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LUM NESCENT STEM CELLS AND USES THERECF **** The

present invention relates to reconbinant stemcells
wa@t@bilogoskz ansf ected with a gene encodi ng for aPCT/IT2007/000021

apophotoprotein. In particular the invention refers to

non human totipotent stemcells, to pluripotent

enbr yoni k]l l@@P n §Hﬁ1

pl uri pot%ﬁ@&?ﬂtngrea l\sl;:glt[ﬁ:sl\li tl,?)ngyﬁg?gg u ESI}Ee(r)nF

cell s and progeni tors t her edf** The reconbi nant

hot opr o teln Ste I|ne .are used f fe
TR PR TR O8 Tl oy SRS e B, CBettfetedh with a
géheUBstiJdines €0t laAt HthphbRipRotkRy, I'ndﬁﬂttlcflbé'r NYe 3998AtPon refers to non
stinmulating or inhibiting the differentiation towards
humeptaipfotent sédnh ckils éa@éurlmmtlamhrbrenm swre rceHs,i tatlednan and non-

NN R I A ——

thofedM TEe tesoRibendhd %ﬁ@fdp@d)tbﬁleéﬂerﬁ@ellshﬂeb ate aieﬁl I |d@ff§1@nt purposes
renew t hensel ves through cell division for |on

aplet- iiB déigh fihronginab werecning dpthcisy 2 anqlﬂfﬁﬁwlw%gqate ior identifying
e l, SOOIy t re
%eeél%ogﬂéﬁﬁ 1@1 n(?r %;ll%l’tl?gsﬂelg dEﬁ%rgﬁﬁé‘tu@? 5%{/%1%1? Eﬂéc‘?itice gell lineage,
aralarrﬂtl&r@uﬁﬁeyérﬂzﬁtt@f statesfdriperfornthic sorgerdag loh @fdoigbrously expressed
pancreas (2, 3). Stemcells cam be subdivi ded and
taEgei 86P¢S-ed on the basis of their potency. Toti potent
stemcells are produced fromthe fusion between an egg
and a spermcell. Cells produced by the first few
BAiICK&RI(E NG¥ Oth'BHfEéINVIEjI\EHDNgg cell are also

S8l POl BpSTeGIZ6H cifl s dhRs e, BbrIn TeBeY <A g ep fhrough cel

dﬁ/i&‘iélp‘félefbﬁlgcﬁérioﬂsqq? NRbedief, f@d&ﬁckﬁbﬁl Ws‘i’ol@@]\é &eé)kperlmental
type except for tot hgot ent St em cel ot ent

cagdatignse| they cxam  pe odificeendiated &bl élffﬁrelst c¢1bst§p§/s se¢latagdbeating

cdrffocSfes o ittt Bup Pl RtS 5 LR a e Hien P

Stespedld smsbe aldded dodiaR@ RISl &nl the GABs ITABEIE Yok, Totipotent
one cell type, but have the property of self-renewal

st elsdpiet Progurechdiom Renfryiombestcast amegal and paspegn. cell. Cells
pl%tdﬁg%d: %Srl t?lecﬁ'{llg] %&’o%lr\)’ 5iGRL 89 %&gﬂﬁ‘é& %&%l ?(gl L0 tan‘.%' otlpotent

source, t or ryonl C. stem cel
These cetidichf grentntatag type bs célb Ridripawenigstelinf dedls ené thet diidcendants

ells of a specific, |ssue and are stly multjpotent,
fﬁ@&aeie@t 6! w@ﬁae*il fereydatg mtguny ¢5il BRG FHGRPH tpfipotent stem

cqR! Mﬁﬁﬁ?@%ﬁt -Etb?ﬁ{ cggéﬂéﬁh Sp?o&\lc% ﬁl?%gé be &mskfgﬁPélate? family of

cord acent al ammiotic erived stem cel
céllsefe. gr bloa)kisoeltsalslhcéd ascm@tblcocktoelh; cwhits, blopd tdedlsuand platelets)
stemcells, and are found i ferenti,at ed ’I ssues

PIRgERIOT (SOTiRtihgs, g3l eéldm?faﬂ‘ﬁ‘aﬁ gl &SP OB & 0P 1A 0B cell' thpe, but
hm%erprépéﬂﬁsﬁaf@ém@v@bm didim ﬁﬁﬁﬁ@é et @dnf Bbh-stem cells (3-

6types of the tissue fromwhich they originate (7-9).

Stem cells can also be categorized according to their source, as either adult or
embryonic. Adult stem cells are undifferentiated cells found among differentiated
cells of a specific tissue and are mostly multipotent, capable of producing several
but limited numbers of cell types. They comprise also newborn, umbilical cord,
placental and amniotic fluid derived stem cells. They are also called somatic stem

cells, or tissue stem cells, and are found in differentiated tissues in which, in a
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Enbryonic stemcells have the potential of becom ng

all types of specialized cells including germcells
w@ pdoarsget ency). They have the capability of PCT/AT2007/000021

proliferating indefinitely in culture, under

conditions that allow their proliferation w thout

f
coqf n{ﬁl@g%@%ﬂngf tﬂg% ﬁﬁ%ere%%g%gg)ég%&lg% gcgé él@@'élﬁrﬁle Ig,]%eclahzed cell
tybeoof thedest s frendwhidhethsy odi@inate (7E9r yoni ¢ St emcells
whi ch derl}/lefromthelnner cell s

S f
E%E@?%? aisrneeibh ey deorsrentiaofghecaming ¢!l tya The ﬁép@nahzed cells
inBRYdTRY MVQEHPQSIL%%%IQ&?(LXE@? ﬁ’afvemﬂ‘rbgeca Qﬁhgb“'mﬂ l12rohferat1ng

enbryoni c stemcells are own” and establ I she
inflefiniéedznpl eultnes, monde EdiBYRy tRht, aH)Gwc ¢hdis groliferaBon without

I whi.ch .d
arhniagon: (o tireuees S hiffnatal mitnECup sEhn sl have been
dibstREr&d 6P BoWi R @J)&Hnw&i@mmﬁse@oyel |'s present
within a wide array of tissues derived fromthe three

- prbrsieyicgRem icalje(ES) erdeh depwg oTomathe iwaebcarmpss ghehe pre-
38 BB Gt SRR ST e R Bl e

ofErvugenind E’éﬁhﬁh Ceeﬂllb@oﬁlEG)tewwelﬂs deg kiewhr snd esfablislied, like for
Prinordial Germ of the foetal genital ridge

ew@g}he mAuse ﬁﬁ@@‘é@ rﬁalf b okl Yaribé3but are
P‘ﬁi;r’ 3 yaliby caepabhial doyis! r@dgnt\@ﬂlcfll%'e%%)a f?o?nar{gra%&arcmomas

an be 1njected i nto bl astocysts of recipient
Tma&magnmmgs rars eganadelhituraoisc camaimahs .plunpatkinimsidne cellsepresent

W{ glzg \’Flqug HH %gp %iﬁ%leelé léﬁaﬁllvpﬂ é%cggbfle gl%rteg é)r?mgr\i/)e gré{'p](,:] ‘fal.ylers (endo-,
meLL hAS betolrt)e TEE ntRt uSed PAECHUARH nidise EQ‘,‘TJP‘WQ:%H lines. These
col oni ze nost énbryoni c || neages, but generally do not

callsl domi’ t@wewencgferarhﬂ(an@tym H-1dne experl rrent al exception

- Gmarede 0 pRIES YpRb e it Bt PR tRGh, GRfp et of

the2Bktal BleBMAICAHLS (RGEsR N@ymﬁz@vwhéﬂﬁaltm&otfypé biolk &Pe abnormally
Thr ouglqh put Screeni ng (HTS) technol ogi es since they can
n

gansticelly impantedd18>83nded in vitro for long periods,
Ega'c{ Qlt Gnlxﬁg E{h b§eﬂ1 ecfe%n lbl&&?ﬁ%}?{s %r&@eﬁthgxcec %pvmg rise to

go mniaturi z

clﬁﬁieemt atimalsand dhlh’delﬁt bxhlee ﬁﬁﬁdeepilarlbﬁtrent eellpcapavairibate to every
pure popul ation ES cells. The technol ogy of

cilhi et g RBtE e G Bt Fon24l | BugoR RSt sEiE EC cell
n%rt ﬁé@knter § doflorfifl Jm &% emblfﬂ'cclélg%%g§ but gencrally do not

ernore enbryonic stemcells”can rent
calphize diny geredlind, wyith o exysrinmentyr éxeaptyorc €13- 27X §ih|eaﬁab1hty of EC
ral, cell fer a

t he re non, tu 4 Jdn this wa e
ot i B SRt Erctes PPt Hiel dpHeE e abpteit kergpade (28)
SIS bR Get@rk dﬁdﬁ@erfﬁll tdo1Sehumibh ?Hrcﬁﬁﬁﬁﬁ‘telﬁ)feemng (HTS)

that are regul ated and expressed in a native mgg
tecbnelogiss ysinqep theyagan baprudipeedeand expanded in vitro for long per1ods
maintaining the self-renewal property, and they can undergo miniaturization. They
allow the use of selectable and inducible markers for the preparation of a pure
population ES cells. The technology of gene targeting/homologous recombination
allows the Knock Out (KO) or Knock In (KI) of specific genes. Furthermore
embryonic stem cells can differentiate into any cell type resembling primary cells

(since they are non tumoral cells). In this way they offer a natural environment for
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since usually in HTS screening the cell-based assays
are set up using tunoral cell lines and it is known
wo b@v/ostses t unoral environnent can alter the PCT/AT2007/000021
physi ol ogi cal cell conditions. Fhe use of pluripotent
enbryonl c stemcel |l s has acqui red a fundanental role
t ertalgéélfs ?g@lﬂegsg%onr%%ﬁ%ﬁgﬁs t(aﬂforhléﬁggdenm!e ftu1r?§tchannels) that
anerregulugsddarﬁbexmeySedanfammtawe\na;aI THiens aueeE Smportuit iMgprovement
ES cel | sent a nore id and | ess expensiyve
“f‘f)%tls%ﬁ‘p B tRestig dee oflibated 1556 Ak 40w Bng tumoral cell
lth@steﬂﬁi itKOknbhg, #381RE tERokelcheirsaHbat @a% é/l?é’rythg ?hggllé ogical cell
for gene function evaluation. Stem cel have
chrelemonssed f or the Enbryoni ¢ Stem cel | Test (EST) whi ch

TS Red B Pl ARG el eI pa adt o g R Tote im the

pHRnsce®iAl tRd (99 Aot &engay o darkef sV ALEYn,f @hcdluH@S standing
on the cellular and tissue differentiati on generated

genco Adion3 iy edrpg| dﬁ@%{féﬁ isefislameniad ofor syrgess, murine ES cells
Y or,

R P ity ol e ol B P PR P B K il o Bt i

cabramatiethpi K@,CﬂhlevmsfeyotDESdeSI dt@tl@&l‘ed‘i'@m/l@p'ﬁuﬁﬁ‘or gene function

obtaj ned by differentiation of pluripotent stemcells.
eV 1% nd of test can reduce the nunber of aninals
0 I t
SISO BLEPbERL 3R B SKRTPUETER () which was
paditiveptdvgluated bg tha T ANAviady (Eoeoprean eValtteafardhie rvlidation of

Agext 10 M?ﬁ,@aa gg}l? %ngg;ps?t ! &ifq% og%fegtg ?%tha gg}%ngcl)rlEléf%%s on the

célﬁﬂa%cﬁt’ié&%b%ffét‘énﬁ@ﬂl&t ?%@te@%rﬁ%‘e §|%%§}n51 de@¥ed Afido-, meso-,
testing of nore chemcals in less tine than

ab rotorddronalStash oledls sare red$o efmennp@mre {08Ghe 3111@1y32s) of the drugs
Bi ol um en t he heno n

sqeoRitty] SR Piant Bt RyRRE SRS empulithg JaifidhBacips gbtained

bylaififsentidticidf PREApoRM® di delVAITHRS ¥ir@f of test can reduce the number
chem | um nescent reaction systens. Bi ol um nescence

of animalontedr g dpxisologicab stidiesr Feo mpunpletis:the HugendgaarPpion up to

SPGBl 18 b5, L1095 CAURAPEN 1808 8L 4 g e

10 yes@MEFhisemebnOis, usierm:ﬂ ahﬁwﬁgOCmtlhOﬁ&n(tﬁ;alt+Tﬁél @rddiivh) of in vitro
and, cof actors (ATP, P)YH) . Luciferases are enzynes
tesiidikecihe drys g2t he CE%‘%]dtll sseseaars%%t 56 allowfBr festing, of more

%@C%QH%% tfh P{bﬁtc%ﬁb&ni - Alifral Hq%ﬁmérﬁs ri2#1‘?@2).

n the unstable inter ate ecays to Its gr
Bstlamejesgamwer &t thegphmpmmmheby rwhidlnerisibber hghtamg/ emitted by living
different unrel ate es.of lucjferin, although ma\n%/mety of

ORS¢y oY aft IS ggt? v Fyady | oms hete

cﬁéﬂﬁﬂdrﬁfﬂe@cen'f QQMI@S%thB%ﬁlﬁ@SCGhGG SO AL HERiR three major
(e.g. jellyfish) the luciferin/luciferase system can

chrepenenisact dubiferin Kaubsioate),of lecibtradsl Gnzpme) epdonelectilar oxygen.

e Thenept@ohelB ey iR, Mot pe SRR RAFUGH Sncluding
caongaaat eend Mg*") and cofactors (ATP, NAD(P)H). Luciferases are enzymes

that catalyse the oxidation of a substrate, luciferin, and produce an unstable
intermediate. Light is emitted when the unstable intermediate decays to its ground
state, generating oxyluciferin. There are many different unrelated types of luciferin,

although many species from at least seven phyla use the same luciferin, known as
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i nternmedi ate conpl exes of luciferase and |uciferin.

Phot oproteins are present in many marine coel enterates
wa@pa7agdeew t hese organisns to emt |ight for aP@RIT2007000021

of purposes including breeding, 4feed|ng and def ense

(33). There are many | um nescent organi sns, but only

t [ I [ ' :

%e élﬁ%{&?%% ( 212 "s%g §g§nalﬁﬂ?§r§ o%él}{]ﬁglk)(a@)% %ﬁ&\%rp}{ fu%ﬁ‘e?e@: system can be
extahdted aturthm)fofrﬁg)f%))sta‘rﬂ?é Yphotopeytein” wyhich Rithas ilightJupon calcium

(40, 4) Obel in_ (34,38,42,43), Nheniopsin (44,45) and
beding, iFhofoprotesys dislzs Efé’éﬁuqlﬁeé?%ﬁé@t% they areA&tﬁblﬂlﬁ@%@xygenated
1rﬁ5ﬁﬁ<§h£‘c§ @’rﬁyl@%@b@‘lﬁ&fﬂ%% d%cff@nﬁ'p R66Y ?6t@msa‘§} prosent in

I m dazopyr azi ne chronophore -coel enterazine) a
maxy gearineT beslentarsitesoarst aﬂowethe@nmgsnmrrm thi it yight for a variety of

) . | | inth [ n t he
pERRSE SN idiTR P fetdbans BERnEn 6! TR Me. et hygrinescent
oF MMM ik QR PLs8l éh phg tdtbings nBIIﬁ@ly Thalasswohn (34, 35) Aequorm
coel enterazi ne- bound po ﬁ%@sptl i s capable

(3audd, a&}sd\éﬁwonum(lsm va@h)h tRuriod é$9v40) sCluﬁec(syro Wlth Phlahdln)
A5 TaRe  ly TAERS LR B D84 TP b been

isbested rseafatl A0rthasd HEIteidn da@@dmﬁll,exesS Cfbﬁﬁ&ﬁ bfyl @ apoprotein, an
(pbelia | ongissima (47). The toprotein may be
iplgemrasing W@ﬁpph@ea(wpwfw%@@n@ BYd joxy@ernt Tlgir amino acid
0 | e g
s%ﬂ&ﬁg?%ag%egg%lglgﬁo}:%’ervg&f gleﬁﬁll ;(%ﬁl Bk r E@Eﬁ @&gtalnmg the three
calonine bireting isites |(EFtHaedcsbmmnest)u ffhoasoe mphsuipscbue&t’ ’eidentifies the

RSB SRR T Ve o
motdﬁrtgtl%ﬁ‘?’eis fu@é’({ toolii‘l‘aid%ﬁ’er @feeﬁr%lr{ a@thégt *fbitdrazibe

st udy of cellular events and their regu ation requires
Tbemswt|sv@;emphompmgmv@ramnyomm iselabsld&om Aequorea victoria (46)

P t t.h
a%ﬁ'? P B SolRed "Sr" R Bnetiptr (i s ahetapsoipifpymay be
veravdd froal the dpdpRawipdsteinnsly intubiidh &hth E&elenterazine, molecular
f uor escence systens. Photoproteins are widely used in
oxxgan, ERTArand eéﬁ@t@@tharéﬁcmtcbthlqbn@@lt dingsrrogtenterpgine is the
I ti
oS R BEEE TR 3688 s BhAPBIsbbE REHENS" Mitrocomin,

Oty em8e0belin MeeTdighaeni@inlS rdaotib®rik t Bkelgafhei séihe in these four
changes, in respaonse to different stinuli.

rhofopiteins (#1%A981dDum concentrati ons can be neasur ed
TH¥ %ﬁ’@eeﬁ cellfilaf &R ﬁ{soﬁncf ?r?eluﬁ %gglgﬁf’drp ?ecfu‘?regasgggltllvgnnon invasive

xpressi ng the v apophot®protein an
amﬁytlormeufmdsl Bhotoptuiteinsi and indigeatial ehofusdendf &a:@lhhuh@atence are
cal %I um concentration. .The use of cells which express

