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PHOTOPROTEI NS W TH ENHANCED BI OLUM NESCENCE AND THEI R

USE AS | NTRACELLULAR CALClI UM | NDI CATORS The present
wOonuenisos rel ates to photoprotei ns with enhaneew/EP2006/002172

bi ol um nescence and to their use as intracellul ar

cal ciumindi cators. The photoproteins are obtai ned by

pHOTOERY ﬁ%’égﬁ |5 EFIIIANICEB ﬂoﬁﬁﬁﬁm%l g.&g%lfif%ﬁ%%sﬁnzgs SROW crrruLar

cancIul

ol um nescence, nity for calcium
and long-lasting light em ssion. They are conveniently
used in cell-based assays to determ ne variations of
intracel lul ar cal cium concentration, particularly in
assays f.or the screening of nolecules with high and

ul The- pirgderithriavehBon trethed a4es pHRAGKERIND WhinT hanced
Cc

I NVENTI ON Bi ol um nescence i s the phenonenon by whi

biolmhsndsicente ghid ite theit ed By ihtracBOuRE ISMICAITE BIdiBMoRs. The
substance derived fromthemthrough a variety of
photopeoteinsmareesbeited baahitipesysisesbtheBt I9tint aHaERGAence and
reactions require three mgjor conponents: a |uciferin,
shova dnieinted dselenihesoéresy| Righoxffyeny fbowavEum @hldefong-lasting
. . conponents may al so be required in some reactions,
lighti emlissipngThay iavasof@eniendlyduddi-#) callcbasetiaatsays t§ ABRrmine
NAD(P)H). Luciferases are enzynes that catalyse the
varigiomaef orradelulsupslcian esonicenirbinnpariwhlpripdnegsays for the
unstable internediate. Light is emtted when the

scregigeai molenudespdibabig yira-bigh-shmpuehpdt seciingques.

generating oxyluciferin. There are many different
u@é%&ﬁ D of TREANYENBI®Nough many speci es
fromat .| east seven phyla use the same luciferin, )
krlgw%‘l%&ﬂ%%éﬂéﬁtlérthﬁiM&n%@w@ywbrﬁm yigibleglight is emitted
b 1.' ellyfish) the Juciferin/lucif erase systemcan be
Y BgRg QLeEYSMS heY poyupstancs daraysidkeiropm shespribrengh awrigty of
h eﬁi ts li%f% ugon cal ci um hindi ng. Photoproteins differ
ChEIIBMIPRACNE LELELon AYTIREYS- (I URIRESSERRS [1p3citpns require three

o B P L S B Hoeve
o S T A R e o
(e e g e S A N AR USRS e P s that
e X LT —
ntergfeclhte, S D) SAeE ki (SRR BIRL dnlefcbiee B o it
grouPOkeit8s oRnherA P! ciEéF’iﬁT.e t@ff Z%tegﬁgb%gﬁgﬁfg%%?nunrelated

i m dazopyr azi ne chr onophore” (coe

type9 ORI febNe! A1t8u e RS sﬁé&e@!fgéljnyatcﬁéé%€rs¥€9n QPhyla use the

especially in the regidon containing t three clum

samilagifedns khesn( FchaRa syl Unefme FRSmbh R ge g. jellyfish) the
"photoprotein” identifies the [uciferin-bou d _
lucifeeinyhrifordes yfHtem icanCapabégrdtciUThNeBseresn Wri ke stable
"apophotoprotein” is used to indicate the protein
“photbpiutein’ whiitlereitits Tiaht MPodh @etwﬁm@q)iﬂ@ﬁfgommitspmgﬁfsediffer
Aequorin, isolated from Aequorea victoria (14)" an
fronChediferaséssial étae thdy oo hbilizd @@ge@latdmir{téﬁﬁedﬁt@complexes
photoprotein may be regenerated fromthe .
of lapdfehateoprmi eliuoifeyin. NPubtdyroteink t Bre QRlegdfiteriaZindghy marine
nol ecul ar oxygen, EDTA and 2- nercapt oet hanol or
coeleitenatet anei 41bdw tBesecer gamddirn tekadt Dight ot heagi@tyorn purposes
' | um nescent substrate used by the photoproteins
inclydiggobregdingt feadingnand detfenseand) OTdki®, art h@any luminescent
light-emitting reaction is likely the same in these
four photoproteins (16,17). The Cytin photoprotein
was cloned in 1993 by Inouye et al. (18). To
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date not nuch work has been done on this photoprotein.

The primary structures of aequorin, mtrocomn, clytin
wandombedosn were al i gned and showed very strongCamPmme/002172

aci d sequence identities. Bhe Ca2+-binding sites of

Cytin were also found to be highly conserved (19). It

orsf5ed 0, S, LSRR bR R BB 23,
Acal I AlaeoRRR A ol oSphdntliny Srite G T with
prialOE(E9) GPLINGR: 600, 3P G ol L1 435 sRBlerovin (12,13)
have BPRIShfFd o Al Bftbe R B RS b MRS Rl By an
apoﬂrgpe%t %n %%T&%Ogﬁ)?%ﬁbﬁgé}@%gwrféﬁ@gbecﬁtg%i% I%mﬁeoxygen.

events associ a on anda dge
Thef RIS R Sho R LSSy R0 30 i e

ol um nescen are ent repor r systens -as

thre%ﬁ%{?&%ﬁl HRAERP LS ! Xc—éﬂﬁﬂdiﬁr%ﬂfés?{e THE t4i58 “Hhot?}?]ré))’;ein”
idenp S (Rl -BOuRRDY el WiReR 5 a%bab® of lurginescence,

uorescence systems: Photoproteins are expressed in
whil@afﬁgﬁ:phafbe;ﬁ%kéiﬁ”t@ udBdkd Hdie eoﬂh%faBr%Pélﬁ%ﬁhbﬁt RIS e
to different stimuli. Intracellular cal cium

COPRE M bAL $tAlFed @HoWﬁy hed ABqRAE, NGoldied FREACHEFuorea
coel enterazine to mammalian cells expressing the

vict&H@FQMPt gha @J_B‘élﬁ}?t esdlhied H*B@ﬁl%O@HliéSll@ﬂ is‘!,\bi!z&h(lf%). The
i ndi cat1ve of intracellular calciumconcentration. The

photépeot@in &y be Wogederawd £6m et ipphrhopanent BY tn@itthtdn with

receptor involved in the nodul ation of intracellular
coeleAteghzimes ongelticuddri ooxpgayi dAEDTA vadndl yffeecaptoettiane]l or
screeni ng of conpounds for their effects on the
dithfethedsd. Sindentocleatdratiac isaheicommbh dhndihesnephpubstrate used
screeni ng assays can al so be designed using a
by phet photdmioteins rippudrén, syltrecomihe E€ytémt iandt yObélin, the
the systemas well as its high signal to noise ratio
lightkhmittingecactmnofs lshelly Ithassme-indhase Sourdelptopiroteiss (i,17).
to now the nost used photoprotein for these screening
asThy ClyCal photoprbtein assnygormdeinc dAAB vy Ieeuys etl abufl8). To
in HTS format utilizing optical screening apparatuses,
dates miof ethufchr work diasubeemedome soral thes spladtoarefegh dieb@rimary
of sag;pl es and equi pped with a | um nescence_i rragi ng
strugipseseni apgroAn Ooircapmin, detis cndrobaliswwese aligned gndishewed
nmost used instruments in HTS is FLIPR(r) (Fluoronetric |
very piggngfping acideseiiencrtdentitias. Dagilcas-iadps sitep@f Clytin
Sunnyval e, CA, USA) which was devel oped as a_hi gh
were s dRpnd Bpbiechighiy ceaseivgd: o). florwaefpupdstbat hydrozoan
| yor.escent assays. _ . The afppar atus is,.equipped with an

Ca”gbm%lag pleetoprotsin dlitices Tromt other dwa  rBndingpypteins such as
calra G R FoPGRITC e 1Y el ELbAJSH oAbk PR, histidine,
tryp il PESTIBC REAHTRSIRG e MER . |1 ght L1 ght - encl osur e
o ThE e Sh the Refiti SROeREEECe BN SRV haiy ontains
108 OIS eBSER l BPRubr 5o % AN B G i
CabBplemphkeils ot BB 3ot YopeP e kg to monitor
the SRR} Sl Sl IRy HERH eanbeb G 20 iy R

sensitivity for
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| um nescence assays, a photoprotein with enhanced

light em ssion is highly desirable. DI SCLOSURE OF THE
wORMENS40B According to a first aspect, the i nPenEP2W6/002172

provides an isol ated photopgotein containing an am no

aci d sequence which: a) is able to bind coel enterazine

TSk SEFOEE LRSI ARG Bl By, no
o, FEOSRES R RA o s e e of
oo s G S ot A Ay o
ek SRR A S ), =12 € 11D

B P o e M B ol e
S S Tl e 0 s
can @ nldds@redl Bgleédcﬁﬂg%o%ﬂ%mr cBél%nfél?Qii‘ﬁ@rg g%e[}%gxa}irag cells

contal ns an am no sequence which is s

expicdSing’ AR PhoP&RItBNCind dé)’tzeclf‘ip)g5g)\§1gyit?1§ blegnissqioﬁ?dw:h@ch is

Conpared to known or conmmercia

indipAeY O RSO iRirAGelliIAe PAIHRRT 86:Ridhtra®fort MEHE NENI R B Which
i mproved bi ol um nescence activity, and/or higher

exp@dsh i Buthya tghstebeotein amdl arrdcepat’ idvdivéddnl ti#hmodulation of
em ssion. Apart fromthe indicated

intractiudaecslebahi ddfidentsatiodhpedvidenhevalidigystesi fodthe screening
phot oprotei n bi ol um nescence activity, the dytin

of cosgpancs foantheér bifdche bnnbddi folethenbt hdthcelbgat ica®dim. High
affecting the photoprotein' s biolum nescence

throaghpui syrceaspecisahly day al3psbe whdsigeeds wbiig taubhotisprofein as
am no acidic residues, within the indicated

repatgrusystemni dém iseysitiviiyt of the sydtimi anwedhas Gty thigh signal to
sequence can be deleted of small portions, wthout

noisgl tagioi algoivt thephse ofrsmall assegt-volunyes. | Aequdnintivarp to now the
aspect, the invention is directed to a pol ynucl eoti de

mosgpsed phgteprptaindor dhesenscaseniogi assdysnbove. I n a
preferred enbodi ment, the polynucl eotide sequences are
opFiakainadflugrassapsmalre semundely caraipd ewtcr Hihy formsEgilizing
D NO 11, 12, 13, 14, 15, 16, 17, 18, 19. In a _ )

opticak sereeN Iz AP RkEdUtshBitetk for thesimubipaeeunenalysis of a high
nol ecul es are fused to mtochondrial target sequences

numbgy of spmples andce@tippad with 2 imingseengspiragingneystem with a

inyention provides expression vectors and host cells .
CCR dameT a@tepmf- S‘F@W%@l‘edﬁkﬁoﬂ)@/ﬂﬁ‘cm@éﬁ vged insiguments isHTS is

FLIERE E ot lefoltaabiatob lahs Readencuolseias fsvaess Gorporation,

cal ci u tiguyl ation,, which is,  much higher, than that .
- SunfRudley i v THATL PR Wi CosPiRAas 4 highr thioughput optical

scre\émﬁ}nhg ttgoel PO et ea%eanﬁhofoé% ent iags':ays. The apparatus is equipped
with an optical detection device that allows for signal isolation on a
cell-monolayer, thereby enhancing sensitivity for cell-based assays. The
excitation source can be either an Argon laser or a broadband source as a
Xenon lamp.

