI/AP2003/011626

acid residue. 15 4. A chinerjoc photoprotein accordi ng

to claim3, wherein said correspondi ng region within

the sel ected photaprotein matches
O R A G TDRBBH ST RBRHGOTs 51» Db Bxipd ot 83, 84,
a no acid residue. 5. A chineric
87 %8@6&?%4 Q?Qbo%] EbPeHd'°Co claim 1, wherein said region
romresidue 42.to .1 of Ooelln at ei
1055 AeFsion okt ﬁpﬁ&ln@soﬂaémtepéqtﬁl%eéaﬁ 11
llfloal@T glp u\g% I‘Fﬂdgllcs I ghq%glg%g@ tgg(rjdc’g{li%g] e 1igguto C glms 1-6
hot o ei.n accordl g ai m 1 ch residues
anB 3 gies 5o afebiisabrtpntoth ot isshledie fena
f 5 d ) i d .
12, A Bl Rl S B SRR ER A RS Mot
Cg io rﬂaw ng fhe amno acid sequence of SEQ ID N.
acgor ng A0 EHt photopr otein according to claim1,

3pCr PR TR R ST O GMIE AR itei o Lo 12uimosding the
prileiB B ciiB05. Bauintce sedusalibiscldued ro 3B 1P 4,414 SEQ ID

c§)ntal ning the photoprotein of clains 1-9. 11. A
conj ugation product between a photoprotein according

1410 Gl MR 158 cﬁﬂﬂeﬂ{:ngh rgaeféﬁr g\g@@%{ng% clai -9, in

dlagnostlc or erapeu nuc e

coﬂ%ﬂatgyfrx] SFith & lﬁ@ﬁ‘%gl'tlnﬁblﬁtl‘%gé % ltfre gl@fgc(?gf D ucFQlcmm io

accor g to clail ate el c acl

1570l %‘él Bs&C o‘iiﬁﬁ% 48 ClafnM 42, wﬁ@&‘i’g' dat ﬂﬁé&%ﬁﬁ)t%ﬂbﬁlﬁate is

of claim8, havi a sequence’ sel ect ed rom

cobleénéraSh.1 D

16. The use according to claims 14-15, for the quantitative determination of
calcium iomns.

17. The use according to claims 14-15, for the determination of intracellular
calcium 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,
fungal, plant, insect and animal cells.

20. A method for producing a photoprotein, which comprises growing the
host cell of claims 18-19 in conditions suitable for photoprotein expression,
and recovering the expressed protein.

21. A method for the screening of biologically active molecules, which
comprises exposing a cellular host according to claims 18-19 to a definite
amount of said molecules and detecting any variation of intracellulaf calcium

concentration.



10 N. 5. 14. The use of a chineric photoprotein
according to clains 1-9, in conbination with a

wo o@iusssem substrate, for the detection of cal BCTYEP2003/011626
ions. 15. The use according claim14, wherein said
luciferin substrate is coel'enterazine. 15 16. The use

accordin o claiys 14-15, faqr the quaptitative, .
22get &meﬁg?é&?cgrdl%r%iiwm dris. Whetein emtacaﬁbﬂ%ihw@sfected

.o clai 14- 15, for.the determ nation of
Wlhh?&’&?f‘égf%%%s cmq,tpmwg%ﬂséﬁw%n 597 198 chanpgk cel |
bearjng a cleic acjd nolecul e according .to_cl.ai ns e
2395 The Msgplim conpeation pROsIChagEOR n%?%.c g 11 jRiagpmgetitive
| ect ed. from bacterj al east,, ungal , %Ia t,.]nsect .
soRePIasE anIRBASs Y g0 AL rwalangofﬁﬂep BAYEE n9f gaid molecule in
. ghot oprot ei.n, which conprises growi ng the host cel
biJpgiqal SAmPIes-19 in conditions suitable for

2T oHCPER Bt SRS, o, LSRR A, TS o,
bi ol ogi I ti I , i ch [
coBEfls B e LB L e ST A 0 1

a definite anount of said nolecules and detecting any
variation of intracellular calcium concentration. WO
2004/ 035620 PCT/ EP2003/ 011626 20 22. A et hod
according to claim 21, wherein the host cell is
transfected wth a heterol ogous G protein coupl ed
receptor or ion channel. 23. The use of a conjugation
product according to claim1ll in a conpetitive

sol i d- phase i mmunoassay for determ ning the anount of
said nolecule 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.