SHNG AR EFh PRSI FheXnkever SEBBLS, 1P nRASkeEndL 1 Gentrast to

fIBElb @l QPstefnsi ntracel | ul ar cal ci um concentrati on
gr ovides a valid systemfor the screening of conpounds
P

ofoptdieins ag¢ fvadely wnedtihecalletdhme sy$teinst asawepbitat genes to momtor
cal ¢

the ceﬁlufgr events associated with signal transduction and gene expressmn
(33,34,46). Photoproteins are expressed in mammalian cells to monitor calcium
changes in response to different stimuli. Intracellular calcium concentrations can be
measured by adding the cofactor coelenterazine t6' mammalian cells expressing the
apophotoprotein and detecting photon emiss\ion, which is indicative of intracellular

calcium concentration. The use of cells which express both an apophotoprotein and a

1
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Hi gh throughput screening assays are often designed
using a photoprotein as a reporter system The

w@emsiosiear ty of the systemas well as its hi ghPGT/gread7/000021

to noise ratio allow the use of 5smal | assay- vol unes.
Cal cium flux assays are commonly carried out in HTS

rédceptatinvdlived & 1@ 10EdU188bn SEIRROLINY aPPA SR é‘@nc%ﬂir?ﬁ&l provides a
for the sinultaneous analysis of a high nunber o

velidmvelemy for dhpusgsering ehcempowidsefeethet eifeass mp the release of

iy BiBr chRWEYyer, cal ciumconcentration variation c_an
al so be detected using fluorescent cal ciumdyes |ike

High throaghpet Bireafing Fssays afeubé2n addignaliCuding dy @Rotoprotein as a
(nl\/bl ecul ar Ji)ﬁw ces.and Mol ecul ar Probes) using. ) _
THOLSF FHEeR; Lhe Seisttivien Pk thej syatem psprell a5 itsigh Figmel o roise ratio

all R AhO B b PdrRalReRASvo1ibECul ar Devi ces Corporati on,
Sunnyval e, CA, USA), one of the nost used instrunents
Crleivm Sflux sasyays Fee caippamdy weriigl equiippdd@Swidrmaanutilizing optical
l.cal detectio evice that .allows signal isolation
sGRUEE bRt e Pretieny et Rarainanatng: of ey gumber of
san@ples Ed eguippE@WSth alleniiBREnECHEPind bPiné ) system
versions have been made suitable also for |um nescence
Howexgis calgiam ponagnirptionieriatiensjani alse becdetpeteé dusing @mDrescent

' - : [ t 0 QVe nme, t h wer
SRR 2502550 SEMRARIS Byl AL SRR . iR e gt
Dewichs emithnietedulaghPretesy sidng afRofi@iiy AEMaRALLANS FLIPR®
he authors of t instant invention devel oped a - ‘

h
(% k‘z%ﬁ"@]ﬂtfb%\slg&ga?g ?f%ﬁw%@ﬂeg Mogsjart Pavispe dlaspomsition, Sunnyvale,
CRNOQRY,0b&d N rC@di ) stsﬁgéﬂsé LrunPht Q%Tgfe%s% SF SIEIH 3})52}{&1‘(% is

vectors. The transfecte emce I'S US

eqhiipfest with s ropeichhdeteetibodievicel et @BURE EnalHEolation on a cell-
ect. of the invention a stable

| NVENTI %\ll Ilg i@man. obJ
mPRRIGHE E0% PRINC e Seapitiuty dorsqHRaspdassays. |
TEPARBAL effent efNTpR™ s§’§t@i¥1u%rsﬁm¥§ b0 DESIC HU S @Rl Miso for
the presence of a suitable chronmophore subs rate i n
lupdBersares assayntever &f withdpwenbaisitimigomaepdredtd GITD camera-based:

Lat.io Stemcell. is,intended a totipotent and/or
oIS eht HEF A rh LT B ECHERER RSBy h@hetRis system,

phvt oy ro et £ Wi thteniBR @l liigﬂ_t|emi%ﬁo@aﬂ@ﬁiéﬁl@%ﬁ%gﬁtag@dds. or a

progeni tor thereof, being of enbryonic, placental or
Tharigersco thei lastaat inveationdewtlopetlib tsysteigbasedlam stem cells stably

. . ] c
wRIHEL bt R EROREI b Ehg Soh By b] BHeeGs SlobRep iate vectors.
Theotwsiesfertbd yieni celbarsed diectbeld diffedént sPARn{ndbneBodl) -

P19 cellline can be of sonme advantage because it can
be cultured in the undifferentiated state w thout the

DINELOSURE 0K i hRi tory Factor) and/or feeder
A%?MM%N

cell layers. photoprotern is intended any
It apephady egpr af theninvestiarr al stabvle rrecanbinBanttedyr csly Abhetd 6xpress an

o RRLR TR S8 T B b el i
chadtflopHore BLsdttHRe HEASHANLE th Y ntr&Hufhr CBIMRL Bncentration variation,

Stem cell is intended a totipotent and/or pluripotent non human cell; or a human or
non-human pluripotent tumoral cell, or a multipotent cell or a progenitor thereof,
being of embryonic, placental or amniotic ﬂuid‘.derived, or of adult origin. In
particular preferred stem cells are mouse embryonic stem cells, preferably ES TBV2

(63) cells and the mouse embryonic carcinoma cell line, P19 (26-28, 61). P19 cell
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protein derived fromtwo different natural

apophot oprotei ns, also further nodified by del etion,
w@dai7oswe2 or substitution of one or nore am noPEDITL007/000021

residues, provided that the actgvity profile of the

photoprotei n, in ternms of Iight erri ssion and

cal ciuny 0 venes in [
L A G Oror Shraineatom s Pe ST Rul b GG Fggmtioted sate
withotethe aBe€ OFDIF USAURNAS meltéﬂymtd@ afiil/foP Edudag walayers ‘
target sequences (52,53,54). Photoproteins with
Appphaterrateinolsurinisaded ndly ApephotPRERIGIng| RAtNIgh eor jTgcqmpRinant or

B85, o B0 S YL P a4 e, i

hatih@ian éshpbyvedhiumEnescaht adivify ztrhhéorpcaimarm sédaddility, wintihe éhimeric
regio Cytin.protein. Photoproteins w

f .
ProM{AR él((‘){ ef; %ﬁpr{}rﬁwrcpeg @ﬁ@g 1}?§9rag|ag%p]%fgppr\9éelp§,oaﬁd§t I}urther modified
an_%gi%Heﬁgélgo Sr! B stHutibh rbfs(ﬁfbuﬁpﬁ?)of @ﬁﬁﬁ?'ﬁgldafé%ﬁﬁéb Ofrovided

nmut ageni sed in t | ow ng position
that W@tl@y{ty profilg bethe phqtopmmmemden(lﬁeﬁ thteelamsmaruhcalcmm-
nunber 812 .mut ageni.sed i tAheRFxl;a 1so b
Te5BYHRY LR OTAEHé@S 1PORY @“vtgfzﬁl Se@;‘z‘&"r%eSAP@Y also be
oﬂﬁ’rﬁ?z%dQ% thaBrf8tialy o P Gisdged did/ofali@&ed! ke, mHodBdndrial target
a, Ala90 dn, Val92 Leu, and A u97 A n. The reporter
sealp@mt bﬂrﬁﬁ éﬁl)n lﬁlmom@t@@sq weltle enbarcedebinloningseanger are already
e.c 0 ub| [
dlS?Ioae(P (Fb n?r tage sgé{:}ll%r %Oég’rﬂgﬁﬂoma fdseggrl%er?gﬁ] irEP 1413584,

arfel &lbtedn rrep@ﬁli GEIRIEC) Iﬂﬁwobel)a@lbtb@l‘éddby\ﬂchhnaﬁmﬁardf the protein
transfection nethods known to the skilled in the art

ORslip ytithptegionpt Bg GlytiBpsRicibpor ati on, PEG Ca++
Pﬁ Jgg o?élhgtvh enh Eécpﬂioq &irﬁ%&nﬁ%ﬁ%ﬁso ﬁgﬁve o[m mutagoenesw -as

nt'ag eous &stabl e reco t stemce
thebi mﬁnerstetlaém (@enBainks pecdstion oembert QEGE) tmu@gbmsed in the

fﬁﬁmgg %Bonlé’fq];(ﬁ]gtqul—? ?T?te q%ﬁ% G %q:]:le]ggql { | Il%glggagcession number

Q@%i?ﬁn Aty anetdh@n NG’ RﬂﬁJwﬁFn?ﬁgﬁosﬁéﬂserGﬁIsé%@lﬁ t/ﬁﬁ)@-—Nal

mesenchyma I'i neage, ernati vel
A@:rdoﬂ}el i dLyS@ﬁ*IArg,l néyge—Ghe |H@ﬂeﬁt¢x‘§n atistantdgeousyalss—Ile,
rovi e idepgific on and/or testing
Gg Y ?%P &&I?ﬁz‘*;tﬁﬁr fn& bh@ﬁsaéllnm exanpl e

Thé @é@@@utapsphcdbmwﬁtcbalr@mhu@@eldaﬁsOe donddend@nhe¥bntrol of an
" of the invention a conpound library is a

ubighitees, i oRgas-+ HEssueynedlét i develepmebt ndage-spsicific or inducible
o g nds to be tested or identified. Another object
pojgﬁ%[ € invention is a nmethod for identifying agents

S&bﬂd&dc@ﬂb@@tioh&ndjr bt eckiet t@witnstaidasd enmsfetlion hmﬂ@ddiSknown to
speC|f|c cel | mgmg‘ﬁ cog{)rimﬁ? the steps of:

th@rs}v led Hy the adas Bu iied t elsairenpationc REFICAg Er@mpltaﬁon

Ctaggmcrmg Ilng@mag f undifferentiated stage; b)

exposing said ce€ll's to a conpound library conprising
‘Adutsttpeotisindhei staple recombinant stem cell may be differentiated into a

specific cell lineage to get expression of at least one specific cell lineage target,
preferably the muscle heart cell lineage, alternatively the neuronal lineage,
alternatively the mesenchymal cell lineage, alternatively the endothelial cell lineage.
The invention advantageously provides methoas for the identification and/or testing
of compounds for many applications, for example therapeutic, diagnostic

applications. In the context of the invention a compound library is a collection,
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differentiati on agents to get expression of at | east

one specific cell lineage target; c¢) loading cells
wWowaoh/080632i t abl e chr onophore as substrate; d) PCT/IT2007/000021

stinmulating said specific cell FFineage target by a

ligand so that a variation of intracellular Cat++ is

H g ' j ' nce.

e o R P AR 20 B Tl e
Ahethrer obgddt dfitheagesntiont isea methash&r ideniéfyieg agenta stimulating the

eferred odi nent the nethod is perforned by H gh
e TSR P (R AP BB ER AnBHER SE PRy B HoHeps of
a) roviaBid Q1O rebst8BirahY | A6 208N SickordidY tih Nehel Bvention at an
differentiation of stemcells towards a specific cell

undifistapéiatasnyiagesi ng the steps of: a) providing stable
econbi nant. stem cell s according,to the invention.at . :
oL SHRRRRT ahdnoF R O o BB by o uniRELpR&Fh ipoucing
dicturpatunidnl dgehRrty geosRressistoPukt 18hdt\bReispbdific teNdineage target;
differentiation agents; c) exposi na sald cells to a

okleadingiaedls evitye avifabde éh‘ioinmhéfﬁ HBRSLIRtS; get expression
. . DeC . e . : _r
PSR SR RS LAY o o vriaion o
irgrabstiulat €x els obtdined;at i ng said specific cell |ineage
target by a ligand so that a variation of
) %{t?%l% %ﬂt@?w B3 BIQIUBHPERCAREE: ) detecting
Pfé'f@ttaﬁffi{ ﬂlteeép:'éicﬁ}cbéé?i H%éﬁ%%ﬁﬁ@ ‘%ﬁus%ll@flﬁe[r@@éll' li‘nlléﬁge[ or the neuronal

specific ce i neage I's the nuscle heart ce I neage
lingagehe neuronal lineage. In a preferred enbodi nent the

nmet hqd | rfor b i gh Throughput _Screeni ng. .
A N T T
At idbyédd b fathlel @Bt ADLE atBebil Ntk qagntﬁ’yh%[)gg‘én@ @nhibiting the

that a variation of intracellular Cat++ i S obtained.
digtesentiptionofaitemn epbntaveardela speaifia celp dimetgeccaeprising Huagjeps of:
a)g%sfgx\%ﬁingg ESEa{})?j?r aﬁé:ir% I SHF gsge\én%]é‘eral gt%lé(‘c:’ér%ir{gh%o nﬁlteh?r?éention at an

utidcepindiased staggport ers and channel s, often made of
conpl ex multi-subunits, endogenqusly expressed by the
bk éXpesingnsaifle collistio nat eerapPowWH |lihrany compaiRing THéatiyse inhibiting

Ln HTS gives a nore accurate and .
dfg e;é‘?tgﬁ%ggieiglgﬁtséval uation of targets, it is nore
oy eposthigeialid ecldntd 4 heowh dndudisg diffezertédtioalbdgent tr géthexpression of

tgr ug di scov,?r y process. The nethod conprises the steps

atgpast e SPERIIGIcRY 19Fast ¥redconbi nant stem cel | s
dPReaNY ddls At A8uidhEBhicRbphore as substrate;
e) stimulating said specific cell lineage target by a ligand so that a variation of
intracellular Ca** is obtained; v
f) detecting photoprotein’s bioluminescence.
Preferably the specific cell lineage is the muscle heart cell lineage or the neuronal
lineage.
In a preferred embodiment the method is performed by High Throughput Screening.
Another object of the invention is a method for identifying a ligand able to stimulate
a target so that a variation of intracellular Ca** is obtained.

Stem cells differentiated into a specific cell lineage resemble primary célls;

advantageously the methods allow to study and modulate target receptors,
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b) eventually differentiating said cells into a
specific cell lineage to get the expression of the
wo 200g©8062z) | oading cells with a suitabl e chroPGpI20e /000021
as substrate; d) contacting ceI ks with a conpound
i brary conprising put atlve [ gands for said target;

e) detectin the ho rot | um n nc
el e ol e BEeiBe SroR Bt e sedls MeNR Ry gndogenously
edjragsed 69l the helmaﬂﬁl@lmobﬂlﬁtmuwnﬂhr timeage. 1n a
referred enmbodi nent the nmethod is performed by Hig

Tﬁrﬁ petighpiem sdlsdantiihy. givgrotr Fwre gpgusete ad Riveiglpgient ¢\@H1atlon of
| fVi ¢ r

talr%et?hg?stgl%g% £| a (?lgcen?@ltgfefnﬁ pgrggtge}‘ltqu%rg éh&b% ?011 &egﬁhg él’lscovery

preegy i Sing the steps of: a) providing st abl e

econbi nant stem cel | s according to the invention; b)
E?/EWE}&PA}I ‘F%}nﬂ“?elsgiﬂ"eﬁrtep%t’?ng said cells into a specific

a)C}?LIolvﬂlhé‘ 8A8R feCodBinaGX Qc’éﬁxsc?él@ Rcldradd @ BEeE dntion:
target; c) loading cells wth a suitable chronophore
bhsevsnmtlyadléfer@)tlactmugt aaitli peJlsc entos anspasifac ashipdinneze to get the
ary. ]g ng ng put ati ve antagoni sts for said
elfp(fFﬁsé? ﬁ“ cting cells with a ligand able to
cPloafitlsdells With & shithtl @EBRkmophbrdll akire; t he
phot oprotein's biolum nesc nce variation. Preferably
d} mentgpiéeg foells et 2l ¢orepeyund; Ebrane compsisingputetivedigands for said
tar%%eage or the neuronal lineage. In a preferred
odi ment the nmethod is perforned by H gh Throughput
e)S@erteﬁﬁiglme pABtipheteirdbpidtimidfestdieei nvention is the use ,
of the stable recorrbl nant, stem cel | s ei t her
Piafinab hetentiesticcod) Lapsgecisahe imgysele heast cplh Tiepggyor the neuronal
fﬁ%te' ng of toxicity and/ teratol ogy of a substance.

exanpl e the Enbryonic Stem Cell Test (EST) in
Iva prafesyd embodiyerd thometlwdt ie perfoored baktl gb Throughput Screening.

t er at ffects. of. test
Aﬁgﬁiae? Eg@éﬁ af &ng‘?}f%gi N r‘f‘%%ﬁ@%l@&ﬁfy‘ggg BBiIEaRists tpg target, so

ﬂﬁayta%ﬁéﬁsn of {iffdcellonr et fTadiantd, alodthriiig m% sEe%sCo(fl I's
and differentiated 3T3 fibroblast’'s, being altered

acprodidige ﬁ@blesreaomhma@t si‘nm @eélsmcceﬂfdlmgw@ hetinvyetion c

ot en net ho al so .
o Rk, A e 34 o Flaat {30 s FAT KBERG R estegppression
oﬁbeﬁ&@pediﬂ@ ta{fgéthods of the invention are preferably
carried out 1n a H gh Throughput Format, i.e. 96, 384
chloadmeeeilsorigh Treisslprirosto s subsirRig ng an opti cal

dggé‘rﬁg , célﬁg\kltﬁr m%%iggogg %H'%qu{l% gﬂsa;i/fg? %%F%pﬁﬁtsafor said
tdckdd; canmer a- based | um nonet er det ector for

e)'contacting cells with a ligand able to stimulate the said target;

f) detecting the photoprotein’s bioluminescénce variation.

Preferably the specific cell lineage is the muscle heart cell lineage or the neuronal
lineage.