With a light-tight enclosure, extremely sensitive and fast camera, and
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In a further aspect, the invention provides a

cell -based assay for determning intracellular cal cium
woanm@atgoat i on by neans of a phot oprotei n accoprdrmg2106/002172

the invention. In a preferrgd enbodi nent, the changes

in intracellular calciumconcentration are determ ned

truegégﬂiltsﬂ{ﬁgﬁls %ﬁ%gn%vfg 1}1%?%@%{9%&%3};@ rﬁigﬁitlﬁ; %gt e{,ﬁn Bé)(;St recent
versiGRF QRS Eaél_aﬁiﬁr?@ﬁh‘*fiﬁﬁ%ﬁéﬁﬁ eﬁf!@%ﬂgf%ﬁgam cHigh for
tom e e o R L SR oL AT B 1oL "R BENA  EbmBfiF Ttp, cOD
Can?egrﬁ%’as'eﬁ %ﬁgﬂ&[ y carried out in a high-throughput

mat uti1izing an optical screening tool or

appaf ahSustubt §Fe fa%%v@“ﬁééc?ﬁ%ﬁ%rﬁgﬁ%ﬁaﬁmw hfﬁﬁyg\ﬁ and

| um nescence | magi ng system mera det €C

FLIPRFEFWAghang, %‘ehé?alh'f&h allh ﬁl?éiﬂgﬁéﬁtsa%g{ﬂ %atléegz'ﬂ?%%??i)vgty for

with the Fluoronetric |naging ate ader
lumined hgs ] [N : :
e e e B LoD FroE S IRLPRY Al e s it ety
desipileopr ot ei ns commonly used in automatized cell
functional assays. In a preferred enbodi nent, cells
exPISTILOS FRENOFOPHE §NVEBNTTONecept or invol ved in
intracel lular cal ciumnobilization are used to test
candicdadiagmbeaul fest f aspddiei theefiheehio® N pf@EieRE On  isolated
nodul ation. Typically, cells are transfected wth an
photroesaicontaiaii®an eatihai 4vi dgequaiet whidit:ei n encodi ng
sequence and when not endogenously present, a receptor
or aghiannebleof tont bimebt . codienteesiiheveand onesiciure, producing
selected and plated in a suitable nmedium cultur edp
cel | shiahemimesdenicasi t h t he coel ent erazi ne substrate and
the assay is started by adding the test nol ecule or
st bnhass an Tiden{ityo dfi catdldastriffds.c praferdtdy refadt dgasd 95%, more
suitabl e detection system (CCD canera or |um noneter).
The asrshsrabinobintleadst OBUnta SELIRUNOmL (Clytippar at us
equj pped with nulti-well plate readi n?, in particular
t he) A Wuﬁpcgyaéug@mentnvttgi&EQd&NO: (Clytin), presents one of
phot oprot ei n-expressing cells are plated in mcroplate
wel | sthevfolkorvings siaglengtimyliplosubsistutions (the residue positions
nol ecul e/ stimul us, are read sinmultaneously with signal
r ecor@ferigiersg e SEQERMNG: 19er eeni ng assays set up
wi th a_phot opr ot ei n- based reporter system show
i rrf)rovgd4_s’§ési tivity and signal -to-noise ratio.
Cel, sespr essing a photoprotein of the invention
pr Yducli@n”nt ense bi ol um nescence in response to
cal.c)i uglésti l.ation, which is generally higher than
th otd&r Wt h-mat ural photoproteins. In a further

aspect . the, i pvent] prqvi des an assay kit containing
a EYepgkﬁﬁﬁ%HK8f+éél @féﬁpressing an invention

phot opg,ot ei nder,,t he cont ol .a stable or

in&&ci W@ﬁﬁgdﬁﬂﬁﬁﬂg’gﬁﬁ"gga T8 sui tabl e for running

t he.as . .} addition, the photoproteins of the
[ n\%/é)nt ?ﬁ%?@y be used as intracellular calcium

ing'hza or di_g\ nosti ¢ net hods based on the
measur eient > 0f*°cétrul ar cal ciumion concentration

ang{iﬂ}\]ﬁ%l_)lﬂ: ﬁg_éo@l f{igugil'%on i nflux/outflow. The

i nve Wi be' destribed in nore detail in the

fobbom@wsse_,xg%’i %§H6%L’€gﬁt IAciQm—"N&;EB I%é‘&w@fé\@ -ESQ%S‘*GI}’,

[le;3—Cys, Aspgi—Glu, Valgg—Ile, Glug;—Ala, Alagy—Gln,
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Reagents Restriction enzynmes were purchased from New

Engl and Bi ol abs and used according to supplier's
wonsederogeds ons. The Ligation | ndependent C oni ngCTIEPE)06/002172

kit was from Novagen (Nottiggham UK). For in vitro

Transcription and Transl ation we used the TNT Quick

coupl edki,t from Pr di son, W). Reagents for
PCR, an W&an‘n‘igﬁﬁyﬁ B coli strains XL- IBI ue

anth BBt Rt Basihg, B TSl AR Sl hrhih Bino acid
seafdde iRl Rt '”FtP%“'?gZP{aﬁ P SBOINGE:3, 4,5, 6,7,8, 9

rom st andard sour£es a

and I ERB e B KT o CGhingi Rl g TEhiehRahaunigis, e
ol S RARE AP R v
e RIS (AR oL S
Fle%spgg{s fljc?))'fng\l?llé%/ 1@95%3%%%@@5&1@@1%&{ S@vhlf'hn%ﬁﬁ% &? Hesired
pho&ﬁﬁ' %Ph Bﬁ)‘iﬁnﬁﬁ%eﬁxg'g&ﬁl whenk. @9 ﬁhbéﬁjs‘ﬁgeeéiﬂ Hee Phrther

atron initration t Kozakcnse e

mod¥BRdl REFIRFAKC ﬁgﬁ%gv?élgeéff‘eeﬁné h?}es iﬂ’lo&oﬁ%‘?&ﬂ’ ﬁfesgence

codons were ad ensure-e term n

actlﬁﬁ?, Q’%’P%ﬁaﬂgeﬁ? SécnsPeatfRN %N%Iﬁ’éﬁtf&ns Rgp dﬂ?ﬁ”nw ta@ﬂﬁ@ &% Rlues,

rat agene) was used follow ng suppli

ithiRstheuaticed sdy@erticl {RAERY 1initd.| B L
A [l)NA were used st %\@%Cﬁl eve gyhll gh éwt%ﬁfgﬁﬂr %gtl%ﬁ?%%huence

can dRtidefed aUsmBIER RELAB! WithBue aﬂ@ﬂh?ﬂfd ph&loyroesh gBﬁ@'lty
to contain 5 LIC extensions (in italics)

coi espAndhdig aspesie ahen ¢eserdRIC ik bﬁ@kebfbdt he Ekpblyaucleotide
Cloning Kit (Novagen) Upper:

enc GNhGACGABAPAACHA BSETAQBEEATH (SpefdprddOenddiment, the
Lower : GAGGAGAAGCCCGGT- TTATCAAGGACA Gl (SEQ I D NG

polyaticléotpde f sequiémmes prapt owptinpigetorford mambtudidier kKbdon usage
El mer 2400 thernocycler: 1 tinme the follow ng step:

accqnden®CR SEQuiDOXNIT 20, tli2ges, the 16) [l6wilvg E3,ep8. In a further
denaturation 30" at 94C anneal i ng 30" at 560C

preferredgembodiment, ghe 720t adidenoleeuias arewfusgdstoemitochondrial
el ongation 10" at 72C Expected |ength of specific PCR

targgt seieances ¥00bpl, 32).quantitativel y deternine the
amount of DNA obt ai ned, l'ification products were
anﬂ%@é@n@ywea @éitth@‘p&ﬁ@ﬁ@& nEe dnv v ey arosides ekprassiMpEstors
runnl ng buffer follow ng standard procedure, as )

Elécp%h}almmg she indifated poiyayalestises whiost celpexptessing

to a DNA nol ecul ar wei ght marker ( MAKVI 5Roche) .

a photoprotein according to the invention produce an intense bioluminescence

in response to calcium stimulation, which is much higher than that observed
with natural photoproteins, in particular with the most used one, Aequorin.

In a further aspect, the invention provides a cell-based assay for
determining intracellular calcium concentration by means of a photoprotein
according to the invention.

In a preferred embodiment, the changes in intracellular calcium

concentration are determined by:
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1.3 Ek/LIC doning The Novagen Ligation |Independent

Cloning (LIC kit was used follow ng suppliers
wonsederogesons in order to obtain directional cPONiERZ06/002172

the PCR products w thout the need of restriction

enzyme digestion or ligation reactions. The rET-30

o i P R RO SRR o 210
o oty bE RS BB 51 aorabes) gerl o 90
pr ot el _ Kose - Col _
> Piﬁ%ﬁgﬁﬁﬁﬁﬁfgﬁéﬁ% SIPherARe o o gp'emé'# °¥Vﬁ2
Rk s b type of
> BEigorl Bty (e’ B OB Lol iRl SPinatingtS Bl Hrux or

the QT by BLRASE ol Al fsgrade proteins during
i e pﬂweno y

purification. pe 1 ncreases the

RSt o B iy ot o
en‘iﬂ@,‘ﬁgls%ﬁefhﬁaﬁlg %%Hié@ggf il Q%igﬁn—gfé " Hpgfglfﬁgm\e}\} ufilizing

pl asmi A)T Tn order to arn c
an tfé‘aggc&feﬁirg% ?(ﬁﬂyoroef&) Wt%fsﬁ[t@ﬁtfbpg'lul’ﬁ@sefrﬁbieoéﬁ’?ﬂyﬁg,esuch as

tandard protocol f preparing an

a lu'(:ﬁlhiZ&EEééhéer anab g s Pge $A4tHR 6V ameltd HHEI6F ifﬁf*%ﬂgﬂ and

coli Pul ser” Transformati on appar atus manua

ultrd BiigRaghrougdh E%R&B&ﬂi@ﬁk,e(ﬁxf WateARY Prasrémeted Ifﬂ’a#ing Plate
usi ng the puUC18 and the pET DNA vectors and the

Rea@bf (ELERPeswalt Botheghcwe _@rszs'tem!sx tHe pRofprot@n® bf Rk IBvention
DNA 1x 108 cfu/nmg of pET DNA Usi ng these highly

pro@i@ctlieohipiiest sipinat @ohfpated W keoski Phbﬂ)}ﬁbtélhﬁl cdmmonly used
l'ibrary of approximately 84,000 col oni es expressing

in atteansatdnetbotly foutdoesl 43syyd.n photoprotein. 1.5 Pl ating,
i nduction and charging Transforned cells were plated
onlmna Litedgaed pembedimont, gcell auprossihg  at pRBrdprowin eind a
over ni ght col ony growth, induction was obtai ned by

recepdoli nigvabved Ninl PEaceitular ndd]l EhASmarhdlizmido astennskdr tat test
hours at 37C. Col onies were charged with 10 niV

candidete ntadeaulies dos dheiri effiects dni receptired odutativm Hfy@italdPCeells
in the absence of light. 1.6 CCD canmera neasurenent

are Blaps{pated sodnas ¢xprassanpeaktchyr codatingat pbatagfrotdie encoding
signal over a fixed time period of 30" at tinme O,

sequgncgr apdamchesr met sndegrnoasly muesende 4 ineseptor or channel of

. measurement. 1.7 Colony picking and re-testing The )

inteprsét Tdel pasitiyenelanepi aikeselagigdgarduplated in aosuitgble medium,
liquid nediumand re-tested using the sane )

cultaggsb ceherargl loadsdi withnthegeaelentsaziver srlestrate angd $he mesay is

scriptiqQn and transl| ati on Transl ation of the

tra
star Qﬁb Bdding the (gat meleewleprotimplys; Hdepugduced luminescence is
ticulocyte, cell.-free s TNT Qui ¢k coupl ed_Kki t,
readsf g uTADIe ISt A S HETY Lo Eh P TIES Ot bIGRSIGHR) f Bhé assay
S lier. 500 ng of DNA was used for. each [p vitro
can 150 RS tHP; Bh/al ARk ADPAERES RAHPRE Twikth Baltirwell plate

readif, Tt s GLHAEE oSl T BTl o Rralsin-svpressing
cellgdnglfe? dﬁ]aggéicﬁfn Cn?faclrglr)]fa%é a%vieﬂg, ggh?ch%fte;r oac‘icﬁitisoner})c%’ t}?e test
molecule/stimulus, are fead simultaneously with signal recording.