In a preferred embodiment the method is performed by High Throughput Screening.
Another object of the invention is the use of the stable recombinant stem cells, either
undifferentiated or differentiated, for in vitro testing of toxicity and/ teratology of a
substance. For example the Embryonic Stem Cell Test (EST) in vitro system may

allow to test toxic and/or teratogenic effects of test chemicals on beating
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hi gh and ultra high throughput applications, or with

the Fluoronmetric Imaging Plate Reader (FLIPR(r))
waywrosieky, stemcells are stably transfected BET/Ir2807/000021

expressi on vector containing a photoprotein encoding

sequence. The positive clones are selected and pl ated

iR i,tabl [ . 1C ared are, | Wt
B S R R L L
uwindi ffactahitiatpdt terine SES roelle cmldedidferattiated 3F3 filbpasts beatk altered

| ym nescence .is.read b n ui tabl e detectiaqn .
oo BRSO gt T TG S TPT M SE aBHPRIC RAIERE A hemigals. These

mbtHYd8 8k SR6 D NapRE H3%sed iRHPSR SRR @obrsed
| um noneter or other |um nonetric¢ devices. "The

Aphoemsipnetl edbovex fheewsihogs ofi the inventiphatrecpreferablyraaptied eut in a

s Ll Bl oS8 oA 87400 Mg Tier Blsreg) it an
optedéll GRSeenih I ModINbL UGB RHItYSS SHieRNIfBY NG pIS larkdBysWY, tdich as a

a phot oprotei n-based reporter system show i nproved
lugringsoenes (paging sysigmamvithoa Kdr B ecamarp-daswshpariagmeter detector for

£ r - SVsi: S| : I - .
b R DR ML s DT ooy Empeine Plae
Rpaded (EEIRRP)L nt ense bi ol uni nescence in response to
cal cium st rruf{sati on _and are useful for studying .
T &?fﬂ@é%n%ﬁ@ ¢e) 14 Stahly jtrangiested With 20, HEsFIYF vector containing a
plRdth E‘éipgerfcgﬁingh%qﬁgﬁw. igal %&ﬁiﬁ% I YoneRrEGUleRRed hd Phited in a
nost relevant and ‘accurate cellular context iIs
sathhtntnedemusciflored bedldanedbaaiewithdhe newledieuaysne Jibstrate and the

o Bl BT R AL SRl e
isRB0 8980 A5 1NLladiBoBANSIAmOL Ol M QIS ENNP sk Enifl ! BMich can

used as effective reporter systens. The advantages o
defsétniprimeseraseent thshotsepelotelChThsgmpsa-bosad timinometer or other

fl.uorescent et s for HIS screening ane many: the .
o R DR Crs AU Iy P TRRBE BB SEU A% Wit 1§ mgroplet
wol¥s,pnsd )| Sedrcaddifienosy, thl teevsmélBeuldatianilignarevaiadi with signal
the case of small cal ci um novenents; phot oprot ei ns have
rechedipgdsyispsi ty of being targeted to specific cell A

he . n e .
ARSI Gy S e e
shve thpwd el sillvitd hhd Bigiabps-ab Bk ratiasethpasslaysflitaesence-based

virtually nqg back_?r ound if conpared with the high .
systeIBs- eeBntellskgtiSteiatsdyhemvadves ekPiesEng & Rhqipprotein produce

a1f eiehid K?olﬁﬁﬂ%ﬁ@éﬁ@ﬁh 1@4}2 se 1ol Salbidind SfinGEHR®A Al Fre useful for

i
arger linear dynam c range of lum nescent versus
sthilyingendegamus ésgois s, intehast.use of phot opr ot ei n- based

Tﬁ‘eS %‘%ﬁoé %f |Cércr(:"efeJf(:"urnagb%o(% tihgralﬁlgu ic% %/aaltjc%%ei rtno e\égiegsin the most relevant
and’ accurate cellular context is advantageous for the development of new drugs.

The study of cellular events and their regulation requires sensitive, non invasive
analytic methods. Photoproteins and in general bioluminescence are often used as
effective reporter systems.

The advantages of using luminescent photoprotein assays over the fluorescent
methods for HTS screening are many:

- the high calcium sensitivity of photoproteins, in the 1-10 pM physiological

range, allows the detection even in the case of small calcium movements;
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t he probl em of conpound auto-fluorescence that often
| eads to a higher fal sepositive hit-rate in
wo bawongwerence based assays; the substrate usedP€TIT2007/000021
phot oprot ei n based | um nescencej@ssays
(coel enterazine) has no toxicity to cells and is not
subj I reas..often | cium sensitive .
) dyessﬁétgé&t%%l ﬁ%‘?ee\é\@lgng’gssé%@ﬁ sogfbeel%%t 18 F%; !tcf hsé:’eClﬁc cell
cqrapsitBehis] yus asiSh®gniedhlogdiif, HUSARMASIoOMete® @lcium release from
.alternative assay process; - no requirenent for cel
injgrenl sigrasdn grreokeEeena Mpyi(32-1% | ow cost per test
- porn r g - i
Dver PIREPRIGRARLEN Bechge Ry eR ARy 3 R RUARIAPEAnBEA with the
highghflusegpeat baskgyemsd atgad] bfratidihat @llgival sarsitiveefluorescent dyes.

onpound addition during screening. .ln fact
TEROBSHRGHES froa Leet Hhet o Temyerpetis | Buuiacsn; verws Muorescence
KkF&&%;and ready to react with conmpounds, whereas in
classical luciferase based assays the incubation tine
- of ctwpasnefsplmtoproteintbased agsapig ey priderabte ihH TS asause it avoids

need for.induced,synthesis of the. luciferase geng.
o B gneT SRRRFe SR ERIRstire Mt Bt dR ol f g uise-
pbstiv ontgtctinfRidreRrhed baRekyspy reference to the

followng figures; Fig. 1 Clone pool analysis of the

- 114 girsteiged &t phaloprogtia Hasesl lupjigessanereassaypisagienterazine)
i 1 GS: r a . ‘e
off 88 S8, WS nd B TRARIE Rl BituE R idtr e tum gensitive

didsivse) iv dluosscendeeaasexpeirt opiotexiveer e perfornmed in 96
MIP 24 h after cell se?di,ng. CCD carer a- based
"1 umi sl piusingreellsHp grsnsasionds oh plfernpgye ggsay process;
_seco a [ Sidu LVt
reasy aqo TR Tior PR SRIBRE (HDRME Bal A oK KBSt per et
peiatrer a- based | unmi noneter conditions: |ow sensitivity,

di ng tjme.5 sedgonds. [Fig. 2 lysis, of the 12 ES /
PRABGr e e devy - duve advoaess A% qVet Ihe Het P aRggse based
adsdPOsidd t1af ligﬂﬁs%ﬁalbﬁséer{&att&i Qmﬁfé@ldtél@r(a[f}erﬁgg goﬁﬁﬁﬁnd addition

was neasured in 96 MTP 24 hafter seeding 20 ) )
dedng seigening. mcfact pheloardeinedare oonstisuivaly egpredsad ipresll lines and

B8 o ARk Pt lmab B TR b PIBREE itdise Bl assavs ehe

irtubPAgdn Nand fof E&mpdieEeswitbscaRagul@EealduRr tol thd @itne needed for
. X-100 cell lysis. CCD canera-based | um noneter
indgped syshesis phthedueidenessgeng; reading tine 5 seconds.

' . VS £ . . e ate0 O i, i .
G s T A IR
b efidcado theafollewisgagireg: 10000 cel |s/wel |. CCD

EFE G oL e T e Bst el M
OSSR Y A1 5 W8 20 iR PR o
redebgleds e RLUV(Rylative ddintigedceniee @higomlaés. The experiments were
performed in 96 MTP 24 h after cell seeding. CCD camera-based luminometer
conditions: high sensitivity, for 60 seconds. B. Total photoprotein residual activity
was measured after Triton X-100 cell lysis. CCD camera-based luminometer
conditions: low sensitivity, reading time 5 sedonds.

Fig., 2 Analysis of the 12 ES / mito c-Photina® best clones. A. Histamine response
(100 uM) of the 12 best mito c-Photina® ES clones was measured in 96 MTP 24 h
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Fig. 4 I mmunofl uorescence analysis on undifferentiated

ES/ mto c-Photina(r) / 29 clone. Imunofl uorescence
was@ayseser f or med using the foll ow ng anti bodi eBCT/2007/000021

Mouse anti-SSEA-1 primary anti b1qdy + antj -nouse FITC

secondary anti body. B. Muse anti-oct3/4 primary

t] [ I L s

AT 20800 eI, GO f Rzl TRt Fhfgiiopo: nieh
scBhiBptyatesingtimerdngcands. BriTptalphoivproteimresidual activity of the 12

oot RN 8" ST ov B3 ke B8 ot s
ca%ﬂ@rﬁﬂfb%é@ NirdfnofietdrelofBfiiodt! BN Sa¥itRrityBreaaily Mﬁate@ seconds.
Bodi es i n suspension at dlfferentlatlon day 5 before

Fighé maé%smégg the 29EB d:mm oaﬂlmiim;al gimekclofs. F-!eﬂ{lsiamta@gesﬂonse (100
ryoi 0 |es cont a pul si ng, areas_eva e
PHRIPERTECS) I a0 %‘P Lra%@r seedingnd (9P 1 cgHs/as eﬁ&‘é) cattiera-based
C
lu?xﬁgé)rrl%iéétgls?&%ﬂ%dgs \éljn get:rgir']c g‘ét? Feﬁg glgttﬁ%ge SO LAY BE Mt &Smine response

(100mMp fatas ariczswred de 963\2{?&}7 Mals afierr ﬁe@dmgcﬂooso reglld/well. CCD camera-
foll ow ng anti bodi es se antj-sarcomeric

bagedh haugemeist ﬁorﬁiﬂlwf blgbﬁ?nSHdeV readingtimpRilsecendsc

Fﬁﬁ@?ﬁgﬁéﬁg%b%%g? %n%sﬁﬁp Hh?lfi?%glgat% g@_{gnisfg ?\é%]h g?é/@ 129 clone.
Inantndfbdyesc@iceRatalyi perfomtnied GaiRAdhepfollowing aatibdbdiedy +

A7 Nrrss BB SHA- | e e B oty A g asce L stqg%ﬂn&%dy

Bd 'l\f[&%fe%ﬂhldétﬁﬂpﬁﬁ%@ %Q&V L %ﬁufnﬁ&ﬁb EBr¢ séBoh@ary aﬁ’fi@&d
r) / 29 clone. A "Tyrode buffer, Norengnephrlne O

Figpp Alkalthemhgenhiatsise ﬁCtWIWSIDeaﬁMEd matytbe E&E \Bélpaoha‘@a@ sta@dlg kit.
20000 C

Pl 620 st drOre S AR E AR B iy ( 29 clove. A.

Efrfbﬁlﬂild]BoHiegﬁl Sp&REANASifBreddRA6h iy Zat i on sti nul us (40
measured in presence or in absence of 5

BNEfr@wq@d mRedies@pseweasion phdidigrantiptiorodat &botsn thet pl@tm on gelatin-
thé%{] .elgSItIVI ty, reading time 60 seconds. C. Total
protein residual activity was neasured after
CTPbﬁc@lﬂtag% 30Bmbeldid Bydies cofielligapusiag hesae dvhlunicd dyah@phological
?ndltlons high sensitivity, reading time 30 seconds.

ani¥1s-9 Visible inmaging of in vitro neuronal “

F% %flﬁﬁﬁlﬂ{dﬂ% n%e@&n@é%ﬂéﬂ Q8 oﬁ_-%r bieh) EirefenbRRl 1BRE S c from ES /

ol d Bo Ies plated on gelatin-coa
mitoshRt®tiaa® (29 élene Atirampfnordsoende asBay Embpqrﬁ)rdle&uslmgﬁe following

alg{b%tdl%g on gel atin-coated dishes at differentiation day

A. Mouse anti-sarcomeric alpha-actinin primary antibody + anti-mouse FITC secondary

antibody. .
B. Rabbit anti-Myosin Heavy Chain (MHC) primary antibody + anti-rabbit FITC
secondary antibody.

C. Rabbit anti-GATA4 primary antibody + anti-rabbit FITC secondary antibody.

Fig. 8 CCD camera-based luminescent functional test on in vitro differentiated
cardiomyocytes from ES / mito c-Photina® / 29 clone.

A. Tyrode buffer, Norepinephrine (100 pM), and Endothelin-1 (50 nM) responses
were measured in 96 MTP 4 h after seeding 20000 cells/well. CCD camera-based

luminometer conditions: high sensitivity, reading time 60 seconds.
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C. Enbryoid Bodies plated on gel atin-coated di shes at

differentiation day 11. D. Enbryoi d Bodi es plated on
w@edoansmw2zoat ed di shes at differentiation day RGI/IRR0E/000021

10 | mmunof | uorescence analysis gn in vitro

differenti at ed neurons fromES / mto c- Photi na(r) /

2 orescence as
B, Bpa Rt SRa i AT Gl ShFRAERD R RSBl Bin gosence of 9
uﬁibﬁiﬂi&d g[ﬁd New ofdrh@a®abed lubdindtheRt | Bondi@Ohd: DAY Sensitivity,
anti-rabbit FITC secondary antibody (same field as

regding tBne GO sseondst i - Neur onal  Nucl ei (NeuN) prl rrary

C?Fl{é)rtéo@%t %ﬂetlﬁ @H&a‘é acggggmy a%lt%gsu(srace 2 e]i:l &?@6’ ¥ell lysis.

CaD ddamd?ﬁ-tbh@&m 10t etpr | JoRE N oRBT I}ﬁglﬁj)/sehsﬂﬁ/ﬁﬂy- r@@ling time 30
FI TC secondary anti body. D. Muse anti-Nestin primry

se¢APflhody + anti-nouse FI TC secondary antibody. Fig. 11

D CRIRFBIRES | AP ASSRSRL ROk S50l o

29 clpng. 29 clone. A Standard tyrode, and d utamate (100

AcHnr e B3 Pl AT P i on el S BTGaRn GVt Ly

BfEﬁMﬁﬂd BbaRs fltedeontitin-Baftiandrs & distRASat AN g‘bgnc "

responses were measured in presence or in a
CoEnﬁ»ryﬂml Bnélg:aptamdt @xgahatiBWoatddrdiggs afdifferentiation day. 11CCD

C%S% BT BRI 2R AR sl AR

;0 mmmeﬂuékg&nwmaiis@ml 36 dlm&ltﬁte‘df@ﬁﬁﬂlklfﬁheﬁs / mito c-
neurons fromES / mito c-Photina(r) /

Pleqt )/ ﬁbrc qre| RIS AMARa lypgiugofleseeare gssayreay p@rlﬁqmeédusmg the
th Menbrane Potential Assay kit
foglﬁg/n?gg%lﬁ]%?rﬁfaé(tgﬁ é(ﬁe% thKdA at 40 ni M fi nal
Ac ﬁubbﬁtalnatNMOﬁlEinHﬁlr H@ e paingnaintivedy rreani-aidblit fFITC secondary
250 Cf)’é ressed as RFU (FLI PR384 settings: Exp.
Tlaﬁ‘g 0%y §aige edlaﬁjl%lttl on speed: 20 m/sec; injection
QO artONBirond18RG159 Oy S b arft}-Broudedthodaminated
Phot opr ot gl\]n t1ssue Fﬁ (c}g F@aptrlﬁgnyl n%fg?gjyzsg%n% Cougusr odaminate
cs%mﬁanyae(nﬂbochy(seme&elcﬂdb&)ffer ent tissues/organs were

R Rl EPelBREnFiE, PREle OB Fibogy t antirabbi

Wiftlhc%@cd’ﬂ&bﬁ%tﬁagﬁr azine at roomtenperature. The
photoprotein content in each tissue was neasured

D dyleeseiant-Nestin Ipritiaonawfbods o antinh@elFTRE ¢ecmidayranibad)o.

{ .
rigs ok B AR et ERHE Bt SBRGHnal et &b R gl gpentiated
néirbhs 5081 BS gamiso efloant®d29 cypenegat i ve and positive

m ce of different ages (3, 6, 10 nonths ol d) _
Aeﬁparéigéd Bgofet @%Gﬂlﬁ@miatm@rop nMpdesponatrawers meas@edin 96 MTP

orb H8¥ éé‘r 8?@ ggn%er% fRERR Ir{llﬁlo%}etgroc%@d}tleo%e o%v lsjegnemtlvil[']y(,e reading time

60 seconds.

B Standard tyrode, and 40 mM KCl responses were measured in presence or in
absence of 6 UM Omegaconotoxin GVIA in 384 MTP on day 14. CCD camera-based
luminometer conditions: high sensitivity, reading time 60 seconds.

Fig. 12 FLIPR?** functional test on in vitro undifferentiated and differentiated (at day 16)
neurons from ES / mito c-Photina® / 29 clone. For FLIPR analysis the cells were

incubated for 30 min at 37°C with Membrane Potential Assay kit and then injected with
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content in each tissue was neasured injecting a
solution of 250 mM CaCdl 2 and Triton X- 100. CCD
wa@ a0veiosoeknsed | um noneter conditions: high senBCT/I200000021
reading time 60 seconds. Fig. 14 Tissues and organs
i ncubated with coelenterazine in different conditions.
K1 e gansm??lﬁf*ﬁ*‘ﬁl PR ol s oo i B 00 and
expyéssel ao@lﬂh(ELH’ﬁ esettings: Brp.i Tinve (L3 sasdajectionispeed: 20 ul/sec;
c- Photi na(rb nouse and in a negative control. After 3
injpction hejghtt & é‘ﬂ}treﬁd@&@é@/ %ﬁog*?@ﬁ%ndﬁbre expl ant ed from

ot | f t H al ir
F@ vﬁ :[Ih&ggro t1%[16 &Eﬁh ma ; gl rgﬁ%ml (?f: ﬁ-é)thgﬁna thicd A. 14
difflerdny Sbshie§brghhe weh@iplintgl fehes ne’gatlwaﬁch@@osmw Bafueslexpressing
at roomtenperature for 3 h with 20 nM coel ent erazi ne.

nitp &-Phesing prasdanpubatndt fond owithi20 Mecostenfsrazginangisroom temperature.