High throughput screening assays set up with a photoprotein-based

reporter system show improved sensitivity and signal-to-noise ratio. Cells
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sanple of the translation mxture were tested for

l'ight em ssion by the injection of calciumsolution
wandoswg4goasuri ng at the Ascent Lum noskan PCT/EP2006/002172

(Labsystens). 3. Reconbinapt protein production For

t he production of the reconbi nant protein we foll owed

et S GRS BET LSRR BT, s
oL S B A R 5 e
o PR B 2 ool % o e

AT YIC RO R —
e B 54 LA T ol o
o A o Ay YT PG

i o i . | i .

SOt G A Pl e
e I
calci]ldlﬁgﬁ)tfiE eﬂhﬁﬂog %Irzla}‘{ﬁ@eill%ﬂérscaifléiﬁfr{ HatihARg/outfiBixd DNA

ation kit an ugene transfection reagent were

]Pufﬁga ntio@MRC e (RasEbed Cifl - mepe! gevadlr a1 fee V\ﬂ))‘ilowing

rom Pharma Tech. International Inc. (Fairfield,

expﬂﬂleﬁfﬂ%cﬁgﬁm cals were from standard sources and
were of reagent grade or better. C oning procedure The
NOR A TEI A1.SIA NI METHIODSr ot ei n cl ones were
subcl oned for testing their expression in mammalian
ceRlesigedtsTl of plasmd were used as tenplate in PCR
analysis. In addition a negative control was perforned
wi Rbstrivticenphayes Svard pudcHACR] pfronetNove BreglandsBiolabs and
i ndi cated by Perkin Elmer. PCR protocol was as )
used abtomkng Roi suppdier Wpestryatiomsr The Ligation Independent Cloning
TCGTTGEGATCCGCCACCATGECCGACACCGCC (SEQ I D NO. 22)
(LICpkirwas froer NoSGgecCNCTAGATTAT UMGEDACaAN oSEQ@nseriggon and
23) PCRreaction mx: 2 m tenplate 5 nml | O Pfx
Tramlifien weShBEDHe TN e Qmick ogiplks)d Kit framh Promegadiiadison, WI).
m 50 mM MgSH4 (G BCO-Li f eTechnol ogi es) 2.5 m _upper
Reageitse fo RCRands competonrtr cpli neft E%lQO trging ¥L-1Blue and
Pl ati num Pf x (Qd BCO Li feTechnol ogies) 35 m H20 .
BL2Ariald(I2EB),omvese ofroon| Stsatageneed-ad doHer KiA) El(Megompugdeotides
thernocycler: 1 time the following step: pre PCR T at
werg4oechased from Primm (Milan). Coelenterazine was from Pharma Tech.

International Inc. (Fairfield, NJ). All other chemicals were from standard
sources and were of reagent grade or better.

1. Generation of a Randomly Mutagenized Library and Screening

1.1 Photoprotein optimization for expression in mammalian cells
(GENEART GmbH, Regensburg, Germany)

The codon usage of the wild-type clytin gene was adapted to the codon
bias of highly expressed mammalian genes. In addition regions of very high

(> 80%) or very low (< 30%) GC content have been avoided where possible.
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25 tinmes the follow ng steps: denaturation 15" at 94C

anneal ing 30" at 56C el ongation 40" at 680C 1 tine the
woabdomoagog st ep: el ongation 10° at 680C Expect edT/Eem@blo02172

of specific PCR product: 630 bp. Anplification

products were anal ysed by el ectrophoresis on 1%

agarose, gel in IXTAE ruynni.ng buffer follow ng the
st'&d kPIBWoEr@Hﬁﬁ@,onaHnHé@e}*i"g‘@d{(%amné?lil seqjience was

) The PCR product s gel pyrified ' Q agen colu
introgHgediupstiean Wt iepairl cafanxiare rSbOP: CoiidRs avignadded to
Eﬁgg&Aaneo-/ m.t oMut at ed-cl ytin construction An in-house
cnsu 1168 FEPNRAUORct or (I nvitrogen) has been prepared

[ uence encodi ng the mtochondri al

fi%i#‘%@g ; qtgggﬂ’%?n subunit VIl of human

BT TR, i BT R P s
o RO AR TR A B
were L P RE R B RIS RG, F b ARG OB B el ™ '

PR pififtlerd Werl T pEOIANEYP el Hnda o ebrlthfh §' 91 extensions

seque

. B'. . T A .
(i B R R er e P M R S Kit
(Noxﬂag:; ID NO 24). pcDNA3neo-/cytoMitated-clytin

cohstruction The Miutated-clytin gene is obtained from
h . . . ) . .
A B e e e R R Sy
: | and Xbal restriction enzynes, and purified. The
Mut'ated-clytin gene is then ligated into the
PADNABREOGARGH 0TI A QCAL @GT-TTATCAAGGACACGAAGT (SEQ
pcDNA3neo- CYTO hMut at ed-cl ytin. Both constructs
ID Nabt aiiped were verified by full-1ength di deoxy
sequencing. Cell culture Culture nmedium seeding and
I naplistifiodtion DMEMdcb? Wdrforohed anax the BEerkiad. ER&BS 2400
1-028), 10% FBS, 1% Pen./Strep. (Invitrogen cod. 15
therd$QydR2), 25 nM Hepes Buffer Solution (A BCO cod.
15630-056), 1.0 nM Sodi um Pyruvate (Qd BCO cod.
11B6n @89 followiny &tefodi um Bi car bonat e (G BCO cod.
25080-060). Preculture conditions: Cells were seeded
f opreeRORr i men2s atB4AC70- 80% confluent. Cell culture
conditions: Split twice a week: 3.OxI (b cells/flask
T730 tineeother follBxihgdBeps! | s). C one Sel ection Process:
CHO KI were transfected with
pchrudNes o TOORME 24 €d- cl ytin or

r cONA3Neo7CYTO- hMut at ed-cl yti n.
annealing 30’ at 56°C

elongation 40’ at 72°C

1 time the following step:

elongation 10 at 72°C

Expected length of specific PCR product: 630 bp.

To quantitatively determine the amount of DNA obtained, amplification
products were analysed by electrophoresis on 1% agarose gel in 1XTAE running

buffer following standard procedure, as described by Maniatis et al. The
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48 h after transfection, the transfected cells were
plated in 10x96 w p in conplete DMEM At confl uence

wOherch01098 W p were duplicated in 10 white pl arPes/EP3008/802172
hours before neasurenents,zgredi um was replaced with 50
m/well of tyrode (2 nM CaZ2+ and coel enterazine 10

samflib e rhpdeg R P Figtedint RefEh WA Ml Rogpe).
e BERG GlBBE s°ceconds. i ve cf ongs were chosen
gl Sl el 3 2080 RrondigeBPLCAERES () SRS Py P
ol ARSGIBALS, IR I PR G bRl Sy ot he
PCIg FhEGALA AR NS M4 of IR AR MBS g giation
reacfoR TRE R UL LK GRATLN ey BRERELLRN protin
imnﬁa@aelrfas%st&hllw&'n Qﬁtéﬁktﬁ%‘ée RSV IR ggﬂe%f{o;sgﬂz

Four Imting utions o best one

wel & PehhoforadatiGn3 cells per well in 10x96 w p. The
final clone was chosen after the 4th LD selected with

ATRoDgésd phbteiPE B RbR W Ehoze B2 1-CRITIISES) cells (eStratagene),

opti mzation of the assay was perforned on the best

a ddresniprdiofgECoiN®, £CnpadRIda stYBRS WTEREN BahdRRhe cells. The
CHO cells are seeded at different cell densities in

gen@PPdOP thdQain/ B0, E.200WF dnkQ0La£S (13! Wef) deh ’IQ%%W»(DEB)
nmedi a suppl ement ed as above and nmeasured with a

endAdits. aTR% bpainslaghsl bbsh their/sn adride the lodip MroRased! Wikich can
experiments growh mediumis renoved and cells are

degradagedtems Guiiyg pdeiflvatiber Hid phensiepe ibh@eagdse atandfdmation
for 3 hours., Lum nescence is finally nonitored by CCD

efficiemer £ hk1@} cfivpgadfifliGh8 dDNe Imgntdition (B &efd gene, that
ki netic). Fluoronetric Imaging Plate Reader (FLIPR(r))
encadsasudenaelessaLisHR3ctBatted (us dégradademys phisariddDNA).
protocol for |um nescence detection 384 white wall
cl bar opdart dm pobiess cempetept aceHy Mithr @ Bagbr effioency of
experi ment nediumrenoval addition of tyrode plus
trangfogmaitioss anefollowed wehe siandatdt pmiotbo{lr foratpr®paring and
experinments run_at F conpound (2X) injection in

, LI PR3: ( ,
elecirorigansiournag BRE1MiplKDE3) pells sleseribedrinvtiaids ealé Pulser
tsge I nstrunmentation default_ val ues, except for the
Transbprmatiag -apparatys segnusl éBéoRad). camera confi gurati on:
Ex4izosure length = 0.7 Canmera gain =, 200
ransformation efficiency was tested by using the pUC18 DNA and the
PET DNA vectors and the efficiencies obtained were:
e 1x10" cfu/pg of pUC18 DNA
o 1x10® cfu/pg of pET DNA
Using these highly electrocompetent cells we were able to obtain a
library of approximately 84,000 colonies expressing the randomly mutated
Clytin photoprotein.
1.5 Plating, induction and charging

Transformed cells were plated on an LB agar plates and grown
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2) Sequence paraneters: Dispense 384 well head Hei ght

= 30 mM Speed = 25 nl/sec FLIPRTETRA Settings for
woéemyo4s andar d protocol for | um nescence det BCTIE®Z006/002172

384 white wall clear bottomplates cell plating 24

hrs before the experinment “~nediumrenoval addition of

overigitat 157 ARG BEFTHERt SOloby GOV pReustHOn Seonpiaited by
addig Uy g TG et 5N HED RS i ieuiPHgl st s at 37°C.
Cologih e oHBhA st Bn Gl ke ans RURGEG, B frgitated
?téﬁ%&?ﬂcmeﬁﬁd{‘ga%{repﬁﬁ&c Wor ki ng sol ution was
c AR tiRERARR s Dl e oy SRR RF g time
periqt i i, e plarrerf St it el fpbagurement.
cohid & bloy, B oG BRERE 11T RO T 6

T1He b2kt ORontRERERAe lnd b8Gm o P21 YT LB dDedium

ruminj ec n=vitro Transcri pt

and gé—l SRS th%f_bs%% E?gé'ﬁlzl@fltél IQRDi S 8&$§imeﬁm§4

al cruminjection. Kinetics of t measur enent

of 2. r0bkr £ AN HOR Ank A¥uSRItEGM | Nf ection for the

reconbl nant p proteins. Fig. 5 Calcium

dOBRmERIRANSEHeYhtRoplotEiRS WaCOFPied Mt iRRAE @BIIE eticulocyte
25N03b. Fig. 6: Peak light intensity fromreconbi nant

cell-Breet Qﬁs"t@ﬁle'gFNTU ckndbigabe i ki) Prp@eghNnfolldWing’ the general
Ki netics of 10 ATP response at the CCD canera for

instrubeof¥ Q4 the tuppNeBb 506! hgl bNEDNA gwa8: ulPfor each in vitro
dose-response curve of the CHOKI/m to025N03b cell Iine.

transcription/translation reaction mix. The reaction volume (10 pl) included
8 wl of TNT T7 Quick Master Mix, 1.6 pl of DNA, 0.2 ul of the Methionine
buffer and 0.2 ul of Coelenterazine (0.5 mM). To this end, 5 pl from each
sample of the translation mixture were tested for light emission by the injection
of calcium solution and by measuring at the Ascent Luminoskan (Labsystems).