TR BB so e RLTRS PR Lt MESRE et LSRRG RG 250 me

CACl, tana 'Piitl;ﬁ@(&@b UCToN carhiézbaseietugribanedr borditie¥ehih sensitivity,
condltlons gg sensitivity, reading tine 60 seconds

repiligg time es By %@@@S%ﬁf Roivatedn B piapin frpmgiegative and
p&?ﬁweoﬁl'i.@:édopﬁifﬁ%‘f £ d,9 (O%;l%nﬂlﬁ Q)Ilc?}t rdss mlto o Photma and
transgenic mto c- m ce. crea ic sl

inogtaged sl Rthedithr :man p;es]lehﬂemlrter anmgﬁn tetnperdtore. The photoproteln
c- Phot i na (r) and 1 negat ive nouse. After an overnig
couignt i éac hifgssieswas Beapred insceng asolufon ohAbe aﬂ\ééia@rpandATnton X-

t I » ] t
el Lol p AR AR BB SefaStting me o0

sesondsul at ed respectively WI th 11 rhM G ucose or 11 nmM
Manni .t ol as .negati.ve co um noskan_. | um nonet er
Fign{ & Jisspesndiqr sanabated v g@e%f&k r@%%ml@é’e@ak%@gtw% A.CCD
ca-ﬂﬂﬁa-'bﬁéeﬁt fnf1B6Beleh ea?laéfsisnyf %ﬁﬁ&el’ﬁ' El&uégoggﬁﬁgﬁer Llhﬁi‘gystemlcal
emtted was neasured caner a- based | um nonet er
injéctibn oA Sfmg/ﬂcgwonlgmsmzmeng@ polsxtxgh tgpsgeintc mito g-Photiagfi mguse and
.tinme 60 seconds, .C. rotein resid
in 4 FEets GRECEART b B Ghh s RACORRR b iRyt From botn
midel BlalfCFlthe Mmyi&his]l Whi Hhr@:t]?%leéﬂe’dQﬂ 2GRt dWN®. B, G camera-based
X-100. CCD caner a-based lum noneter -.condi tions: high

lugén@n@tpwma}fysisf @bt rnaining nederisd digHips inoapgjed abropot @rnperature for

3 bt 26 AN Bt g ast the B brraem stRbel b g ogpiel as analysed
atCC@CDSéanRlrd b¥RHqusaRMeder By RcSidYiRe Fﬂgﬁi @mltﬁé@[%fter injection of 250

caner a- based | unm nonet er condl tions: g@sen& tivity
miMh Cagaanidoriton e 100 eoluiéen. (KdAghmgrathiased lg@mgtndsondltlons High

of t 2 ES/ mto i-Photina(r) final
Senflgiﬁ gre%gﬁg}eamsﬁ%o rélgse response of clone N. 70

Figassi0gD i aanfa MER R fuhindbietsr apedbng 80Qerformed on pancreatic
cells/well. CCD canera-based | urg nomet er conditi ons:

1Siﬁt@ ksodatad iffony |t1ta§15gerné%§11%°1p hatingonees: dagsteatic ilgtsayere isolated
B8RO} nglﬁbg 'tf&nsgemc mito c-Photina® and 1 negative mouse. After an overnight

culture, 10 islets/well were put in a white 96 MTP.

A. Two different wells containing 10 islets each were incubated for 3 h with 10 uM
coelenterazine and stimulated respectively with 11 mM Glucose or 11 mM Mannitol
as negative control. Luminoskan luminometer. Integration time 0.5 sec. Reading
time 150 seconds.

B. The islets were then stimulated with 40 mM KCI. Light emitted was measured at

\
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residual activity of the 2 best ES/ mto i-Photina(r)

cl ones was neasured after cell lysis with a solution
w@omrasweng Triton X-100. CCD caner a- based | unP@DIEDE000021

conditions: low sensitivity, regding tine 5 seconds.

Fig. 18 Analysis of the 2 ES / i-Photina(r) final

d sgef .clon 1 cro s
R N e BT A o S
red@idgsiimeldo. se€dddscaner abased | um nonet er conditi ons:
hih]gh sensitivity, reading tinme 60 seconds. B. Total

%eéiartakaémhomgpmlreaétlakuatstywaf Wafe cyalpatod pgording the light
P
o T Y AR BTN, SR, O e s
lmmnemtdmsadniomm hngl’rebmtmmy;deﬁdmgslmé 60vssonds.t i vity,

5 seconds. Fig. 19 Analy of, the P19 /
?lg ﬁogf%iséf fage mepsyfg ugppiied Lysie oa@’t hotinge transgenic mouse-
déﬁ%oﬂ%r&ﬁhaggﬁ E@&)d cenyeveﬁ Rhred Is@@ééd) MA S QPP VRiSte. CCD
measured in after seeding 2
careenasbaﬁedlIlunmﬁml@tampadmmhighnsmmmlar, mmgiatucpmrtsne 0.6 sec,
d h S80si, itivit reading time 60 seconds. B.
) g{gaH(Pﬁ 0s8€Kse of the Pl 9 / nito c-Photina(r) 1A2

Fil. PN AnWBEisToFdisd 2 BS /infitGOPRItRa2 4inkll Qb8! ASHREnMEe d8608sponse of
cells/well. CCD canera-based | um noneter conditions:

cIRngH. demsagured 11y96 MEERfhy afipriscdiog 66Uhemlls/ el E6iTypamera-based
1@8@8%§£%1Jn%sb%ﬁ%gn&%1% ?n&%?%%%o%ﬂu %ﬁ tn'(f;gr% %hotoprotein

re@ﬂllildll ddtioitg: ofltlma/\asbemsEs i \tmtcyl-Phcﬁaﬂi@ Rortels msaﬁe&mdrﬁ&r cell lysis
0. I rmunof | uor.escence analysis.on in vitr

Wé#‘ﬁfsé o captaring [rtoRs< 1 PRk EP cameranbased Empﬁ%mﬁﬁ%mdlt;ons low
sénﬂtwﬁ#%?dﬁ 1R 5\%&) dsmmunof | uorescence assay was

erfo |ngt l%ollovmng primary anti bodies: A
Fi@ﬂl& Anayis oRehe MY AnPhotind®( fifFal H)omﬂsl AnHstaninebdedy response of

cI3fe 1 N ateoin 21 Spi At Absresting 100l Rl aeLCOD camera-

bié@@dﬁfﬁlﬁ@h&gr ERANGR: ymgﬁtéeﬁﬁﬁylt}asreﬁ@?lg t‘MnE h60 seconds. B. Total
fluorescent and visib ight m'croscqpy. C. Muse

phateproies rasidupl dotiaity oaﬂneu %bﬁ;yES [ &ihpting L@enqsmz@ measured after cell

g N NS B S

céridiidrsonal sehﬁﬁtfltﬁﬁeacﬂng/‘dlﬂilég sd¢cfnﬁ§r entiated neurons :
fromPl9 / mto c-Photina Er I Al clone. A Tyrode,

Figad9 doahysisiadithe Bk%mste s-Rhetina 2 &salr denssnAgHistaymipe gggponse of the
PF@V n%tcg' fﬂh%ﬁﬁéﬁ (1“ . e&o&e&lﬁ graeasuggip nf % bﬁf’ﬁgafter s%ed meg 20000

homst er - condi ti ons Sensi rea
cAl/vedl QT8 .calerafydsed timidOmsivt Kﬁdlﬁ@&‘p hi’@a&nmrrﬁy, reading time 60

nmeasured.in 384 MIP o i fferentiated neurons.
Qﬁzewf i{ag e dgsHonRs %‘f?%)réé?]/é%l?ﬂj?‘?h%tﬁ?@ hﬁ?gfﬂone was measured in
98 g@ﬁ}t 54 K'a&"t)ér S eﬁ@%‘ 806 LERARA1 I]ES ?%?lera’:ﬂaged iFoth&B: conditions:

unctional té&st on in vitro d erentyated neurons
hifghoren$?tiGity, mehdiogdime 60 seconds. C. Total photoprotein residual activity was

measured after Triton X-100 cell lysis. CCD camera-based luminometer conditions: low
sensitivity, reading time 30 seconds.

Fig. 20 Immunofluorescence analysis on in vitro differentiated neurons from P19 / mito
c-Photina® / 1A1 clone on 96 MTP. Immunofluorescence assay was performed using the

following primary antibodies:
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Photina(r) / 1Al clone at day 8. For FLIPR384 anal ysis

the medi um was replaced with Fluo-4 NWr) cal cium
w@ensiosiear fl uorescent dye. The plate was t henPCT/IT2007/000021

i ncubated for 30 min at 370C ants 30 min at room

tenperature and then injected with KO solution (40 nV

Al IR38bit GRNPeALIH

recoir)léled for 360 %%Ha@?@%gg@igﬁg@%ﬁpu&? Bé%’?égc secondary
agiéhodyngs: Exp. Tine: 0.3 sec i nj ection speed: 20

YT LI R T M LR

anbitbidfy fag s@mtwidh Seorast@dni 4hdwidibR 1ikhf xfnﬂfrsgébpylt ed neurons
at day 8 fromPl 9 / mto c-Photina %)5 I Al clone.
Crdfloysg japirdvestia paigesy entibedymb @ntimonas FIEQ| sgeendanyi aMibegy as seen
/ r m sensitive fl uorescent
wé@hﬂ%be%sc etsaﬁé\}\gfrgiebﬂ? E%Kt Iﬁlﬁgogé‘%wed for 1 h and then
Flg) j HcOeD wiatﬂ&ra‘ﬂbsiednfulmetmﬁal@esﬂ ened @ired Qoffeivhifibfedl neurons from
ggycentr % fl uorescence signal was recorded
PI8{ migge-Fhptingey gr“»é%%e@d as RFU (FLEPR384 settings:
AXRyrddeBmnd046 AEE KT
I Nj g{:% |eon nhe| ght: Cf‘ r%trogg [ ggﬁete?nn%aggg?o Igggzolnlt\j/lsgp on day §
dﬁermlmadumespﬁﬁﬁe&méramw fueriantieter edn@tdnk: highGensitivity,

c-.Photina(r) /[ | on cell 0 cells/well tested .
Sy Giner e oo By TyE e dBrmBE R ceRiansss e measured in 384
MITH berdptliladigtraribt &N ActoRMN GB Jantdrh BasedRRtihbREre: c/ondltlons

Al clone at day 8. Fig. 24 Transient transfection
hkﬁhfsrewaﬁtt}'pmﬂmygrtune|6ﬁ§eqcmd180 Photina(r), mto

; BYoty ' i t na 1S,
vl ZORIRRY Mt (A Shal ol Bicrenci o Yrom P19 it

Phetirafig i eleneReddy 8g ti me 60 seconds. B. Total Iight
eni ssi gp, wasneasured after cell lysis with Triton

For FhBRat malysitolte medinmorat esplacsd uitn §luo-reNW s edleings sensitive
et (RN Byl PSRl R L I E s ot room

teogetature Sdhd 1120 mgnﬂ:téﬂS@mrhﬂVKﬂl Sdohinione (40088 r%@e@meeﬂtfatlon) The
i A S ) O
E%Qnﬂhfel N secmng%%&zgﬁ deil ¥ Y/sec i&g h;e %1? IIS%% %rh time: 360

otal "It ght on’ Wa meas
sesbhds).Tri t on X- 100 |n 96 MIP 24 h after seedl ng 10000

FoaFLIERe, iR it oh pyierardan 480 L@%&gﬁ%@%ﬁ@ geurons at
dal:}} 8.-frofP PYO Vﬁﬁirtd ?%oﬂ aFh R Q8. gﬁlDF %@%ﬁdﬂﬁe medium was

["um nonet er of 9 mto c-
replaoed with HiSqtlandlnef ]FlaspﬂbN@\é(@ Ozilcmhesd%.’kﬁﬂde ﬂudréscent dye. Plates were
c-Photina(r) IAl clone (A ) and of the P19 / mto

then pﬁ&l&hﬁ#&( f()r h Azargd) bge H(lJBctyd wath Hisigioine orj Gluggaate {0 »M final
4]109&#21% o ana rgsggrgc% s?%i u?@ﬁ[a%éco}rde ofé{: %Pﬁ&ﬁgrg ?ng%ssecfj as RFU

(RIEBR ettt i) EXD. TﬁMeQ 06 0} BfcRAbN @pe%@l zu iPdRc Binjedbn W&GER: 50 pl;
caner abased | um nonet er co%gl tion. high sensitivity,
repding tHae:t 33 seondvc dnddPR) orremmm&( ¢f) undifferentiated P19 / mito c-

Phqtma / 1A1 clone cells 3000 cells/well tested 24 hrs after seeding. B. FLIPR
responses of differentiated neurons from P19 / mito c-Photina® / 1A1 clone at day 8.

Fig. 24 Transient transfection of different photoproteins (mito Photina®, mito c-Photina®,
mito i-Photina®) in P19 cells. A. 100 uM Histamine response was measured at

Luminoskan luminometer. Reading time 60 seconds. B. Total light emission was
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anal ysis the nmedi um was replaced 30 m n before reading
with Calcium 3 Assay kit 0.5X (FLIPR384 settings: Exp.
wapees@22 sec; injection speed: 20 m/sec; i NPEDIT2007/000021
height: 50 m; reading tine: 60j§econds). For both
measurenents the final concentration. of H stam ne was

[ I I d
0SS 82k o 51004, BB P LY, R me 3
séopddd e Cys Ala Lys Leu Gy Ala Thr Pro Qu G n Thr

Ar Gn Asp Ala Val Phe Phe L
£, 2ol ok fremiol @iymilg S RRoinhl Acy and pheo BROSmIcS(B.) siably

'[I‘EH&G i Roe «?%ROLX& ng p]lg)flﬂl%ﬁl TehHOﬁg%spgrnge E\ %96 MTP was

nilélasur& yt ZXSh aﬁbﬁce\lfadee&ihg of4p000 eelﬁhﬁelﬁﬂﬂmkt&néﬁpoaﬂd’ luminometer
Ay Thr lie Thr Ley Asp Gu Trp -Lys Ala Tyr

cg tlpr?se S@%}tlYlee 1§ 1n@rtgnge§0 &§59nds. UCAS’Ib)tqugglg @;mssmn was

n‘@aﬁug&' raftglh @elﬂ}%lsHbvﬁh %oﬁﬁf 1 v %8 ﬁvf’g??fe u ﬁ% ée@?@ 10000 and

Asp Vi
ZWQD glIS/Wﬂl @@D( mlmri‘b@se@ lumAbamadsmpedaditidneu 1oby rsefidityvity, reading
t.As' g g \ég Proli-Photina(r) i-Photina (r) (Patent
12{‘6& €5 Sn EP05005390 ..9) is obtained by nutagenesis

Fig. 261d8mphrisonOdt ﬁﬂm%ﬂtGCD%%PﬁB&%@'lﬁnh@ﬁﬁﬁﬁ“ﬂf the P19 mito c-
acce%& on nunber [Q08121). c-Photina(r) The c-Ph otl na

Ppetin F?aﬁ@aﬂtckmpl Histaniion 1epo6e 06 11519 /smdthd’ho)élda 1A1 clone (A.)

B RiH P B Bl g8 B A R Ggh SR TR Y4 n ater

sé&‘dﬂlg690®()0\/aélls/v9élﬂ Fd ( CTOY samdri-Ha&dr Mlﬁoméﬁéls Zﬁﬁl&élgrﬁedlum was
IIe78r% p8 1(r)du, Vals 6(r)lle 3
replasgd (dr ) Retore pqaég}g(\#lﬂglﬁ uwa:pelg%t@ra)zmwoham at 37°C (CCD camera-

oA G B RSN DR L B o o SRR B e

afdlsi$ tHhAEdinA WasRpleSed& ﬁuﬂﬂﬁbie@l‘éadlﬁ% Wi CH6m PirgSay kit 0.5X
of _hi.ghly expressed manmal i an genes n addition

(E@@Bo%§eﬁmg& ' FXp. mngeh O 80940 fmtlon epsedl Ahwl/se@pigeoBon height: 50 pl;

ntent have be d where
PSPl Y SocREE, RYOR ot eRB TR Rhsdiebouiqe o Hisamine
WRS Q0E MO, THaSsibriH] {OHM S Fhtid Rpds QBM AEd iﬂlﬁe?&ﬁéd b&R IS Muminometer
Two STOP- codons were added to ensure efficient
(exprasseshin BAU: Belative d.upriveseenpedUmit agé foramester (dxpresstd in RFU:
ctor (Invitrogen) with or w thout

RteE“V ‘%5??8%% é]lltsfag (mto) to obtain pcDNA3 nito
c- Photi na gr , PCDNA3 mito i-

4

MATERIALS,‘A D METHODS
Photoprotein degcription -

Photina®

The chimeric ph(ztoprotein Photina® is described in Patent EP 1413584, herein
reported as SEQ Iﬁ\ No. 1: g

Met Ser Ser L§r\s Tyr Ala Val Lys Leu Lys Thr Asp Phe Asp

Asn Pro Arg Tr\ Ile Lﬂys Arg His Lys His Met Phe Asp Phe

i

Leu Asp Ile Asn\ Gly Asn Gly Lys Ile Thr Leu Asp Glu Ile
Val Ser Lys Ala Ser Asp Asp Ile Cys Ala Lys Léu Gly Ala
Thr Pro Glu Gln Thr Lys Arg His Gln Asp Ala Val Glu Ala
Phe Phe Lys/,"Lys Ile Gly Met Asp Tyr Gly Lys Glu Val Glu

si‘
/
f
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Photina (r), and rcDNA3 i-Photina (r). For the

m tochondrial targeting (52-54) the human Cytocrone c
wo@zedases?22 subunit VI, signal sequence was uskeOI/IERR007/000021

' - ATGTCCGT CCTGACGCCGCTGCTGCTGCCARGEECTT

GACAGCCT CCCAGTGCCECECEC

T quéﬁ EQl

p%ﬁ%@}&ﬁ%&%% ned was verifi gg %ééf %ﬁﬁ%tﬁi%lg@gxger
Géeqlemcilyyy. IES Cetp Klbt BrgEBscelGls: vibre Thit tueedIle Arg

oL 3o itrg i e dbht  bat - PR\ B%b1 358 RSP chibPy BRPCOLY
Sét:eaugrelﬁh& (161% BHe GCaht NESAGWAL hﬂr&%_«/@a{m thyl 08y Lys

Serum FBS (ES qualified, Invitro N.
Iig18eg76) X HeRED’ SeRbEiLn UEd*gﬂzésCMd%m AhpgRhr

P35 1)" 10 TG e capCobthrey (L ibgEn £8P, Vel

Abdp G1350R10)Thr2 MG}]JnaHlBeLéMVSlltyr agen, TCat TyN. Thr Leu

2503002 0 eukem bi tor ct LI F
AEBy Bt (1L et 2 ot L NS BSR TI G dErh oy 9o B
i-PhbfiphY Mouse Errbryonl c Fibroblasts (I\/EF) cells are

cul fured 10% Foetal Bovine Serum FBS (Cel bi o, Cat N.
i-Phitina®] SPpteDVEMDlichtor o EPORBATII0e) Haglobsainedii by mutagenesis

GE o BT I C b G? ?@r8beélﬁ?éa¢“anlﬁpﬁ%%§%é%%%@%eﬂ§h8121)

cmmtalﬁ’al am noaci ds (Inwtrogen Cat. N 1100), 2
mM d ut anjne (I nvitrogen, N. 25030024) at 370C,
Theedtimtings’ ABatent Application &1’0@&5&0%&% rQbtaiged mutating the Clytin

seg]gl[eﬁncges 8?&2 {BQﬁ’k ta%c{aﬁ?oxp ha #‘lﬂﬂ% Q@%{?ﬁzmﬁ{ &hd i%{ﬂ%(év%?é fl% positions:

roporation ne
GtyspPhablun a@[SXm-ﬁMaQ | ARhptiGya( r )Lyaﬁd*Afg,Phbyf’;?ﬂa*(Gl)’, D&y —Cys,

i d th Bglll (New Engl and Bi ol ,
ABama bl VTSI o TP B B (et Sl g Gl
PhOYY rHe‘?ﬁ‘oR |CeE§0n Qonzéxz(h'\éssﬁhq’l';‘)%jalﬂ ‘?iaﬂ efi§’) and

I ncabate o m nut es e cell suspensi on
Thasodon usaee dfrth&Es-RletinateaidunP bt ganeg Wdrg adanpted to the codon

blgt B R Ry B s oS ot . o B Ty high 050%)
o0 doRT A BCERRBiNiaNE A0 MELE LAy dSRIe! | Ci 1

. Colonies were generally ready
F@It)pftw@lktu reneation dpi¢iatipn cthe d exskr eqnseBsUisosequEnemavas introduced

usffse’%%alggqg sg%rgs@gpnm"[%%o IS ot Pﬁlg?‘ns( r\xser%r%lﬁsg P{Esensure efficient
tep@ AN, | - Photina (r) clones were picked. 2. 24 h and

48 h after seeding, the transfected cells were plated
Cioning ggpseelure

The genes were cloned in the pcDNA3.1+ vector (Invitrogen) with or without the
mitochondrial tag (mito) to obtain pcDNA3 mito c-Photina®, pcDNA3 mito i-
Photina®, and pcDNA3 i-Photina®. For the mitochondrial targeting (52-54) the
human Cytocrome ¢ oxydase, subunit VIII, signal sequence was used:
5-ATGTCCGTCCTGACGCCGCTGCTGCTGCGGGGCTT
GACAGGCTCGGCCCGGCGGCTCCCAGTGCCGCGCGC
CAAGATCCATTCGTTGGGATCCGCCACC-3’ (SEQ ID No. 2).

The construct obtained was verified by full-length dideoxy sequencing.

ES Cell Culture
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white plates in ES nediumw th LIF. 3. Medi um was
replaced with 50 m/well of tyrode (130 nM NaCl, 5 nM
waozoeaM CaCl 2, 1 nM MgA 2, 5 nM NaHCO3 andPCDI1¥eW7/000021
HEPES, pH 7.4, 2 nM Ca2+) and ci®l enterazine 10 nM
(Pharma Tech International). 4. Positive clones were

ESebREWER c@lfe’a\ﬂeua{siﬁggtandﬁi%%ﬂ&ﬁéﬁ (69, K90 MM Hi st am ne

CCD ‘canef a- basedl| uni nonet er

S
Eééigﬁﬂﬁl@ﬂdlumhsmlmmm reading time 60 seconds.
t t rrea ured afte
r| té%%ﬁ%ﬁas@ ‘%Hl? ro o agﬁ:a(:élé %ﬁge N8Rt Bt Foetal

Booindi tSeomna; FBY $ESSIqthﬁéd/ Theadices tddre ﬁ S@@m@%g) DMEM
D ﬁ%? cl ones for each construct were chosen and expanded
g

cre e ddpdificdiEagdnsviedivan high gb@o@e,m@?mt MNMaRifuvag6(Invitrogen,
esponse
CHI S, 0,0 B R s,

mM gBlusaniiet (luvitsogeh 0ICa6ONS eX5000624); RO50 duAhl ‘L‘éhﬁémm Inhibitory
hot ipr otein activity neasured after Triton X-1

Facpar, L1F ¢hyodotinérianniaSad N. dif G et 3TEhdi% iChs : I ow
P800 M A 58 LR, B B i

Sevutrh EB&ndEﬁ‘lbﬁoPr@ttEIMaQH}Kl disgesbMHEMaDdlbecco’s Modified Eagles
extracti on nethod (59).

VB ETisth BT (AT RERRemom; AGRIIRONC] M Sodium Pyruvate
(IEViaRlgbh AV &, P@%o@@%&&%ﬁg&ﬁ&ﬂﬁ%ag‘%gﬁ%ﬁ&égezn%t N. 11140-

Reacti on) was performed on E
0% 2 enMsGhitansimer(bniitragel, \Cad. Ng2 5F30DRK) @e37°0e86s Con.

g fr}th Pl atinun(r) SYBR Green(r) QPCR SuperM x UDG'
—I\ébgf%%%?—é@@, I nvitrogen). The primers used were
DNesi gngdubsi Rericbsorddingrefo BXpr %ﬁ%b}otecﬁ’lfst ‘0@&&@ \%n&ected using

(Applied Biosystens), on c- Photina(r) (CP
clpeiempeitiorn 0@@6@340 ogdef dut ntitvechasna® msed-pkmmh@ and i-

PR IS, BBanil Bl Brechnded Bislstinmer { sy tried using
7440° E@)oell %E@%or%ggﬁgﬂ— %@[IM?’% gﬁ%bﬁaﬁ‘%ene éulser) and

neq- f CGTACTCGGATGGAAGCC EQ
IHGMGWECTGEC(BWQOA@J@SEQ Tbe I\hall S)spensisB- \fvé)sr .diluted in ES cell

m%%-r%&% %@E rlfql:g) % geggtlm%:cf B]_@rea\algm diameter plates.

AREDESPrORIM A MHCIL HHER LRNecBBnARLs Bﬁftéﬁnugﬂl 0E§%’é%ﬁ£‘%8ntalmng 200
Detector (Applied Biosystens). : pr ot ocol

He/mé G1di8| (6weinpigeins SIG MY, QatnNnGiSOIIE) 95C for 2 mn hoI d

Ccﬁomes were generally ready for picking 8-9 days after electroporation.

Clone Selection Process:

1. 114 ES pcDNA3/ mito c-Photina®, 130 ES pcDNA3/ mito i-Photina® and 99 ES
pcDNA3/ i-Photina® clones were picked.

2. 24 h and 48 h after seeding, the transfected cells were plated in 2x96MTP
white plates in ES medium with LIF.

3. Medium was replaced with 50 pl/well of tyrode (130 mM NaCl, 5 mM KCI, 2
mM CaCl,, 1 mM MgCl,, 5 mM NaHCO0; and 20 mM HEPES, pH 7.4, 2 mM Ca?")

and coelenterazine 10 uM (Pharma Tech International).
4.  Positive clones were selected evaluating:

-Response to 100 uM Histamine (Sigma, Cat. N. H7125-5G). CCD camera-based
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cycles of: 950C, 15 sec, 6Q0C, 1 mn; 95C for 15 sec.
20 mn-long tenperature gradient from 600C to 950C
W@ p@l7 8082 cur ve step). At the end of the run, PCT/IT2007/000021
fl uorescence data acquired duril®g PCR wer e processed
as described in the ABI Prism 7700 user's manual . The

luthéinBgr onMieioas Uligh BERiiviey, 3BRdiNS titnP80 §ABnEER
}&ﬁoducts was made using the"Dissociation Curves 1.0"

fwbrt%tak RBplopetel; a{d te mSpsurRg aéﬁer rﬁ:,rrtommw el tysis. CCD
eﬁ?}é}g Ha§ ?Q%e%‘r c'i)ﬁc? Qﬁgﬂo%x@e%r 1% i$ead11 %m al r?ds
the nu }ﬂw v 5’

er 0 i sQudt neomycin_ andf or
12 eloacp for &iuohlconstr@emire chose. andpshanédd éndl\@t@ﬁécﬁﬁteébunted cells

e Ocﬁ%’rilﬁe%T MDA RGBT ) (O tar got) 4
1%1 gus IC\‘A(ﬁléM: ﬁl%%g&lréf ;ﬁ;%]?ecr?%e?ﬁagdt u?rh %&gteg c§§2htlons h1gh

semfitivitiye faryo Cofecbiids. neonyci n or the c-Photina(r) gene;

p fici =PCR, efficiency of the gusB ne;
Kaua) (tal SPlegoBotgimoaTsa Y Ghafsuied: REet. TR il Gordysis. CCD
ca%er%&d luﬁm?ltne%el?%oﬂéﬁ%%ngqe% seﬁglﬁl,gﬁt?aﬁ%r' PB4 he

right of the tornula gives the nu copi es  of
DN extira&iivh per gusB copy. Since two gusB copies are
the fraction is

DRI T s oY wliged SsCERBrR s9et d50Ry 6P edraglsdbMits stendard
P fe IEJidditibR afid Bﬁ@z{dlf@&fo})hgﬁhjl éﬂf@}ﬁ*ar@'l Qﬁ&ﬁ&%}n%@ﬁ‘lod (59).

different restriction enzynes, Xbal
Deferpinatiomaf theBnwmdlex pf mS@atienis bYI QuaHitatize &QER gel ,

Q%ggcf]@@?ﬂﬁﬁ’ojf}ﬂq%%&l Rsnwlt%r an v\grog :Ptflé T %gChalE%egmito c-
Pﬂdiﬁlla? AGIIR ushiabapprodingatElyos *n%&(ﬂ ]))N@Dﬁbln feaS B8k SAEL tHPDlatinum®
S/mto i-Ptiotina(r) and

of sES_genom c_ DNA of
S%BR%NIGH. %%Ri uneryix diPS” \pagtogp e davifiogan)Eddm primers used
I
wél%stfeﬁfg;ugﬁ ngln%'}?&é( ﬁléﬁd& E%!p??%blsoogﬂﬁrf%%lg;w%&}%ﬁ@da&%r ?&gms) on c-
Piodram&’eqcm@cm ln@gﬁzrczhld(nbéézﬂﬁ); toA)ﬂet}@bnge \qﬁssnuaedsed in the
h 32Pd P - - t r) codi ng sequence
trgrgetofin e%%ééeé%g@agi’ey@”i‘e‘tqct BRI s

CPH%Y@%S%@%"P@@?Q{E V\?t h @f;%o%%’ar a{?or }‘ggirrgg. (%i:A,
CREReK, GCGATCTCCTTGCCGTACTC (SEQ ID No. 4);

neo-for: CACGTACTCGGATGGAAGCC (SEQ ID No. 5);

neo-rev: CCCTGATGCTCTTCGTCCAG (SEQ ID No. 6);

gusB-for: GGAGGTGATTCAGCCACAGC (SEQ ID No. 7);

gusB-rev: TCGGCTTCTGATGCGTCTTA (SEQ ID No. 8).

All QPCR experiments were run on an ABI Prism 7700 Sequence Detector (Applied
Blosystems) g

The PCR protocol was the following: 50°C for 2 min hold, 95°C for 2 min hold, 40
cycles of: 95°C, 15 sec, 60°C, 1 min; 95°C for 15 sec. 20 min-long temperature
gradient from 60°C to 95°C (melting curve step).

At the end of the run, fluorescence data acquired during PCR were processed as

described in the ABI Prism 7700 user’s manual.

The melting temperature profile analysis of the PCR products was made using the
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Wi t ehouse Station, NJ, USA, Cat. N.1.04005. 1000)
solution for 20 mn at roomtenperature.3. The fixing

w@odoanswe2 was renoved, and 3 washes w th | X PBSCTEN2607/000021

performed at room tenperature. 20 The bl ocki ng and
permeabi | i zati on procedure was perfornmed incubating

7] -l i . ' i . t 4
RISQGRIEE Ty S H PR (SRR ST DA P REa%E Brinigf dimers wore
paaducedin erenplthatQPER . experifentsbl ocki ng sol uti on was

empved, .and 2 washes with. | X PBS were perforngd at o
Tooa et P quisT o6 Sorls of teupein Ser Boiogeapeage per diploid
gblﬁ&ﬁ@ag%q Br ck¥o Ner BBler&Pahe SefsuCYeibYorhkdshBi) Xadd®Othe PCR
in I X PBS for 2h"at roomtenperature’ - The nouse
eHimerdiemial thadellowing farmilasct 3/ 4 (C 10) (Santa Cruz ‘

Bi ot echnol ogy, Cat. N. SC-5279) was used at a 1:100
dilution. - The npuse nonocl onal antibody anti SSEA- |

(Santa Cruz Bi ot eciPOROBfficidadly .., (S€21¥702) was used

at. a 1:100 dilution in a buffer that did not contain
#ofgomies Pehesdl TFOX permeabittizing-agent:—=--The r abbi t

pol ycl onal anti body, [ ' I—gmtyusﬂhai n ( VHC)
(H300) (Santa Cruz(IgioEtEg?:%g%%%ji?, Cat. N. SC 20641)
was used at a 1:50 dilution. - The rabbit polycl onal

%Int i body anti GATA-4 (H1 12) (Santa Cruz
Y86t echnol ogy, Cat. N. SC 9053) was used at a 1:50

POR Bfid8hcy ;448 FEORISER T ﬁﬁ@lne@ﬂs%/ézjﬂQ)QXh@E’-t}ihotinaﬁ) ene;
sarconeri ¢ afpha-actinin (EA-53) (SIGVA, Cat. N A 7%1
PCR Rewiensedu.at= BCR &hicitinkyof the. gusBTgemer abbi t

| yc| onal ti body .anti, NeuyroFil@nment H (NF-H)
Redrks 23 ortht oo bg ERAS e eE N & 1 00
Ctlichb =Ty of thdBRsBBERE nonocl onal anti body anti
Neur onal Nucl ei (NeuN) (Chem con, Cat. N MAB377) was

The depction pm theonghi ofuthe Jarmulatgizes thebmimberodfedmiesmpf insert DNA

PR U S S ML e i
inmubpligdvyoivanal antibody anti Nestin (Rat-401)

éCherri con, Cat. N MAB353) was used.-at a 1:100
Santherpdtlot 7~ 3 washes with I X PBS were performed at

e i:nc i: i . .
15 R ESREEGHAL BN o FRO P LIADIBE M0 SERRNOR frrn
ratidtiomerzgmesy Handlil, tatahj BarrHT QARG eIy Baslab®p tyaded on 0.8%
al one or i co%ati on wi.ith a rhodam nated anti - nmouse
a%??%gﬁlg/ a{lgﬁgﬁns dm@yl@m%rane positively charged (Roche, Cat.

N. 1417240). As probe was used the [**P]dCTP -labelled c-Photina® coding

sequence (59). -

10 pg of ES genomic DNA of ES /mito i-PHotina® and of ES / i-Photina® cells was

digested with EcoRI restriction enzyme (Biolabs), loaded on 0.8% agarose gel, and

transferred on a nylon membrane positively charged (Roche, Cat. N. 1417240). As

probe was used the [**P]dCTP —labelled i-Photina® coding sequence (59).
Immunofluorescence Analysis

1. The medium was removed and 3 washes with 1X PBS were performed.

2. The ES cells were fixed with 4% Paraformaldeide (PFA, MERCK,

Whitehouse Station, NJ, USA, Cat. N.1.04005.1000) solution for 20 min at room

temperature.
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Rhodam ne. Chem con, Cat. N. AP130R) in I|\)% Nor mal
Goat Serum/ 0.1% TritonX-100 in I X PBS at room
wo eopes@eure for 1 h. The anti bodi es were usedPEL/TE007/000021
1: 200 dilution. I 9. 3 washes wiith | X PBS were
performed at roomtenperature. 10. The cells were |left

St . _ ! h h b
25 ot S PR B AR 2B S S ers pectormed
atSeenypteotpecadhredescri bed in Ref. (57) CCD-canera based

[ um er . nreaspyrenents . wi th cardjonyocytes - EBs X
4 nor oL DIITE B BETRTAF LA AR BIOPAATaA P S qmped incubating the

cAGCHIRSIRL Workad €78 £ Fru ‘helicoaRERAON, SQ@UTUO%?RA?WZ% Triton
i ncubat ed (20000 cells/well in a 96 MIP) in 10

X ionte PBS fee 30mint aindemdempendierebuf f er (for the test

S0y BB Sl ol RE Fipoedh, £ 2 e Sl ax Fbs ware
pérésrnfed @ rBohUBmBetat@kt er cell seeding. - The responses

to 50 nM Endot helin-1, 100 nmM Nor aepi nephrine were
6 neasTihedifferenhantdrplienmera ibabated il Andpanal Goat Serum 0.1%

. L i i ) i 60
TUERCR AR Sh8 o7 203 Hath enfBAELTE e o ver e
st-i nlhat exbust t mot@craaKChntibddy sqeci ¢tcid/y qC-10)e (Santa Cruz

chanpel s was checked incubating the cells 15 m nutes .

bef op@tﬁ@%u%éﬁéﬂté‘alstzﬁ%wﬁwwdf i bil A dlatiepeci i ¢

L-t ypee Yo ds 98 ' i1 N i

(SI VA s N?lg@n‘ft%g%%)cfa ifbod] i BeEA aﬁ@agh%f‘fé%zr Gigteghnology,
act i Cat. W2 1M8As wae dsedt dter 1TOD tddlutidn 10@ bodfdr thatsiid nat contain

th - d lLunm. t ondi ti . high

SensiterUip) 10 BIReatHAE e Reus onal- i £fer ent fati on
Peabitdiiz/ Ol ! ! ]

Prot P lratyMit @olﬁﬁnﬁ‘ﬂhﬁﬂ@bgﬁggﬁ’;‘ E@figg;%g%@@élh :}(g/[HC?F{H 300)

See protocol described in cane

bas e antmErzBiotschmelogyy kM- SGi20h4 Deurowesd at Relt: § ¢ dilation.