3. Recombinant protein production

For the production of the recombinant protein we followed a small scale
protein purification protocol under native conditions. Due to the presence of
an N-terminal His tag in our constructs, we decided to purify the expressed
proteins on Ni-NTA Spin Columns (Qiagen) following the suppliers’ protocol.

4. Calcium concentration curve

In order to evaluate the response of the photoprotein to different

calcium concentrations, 0.05 ng/well (96 MTP) of the recombinant protein

were charged with Coelenterazine 10 uM overnight at 4°C.
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Fig. 9: ATP dose-response kinetic of the

CHXXlI /mtol 2mut 'y cellline obtained at the CCD canera
woestcinggo500 cel Il s/well 24 h after seeding. Fi §gCT/ER2006/002172

ATP dose-response curve of {the CHOKI /mtol 2nutCly cell

i ne obtained at the CCD camera with different nunber

o ek PP A SRRSO gty wernected anc
e BEREFAGRRNTE BRol st AL SRAL et S5 peracion
. | Il., Fi.g. 12:~I METI T d - f
ime PSRRI il e (s esponse curve o

O EFBELH A8 b L Y Byp el ot A

G‘i@é&é&%gl 2mut A y/ H3 cell line obtained at FLIPR 3.
Fig 15, se-response curve of the CHOKI/m t 025N03b- A3

o5 AN Ay ) B v,
MARREL STNGAELF e 5o OIS, REAT DAVl Oy an

secona neasure Se curyv

; ' > . \
Fus ROt o R RO (. o)
CoeletdraziR8" wi€!from2PRardid ereche qfidifaticHEY ﬁE.Z(FQﬁ'E%[(% 151]). All

sensitivity HV 10 anal og, 60 second neasurenent.

othet 6helbRfEs WREPABAELsGHANRA RurédeaddiKtd oF feragéﬁp%*aaé\%r better.
cell line wth A3 agonist (IB MECA), testé&d on the

FwFﬁﬁﬁwomecel s per well, 24h after seeding. |
OmM coelent erazi ne Exposure tinme 2 seconds, gain 240.

EXMPLESs L pré@isingt indfatl phofdpreasth YclWbaogstez 8dbcloned for

Li brary and Screeni ng The Random nutant Library was
testiapttheiraskpaysdish i@ nidiemaéeMuigh || Random Mit agenesi s

kit (Stratagene). In order to achieve a high nutation

r a2 eult b plhshiielr eete used il teanplatd $n KCR adrgdysiPNFn wddétion a

used: 0.1 ng and 0.01 ng. Atotal of 83305 bacterial
negatolooomsowene peefract df withl noviemepla¢eice activity., O

these, 1089 were positive and therefore had

bi Stamdiand sRERt pebeedart ewiest i ass ifidieabek tbyc Mevkire £lnere PCR

pi cked, for a total of 289 colonies, and of these, 16
protpegluivasdsfeHpwat ter a re-test. Finally 9 colonies were

chosen and anal ysed. Figure 1 shows the results

obPeieEd: in a three test-point Cad 2 dose-response

curve obtained with the 8 nutants. 2. Photoprotein

asYapes pringir: t REQT AR GA THhCHGE MCEC MIGGHIGEeAGACCGCC

mxed with 95 mM of PBS solution in a 96 well plate
(SEQHRENWad2hount ed into the Lumi noneter (Berthold). To

trigger photoprotein light em ssion, a 5 pM Cad 2

sol-aresrpiaeTi (e e@CiT PAGATRATCAAGGEA REAANESEQ ID

recorded for 10 seconds. The results of the in vitro
NO:3 scription and translation of the DNA of the 8

rrug&&ts are shown in Fig. 2. Anewin vitro

tr F9a5t08/Mhd transl ati on experiment was carried

ou ith the best responding nmutant, 25N03b (sequence
ID&r’rﬁ%), and®MRIAS he Aequorin photoprotein (Fig. 3)

[ d t |y f . l.i ght ' [
upsisbe | o DEKRR SRR AL Cu o fsaiflaeted °' "
. . q L Ci .
?ﬁf%ﬁﬁi nant ﬁlj‘%{ﬁp(ﬁﬁtr%'sn and Cal ci um concentrati on
1 ul 50 mM MgSO, (GIBCO-LifeTechnologies)

2.5l upper primer (10 pM)
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Reconbi nant phot oprotei ns correspondi ng to sone
mut ants were produced under native conditions
woabdemoasog a snal |l scal e purification protocol PCLEgEt06/002172
eni ssion was nmeasured upon,l M cal ci uminjection and
the correspondi ng kinetics are shown in Fig. 4. The

rec i nant ,mut ant. phot qpr.otei n, corresponding to

cl oﬁgﬁ%mgﬂ,?wﬁ}égﬂﬂgﬁl't(gﬁ H:Mér acterized with a conplete
cal gi-um doseqr.espo i an, be seen in Fig.
Si'fp‘]anot hgéaté&%&ﬁ?f%emﬁl(?ﬂéﬂﬁ&%ﬁ‘ﬁ?ﬂ%e%hot opr ot ei n
2%[%0@*) was par ed to reconbi nant Aequorin. The |ight
em’ssion re ded upon 1 mM CaCl 2 injection was

ZE‘*@%&%C%M&%%@eﬁ]@éﬁf@%ﬁilﬁaﬁﬁiaf@?ff%m/ ag‘féi}y@%g%ﬂ
The,: CHO] : i CHOKI / i t 025N03
et oA P Fanet acti on of GIOKI colls

( bl s angb jriqels) . 48 hours after transfection
tﬁ%gggfﬁs vveréelI rypsi ni zed and plated into 10x96 MIP

( 0ot J.t i.conplete MEM At confl uence,
trl?gcfig%(égé[ﬁwﬁh\%%@gtﬁsi cated usi ng MATRI X (Hudson,

N enWahtion 1g§9§at lope MIP. 3 hours before

measur enent the nediumwas replaced with 50 m/well of
tydrnql@gﬁagffer3@nrgtl\gl6@@2+ and 10 mM coel enterazi ne. The
cl ones re selected on the basis of their functional
I e30REHEoh | UNipesgeRPCsi gnal ) to ATP, which is known
to stinulate the CHO endogenous receptor P2Y and to

risanidtheciiIRRVRSEtep:Ca2+ concentration. At the end of
each experinment, cells were |ysed by perfusion of a

salohgos ONt @)NANER°C i ton X-1 00, The active
phot oprotein was reconstituted incubating the cells
W Expele dridmgtl emipecHid RERIptedad: 6R0thp. ode buf fer
containing 2 mM Ca2+, in the dark, at 370C, in a 5%
CRmailifispiear prdducts3wirs andlysed byhdleetroplsom@sis on 1% agarose
measurenent, cells were lysed in the presence of
gel inal xTAR avnninigebeffet feldowimg ties stamdard grocddute, Thedescribed
nunber of photons emtted during the first 30 seconds
by Mvasatinte¢gi.at ed by a CCD canera and visualized on the
screen. Cells transfected wth an enpty plasmd or
unfha®GRqiredudi wasgel ipweified asprpfagencebimns amd digested
detect changes in cal ciumconcentrations, 10 nM ATP
withvidamith] aod Ebadmelstrigtiokiangyimss. of t he response
determ ned. The curve obtained is shown in Fig. 7. The
f i PPN 3oae-Amito Mubtded-alywingangfrpcéiag tested with
i ncreasi ng ATP cgoncentrati ons as shown in the
dods-inchpvis edified RGPNAG vectorTdavitresen)iaso s pepared
cell line was also transfected with a G protein )
contaiipg cder seqUANGE, cnading dhesniechenddak peigetingnperiide, from
a.chineric Ga protein, in order tg sw.tch.the signal
subungt ML pi dyunearp sy HarkyomE %péuiaesecéqavﬁhar?gl)vﬁg that’it could be

enerated (frqm now referred as CHOKl /i t 025N03b.
used,g;gg?@r%cﬁ@} %@J 0PIk PhieaEPdon-Hisp&S iopEimaigshi RRotoprRiciggene.

e SGASEHRRIRT TS LEHERESH B B ShbblBAe FALHE been

om0 DB NS RS R SRRt Toistance
recept or were grown t.o 80-@ % conf | uence in_tissue

genq:ﬁqn[ %ﬂgeﬁ’l&gk‘gqﬁﬁ@%}%ﬁ B6% trypsinization. Cells
vt e B oA RS Sl pghbhezisn 309 W

5 -ATGTCCGTCCTGACGCCGCTGCTGCTGCGGGGCTTGACAGGCTCGGC
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10% Foet al Bovine Serun) and incubated for 24 h and

48h at 37Cin a humdified i ncubator at 5% CQ2. On the
wdayoepb4gohe experinment, the cul ture nedi um wasPCEMBY®E/002172

and, for |um nescence expelrg,' ments, cells were | oaded

with 5 mM coel enterazine for 3h, at 37C, 5% CQO2.