Aci dri nd ' . N. ..R- E
diczlsggfé?a %g)gtam%@églga aég'g%tdgelalng/ vég I%@lrdﬁ gg"w)e (Santa  Cruz
D- | yBigtechnGlapya Catatl. SOLO0SE 143 usapitedl :3684iMiiBnand

24000 cells/well in 94 MIP format for a further
di-f f Ehenmpess srenesionsd. ankibodiyt ARt epRIFeIIEDn dlRha-patinipe yEA-53)

. . i . 0 t d d
o AR GaE o s TR D e S A b Ak Donee) and
i A t'Vhodabbit tpobyel ol anfibodytdmi MNesikoFitamado | HaQ¥F-§ht @hemicon,

of 158 BN RSP GO BEBR n G A (8
FoecTh: ndb R Mg AR O (Chemicon,
370C at. N. MAB377) was used at a 1:100 dilution.
- Thee rabbit polyclonal antibody anti Glial Fibrillary Acidic Protein (Dako,
Cat. N. Z0334) was used at a 1:100 dilution.
= The mouse monoclonal antibody anti Nestin (Rat-401) (Chemicon, Cat. N.
MAB353) was used at a 1:100 dilution.
7. 3 washes with 1X PBS were performed at room temperature.
8. The incubation with the secondary antibody was performed with a
fluoresceinated anti-mouse, or anti rabbit FITC secondary antibody alone or in

combination with a rhodaminated anti-mous; antibody (Goat and Mouse IgG/IgM
Rhodamine. Chemicon, Cat. N.AP130R) in 10% Normal Goat Serum / 0.1% Triton
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- The responses were neasured at the CCD caner a-based
| um noneter (conditions for G utamate response in 96
wWO/EM7/08R2 sensitivity, reading tine 60 secondsPCT/IT2007/000021
conditions for Voltage-gated Cahci um Channel s response
“in 384 MIP: hi gh sensitivi ty, reading time 60
ric r .
Xi@g Bd@z BtFés on iegn& Tht at ggl Eeﬁ@%ra@? Es %H 6fd'da 1:200
diln@inf f er ent i at ed ES / mto c-Photina(r) ES /29 cl one
Differentiated cells (obtal ned after Retinoic
9.Aci & washssaditiEBX B2 86Ee Betfomnethel ream CRWSERIWG- at 6500
16! Pl &é}erf@ﬁxt@aé%mq:ﬁ@at ed 384 bl ack wal|
cl ear bot 'ates) were neasured at day 16.
Chl‘ttilofni)af@micl diﬂdreﬁﬁldtlm tprote &lowiitia the ) Embryold Ridine (EBs)
wer e, seeded at 10000 cells/well 24 h before the test
fosmafiqmsteR coated 384 bl ack wal | clear bottom plates.
SR Qt6cd1WMIEABed he RRXPEIAHNENt S, the medi um was
renoved, and the cells were i ncubated in 25 n/wel |
CQMameaFbctsedtlummdyezteme@@ur@znem/wc@scal(daommcytes

- PR VS8 bR s 0t o
SERG0IM dffhnted? 2! frRGbated SATVOOEHBY cIP anrM b PREIP)EE €10 pM

i njected and the fluorescence signal was recorded for
cozl'fmxt@emnand mlpdaeésternbcasbwew (fRelthe itoss @ll HogRSRonerd in tyrode -

IR R oL FEad oo hinedeinm fpaielSont P 372

ﬂh@te@,@r\@éﬁlrﬁnmﬁm@f @liedeging. on Phot oprot ei n
Transgenic Mce First experinent Two mice, one

ﬁb@ responsesrid SneMnérdathelen-i ot 09 B! &\I@mmcnﬁ(rm)e were measured at
sy GG ST G AP RB IS CPRguRs P ~opu e rgedifg time 60

Sd@@ﬁagsed wi th a physiol ogi cal solution in order to
el imnate bl ood contam nations. Several tissues

Téb@pf\’@fhﬁaé@ gatem GrdeinmiGenpels avate é’éméIE?éPCi UHith |4Q/@@M KCL The
fat

speg1ﬁc1t§§ ﬁ} Lo %ﬁfest\% %cﬁgeﬁ dmz?&t%a %fge e\fﬁ 15t %ﬁl&tes before he

nct ung, dney,
m@%frémentaﬁfith r’SCLﬂMt Balfedidille é(aS opadifio . -coid EV d‘ltalgg gatedn@alcium
Tris- 150 mM Nad , mM DTT, | nmM EDTA, 0.1%

Cmelz@lhﬂwfddﬂ@m&l@% NeNﬁﬁéé) prot ease i nhi bitor '
8 g : a{ arl ep%ﬁf](g)rbte% Ctl{’\l't qxf%églfx 3%211‘ df in?rsrﬁto?lt Xrgﬁmell lysis at

& sur
th%CU(SBQfaﬁlelrﬁlb@s’dﬂlelﬁmhﬁomeﬁﬂ Q@nﬁﬁlﬁoﬂst thesenmmtyj foer30 seconds).

Ngl?lr'(t)sél differentiation protocol with the Embryoid Bodies (EBs)
formation step

See protocol described in Ref. (64,65)

CCD-camera based luminometer measurements with neurons

- Retinoic Acid-induced (RA. Sigma, Cat. N. R-2625) EBs were dissociated and '
seeded 6500 cells/well in poly D-lysine (Sigma, Cat. N. G7121) coated 384 MTP and
24000 cells/well in 94 MTP format for a further differentiation period.

At differentiation day 14 they were incubated in 10 uM coelenterazine in standard
tyrode buffer (for the test of glutamate response) and in tyrode without KC1 (for the

test for Voltage-gated Calcium Channels, with or without a preincubation time of 15

minutes with 6 pM Omegaconotoxin GVIA (a spgciﬁc N-type Voltage-gated Calcium
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The sanples were then aliquoted in 3 wells of a white
96 white well/plate. They were all read at CCD

wa@ a0veiosoeknsed | um noneter, at high sensitivitypCT/oro600021
sec, at 0.6 sec of integrationpgine, after injection

-of a solution of Triton X-100 and 250 mM Cad 2. In

order. .che ] rese i »f the
Cinge L e AL BR G CR B BoRTh bR Bl e b
- The Bdsp6ARE Gdte Hedsuregl 4f 18, CODagunh-Hak&d pasinbinees @odditions
3 neg%;wes for the c-Photina(r) t,tansgene%ﬁnger_e
for (rlpfrapate gesnausedd 26 MilPr dpwnsenggaaty.t igadingetime 60 seconds;
d, ] a q.caql0 . i
co IS S VR TLER, AROLSCRysRylR. e SoAOMTE: tigh
sepdiiisity] ogidasd timelG0tdeoonds). order to elimnate bl ood

contam nations. Brain, cerebellum , lung,
Flgpgamgiriet ohmagingonbinde a#&ﬁﬂ%ﬁrt(liﬁPﬁxm%%&emﬂm on
di%?ermiﬁf‘eﬂaﬁ@ﬂrb%%ﬁi & dbbrle Perfti SRIUEISON /ARG AiPRbREaZ0ES / 29
rns- pH 7.5, 150 mM NaCl, 5 nM DTT, | nmM EDTA,
cland % BSA, 20 nM coel ent erazi ne plus protease inhibitor

cockt.aj | f .h at . ) , l.
DB g SRS EIREA o, PG o o
ses\fﬁiﬁ% fal 850(Ecd1/weTRbh ?)E)lypbfﬂyﬁne 3psted BeM tAddkOMAN elbat Bottom plates)
: p

e 96 white well/plate. They were all read at CCD
werammasirpdaleddyl 1o nonet er, at high sensitivity, for 60

o ot O of i i : ; g ;
BBy BRI TPE bP ghATae RL eB e 241
be:ﬂoﬁaemd tgﬁra? g'E‘M(@in;Hoﬁt&dG@mblalabS\iallic\l(@r Bmtgomlpmtmgﬁit i vfe for

e c-Photina(r), transgene). .. A 30 .
Bl BARBE dbq MPESBIS A1 r(lsgi I ARCBBOSF-E AN gellsgvere gpoubated
2S5 AP e Bt Lol ol SOl i
tyfodle 6t 3omiti 4t 378C) vein. After 3 hrs a sanple of 200 m

of blood was withdrawn fromboth m ce tai

| -
127 PR ef Beods Wit 4R B 24 () KL AR NaGh (120 TEVIK 7y 2 M CaCl,

b Lght )l reatic | i sp)atd f
e A e e L
foEhsIdeaind eDhresde@ds REUMReldtivie@idrestendet Unitsppat i ¢ duct .

The ;i ce were then sacrificed by exsanguination after
FLIPRt settingse abdoni nal vena caval/aorta. The isol ated

a re then digested and beta-isl Qs were

E%S?lﬁh%ég%b%&densi ty gradi ent (H stopaque-1077; Sigm).
InjdionSpetd 20eiilgsechen cul tured overnight at 37C in a

um di fied atmosphere with 5% Q2 in M 99 nmedi um
Inj¢atipinthedgidnO @&t . N. 22350-v 029), supplenmented with

Pﬁgl;{)olp{rg all} gg?%{]ﬁaﬁ%gig]onllo&ot%lngtepne’ilirz(t:lilslgleinpd Nﬁ@ed 100

First experiment

Two mice, one positive and one negative for the c-Photina® transgene, were used. A
sample of 200 pl of blood was withdrawn from tail veins of both mice. They were
perfused with a physiological solution in order to eliminate blood contaminations.
Several tissues were explanted from both mice (brain, cerebellum, liver, fat, spleen,
skeletal muscle, sciatic nerve, total pancreas, lung, kidney, blood, stomach, testis,
heart), and incubated with a solution containing 20 mM Tris-HCI pH7.5, 150 mM
NaCl, 5 mM DTT, ImM EDTA, 0.1% BSA, 20 pM coelenterazine plus protease
inhibitor cocktail’s (Roche, Cat. N. 1836145), for 3 h.at room temperature.
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10 Mto c-Photina(r) transgenic mce islets/well were
put in a white 96 MIP and i ncubated in standard tyrode
wa@oloanswe2z Wi th 10 mM coel enterazi ne for 4 hrs BCT/BR20/000021
The islets calciumkinetics reggonses were neasured at
Lum noskan Ascent (Labsystens) | um nomer; for 150 sec,
Tl?% sblﬂ ﬁgrv%lleo tdu n%pu?élﬁﬁr sci oﬁrsljln‘?to!r?& W &&hﬁ the t1ssue in
ucose stinu manni t ol
mmﬂgﬂQmme control The glucose concentratlon was then

Té‘ﬁ%%%éiv%ma@p%ﬁ”‘#@oeﬁ Rty st whi ke wiste welypacd.
efs BASRAd |24 0 "B drhivg be S RiMSInbktdry ot hh 6sRBAYy, for 60

T e total photoprotein content_ in the islets was
segpais Qubestc afftistegeaidn ﬂu;nsesftw infectiotira ft o polMtio0 ©f Ferited X-100 and
gh sensitivity, for 60 sec). - Several
zﬁ@éﬁg Eﬂ@ere t hen explanted fromboth m ce (brain,
InCEYdePel btk the\Resent@tand 3¢ Q@Blllt? drthe pﬁ@! thﬁlrﬂ%'p‘dﬁer protein
stomach, lung, testis, bone, skeletal nusc ki dney
ingke differeyphiiesyes/argme durwgttmes@r@l@@ls @d?czﬁstb\f% ang %mqg@iﬂves for
0 I t h
thteanpﬁgéﬁﬁ trt%%aéén U\?éxien ﬁ{@bggt%é Ray %ﬂdl‘ﬁleken{t %;s tw? mice 3
mbﬂth@ 0] uvo anicefo A{dneid dId, Sm&l(ﬂwoph{fceS,lO ]rﬁﬁntthlﬁClF he}5were all
nmvi DTT | mM EDTA,, 0. 1% BSA, pl us protease i nhi bi t
pebusee arith aplwiRlpEical PltaR 19 i ORESTaiRce HBgAse b Ood contammatlons
BT Hutn, Ap1 e 1D LAY b MM NQEHELrt Wel€ explanted
ré%$¥1 a‘%)%nst a |ncub§$e W th a sol utl%nVJ explante
fromnthai miceg aR0 indvibBtads wiildl a pélniibn cbﬁthmmﬂgl\mnMSTmWHCI pH 7.5,

150 SiMaNRCT P BT Gomi BTt £ B8l HEuRf BeléRierazine plus
pBE TS, ARAMIR, 119 FED %gggngqgg 99 | uni norret er

[es were t lquoted in 2 wells
Th)é san@ﬁesvm'letee al/l/eddt/ witht @rgithleycivene ial drdee s reduc€Che tissue in
mer a- base nonet.er at_ hi ensitivjty, for 60
S ot et Aot g Aarrn e e Wl B et on
Tﬁé @ve?@l Wt jeqa a"l?fC(-LFD' dBRerfbhO&H ﬁﬁﬁ'm%ﬁ{étéﬁ\/'a%%@seﬁEMﬁE& for 60
experl ment One other c-Photina(r) transgenic nouse and
sagnet Adgseci afeintagnstéoniime, sfier infiedmm ¢fha splsiontad” TriionaX« 00 and
2ﬂﬁn@ﬁ¥#§ﬁ from bone marrow (which were differentiated
' t 'n macrophages) (68). 20000 cells/well were
seadaspeAm@nP6 MIP plate for each nouse and cells were
lysed wth a solution of Triton X-100 in ogpder to
Teremicet @éetR@tsﬁlVec@lq ong apgativet fovithy cHiogmas drgisgeng) tyere used.
i.nt e hon t C I
Ao EFef Bt Blspis s flat (172 Qulmitamiinddan 4 PYS0: 990 nM
Gﬁﬂtﬁth%’ﬁ?:f ié%ﬁh}&‘sl&l@gﬁlaﬂ %rmshy rdoRGliGiRE 58 ey o€lcbsleaTaXe / kg of

are
mouse Was injected via tall vein.

After 3 hrs a sample of 200 pl of blood was withdrawn from both mice tail veins.

- The mice were anesthetized with Avertin (12.5 pl/g body weight). Pancreatic islet
isolation was performed from the mice by collagenase (type V, 1 mg/ml) (Sigma
Chemical, St. Louis, MO) inj ection into hepatic duct. The mice were then sacrificed
by exsanguination after a cut of the abdominal vena cava/aorta. The isolated
pancreata were then digested and beta-islgts were purified by density gradient
(Histopaque-1077; Sigma). The islets were then cultured overnight at 37°C in a
humidified atmosphere with 5% CO; in M199 medium (Invitrogen, Cat. N. 22350-
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cultured with 10% Foetal Bovine Serum FBS (ES

gqualified, Invitrogen, Cat. N 16141079) aMEM M ni num
wee@ensicat Medi um Eagle with GLUTAMAX (| nvit r openT20t000021

N. 32571028), 1% Pen./Strep. (l28/itrogen, Cat.

N. 15140122) at 370C in a humdified atnosphere with 5%

R r

e T R e P L Phn St . I 100 pgmt

stientposising hat can be replaced with a preferred

of. t h Phot
OB Brorie bfiesly Biee WSTet ) et Rl TRyl 96 MTP and
inBuBAte®Sh stidaMesrbdA8sTuE6h SHiPY0 %M%@%@é’rﬁhh@ rfoi El‘- h%s 3t 37°C.
106 cells (electroporation conditions:

Thy, ishite Reedciganekipetics emspoilfm MTQCMGQWIWSatSﬂBmMﬁdSkan Ascent

OZbipad b0t dPu 7§ e by Peralh dief} sts” igputation with o
glktb® sBmaGis CIOHMNI), 08k m(ﬂ}pﬁfanﬁﬁbﬁﬁl %Mlj’r %%%gatnle cbd®ol. The
pcDNA3/ mto c- Photlna(r) cl ones.

glippssr coBesitigbont Was ttharhswmabaecb@m is mM emm axee@sl«rtn were then

St@gﬁ{lﬁ;ﬁ]’)\l\%ﬂ ::' :p ggfadlalﬁ S?lg‘gl%?ﬁ % %‘l Of R@foé:éﬁ rﬁ%nera -based

lusideoman ghighekryitieitpzion QSO&C)TMDhe thtal E&h@tdprb}%nﬁ temest in the islets

wer e sel ct ed eval uati.ng: -Res onse to 100
wap geasited afteperld Aysss Mﬂhg daitony mi-hePrbagad l&fﬁ% (highnsensitivity, for
6@ sensitivity, reading tine 60 seconds. -Residua

| photoprotein activity measured after Triton
- Xeﬂ.ﬁ@l tiedules vt sherCedplaniee reon Ao nlickryMramgt &i-ebellum, liver, fat,
condl tions: | ow sensitivi tly for 30 seconds. P19 /
SH¢ 4T heaBnEfighaeTvel sipmact| lgpg teftisyibore skeletdeascle, kidney, skin,

th%}gﬁgjﬁ raﬁ@tc'u?%r'}a 4 g@@al@c?stsgﬁ% 1885 D8Rl He l’ﬁ%gues 19 Z%aller parts.

aner a um nonet er neasur ements
Atlethi sadhplesoweiR18ividedi inotwer E’htohesn aqrre) pdrt Als plit(lﬁea Nlutlon of 20

o BT (L sedof v Neling mOLT oflF Hidbly A% Bsa, plus

prd®da¥e @nh%%tb?%o@%ﬁ@%ﬁﬁé‘utw&@lent% fn‘én§ndj kdh&d %ﬂh‘lema%iy at the

fromP19 mto c-Photina(r) cl one were
CCht woaresatbederdh lasineiyahest; | thof otiler rivroevasn imstemii mecubated with a

s G SP P B P AL i iyt AHE Nl STRRE Tl 1

EKTA, Wby, 8R! 8¢ thnilco e e ATRE ﬁrlﬁgﬁ‘@féaééjfﬂhmfﬂ?rtc%rcktalls for 3 h at
(conditions: high sensitivity, ading t

rovge tengwrature before the CCD camera-based luminometer test.

All the samples were then aliquoted in 2 wells of a 96 white well/plate.

They were all read at CCD camera-based luminometer at high sensitivity, for 60 sec,
at 0.6 sec of integration time, after injection of a solution of Triton X-100 and 250
mM CaCl,.

Third experiment

\

One other c-Photina® transgenic mouse and one negative mouse were sacrificed in
order to isolate monocytes from bone marrow (which were differentiated in vitro in
macrophages) (68).

20000 cells/well were seeded in a 96 MTP plate for each mouse and cells were lysed
with a solution of Triton X-100 in order to check the total cell lysis activity (high

sensitivity, for 60 sec, integration time 0.6 sec).
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FLI PR(r) measurenments on neurons derived from P19 /
mto c-Photina(r) / 1Al clone At day 8 of the neuronal
waledo7esmnt i ati on protocol (4 days after seedi nRCT/IT20@1/000021
D-lysine coated 384 well pl ates) neurons
differentiated fromP19 / mto c-Photina (r) / IAl
Pfd COE cHRRlfe | NcUbated with 25 ni/well of Fluo-4 NWr)
cal cium sensitive fluorescent dye (lnvitrogen, Cat. N
P FB6206)e madinhe sdatikg aPf anebatiene i ncubated for 30

P [ S So b o088 iPeBptenh s Gl AGCY 65t 3y, GRITn825) are
cWlBed RIIBE119Y, FRBAI B ihié WREH-AHC ETRSe % g{%g@@? IAB&EBESEACat. N.

for 360 sec and expressed as RFU (
161406785 ceMEMUnMigimuEl | Red8d MediungsEagep. with m@LUTAMAX

(8 Ti0ESR [ Bhc ) “ARabRimish £eBo G FkfEseracal Big1p0122)
379G ! @hﬁmdih_e@aﬁﬂodghb@ whth 39 (,@Ilgfpﬁ neurons derived

from P19 mto c-Photina(r) /; cl one Concer ni ng
Miodi-Phcting A stablesigarmsfertionni t o c- Photi na(r) / |1 A cl one,

/vel | d.i |.at | |
DR Bo RN LS E AR B A BB Dyl bopicea
withtapréferrdd pyotdcobf Fl uo-4 NWr) cal cium sensitive

fluorescent dye in the dagk. Concerning neurons )
Abpwt &0 avx phtledl riifcomriotigal i m@I&AﬁhBNgA]ava@r hngargzad with BglII

| 0 at of _the neur L ,differentiat.ion 6
bt #0ab0°amd des BRRG  PrpoRGEERIglbR e, 2ep ot cclis
(e?&‘ﬂro\rﬁﬁﬁtio@ﬂ Rndflongebb® preo 24ine uhiakad gehé puker)m / wel |

of Fluo-4 NWr) calciumsensitive fluorescent ‘dye in
Théeeldetidn wBosthrtpd aftes4§vbrfeorh tloaityanfecticor wBb 700ng/ed Gl 8.

37C.and then for 30 ni.nutes ag gomten‘p&erature.. 12.5
CRIPESI Ferg oLy SPRBCRGIClnE SrbEIAL T IMeOBGESH  or
CYReSdidyiRaiBdcesand the fluorescence signal was

recorded Tor 330 sec and expressed as RFU. 3X
1 conmpo@hflpcDIVB/mtelcRiamina® clard. 300 mM G ut anat e.

FLI PR384 settings.Exp. .Tinme: 0.3 sec. |njection speed,
220 ?éé}b?ﬂ? ﬁ%g’t T srefgse .ih%t;a&%feqfﬁ%ﬁgh%mere p_latede In 2x96MTP
whit@ P&t QboonakYIS08p cdtigy/gAih after transfection

medium was replaced wth 50 m/well of tyrode (2 nM

3. Medium was replaced with 50 pl/well of tyrode (2 mM Ca** and
: :

coelenterazine 10 pM).

4. Positive clones were selected evaluating:

-Response to 100 pM Histamine. CCD camera-based luminometer conditions: high
sensitivity, reading time 60 seconds. )

-Residual total photoprotein activity measured after Triton X-100 cell lysis. CCD
camera-based luminometer conditions: low sensitivity, for 30 seconds.

P19 / mito c-Photina®/ 1A1 clone in vitro neuronal differentiation

See protocol described in Ref. (67)

CCD-camera based luminometer measurements on neurons derived from
P19 / mito c-Photina®/ 1A1 clone

At day 8 and day 11 of the neuronal differentiation protocol (respectively 4 and 7
days after seeding in poly D-lysine coated 384 MTP), neurons differentiated from
P19 / mito c-Photina® / 1A1 clone were i\ncubated with 25 pl/well of 10 pM
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Ca2+ and coel enterazine 10 mV) and i ncubated for 4 h
at 37C. 2. 50 m/well of 200 mM Hi stam ne (2X) was
WO pjoeoswe2 usi ng Lum noskan Ascent (Labsystens)PCT/IT2007/000021
Lum nometer conditions: integrayion time 1 sec,
reading time 60 seconds. -Residual total photoprotein

LV L [0t cell lysis at

oY e TR R R Rl g ti e 3
Raponsddo dMdepolariPhgt stimfiiys anticed tlyy Phjettiowm (af) 46tmaM & Cl was
transfectjion DNA constructs were transfected using. )
TeEPTaE raép(g¢§t F%ﬂerﬁéﬁt%@éwwe&wwﬁﬂwsg&% ATy, reading
tiRE 8bakb&ispr ot ocol . About 10 ng of mito Photina(r) and

DNA wre linearized with Bglll (New Engl and Bi ol abs)
FEHR an easuransigs toadn byr aised¢rivpd faemoP19 A n2ité cPigotina® / 1A1
lceI I's (electroporation condition: 500 nF, 0.24 kV,
CB%Rad gene pulser). The selections were started after

A#8ay 8f 0L B rdnf R eEti RonWrbibc60Q duys After@ddng in poly D-lysine
Col oni es were pool ed and col |l ect ed days after

9
cosied SSopBt pletesh newRes affeentiaod drom §09 4maita SePhetina® / 1A1 clone
R R e AT R ——

(thairdkel T ONT P36208) Acthe\daflyy Was measured after Triton
X-100 cell lysis. CCD canera-based | um noneter

Platshavare angbaied os Asninuiastaf 37 ramgother donh gther 30 minutes at room
yoronet ric Imaging Plate Reader (FLIPR(r))
asurenents 20000 cells/well were plated in 384 black

12/.\@}11/\7&11%@ 20 ANIAT {33 &8 1ut VAT s Xgjebiad,. ankl thé Bdddesdedbe signal was
m/well), the tests were run 24 h after cell seeding.

repufied ©r30A sehendesypeashefeastRIY (Relate lnoigeeeneeHpii®d, and
F 3% Wek e dncubated in 50 m/well Calcium3 Assay kit
; al ar Devices, Cat. N R8090) for 30 mn at

EZY.Qimb Ot desel | of Hi stanmi ne 300 mM (3X) were injected
and the fluorescence signal was recorded for 60 sec

Injgrdionxspeed SEdUIASPCRFU (Rel ati ve Fl uorescence Units).

I FLI,[.P 34 s,[,e$1 iigs: Exp. Tinme: 0.2 seclnjection speed:
DA o gt ?8 tion height: 50 m EXAMPLES 1.

FOPPR® HidRirQhelRS onthn dikferéhtidtad P1994Ho WPHbtina® / 1A1 clone and
photoproteins 1.1.1 Mt 0 c- Phot_l n®a§r) ES TBV2 cl one

o heuransidezived frevP 1H t mito-PRbetina(f JAt eldne | ne was

CP BRSPS HP e PR B D ke

seeded in gelatin coated 384 well plates. 24 h after seeding the cells were incubated

te}é{g

with 25 pl/well of Fluo-4 NW® calcium sensitive fluorescent dye in the dark.
Concerning neurons differentiated from P19 / mito c-Photina® / 1A1 clone, at day 8 of
the neuronal differentiation protocol (4 days after seeding in poly D-lysine coated 384
well plates) cells were incubated with 25 pl/well of Fluo-4 NW® calcium sensitive
fluorescent dye in the dark. ;

Both plates were incubated for 30 minutes at 37°C and then for 30 minutes at room
temperature.

12.5 pl/well of the following 3X compounds in tyrode buffer were injected, and the
fluorescence signal was recorded for 330 sec and expressed as RFU.

3X compounds: 300 pM Histamine, and 300 pM Glutamate.

FLIPR’* settings: :
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photoprotein gene |linearized with Bglll restriction
enzyne (Materials and Methods). 48 hours after
wo ec@n®8mer i on the cells were put in selection MT/IT2280M000021
ng/ M G418. After 8 days of sel28ction, 152 drug
resi stant col onies were picked. After norphol ogi cal
Exgnatipet 9.305kky about 114 were expanded on MEF |ayers
till they reach the confluence in 5 replicates in 96
Injgstionspeads20afl/sghi ch: 1- Two were on gel atin coated 96
white MP f he test at the CCD camner abased
InjeohioR dveahty ?(LH 24 and 48 h after seeding. 2- One was
Tx‘aﬁs@ﬁt! RidsPeGRAl £ch19§sWhi te MIP for the DNA extraction.
- Two were on feeders layers for freezing and storage
1. at -BOaftgr tradsftion mefluat vaafepladed WS 0qllomal of tyrode (2 mM
sel ection 4 hours before nmeasurenent the nedi um of the

Coo8nt icoelentegprane @\%&M)e%}da‘@é‘ébwq fForsbh af BWH1  of tyrode

2. bUf gﬁfd.tllg\rz{giayl @% . é%nmxfl g?ﬁt%@g Ffm?%tegey E&ﬁlﬂ%ﬂlosﬁaﬂ Ascent

(Iﬁbﬂ}%terhs) ﬂﬁﬁx@iﬁﬁfﬂetdﬂ @oﬁdﬁﬁomtlh\?’@rﬂhﬁi epiOtIeises, FAlling time 60
light em ssion neasurenent, cells were first anal yzed

sefQiidst he ability to respond (I uninescent signal) to
- t [ : .
R'E"s Ogﬁ]dgﬁlsﬁ‘@lﬁ ao'rtneciﬁga%fl rvg%szﬁlteg%ur?%%tte E&(‘) Xr 100 ceH lysis at
Moqrbmmashﬁ BORARG &b Beethbldt Reading hmermﬁdmmdaf phot ons
ed @‘ter lan f Hi stam ne during the
£32)

punastable frangfectionyop caner a- based
r i t
D@%?#F?@%““@““&?%{dh‘%’f%% %le%*f?g%%fﬁﬁ&‘éxﬂ%p AR R I roplaced
witke a@réfgsied ptotpcal. sol uti on containing Triton X- 100).

Abousel (e B B o gh e Y boetrmindieed rudh B (N Bugiand
Bl-EEﬂ)sf 9B e edeStratk rb el g@,t QE%@%&E@ Cglfl al 5 aﬁﬁgel%:régli({fglectroporatlon

ot oprotel n containe
colridsttcamslﬂe uﬁeﬁmn]d‘t/n@loﬂadrme\patser)sel ect ed and ret est ed
at counted cells in 96 g 2A and B). The
%

The sehgetions Nesse farted @étr:eé% @ofrfem t Era%ﬁﬁ%mb’f"ltéﬂfoﬁ)ew%ml G418.
c@)%%?g&et?ggo?ﬁp%ﬂﬁ%' é%d‘éoda"y‘é‘%ﬁ%f‘ eEﬁ 15;!;1%{18@ ne (A g.

oproteln conten ter cell lysis

-Regpdrent 56ha00) and\ves5@ e HiBtamitk, SCCDMcAdlerNBased luminometer
factors, but also cell mor phol ogy and growth rate were

coadiapsebighransitisitipicadiggdimepd sprandsanal ysi s (59) and

- Q#i%ﬂtaf t& f éﬁ%tp %bstgl?lun Jigg n@ﬁ P\%? 1{18&[&?‘% Eh I'B? B0 cell lysis.

ana 0O ensure one

C@Eruimerama&rdt luarineeir ceaditidns: Qheeiensltiivﬁy, fdieogseaamSc
DNA was digested with restrictiongenzynes that cut
Flgqrometeicdimaging Rlate Readsr (FEARRY b&e@au(@eeptq ook for

0?96 GRlsRAt evﬁ%reg;ﬂat%d dRuRl &, HIGRSH! @ParUdtiind WRHENAXIRERIX, Cat.

bot h use
N. 4332) (25 pl/well), the tests were run 24 h after cell seeding. Before running

experiments the medium was removed, and cells were incubated in 50 pl/well
Calcium 3 Assay kit 0.5X (Molecular Devices, Cat; N. R8090) for 30 min at 37°C.
25 pl/well of Histamine 300 pM (3X) were injected and the fluorescence signal was
recorded for 60 sec and expressed as RFU (Relative Fluorescence Units).

FLIPR’* settings:

Exp. Time: 0.2 sec
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singl e digestion) able to excide the photoprotein
gene, assuring the specificity of the results. The

w@e@beswsed for the assay was the phot opr ot ei N"PGENE007/000021

guantitative PCR was al so perfotthed in order to
anal yze the nunber of gene insertion. Final clones

I @tﬁmagp%@d.cm[tgg@ri zed by karyotype analysis (61).
he clones N. 29 and 84 were selected. The clone N 29

Ijestiamhaigltn&0ptiot opr ot ei n gene copy-integrated in the
, ile the clone N. 84 has two copies as an

E?ﬁ'g[gﬁ;ﬁé@)g/\,‘(;oncatenate integrated only one tine in the

genoﬂe(;eﬂ_é}ealﬁo‘ﬁed'ieﬁl@lc@l‘i’li@e&fﬁﬁ@tb&”ﬁiﬂl ple){r%pﬁ'oteins

spont aneousl y beati ng cardi onyocytes a angl ng
dr opl&ibMite c-PhodineS BEHTBI2 donst andar d met hod and i n

ST PSP RS S P Bl BT L hion o

ESt @BVess] 6dernpsivitat hoPcONAES vVectdrt Gottaltiel | Ma(Iitd 2BPhoting®
cl one - An indirect inmmnofluorescence assays was

PRRPPIOIFRE BeBn liEsatizad with Bebi aestrietion gezyshoMdateniabs atelr Methods).

e esence of..specific.marker.s of, 1t
<4 et IuBEEET o, BAEREN, BLE o SRRl nrki e nemt Gars
Aget| 8, dhykeoft REIcBABE, f1I50 @@hd Sre8idtdn@CBoRAldsI%Ere picked. After
(SSEA-1)/(Fig. 4A) and the transcription factor oct

marpholegigal appiysisteralyradeut t 54 wereexodedod/MEFdayers tilinthey reach
fi - . her _.sternness characteristic
thseh%\%\iggé%‘%é%lﬁ%gegﬁg%ﬁef érﬁ?ésﬂi”teﬁ‘é"%‘reéggﬂ’%ég}kif the al kal i n

Iphosphatwase @ngylatinavhiedi 96/ wiRRSMTeAfoM the tédiewt Eh&ECOD camera-
Phﬁ l|§)hat ase staining kit (ATCC, Cat. N. SCRR-3010)
base E.mgyomeﬁrﬂt@fl andr48h efter sRefings ent i ati on assays

2-per f Qg% s Wnt éé}a%?héoag%& %’? %h?ﬂ%%?’??gl\s\glse/ %ﬁ%o&tpa{}%og.he

pl uripotency © one ce
3-denvhist vedre dnifpeddre lagbid for freefinghedet@apd at t39°Q vitro

diff i.ate_in cepl derived fromdifferent
ger ﬁ%é’ ?‘P#‘Q@“@gﬁpﬁt %E’S’f@c‘i}?’é% seletiofbur ons. ~The
4 Hotls&eove rAtdsOfeneelGhd ARAME Ve TR RSP FHedShb ?egolaced with 50

di fferent approaches Iige t hesuspensi on protoco
nlywell ofityrgde boffet 2 CEvang di0d:NBadickntdrERhe o theedarkpat 37°C in

nd th rotocols in. ad [ (data not shown). . .
a ?Rﬂ@ﬁﬁﬁecfeagmoﬁgh%r g’@b{}?{?ng@% pQF4STc i arecoRititete the active
p}ﬁﬁ BthsS Wth the EBs step (see Material and

Met hods). Cardi onmyocytes Using the procedure described
Forbloght emeissiaw nérsureppeniyr callseveat fisbanapealfdrythpubiitndo respond

cardi omyocytes starting fromdifferentiation day_86.
R bR SR o b B @ gl /S endogenous
Hiabonihe 80%ddehbr @)8) aHal & PRECRB AA6p BRI Pt 3bR&Ghtration. The
al so using different supports liKe i.e. gelatin-coat eg
nupabayid, plegondTemitB@afkdrEpjection of 100 pM Histamine during the first 60
seconds was measured by a CCD camera-based luminometer. The kinetics of the
response obtained is shown in Fig. 1A.
At the end of each experiment, cells were lysed (by a solution containing Triton X-
100). All the photoprotein expressed in the cells react with free calcium and light
emitted was measured (Fig.1B). The signal is an indicator of the total amount of
photoprotein contained within the cells.