At R iR G rCaibett Zatht balrEegarccecea

co-EERATRND:Ggch | umneseence vas ol Tored using o
TRl A A b BT S8 5 e
BT TR B S

e PR TR P IF RUBN BT Wb i

e g SR T O Al o T2 Lo
BV 545 BEAL X G DRI SRR v

s DR QI o Hatahect o0 Wi the miant
T S R R E e s R R

tl@elalé“ jjQnal response (luninescent signal) to ATP,
whi C ig%nom to stinulate the CHO endogenous

I QCEIRGR nfdYudD %eE@%ﬂg afrd tiﬁ?ul‘}éﬁ%&l EMAA2 with Glutamax
concentration. € end of each experinent, cells

(GIB®OE dovised 1931 nerdhusion afB9, Splutp&l/$e8h aiMhvrogen cod.
Triton X-100. The active photoprotei n was

151402¢0mptas ﬁﬂ\q@ép@upafﬁewfom@ti&@g@mm Rod: $5650058) 1.0 mM

coel enterazine diluted in tyrode buffer containing 2
SodiaM %&tvateﬂ 'gG'IBC_H?r &od.all 1366.039), a.5% A0S adies MRagbonate
for hrs. For |ight em ssion neasurenent, cells were

(GIByGaghd. 25086-ps@sence of cal ciumand the emtted
| um nescence recorded. The nunber of photons enitted
dldenglttecdndisionsd Cetlsoneie sersled foegxpeeithdnts avi{guD70-80%
caner a- based | um noneter and visualized on the screen.
confliednits transfected with an enpty plasmd or
untransfected did not increase photon-emn ssion.
Di €¢lérarturanoonditiohsc Sl tweice sewdek: 300881 MEWs/flask T75
After 24 h to detect changes in cal cium
(recomrgeBkiQt celhs), di fferent ATP concentrations were

injected and the kinetics of the response determn ned.
Wobt ai ned seedi ng 500 cells/well

24 h before the test are shown in Fig. 9. The high )
i yh CHEAT IS4 warearansfntsdt witht oI AGRSeo BBy BN itatedhelytin
CHOKI mitol2mutCly cell line allowed the use of a

| owePr MAWG%&Yg%hM@atWt@oncent ration of

coel enterazine even for less time in conparisaon to, the
standard ikt bpnstestionp dke dransifectad ejls wsneinlpisdsin 10x96
Exanpl es of ATP dgse-rensponse curves obtai ned seedi ng
100 t¥Paorwepiets WYIEM4 h before the test and

I ncubating. the &g nmM coel ent er azi ne

Ils with 2.5 and
a1 UeSE TS dBe H IR o TEEs ARRECOCANRCLD Wiy HRiss. 3 %
dark, at 37C, in a 5% CO2 at npsphere for 2 an h are
showOPFS é?érem%@%@%f%; UEHRRP T %P@PPGSIESQ el of
i ne_was, oht ai by transfection KI cells
( Mat &¥5oge %M%N&Zh&ﬁg)qoemeﬁ%? ?bl ‘was sel ect ed

on the sis, of the functional, response
) ?’os:ﬁ?ve clones were se ecteg evalua%n%:




(l'um nescent signal) to ATP, which is known to

stinmul ate the CHO endogenous receptor P2Y and to rise
woheoetp#sopl asmi ¢ Ca2+ concentration. At the en#CofEPe®e6in2172

experinment, cells were Iysleéi< by perfusion of a

solution containing Triton X-100 The active

phot gprotein was recqnstituted ipncubati cel
i & nP3sE ssleasidiyviase deRe e amen ee ﬁmﬂ@ﬂ%ﬁ@}fﬁemo- CCD
buf fer contai in.the

o o e AL SR LVt in bR il 4 fecond ading
nmeasur epent ells were lysed in the presence of
ca%&%ﬁ%ﬁﬂi’?&e enmitted Llurri nescenﬁe recorded. The .
. ' y [ 30

et Eiygiiee ey Sseh sl b BaDE oot or and
erbt htscdiRaes e donaRaracvate PBRRGET hor s Rt fates. 3 %
SR R o8 SR o

. . i : o !
22 o HIBETPARN GG RBS cofloreBie M ponses O
e N TG ORI AR N ISR SR
Igllinlcé?lg%i Pol3 JRrESyict M TRITCREXA NGO ShelPehlftions:
showno TrsefEieinfegtdbc fpft REEISH Fealifle Forr ¥ petoRadtg: the
trans{gp LRAsWehitnf f(ql(ﬂ{'% B%MB t()ﬁs@é'&{cﬁ%? TREIN X108,

H stam ne-3 receptor, an a chineric Ga protein,

| Ne O 1i/itENS dutidiR 8F IR@lbekP cldi Bblektdd Wér@"}?é{'goﬁled,

stable cell line was generated (fromnow on referre

as CIﬂQ,(ICéHgtp@f el 4 YOkBo el 1ine) (Materials and
Met hods). Upon stinulation with its agonist (IMETIT),

the Hhe €RPtAbNE NES &hodbn i AkEcdse 4th LDt ceketddivdith ATP
cal cium concentration which is nmeasured by
mt oIont,l@{[ycdmmhm@@igecsauM_l\/ETl T dose-response curves
obt ai ned seedi ng 250, 500, 750, and 1000 cells/well 24
h bef@umpldie dssnizaibn ndUlblad | 3gay hwasepdrfomned on ndde best
coel enterazine diluted in tyrode buffer containing 2
mV Cagsporiding ledomtar k, at 37C, in a 5% CO2 at nosphere
for 3 h are shown in Fig. 12. 5. Cell-based assays at
t he U CRR) érh dVIEhifiie nrint p2BdA8teraA3 and
CHOKI /mtol 2nut Gl y/ H3 are tested at FLI PR by measuring
t heHQehs srerseeded grt aliffieneniceel] gnsitiesaint 3 §4MTdh (560, 750,
the transfected receptor. The | um nescence neasured
1,008, t1hS @heeli/wRl)iingrowth mediacuppiemenisdt asataave and measured
_Lum nescence Change Units in Fig. 13, wherein are ]
with a§i¢Deerméia 24 d0nrs 288148 heurshyitenalaiinigndriofeta experiments
rel ease i nduced by I METIT stinulation on
growthomne i [19 g KedHgnd sordts @se | loaded | witlr dysedwdwtfer plus
384 MIP 24 h _before the experinent. The di um was,
cocleppirazidg ahd7stiben subedrsy bwmineseenes lﬁiﬁ%ﬂﬁempflﬁpé%ﬂ by

coel enterazipe ((10.mMV) diluted in tyrode buffer
CCRR &afrbﬁrmaﬁtg’»riﬂwﬁégm of ?hq agonst (30 \S%Q-Ci@nﬁtlﬁi- 37C, in
a 5% CO2 at nosphere. |NETI T conmpoun 2 t different
colideorometysimaging, jPel,a&eBe@.de@eﬁLﬁIgll{ligg ﬂﬁfﬂmmmem
igure ' th

fig 16 the | um nescence neasured t e )
X O s stendard profgeeltor Jumpnescence detection

AEYE N

(Rel 've Li ght it , vvherin are rported t he
reéula:{ W@ﬂtﬁiqﬁéld ?ﬁrﬁé%ﬂpimétqshe | i ght rel ease
| ngucc% 1 l%lting 24 hrs before the experiment



| B- MECA stinmulation on CHOKI / m t 025N03b/ A3. 2500
cells/well were seeded in 384 MIP 24 h before the
wexpwroosment . The nedi um was repl aced and subst PCUE®2006/002172
with 25 m of 2X concentraigd coel enterazine (10 mM
diluted in tyrode buffer containing 2 mM Ca2+, in the
dark, for 3 h at 137C, in a 5% CO2 atnosphere. |B-VMVECA
co'anlﬁﬁﬁulerﬂma‘fa di fferent concentrations was injected

T et SO B o
. . . L i
B |f HETERf BatRes 624" 2 Carpbel | AK
A, ' . . d
p | Erogieu, rRlsel SRR PbomnBl: GFRT infR3i 1§  Bode
t he %?Fe&]?gﬁwwgfl free Ca++ in cells. In

Bi ol uminestc e and Chem | um nescence, basic Chem stry

OB RO LGB D (ISR AOH
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pr@p@gﬁliegg.cgﬁﬁgﬁ%wﬂ:n, a biolum nescent protein from
the ['um

um nous hydronedusan, Aequorea. J . Cell. Conp.
Physh®ure 30nB3=83P. 5. Shinmonmura, O, Johnson F.H.,
and ‘Sai ga, (1963) Further data on the biolum nescent

Proiicha gaguoion. J . Cell. Conp. Physiol. 62, 1-8.
6. Mrin, J .G and Hastings J .W (1971) Biochem stry

ofzyggq@@ewramcﬁgpe of colonial hydroids and ot her
coelenterates. J . Cell. Physiol. 77, 305-311. 7.
Stbigpeuse 38@.wel bleagdon, F.H and Saiga, Y. (1963)
Extraction and properties of halistaurin, a
bildkightre36qit protein from the hydronedusan
Hal i staura. J. Cell. Physiol. 62, 9-15. 8. Shinonura,
O Speatl=3h ptiser a, A. (1985) Halistaurin, phialidin
and nodj f | Ed forms of aequorin as Ca++ indicator in
bi BLERR CAl" s§ettimps. @i doiseys slandedl, padozdb fop.luminescence
Levine, L.D., and Ward, WW (1982) Isolation and
detectianact eri zati on of a photoprotein "phialidin" and a
spectral ly uni que green-fluorescent proteinfromthe
bi ® Bddnebierwall eldaytbiostonemplaties di um gregari um Conp.
Bi ochem Physiol. 72B,77-85. 10. Mrin, J .G and
Hast iclspletiog B4 Erschefpre thamexperimend bi ol umi nescent
system J. Cell. Physiol. 77, 313-318. 11. Canpbell,
A K. madivgm reRevalction, partial purification and
properties of obelin the &‘;‘ql ciunmacti vg%g@ protein
f r smaddiion @f sy dogds goglemterazaien2d mil m J.

143, 411-418. 12. rd and Selinger (1974)
Ex? r 4BEHRAH 1 rp‘bn‘?? F‘E%W%\a of cal ci umacti vated

photoprotein fromt phores Meni I S.sp. and
Bef n SNPRFIARCIHE 68]%&%@%, 51&@@1992931. &% 1%&69“ W fyrode

and Selj.ger, H H. 974) Properties of mem opsin, and
bero&?urﬁfeqfc SCHLGIWF{ ctivated photoproteins fromthe

Ct&TIOBQParrr?g’tem% UesPareSthe instrumentation default values, except for
the following:
Set up read mode:

1) Camera configuration:
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Johnson, F.H and Shinmonura, O (1978) Introduction to
woheoslwedosmi nescence of nmedusae, with special PeTaEP26/602172
to the photoprotein aequorig. Methods Enzynol .
57,271-291. 15. Illarionov B. A, Bondar V.S.,

Il Larionova V. VWsotski E. S. Sequence of the cDNA
eré@&?%&@ﬁ%"cémr- activat ed photoprotein obelin from
t hydr oi d gQJ %%Odoel ia longissim. Gene. 1995 14;

1 Q‘ys:“ﬁél-‘ﬂ. “1%°Blinks, J.R, Wir, WG, Hess, P.
ag% gr ender as%1 E.r(i (1982). Measurenent of Ca++

c AR AR® ey | ng cells. Prog. Biophys. Mol.

Bigl. 140, 14. 17. Markova S. V., VWsotski E S.,
Blﬁﬁ@%\].%@}llBur akova L.P., Wang B.C., Lee J., (2002)

Oos;éé J‘__rZ%m I/P& bi ol um nescent nmarine hydroid Obelia
gemi cu ata: ¢ oni ng, expression, and conparison of

;ﬁg&&r&gg@&ﬁi@wn .those of other Ca2+-regul ated

oprotéeins. *Bi ochéem stry. 2002 Feb 19;

41 Dp - 36. eq: Uid b . 19 .
K1 85000 A T S B RoBBhccnation of
+) @ Cdil r ot e clwtd : ot t
100 G ndchiyal SH BGRORT B 0ol Wi SBRGH (vadfeshly
prephréd in HRBdEburf@ouye S. (1995) Mol ecul ar evol ution of
the Ca(2+)-bi ndi ng photoproteins of the Hydrozoa.

PhpypedeBiTeF @Bhfositibh: S&CY) 150 MBIl KEP5 MM ZahCl, 2 mM,
R, Sinpson, AWM, Brini, M and Pozzan, T. (1992
MgEani AAMNBRERS0L5 pit @ HTPES 28 mB2pIr eMeal ed by

specifically targeted reconbi nant aequorin. Nature,

35BVIISPEF 38 m&ll-1Rsyzuto, R, Brini, M, Mirgia, M

and Pozzan, T. (1993) M crodomains with high Ca2+

cl DESCRIPAICGNOFITHE DRANEINGSat are sensed by

nei ghbouri ng mtochondria. Science, 262, 744-747. 22.

R Figitla, R&testBafSmiutamttcodoni€s ,wilh ithiee ddlciuliicgheenthdtions.

and Pozzan, T. (1994) Mtochondrial Ca2+ honeostasis

i nFigt actlncelitrs. ToanscptionBidol Tranikéionl 18BaiaemaitAbEight

1. Isolated photoprotein containing an anm no acid
emissonepoa WpM kalcaymiigjedtlon.t o bi nd coel ent er azi ne and

cal cium producing biolum nescence; b) is identical by

at Figadt bo%tro SE@scopsion & (Diapslation.cMeasuramensneé light

alignment with SEQID NO, 1 (Aytin), presents one of
emissien fuplonolvin edleiging imjecHont i pl e substitutions (the

residue positions are referred to SEQID NO 1): i)

coFig: 4 i Kigtgs( pf thej mepsyegment ofdloghtpemissioiggpor 1 mM

A0 V, TiMr)l; v) Y82(r)F, Kpo N, F125 L, S149 R, vi)
calegmznggctiqn §on the rocompinang phafppiotesss D, 140 V, K56

; Fig. 5: Calcium dose-response curve of the recombinant photoprotein

25N03b.

Fig. 6: Peak light intensity from recombinant photoproteins upon 1 mM
calcium injection.

Fig. 7: Kinetics of 10 pM ATP response at the CCD camera for the
CHOK1/mito25N03b cell line.

Fig. 8: ATP dose-response curve of the CHOK 1/mito25N03b cell line.

Fig. 9: ATP dose-response kinetic of the CHOK1/mito12mutCly cell
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ix) @y58 du, Asr69 Val, A a70 Cys, Lys76 Arg, Lys77
Ay, Ile 78 Cys, Asp8 1-(r)du, Val86 Ile, @u87 Ala,
wohkesPoon, Val 92(r)Leu, and G u97- >d n a funeCTmra006/002172
derivative or fragnent thejgof. 2. The photoprotein of
claim11, containing an am no acid sequence identi cal

ine gPhet rithe e i o sty BN GeR EBECE Sting

[ [ % E D 4.

ot B AP FoserRieme Lieaphihg GHOR italfgucty cell
line %ﬁ?zéiﬁ%g ?b\ﬂﬁo@@ ch,smeclzf,ael%gﬁlq élflffgrrgntg r}ﬁ@%%ggf g&ﬁ]%lwsetlf, Weferent
coelgﬁﬁggﬁﬁgtcgh@e@t%@ég%,ga%d; %gﬁb?{dgg i wherei n said

am no aci dsequen Yochondri al t ar get

STERERES: o7 TSR ST LD g Bt oo
in PRSI SRl 99 ety SO
LB 2L IO AN R RO Lo oyl
oot SENERLR o8¢ e ARG BEy oFgEL G
mepfnd 3: TMETTP doRE-148p Gifdel AfvERANEETHOK mﬁi%&gimut@ry/m
cal ¢l um concentration I ch conprises: a) providing a

cell tiglel o ¥ FTUIER hot oprot ei n according to cl ains
1-5; b) contacting the cell with an agent stinulating

caki 9at iMddeiesponsélctirnoreheaSEOK omitb2 s ROSbL ABadell line
stores; c) detecting the photoprotein biolum nescence.

withl33 AgdrEbh(iB MESA gapsted o mRe INEsibRACICIY idaghera, 500 cells
intracel lular cal ciumconcentration, which conprises:

per ayelpy @didiafeera seellingexpubb stadedtepdihopr@imiera ofensitivity 3,
claims 1-5; b) contacting the cell with the candi date

60 seoompduredsumelett ect i ng t he bi ol um nescence of the
photoprotein. 13. A nethod according to clains 1 1 or
12FigMiSc D ose-oasipoineel comve ioff the hCHIOK hfmitgB pN03beAdatell line
14. A nmethod according to claim 13, which is carried

withodt3 wgbhisa (ABgMEGAJudersed apthe yBic LeamndlBpp&bacamera,
suited for multi-sanple analysis. 15. The use of a

2500 wellspastweh, 3dbaftemspading émMs CIL'% gsmianarsgositivityaHV 10
calciumindicator. 16. The use of a photoprotein

analgge 6P siepgnd medsaremest.in a cel | - based hi gh t hr oughput
assay.17. The use of a photoprotein according to ]
of dnigsl o Boserrcspenser epaesa e GHGKI/mgoasN0sb-A3 cell line

...conposi tion., SEQUENCE LI STI NG <110> AXXAM SRl <120>
withhAck apprisk(H3 1\%@%@&@@1&{1 she FddPhes cencd> thgeHs pgy gvell,

usi ng the sane_<130> 1009PCT.
24h a?'tergseeding. %OuM coelenterazine Exposure time 2 seconds, gain 240.

EXAMPLES

1. Generation of a Randomly Mutagenized Library and Screening

The Random mutant Library was obtained by using the GeneMorph II
Random Mutagenesis kit (Stratagene). In order to achieve a high mutation rate
two different initial amounts of target DNA were used: 0.1 ng and 0.01 ng. A
total of 83305 bacterial colonies were tested for luminescence activity. Of

these, 1089 were positive and therefore had bioluminescent characteristics.
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<160> 22 <170> Patentln version 3.1 <210> 1 <211> 198

<212> PRT <213> Clytia gregaria <400> 1 Met Ala Asp
wohoocAbesoSer Lys Tyr Ala Val Lys Leu Arg Pro ABaT/RIR2004/002172

5 10 15 Asp Asn Pro Lys Trg8VaI Asn Arg His Lys Phe

Met Phe Asn Phe Leu 20 25 30 Asp lie Asn Gy Asp Ay

ohe i ol BTl § ) B BT, Bl v
ho aine St= . CaCl,
d ?g@ % . Isve%%tl a%asﬁ J %_glﬁ E'tesné’f\fngsp [I'trﬁp (%IPy Gu
oseRpblse ?e egspas‘%‘e %ﬁg‘ t%fp g‘ys? %s[o 115 120 125 Gy
Sei. ]&%0 g‘bt gga 28 eu p u Trp Lys a Tyr y
Arg e Ser Gy He Cys Ser Ser Asp Gu
ST Gl by S S T o s
solu’Eng& ,@\{s galﬁ@ wéll k?a'sce%ithSvda@“rrﬁdﬁtgggin}ggtl{é/y? 5nometer

Pro Asn a Asp dy Leu 180 1
(Berfied1dfheo Yﬁgggf ﬁh&%r&@ﬂii@t%&ﬁo}ﬂﬁuﬁtSéﬁg/c%t?aq Sgﬁ%tﬁ?n was

Unknown <220> <223> Cytin nmutant:

injedYBl iMPthRSRell AihdAuthifBEcdnes rbrbrdi¥dforalo $dcondgu Arg
Pro Asn Phe 1 5 10 15 Asp Asn Pro Lys Trp Val Asn Arg

Hi Bhé ¥ssulibof Mid inPhRroAgan S ticRiarDird®sI#@on of the DNA of the 8

mutants are shown in Fig. 2.

A new in vitro transcription and translation experiment was carried out
with the best responding mutant, 25N03b (sequence ID n°16), and with the
Aequorin photoprotein (Fig. 3) in order to have a comparison of the light
emission upon the injection of 1mM CaCl, solution.

3. Recombinant Photoprotein and Calcium concentration curve

Recombinant photoproteins corresponding to some mutants were
produced under native conditions following a small scale purification
protocol. Light emission was measured upon 1 mM calcium injection and the
corresponding kinetics are shown in Fig. 4.

The recombinant mutant photoprotein, corresponding to clone 25N03b,
was better characterized with a complete calcium dose-response curve, which
can be seen in Fig. 5.

In another experiment, the recombinant photoprotein 25N03b was
compared to recombinant Aequorin. The light emission recorded upon 1 mM
CaCl, injection was surprisingly higher in the case of the 25N03b mutant as

shown in Fig. 6.
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Asp He Asn Gy Asp Ay Lys He Thr Leu Asp Qu H e

Val Ser Lys 35 40 45 Ala Ser Asp Asp He Ser Ala Lys
waews@bysoAl a Thr Pro Gu G n Thr 50 55 60 Lys ACTEPR®6/002172

G@n Asp Ala Val Gu Ala phg,Phe Lys Lys He Gy Mt 65

70 75 80 Asp Tyr Ay Lys u Val GJu Phe Pro Ala Phe

Val Ay Trp Lys 85 90 953 u Leu Ala Asn Tyr As

Lety (E?ﬁ -hasgdhunctionabassags, ys Lys Ser 100 105 118

1116 BB T s e BRRD R
beené%@tzﬁ‘pgdzég té%\}s fAI A gl{{p%g lmlalis @/gat%ggls}-%%dgmethods).
48 nefls EtPrATEna gﬂéﬁﬁhwl@m ProRRIPILES ADRoPIATE dhp 10x96
A B B it B0 4 o
R CoN S AT S
i Ry Triran o Soki e SV
oro B AP i SRR e ek
on tl%ﬁa%ls%fh!ﬂélr ﬂc%ﬁaﬁ%e@p@? @uﬁn See @1%{?1)?(5 ﬁﬁiqghlch is

knO\%ghe 13 é‘tnﬁﬁiat@fs he0 Cﬁ%s Qﬁﬁ@ %3_15{ g%cg%t%r @QY?J/aathté‘ HE€ the
cytoﬁgé&n{ﬁgrs(]??g chggerk)‘:itl(}g\r?;ATrtﬁe S@ﬁd gf“eagﬂa e%?firli{r/baéﬁt S@élls were
lyse@sBy! iRrRigosef Lé’sso‘}ﬁﬁoﬂléoﬁ?é}nﬁ@ Triton X-100. The active
photoprotein was reconstituted incubating the cells with 10 pM coelenterazine
diluted in tyrode buffer containing 2 mM Ca®", in the dark, at 37°C, in a 5%
CO, atmosphere for 3 hrs. For light emission measurement, cells were lysed in
the presence of calcium and the emitted luminescence recorded. The number
of photons emitted during the first 30 seconds was integrated by a CCD
camera and visualized on the screen. Cells transfected with an empty plasmid
or untransfected did not increase photon-emission. To detect changes in
calcium concentrations, 10 uM ATP was injected and the kinetics of the
response determined. The curve obtained is shown in Fig. 7.

The final clone was seeded in 384 w/p and tested with increasing ATP
concentrations as shown in the dose-response curve in Fig. 8.

The CHOKI1/mito25N03b cell line was also transfected with a
G-protein coupled receptor, the Adenosine A3 receptor, and with a chimeric
Go protein, in order to switch the signal to the PLC/IP pathway. A stable cell
line was generated (from now on referred as CHOK 1/mito25N03b /A3 clone).

Upon stimulation with its agonist, the A3 receptor induces an increase
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Gy Ser Ay Cys lie Ser Leu Asp Gu Trp Lys Ala Tyr

Gy Arg lie 130 135 140 Ser Ay lie Cys Ser Ser Asp
wa26A9808l a J u Lys Thr Phe Lys Hi s 145 150 1BET/E®2006/002172

Cys Asp Leu Asp Asn Ser G';}’o Lys Leu Asp Val Asp Gu

Met Thr Arg 165 170 175 G'h H's Leu Gy Phe Trp Tyr

. .Thr Leu Asp.Pro Asn Ala As y ,Leu 180 185 190 Tyr

in n@rapeiaﬁanvr?@l%m SpCenBalioh v e} 1 Depsaredy P> mptRSN03b
,<213> Unknown <220> <223> Cytin nmutant: |Fl O nutant

luming¥ence- Mot Ala Asp Thr Ala Ser Lys Tyr Ala Val Lys

acthéfallori§lo b (e SRl s BrefCairgp1sR i fna the
SV B R R [ e PR T
e s o B B afiig RO GelbSofhl
eGP B ol S B TR DT i
ORI B BTRB B AR EROEC i
TR 50 CY G 1S5 WSS, I cuor
meal 2 B e R e BlpkiRel oS S tonded
S EEEaR fhh. FL7ACS ABSCBID R T v
stimbBed 89 d&Htib0of Wit oht AohcBhfaMdhs FOATID 15246k well. The
kinetics of flash luminescence was followed using a CCD camera, which
injects reagents and records light emission from each single well.

The agonist and antagonist were diluted in tyrode buffer at different
concentrations. Approximately 25 pl of these solutions were separately
injected into each well and the response measured with the CCD camera
instrumentation. The emitted light was immediately recorded at different time
intervals. Results shown in Fig. 14 refer to the A3 specific agonist, IB-MECA.
The same experiments were performed on another CCD camera
instrumentation, results are shown in Fig.15.

4.2 The CHOK1 cells were stably transfected with the mutant 12mutCly
(SEQ ID NO: 19) cloned in pcDNA3neo-mito, to obtain the cell line
CHOK 1/mito12mutCly (Materials and Methods).

The final clone was selected on the basis of the functional response
(luminescent signal) to ATP, which is known to stimulate the CHO
endogenous receptor P2Y and to rise the cytoplasmic Ca** concentration. At

the end of each experiment, cells were lysed by perfusion of a solution

containing Triton X-100. The active photoprotein was reconstituted incubating
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<211> 198 <212> PRT <213> Unknown <220> <223> Cytin

mut ant: 1H7 mutant <400> 5 Met Ala Asp Thr Ala Ser Lys
wOoRnocAbeoval Lys Leu Arg Pro Asn Phe 1 5 10 15P&SEP2®A/002172

Pro Lys Trp Val Asn Arg Hi 1 Lys Phe Met Phe Asn Phe

Leu 20 25 30 Asp H e Asn y Asp Gy Lys He Thr Leu

the ()85 Witk L5con S GosthterRring, STeled i Hrank bufasegaining
2 ) Go'G Jo g d@é&@%@%ﬂﬁ'ﬁ QbA' esfhices dor4imug) for light
emisgji s Hm Gy 06315 wﬁe Redeart 3)%5%1%%3%9 epletppCind the
emiL Ao e e GEietl o1t o A%EB 155 pfblong §ilspe lping the
3 iR L 2 Pl e e
Vlsuﬁsi'eci;sén g{e}l: é%geé@; S({J kga%sﬁ& iggvig?o %ﬁmﬁhf krf‘alémid or
untr%@s‘rf %8 i7dg ngggin %skggh%%\ %@ESSI@IS biffegl’?t ksﬁfbl.@pof cells
were aézeglaéﬁ %253%31 %Jfge? %%8 Zt]rcr)uzf%e%ggt Z%%ﬁ?gg’sj%r?‘)%‘lcmm
cond%%@ra{%@s Agﬁ“{é%ﬁt WlsP Léhe @rirs Hé?e hﬁ%ct%rdgarf)d ﬂufﬁﬁletlcs of

5 Asp Asn Asn Arg H's Lys
the @E@oﬁ@ ddiBAmMRA. %&%@psé@ ﬁée@%mahﬁe‘a £SJUi >5068d%11s/we11

[1e Thr Leu ulre val Ser Lys 3
24 h before the test are shown in Fig. 9.

The high light emission and sensitivity to Ca®** observed in the CHOK 1
mito12mutCly cell line allowed the use of a lower number of cells and a lower
concentration of coelenterazine even for less time in comparison to the
standard photoprotein-based cell assays conditions.

Examples of ATP dose-rensponse curves obtained seeding 100 to
600 cells/well 24 h before the test and incubating the cells with 2.5 and 5 pM
coelenterazine diluted in tyrode buffer containing 2 mM Ca2+, in the dark, at
37°C, in a 5% CO, atmosphere for 2 and 3 h are shown in Fig.10a and 10b.

The CHOK1 cytol12mutCly cell line was obtained by transfection of
CHO-K1 cells (Materials and Methods).

The final clone was selected on the basis of the functional response
(luminescent signal) to ATP, which is known to stimulate the CHO
endogenous receptor P2Y and to rise the cytoplasmic Ca®" concentration. At
the end of each experiment, cells were lysed by perfusion of a solution
containing Triton X-100. The active photoprotein was reconstituted incubating

the cells with 2.5 or 5 uM coelenterazine diluted in tyrode buffer containing

2 mM Ca2+, in the dark, at 37°C, in a 5% CO, atmosphere for 3 h. For light
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Ala Ser Asp Asp lie Cys Ala Lys Leu Gy Ala Thr Pro
Gu d@n Thr 50 55 60 Lys Arg HHs G n Asp Ala Val Gu
wéhkeocPheoPhe Lys Lys lie Gy Met 65 70 75 80 ABOTRIR2006/002172
Gy Lys Qu Val Gu Phe Pr,g Ala Phe Val Asp Gy Trp
Lys 85 90 95 G u Leu Ala ASn Tyr Asp Leu Lys Leu Trp
. Ser A n Asn Asn s Ser 100105110Leu|| Arg. As
emissipp @F?swalemtaaclﬂi% weie Inspd |1r1eth|9eﬁre£x§%°% %%ﬂﬂ%ﬂd the
.. 120 125 Gy Ser d He u p Gu T S.
emlttﬂﬁalumme@%w& @qoréeffs@hiﬁlmﬁsr §§rp ngy E{ﬁ@i h?/’@mg the
. r Asp Ju Asp Al a S he HISl451
frst 3&%@5@@%&%@@% DyainCED catjers) as&éul%g%?tef and
t Thr Arg Leu
visuafigdrn The peiseRs CRlly HERSRCIhoBiE ¢ i B o%@md or

untragg%fl%pe?d 395 intitens holorinsss Dot pndfh of cells

e UL RO AT Dl sy D
conc%’&g%ﬁ%\{ﬁ ﬁeée lﬁ‘[% %;&r}%eﬁ%tf I?l% \b@xfe 1?15]%;[@(? Qnﬁqﬁg Lk?tﬂfﬁgs of
the rlﬁéﬁorl\l_/ @l %eterlﬁf f’ed?_ g @@s&%ﬁﬁﬁﬁﬁgﬁsggk%g @/s%eﬁir% 500,
1000:%1[% W%ﬁg\%ll\@h t?bléfgeaﬂf@?esgﬁc\/ﬁfcu ﬁnghﬁélegrz%lls with
e

0 I3 Rh
e 05, 5180 45 00 088 T iy Bacfspown

Fig. P§ Leu Asp Gu Trp Lys Ala Tyr Cys Arg lie

The CHOK1 mito12mutCly cell line was transfected with a G-protein
coupled receptor, the Histamine-3 receptor, and with a chimeric Ga protein, in
order to switch the signal to the PLC/IP pathway. A stable cell line was
generated (from now on referred as CHOK1/mitol2mutCly/H3 cell line)
(Materials and Methods).

Upon stimulation with its agonist IMETIT), the H3 receptor induces an
increase in intracellular calcium concentration which is measured by
mito12mutCly luminescence.

IMETIT dose-response curves obtained seeding 250, 500, 750, and
1000 cells/well 24 h before the test and incubating the cells with 5 uM
coelenterazine diluted in tyrode buffer containing 2 mM Ca2+, in the dark, at
37°C, in a 5% CO, atmosphere for 3 h are shown in Fig. 12.

5. Cell-based assays at the FLIPR

The CHOK 1/mito25N03b/A3 and CHOK 1/mito12mutCly/H3 are tested
at FLIPR by measuring the luminescence signal induced by the activation of

the transfected receptor.
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130 135 140 Ser Gy lie Cys Ser Ser Asp Gu Asp Ala

G u Lys Thr Phe Lys His 145 150 155 160 Cys Asp Leu
womcAvssoSer Ay Lys Leu Asp Val Asp G u Met TRCTAPZN06/002172

165 170 175 A n H's Leu GA, Phe Trp Tyr Thr Leu Asp

Pro Asn Ala Asp Gy Leu 1 185 190 Tyr Gy Asn Phe

Val Pro 195 <210> 8 PRT <213> Unknown
<A luminpscengy mﬁamne nw é@iﬁﬁ’ﬁam%mm@h%ﬂwaorted

as Lﬁsﬁan:i@or&n/é\'ea@ger i m/&“lgyl@wr Saf A artﬁﬂgﬁw@sults
obtatg] %‘ﬁn?&sﬁu‘#&“ wietfedpser ot S dplion on
CHc%S/ré‘?élﬁﬁtéB’?@%a@%g Pl vt eyt U Sy 20
st L R B %Pia%féegf?/%\g@@ 5 RH25 wl ot
2X litepiato foe{Fetepne) ﬁi@éﬂlo%f%A%qBéﬁg?ﬁ%%ﬁﬁe%%ﬁaining
2 w8 A ) LR AL PR, e P
coméé@uiﬁfXgﬁ dﬁtgr%&lt %oéggnt%géoﬁglag Je[(?té(d lﬂhece%‘gﬂﬁ‘g%l/well)
159 BT AR AR SB GHAY 0 pelp
ool HoARE 08T A S 0 R o

reported the results obtained by measuring the light release induced by
IB-MECA stimulation on CHOKI1/mito25N03b/A3. 2500 cells/well were
seeded in 384 MTP 24 h before the experiment. The medium was replaced and
substituted with 25 pl of 2X concentrated coelenterazine (10 uM) diluted in
tyrode buffer containing 2 mM Ca’*, in the dark, for 3 h at 37°C, in a 5% CO,
atmosphere. IB-MECA compound (2X) at different concentrations was

injected on cells (25 pl/well).
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<212> PRT <213> Unknown<220> <223> Cytin nmutant: 6H22
mut ant <400> 9 Met Ala Asp Thr Ala Ser Lys Tyr Al a Val
waypsocloesodr g Pro Asn Phe 1 5 10 15 Asp Asp Pr oPCY&PI00p/002172

Val Asn Arg H s Lys Phe y Phe Asn Phe Leu 20 25 30

Asp lie Asn Gy Asp Ay LyS Val Thr Leu Asp Qu lie

Val Ser Lys 35 40 45 Ala Ser Asp Asp He Cys Ala Arg
REFERENGER a Thr Pro Gu G n Thr 50 55 60 Lys Arg His

G@n Asp Ala Val Gu Ala Phe Phe Lys Lys He Gy Mt 65

70 75 80 Asp Tyr Ay Lys Gu Val Ju Phe Pro Ala Phe

Val Asp Gy T L 85 90 95 L T ,
1 | endpll Loy panibs Bedmintan, oy oUs8), Boiedseq Sficroria
L H Ar
biolyiaepgancas AV 108 75 capyinge mely yFran, PGS sfoteginology.

Trp Lys Ala Tyr Gy Arg He 130 135 140 Ser
16(5@56343 Cys Ser Ser Asp Gu Asp Ala Qu Lys Thr Phe

o YRR RSORS00 ARt B 55 faterng
e (A o e W ST G APt g e
o i, RS RS2 e
st BB Ahp e R B AT Mg Lo
. 0, FRpd AL NG YR N Gy L e T e
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t gggt gaacc ggcacaagtt catgttcaac ttcctggaca tcaacggcga
cggcaagatc 120 accctggacg agat cgt gag caaggccagc

wgaeypaesost gcgccaagct gggcgccacc 180 cccgagcagar/EP2006/002172
ccaagagaca ccaggacgcc gtg gcct tcttcaagaa gatcggcatg
240 gactacggca aggaggtgga gttccccgcc ttcgtggacg

the Q5B 50005 SRR R SRR BRI 9 3036
. SRR B S5 PRI PRSI Mot
evolfif g AL R ARG =coniPRRtS P GBECaTEr o d, Ehptaghem
PhofifRl LREEEQEASLITLET oot toataa 600 <0103 13 <2115
20, SRR R AN TSR (9o
chan%tgg(iﬁ;tﬁi%gh@ﬁ@ﬁﬁlg@ggg &%Qﬁdi a%?ﬁfﬁ%ﬁg%?’g@cgd recombinant

ggt gaacc ggcacaagft catg tcctggaca t caacggcga

aequ%gﬁfﬁﬁﬂﬁ}g,§§§)3Q%Q§E gacg agatcgtgag cagggccage
c

gacgacat gcdccaagct gggcgccacc 180 cccgagcaga

CGC g q9 it C . .
2. SopPae, RN Ao irso s

withd 8823992 961 B9C 4B PX 063G I8C ehIfnA9CHRAOIAG sensed by

ccagaacaag aagagcctca tcagggactg gggcgaggcc 360

neigBb8litingafRotEoA IR CIG eHOECHLIE A0 -9gFagcat ca gect ggat ga
gt ggaaggcc 420 tacggcagaa tcagcggcat ctgcagcagc

22. JaR H3PAC R CCBasGaNRE0 CIC CaBeRAC MBS0 Maegiac cMIg and Pozzan,
acaacagcgg caagctggac gtggacgaga tgaccagaca gcacctgggc

T. (P9dY Y Mt @R af CTATE Hoete s3ea3 9 ¢6 damogaetlisgTacyll Biol., 126,
gcgacttcgt gccttgataa 600 <210> 14 <211> 600 <212> DNA

118341484. Unknown <220> <223> dytin nutant: 1H7
nmut ant _dna <400> 14 atggccgaca ccgccagcaa gtacgccgtg
aagct gaggc ccaacttcga caaccccaag 60t gggt gaacc
ggcacaagtt catgttcaat ttcctggaca tcaacggcga cggcaagatc
120 accctggacg agat cgt gag caaggccagc gacgacat ct
gcgccaagct gggcgccacc 180 cccgagcaga ccaagagaca
ccgggacgcc gtggaggcct tcttcaagaa gatcggcatg 240
gact acggca aggaggtgga gttccccgtc ttcgtggacg gct ggaagga
gctggccaac 300 tacgacctga agctgtggag ccagaacaag
aagagcctca tcagggactg gggcgaggcc 360 gtgtttgaca
tcttcgacaa ggacggcagc ggcagcatta gcctggatga gt ggaaggcc
420 tacggtagaa tcagcggcat ctgcagcagc gacgaggacg
ccgaaaagac cttcaagcac 480 tgcgacctgg acaacagcgg
caagct ggac gtggacgaga tgaccagaca gcacctgggc 540
ttctggtaca tcctggaccc caacgccgac ggcctgtacg gcaacttcgt
gccttgataa 600 <210> 15 <211> 600
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<212> DNA <213> Unknown <220> <223> Cytin nutant:
1C12 nutant _dna <400> 15 atggccgaca ccgccagcaa
watem@oeys g aagct gaggc ccaacttcga caaccccaag 68CT/EP2006/002172
t gggt gaacc ggcacaagtt catgjtcaac ttcctggaca tcaacggcga
cggcaagatc 120 accctggacg agatcgtgag caaggccagc
CL gsggacat ct gcgccaagct gggcgccacc 180 cccgagcaga
gagaca ccaggacgcc gtggaggcct tcttcaagaa gatcggcatg
240 gacttcggca aggaggtgga gttccccgcec ttcgtggacg
gct ggaagga gctggccaac 300 tacgacctga agct gt ggag

L R o RDRREE baR T Bl TR AR 5 Wit o
420 : .
GH0B00a0Se cofandiblc orEhEGHARY,conf C5RRIRR, producine
acaa aq &%ggé,ggac gt ggacgaga tgaccagaca gcacct gggc
540 ﬁf}gﬁ gt%oa cct ggaccc caacgccgac ggcctgtacg

R R AR s LS et e A
ol sediihee linlon o) HCSBOCTD AF0F ANCRTinY: BRACAR! She of
ggcaﬁ?@%ﬁm‘%ﬁ{g@gg GrihGit Qas‘fﬁsfiﬁﬁwgig@ 1e9RRR3PHMifions

120 accctggac cgtgag caaggccagc gacgacat ct
gCcOCGARAGEIEAA6IIQAD ARY: epcgageaga ccaagagaca
ccaggacgcc gtggaggcct tcttcaagaa gatcggcatg 240
gq?taqggcgsgggaggtgga gttccccgec ttcgtggacg gct ggaagga
gctggccaac 300 tacgacctga agctgtggag ccagaacaag
aggpo@t£3d;cagggact g gggcgaggcece 360 gtgttcgaca
tcttcgacaa ggacggcagc ggcagcatca gcctggatga gt ggaaggcc
429t acl9sRIMRJ-GAWCggcat ctgcagcagc gacgaggacg
ccgaaaagac cttcaagcac 480 tgcgacctgg acaacagcgg

caagct@gasRyirggacdadatgpccagaca gcacctggge 540
ttctggtaca ccctggaccc caacgccgac ggcctgtacg gcaacttcgt

goe) t 08,aal68Q,<3MN)F 11/>42 Bliz-60) <212> DNA <213>

Unknown <220> <223> Cytin nmutant: 3Cl2 nutant_dna

<400> Gyj,at@gccgaca ccgccagcaa gtacgccgtg aagct gaggce
ccaacttcga caaccccaag 60 tgggtgaacc ggcacaagtt

cavg) tlegadV t$getdliaca t caacggcga cggcaagatc 120

accct ggacg agat cgt gag caaggccagc gacgacgtct gcgccaagct
gguiddcNaceDidn-edcdageala ccaagagaca ccaggacgcc

gt ggaggcct tcttcaagaa gatcggcatg 240 gactacggca

ag gg&b@a—@fﬁh@cé@gew—&dgtg@ow@ﬁ%g suga g€ gh¥emarCly.

300
11678'—>C}’S, Aspgl-—+Glu, Valg6——>Ile, Glu87——>Ala, A1390—+G1n,

Valg,—Leu, and Glug;—Gln
a functional derivative or fragment thereof.

2. The photoprotein of claim 1, containing an amino acid sequence
identical by at least 95% to SEQ ID NO: 1.

3. The photoprotein of claim 2, containing an amino acid sequence
identical by at least 98% to SEQ ID NO: 1.

4. The photoprotein of claim 3, containing an amino acid sequence which
is selected from the group consisting of SEQ ID NO: 2, 3,4, 5,6, 7, 8,9, 10.

5. A photoprotein according to claims 1-4, wherein said amino acid
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tacgacctga agctgtggag ccaaaacaag aagagcctca tcagggactg
gggcgaggcc 360 gtgttcgaca tcttcgacaa ggacggcagc

wggemgestsa gcct ggacga gt ggaaggcc 420 t acggcagaar/EP2006/002172
tcagcggcat ctgcagaagc gacggggacg ccgaaaagac cttcaagcac
480t gcgacct gg acaacagcgg caagctggac gt ggacgaga

t gacc gca 0 tt taca ccctggaccc
Sequ%&déggﬁ%@ 56’&‘3@&&3@1 {fﬁ&ﬁ&&"cé UgR%¥ 't gat aa 600 <210>
< > 600,<212> <213> Unkhown <220> <
c%ﬁ {Shlaiet PO TG PRce digg7 phePre laﬁag%féﬁa% fo claims
1.5, ccgccagcaa gt acgccgt g aagct gaggc ccaacttcga cgaccccaag
* 60 tgggtgaacc ggcacaagtt catgttcaac ttcctggaca

ARG Gl B LS B SRR S8 o No: 11,
= (RIS SO O B o
adt seanagi R AR 48 e RS ARG L e 1o mpome

ofcle?gg gigttcgaca tcttcgacaa ggacggcagc ggcagceatca
gcc ggat ga gt ggaaggcc 420 tacggcagaa tcagcggcat

9. Agg?&&ff Gti9dreakd 1&ﬁ8&a(?qu@&nt%§ﬁ1ﬁg"’m€ ecfSiOof claim 8.
acctgg acaacag g caagct ggac gt ggdcgaga tgaccagaca

10. g%ﬁ%ﬂ&%ﬁaﬁ%ﬂ Egltlgt%éﬁﬁng‘%tcﬂ&%@? caacgccgac
ggcctgtacg gcaacttcgt gccttgataa 600 <210> 19 <211>

11. 52\7 ﬁ%ﬁ?&d ONA V24 3Folunddioting 280 ged2 3 [tyddeuMat anlléium
y_dna <400> 19 atggccgaca ccgccagcaa gtacgccgtg

conc8R@ati8h S ch GRaffrigda caaccccaag 60 tgggtgaacc
ggcacaagtt catgttcaac ttcctggaca tcaacggcga cggcaagatc

120aprslianacs can 9%s@ﬁg%ﬁqﬂﬁﬁ§pﬂﬂengmaﬁigcto claims 1-5;
gcgccaagct ggaggccacc 180 cccgagcaga ccaagcggca

Cqpagbifadtingt RACeHCwitlctdiC a@geay iR ¢alkilm influx or
gagt acggca aggagat cgc cttcccccag ttcctggacg gct ggaagca
gct gesicana r3ldsadagadairgackgBagt@ggr ccggaacgag
cccaccctga tccgcgagtg gggcgacgcc 360 gtgttcgaca
t ap)t dgredagdbaphotagotgadsighanatescentggacga gt ggaaggcec
420 tacggccgga tcagcggcat ctgcagcagc gacgaggacg
12. ccyagetiert oft $araagioac cétipougdganodgtptarmantigeeidular calcium
caagct ggac gt ggacgaga tgacccggca gcacct gggc 540
concehtritighaedicle comgpaises: caacgccgac ggcctgtacg gcaacttcgt
gccctga 597 <210> 20 <211> 32 <212> DNA <213> Unknown
<290 prediding s yatlletpressing mephotoprotein of claims 1-5;
b) contacting the cell with the candidate compound;
¢) detecting the bioluminescence of the photoprotein.
13. A method according to claims 11 or 12, which is carried out in a
high-throughput format.
14. A method according to claim 13, which is carried out with a high
throughput optical screening apparatus suited for multi-sample analysis.
15. The use of a photoprotein according to claims 1-5 as intracellular
calcium indicator.
16. The use of a photoprotein according to claim 15 in a cell-based high

throughput assay.



<400> 20 gat gacgacg acaagat ggc cgacaccgcc ag 32 <210>

21 <211> 33 <212> DNA <213> Unknown <220> <223>
weypmiclesdos pri mer <400> 21 gaggagaagc ccggttt aPCT/EP2006/002172

aaggacacga agt 33 <210> 222§211> 33 <212> DNA <213>

Unknown<220> <223> synt hetic prinmer <400> 22

tcgttgggal ccgccaccat ggccgacacc gec 33.<21Q> 23 <211>
17. 2 Q%O‘ENR%QM@ﬁ@HW %2%01329%3'23%%&?@1’&” ton of
. primer <400>, 23 gggccctcta gattatcaag gcacgaa 27 <210>
a diagnoshq £OMPPSUHAB> DNA <213> Hono sapi ens <400> 24
atgtccgtcc tgacgccget gctgetgecgg ggcttgacag gctcggeccg
gcggctccca 60 gtgccgcgcg ccaagatcca ttcgttggga
tccgccacc 99