The 12 best Histamine responding clones were selected and retested at counted cells
in 96 MTP (Fig. 2A and B).
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and chanber slides (data not shown). \. In order to
verify the presence of nature cardi onyocytes an
WO povasgfekzior escence assay was performed | ooki neCT/or200t®0021
presence of specific cardionyoggtic markers |ike the
cyt oskel eton proteins al pha-actinin (Fi g. 7A), t he
' Ring.1,,4B) . s
1'8\@%2 gﬁ%?ﬁﬁ%@? (s)é#%}} Kg’l ﬂh% 'Pazg’ o; é;]ffe parametels The ability
tof wspd)mdaltmlHl!;taﬁilme (B3 ) pardf thenmdialaphdtdsmoﬁﬁ‘ﬁ) content after cell lysis
canmer a- based | u nonEt(%g Lnstrunment after Enbr

(dBE?dﬁl%tsShaW%&@r% SHRAENE aderS Bhf‘lrs%rceﬁﬁ’&orphdogy and

ﬂ'o%ﬁth! $RERNSIrOAnh1gzdd FEMLeAR RN RfiR%h Beot! Ma%@?s @f) 88 Quantitative
The cells were counted and seeded at a ce€l ar

PGBn(ﬁé)htwexe |mfommeQOTb@(Soelhﬁrn plet @GP, waAf fusdamehntahtto ensure
37C cel were stinmul ate i th stapdar t r ode

g, pby Sn€ Tebe i erBighr et 1ol FICCE Bt (SoeAge DNA was

dibleste® MiineRBidion py®bs &8 cag@nly&inertaﬁeel@meveécymf ®@dnsfected (to
the GQPCR Endot helin Receptors and for the al

-

/ look\cfpéﬁ@n@,t@am@ optaotoublp digeplien v 3o pagymes (both used also in a

s1fig1%"cﬁg ft%%? g@lg ntg %@fd@tﬁg}@ﬁi’c}ééﬁﬁe&%‘go Q%Eflﬁ%l??ég 01ﬁ01ty of the

eS8l aMNeasobl avatforehe assay ong thephabtoptotald gémet A quantitative PCR
Endot hel i n Recept or éﬂand spim fi %4% (Fi.g. 8A). The sane
wappise DREPEMEY ihpidst Eyanglyas t Ept ZeneEseition: zi ng

Fﬁltal Gan% werd afod é&eﬁﬁd' Wﬁ(er;lohﬁoe adP8s YOI f A8R clones N. 29

['cium Chanme s, present* att high” concentration
anch Séamr@mymgddesTheThh)rEmeZQ dias yordy ot phe‘s:;pmisas gene copy

were investi gated I a or 15 .mn
oSt e B2 e PRI R BENPTE Bes' RPRiER 1 inverted
cam'aféﬁatesmeegene& 'oB!yCoﬂe ﬂiﬂﬁeen it T%e'ﬁ%ﬁleGat ed Cal ci um
Channel 1 nhibitor "(F e residual photoprotein

Theyt |w¢reya1\aasdkffm;@1t@©bd np@cspwganeoslem bleytsms dandiperyocytes after

nggn%dfﬂ QR J:)amgasgdj E%)énesn mst 18_%1?& L onﬁtg %cf 0 Sieuronal cell

type§ hREEPMbA{di@Bolihe fEﬂ’ﬁﬁtY&i ﬁxlﬁe@enee o\m«e@lnﬁwm (51, 64, 65).
presence ofl mMof all trans Retinoic Agcid. 2 days

1313 Stempesspiamonsgragion pEESd mitp cofhotinaaf %?jcmn@hes i t
%Sm\&llr%etb n?ﬁﬁﬁcﬁhﬁ)rr&sb%ﬁgg fl%fa%lsc lals "H,g?forﬁ%? %_T_%@t/ 'é@ﬂc? c-Photina® /

I NnCrease W
Zﬁelorreollnc:oréen tb thezhtthd pragenbe oﬁlsbe@ﬁd|rﬁat¢grsegfaﬂmdund1fferent1ated
replated on different coatlegl% j bstrates . nd ul tured
i

PIEIPRTGHE JROSEI SRBBYINEG STGHR o b¥éngRe Isnfurfage antigen
(é&h@&q Fiét %&)hﬁldpﬂhgst?aﬁﬁgmr%oﬁ BRENT d& 37@%??% 31%@? he results were
angnt H,

|nves i"gat e I mmunof | urescence (neurofi
gowlia poﬂes@ﬁreﬁgmesl@emd%re reported on doubl e
éﬁl&{n ng with tw di.fferent fl Uig

el phatBcilisets otiad by ePE A R the Brelgnge St the alicalin

pREPh o eﬁkﬁne1&@)v1tyomeamrls@rwﬁ01hennmvﬁl PH&@%ufa%Qrssammg kit
cellg (nestin 10D). It is inportant to note that

(ARCE, kahd. @CREHO%Q?J@Eaﬁ) on is not made by fully
l.q!.cI.f 1 vi?rto (‘iu fFerentlatlon assays performed with ES / mito c-Photina® / 29

clone

The plu‘ripotency of the 29 clone cells was also demonstrated by the ability of these
cells t:kn vitro differentiate in cell types derived from different germ layers, like
cardiomyocytes and neurons.

The dif}‘erentiation exper{iments were performed using different approaches like the
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neurons but contain also glial cells and neural
precursors. In figure 10 is reported an exanple of

W@ e@h/osoepnpul ati on (at differentiation day 18)PCTIE007/000021
functionality of these cells wg$ investigated at CCD
camer a- based | um noneter. At differentiation day 14,

the cells.were. i ncubat.ed [ f . .
sugrsroR o S RE B B Ealtr b 4R b PBF torppegion and the
pro®celsshiadbesibe ddtopecsiodg)of 100 MM G utamate (Fig.

HA) for investigating the dutamte Receptor respgnse
Opfimaglerssnts wese %11116‘*?191 RAicRlar usingpredesnle vih e EBs step (see

: Onegaconoi oxi n GVI A (prei ncubated for
M%ﬁ%{‘%ﬁ% gge)tﬁ?dn@(lor der to specific inhibit the N-type
Cardidnaevtmt ed Cal ci um Channels (Fig. 1I1B). The

Usin phagirocsdira; $956RBR 14207 br B 414 HEPHEAT i haontancously
plgﬁﬁg\éﬁfhiaﬂl?p@'ﬁleé Stakr e PRI di b LRt AT AN G, mtaqi&&e%@aée of EBs

ye solubilised in standard tyrode for 30 min at o
cofaivingspulsme srpamwak hou3eivl ., 6X. Hlhis pgrneatagenvas maintained

o P PR TR PRS2 485 b R PSPy doe e
aneShhATRE dlis (dadi ddteheRh).ated ES / mito c-Photina (r)

/29 clone, as control (Fig. 12, dashed line). 1.1 5.
Incidar it erifatkripsescner ahadfaicscarfiomyneyteseih panneiluorescence

as?%}g g)rag ﬁér?oi!n%§ lggyig%st?)g gh%")p?%sggiqﬁt pﬁ esB%\?lhe pJa?&i‘SH(}rrc]).cytic markers

gene was ansm ssi
likd aineybdskZRt@n r&dinsesiphbactininnBigt 24), i theoMyosin Heavy Chain

bl ast ocyst f t. host f m \VBL
(Wﬁséﬁg’ggﬁ %.thg{ﬁrg%%iargﬁ%pfsé%toﬁgg\t&&ﬁagga egree of
Pﬁﬂﬂ?ﬁ%ﬁ%é%ﬁ@%{est&%ﬁ@ pEEiE & PREPChYRESera-HaSed luminometer

bes imeric male mce derived from?29 were Sel ect ed,
insimdmwedite rafteh eFrabepaide Bodies sléseggtegationr ith, Agsntse” buiffer and
crossed with BL6 female mice to investigate .the
TeSRIPRTIAR lpr%ﬁ%\?s%qe IIBPPF LYl bHEeT s Gl & epageounted and
sebféd St a I&‘l?ulgxeg?'ﬁdeﬂﬁatti&?% MESEOPHw th 4 D6 MTPY After 4 h at 37°C the
iI'ncontrovertible way to denmonstrate the totipotency of
cdlBew ereustemelabady enthcstsidand glytasle Weffaxgecosl, A8l 1MoEndothelin-1

oo e bR 1037 S FSRRIER 81 e capor
SSGLEIRRLRL] TR, BT S Raoscd IR ChtERy o i

coticettgti 0 im cHidiem Yt yeed) 00UDY gatisradided hemaionpiteakodndition: high
nornmal , denonstrating that the .transgene did POt .
sep 5 Hap 00a§9)-c Fi iteipopaseshoifds weke. BrOMG zlﬁeﬁt) of all for Endothelin

R%@E‘%ggpg %ggeéfin‘é‘ (BIE8A) Vi YsaRlE &R Urers Q82104 vAfl 46 ndd KCL, a

s (for exanple haenatopoietic, or
depedminihy neimsliemic edrider) ,to cantiviate élde Jr-ogeniVidtage @ated Calcium

| so_primary cel.ls containing the photoprotein. The .
Chameld qurtort al AHgReBRCATBRTGR drro A ARRDENISS: dAF ReGTsify of the
reFortteEdvae iROSItiga¥R preincubating or not for 15 min the cells (before the

KCl1 injection) with 5 puM Nifedipine, which is a specific L-type Voltage Gated
Calcium Channel inhibitor (Fig. 8B).

The residual photoprotein activity was checked injecting a cell lysis buffer (CCD
camera-based luminometer condition: high sens., for 30 sec) (Fig. 8C).

Neurons

For the neuronal differentiation the Embryoid Bodies were formed in presence of
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controls for the "primary-1like" cells (obtained after
differentiation fromthe ES cells), but they are al so
w@2@aosbesnur ce of photoprotein containing pri MAECYIT2007/000021
cells, for the HTS process per 38e. For this reason we
decided to investigate in which tissues the
1 ENI04 ©ORM O Ris 'R M1 & AYi18S 3 Qthys \WteP ARE IplatfiRd oh Wikslit GRiture treated
one positive and one negative for the c-Photina(r)
dishesnis geasevisibdy dhalpresesesaief cobuler pxploagitexhst whosehpnigth increase
W%%e el—@lnd i.ncubated with a solution containing 20 nV
1 TH7.5, 150 MM NaCl, 5 nM DTT, |nM EDTA5 0. 1%
T&SﬁBSZReﬁNb@ogbﬁntreﬁtaal e ph USsPddagasgataahirbhla@id on different
cocktails. After 3 h of incubation at roomtenperature
copting yulesirateroand ewlthaed ot tharasironql epesifig racdiaimebssceopf serum. In
L 5
th %‘I !r;eg etgg i)ggﬁe}i&% ﬁ? g}%&%ﬁ?@ %?lo eerlg (r\}/aér ggge%g?eg léhlrhﬁllugsﬁﬁlrescenoe

(netrodilaaéntsA} novabhal Gruc ki antigers heie epored of Ellogblels’m)nng with two
dlgdge presence of the photoprotein transgene in th

renk fRIRrofeRSs a5 Fivhis! W s8R R, i glia) matkers Eglaaaw.lwléary acidic

f er r
i K90y, 9ty 6, pifemaakin, bdbne g among” Yov). 1 i
ingesiani tregotalibatehisNEagd wf ed!l piognatisn Seeosmiade by fatlglli fferentiated

duri ti .h di account of the fact that the .
eI B QR | el BE s eeEsgrs- ilg%)gprerﬁg}pw@orted an
eﬁ%ﬂ@&ﬂ%@%@ﬁﬂﬂ%@(@%ﬁﬂf%ﬂﬁaﬁdﬁc\l\ﬁyPé) we checked the
ability of the coelenterazine to diffuse and charge

Thqq@lnpmmabbf of icse gnlle yeastinyestigited af €LY @qmera-based luminometer. At

differe f" ?o/ A aflls aft ; |entrav 549 %l Ya 131)(&13 ént Ct'onocpontammg
R Bt % 515 e S1RS 0T RY IR A @ DEPKS T BEY©
10°he 6063erhé&{d£1§et’hl@e Héll-‘sew%fﬁmﬁﬁﬁéd flﬂjéﬁﬁg%ﬂjl(ﬂﬁ)iﬂ &lutamate (Fig.
t1 ssue/organs explanted. Half of the material was

ldVriecmvystigsting &edﬁlutamt@&@:qpa:mmob& eddépolariredutitr 40 mM KCl
b PO B GRin BrEA GABEAAPT i
inford& ko §geic iARB the') Necyl% U8la I\/ﬂ%aéaftedo(ﬁalhﬂﬁl @ﬁén%%lsa{F i 2 P)

transferred to anot her” 96 i ncu ated or o o
Tig funviianality ebihess eolis omstalioninmestig@edier EDBIRNL évtalifferentiation day

&éﬁ%}é&?@ig\g&t& Ige?r{ﬁ?#ﬂ&ﬁgt Vﬁ 1&1?%&6 CV&]?I% m:eh [r%tcl(ggﬁ)éential dye solubilised
inisfn@&d i tPd A8 FordB (CatCAtBTPE OA fits %ﬂﬁicﬂlhwﬂ@ ne htM\mt:l%/ thef Mforescent
60 seconds, 0.6 integration tine) ]éF . 14B ore
signab s aeeariekbr 189 sserandrarpressadsts RFPAHis: elét icentingions line). The
A A S T e DO
contrel (Feg.asdavhedlingnual |y pi cked and put in 96 MIP (10

i sl ets/vwel It) They, were |ncubat ed in standard tyrode
L& on Gt mling Ienwsé’é’é‘l’é‘%ﬂ&‘&m ne for 3 h at 37C. After

Tﬁeh oukd TRtrP6tic WeEf Slils Saﬁ‘qu Ltanih %%H&?&ﬁf@telﬁ Reporter
g 2ehidhe

r to activate the ca ci um nsul
gqmgt\haﬁagcsteﬁsbyc getnlale trhesmissien sCluaee IétZthdalSédzvaieslmth injected

in¥\cﬂ) {)ﬂtstocysts of pregnant host female mice (EMBL Monterotondo). The progenies

= .

showed a high degree of chimerism (almost 100%) and male phenotypes. The 2 best
chimeric male mice derived from 29 were \selected, and when they reached the
sexual maturity, were crossed with BL6 female mice to investigate the germline
transmission ability of the transgenic ES cells. The germline transmission is the only

incontrovertible way to demonstrate the totipotency of the mouse embryonic stem
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anot her sugar (which is not able to induce the

calcium nedi ated insulin response), mannitol (at 11 nM
wo povalos@wencent rati on). They were neasured at LPOT/IEe67A00021

| um noner; for 150 sec, at intggration tine 0.5 (Fig.

15A). The gl ucose concentration was then normalized at
ceﬁ mV and the islets were furthernmore stinulated with a

¥pol ari zi ng agent (40 nM KO ), and neasured at CCD

A HBEAPAIAN lodMhBOMHES b NS aRsdet icYdssys drer tr@fbgenic mice
seconds) (Fig. 15B). The residual photoprotein

hetasozydony fomtheateidpsateimg®st i ng a cel | |ysis buffer
Tl%(e?é %@te?g.{’fgoﬁlg %a&%%erg? rén.l@ig ﬁﬁgoﬁgss‘s)ed (tﬁlm%sef‘lgfésqn oircl[b‘? to ?btain a

ans SO a very i ant ‘source
hopidZyR6Ys qﬁphﬁatmnlt(ahmifﬁogrthhef phet bxp:rnot‘r&cm wéter hbiogygous and
pur po as exanple o i mary. ce ytes we
phegeaIcalY HasmAb BB 1iag TG e tr&“ft)%?éﬁet‘{] 904 Jiprupt any orucial
geﬂggatlve nouse as control. These cells were then in
vitro differentiated in order to obtain macrophages
THeS8 )c-Piidtier” trivesgesicamidesinaemtenf presuseddureeubf gelds as filee adult

st @gcf’%cffﬂgfegt@ﬁ%gﬁ%ﬁg%ﬂg .%i’t tp%ﬁﬂ%s%%&}e){r{l Sst%%i%%l‘fss .cammltted
pré%émtol@ Znl-a1dd p@mhryPOQIs! d@;ﬁfzﬁﬂln§$h3_ Bi¥@toptareia. The murine

mto i-Photina(r) cell "line was obtai ned by
Thel eclly dpuwad ifeqm qfholEsproBUR tprng et | animpishcan i@@Dmg as positive

CO@@HLSO t ?‘Iglg@%ax i l%e,, ? ¢oéfa? etcf ﬁgf )dlﬁg%}lﬁgtrl(g’l{ q’{fcﬂn the ES

Bgcle riction enz

celivhtrm |t162éy8 aiedlsdve igoed sburcéSo hstivtspratdie rcohira&ﬁﬁg @tiniay cells, for
the cells were put in selection with 200 ng/n G418.
thaftleY p@caesero®.- sel ection, 130 drug resistant col onies

e G e TR T i
exph¢ssbd.- Two were on gel atin coated 96 V\,hlte MIP for the
Wi apiBred BEeFige. TEmOTRE B 1 BREVE SoR B R GHH drensgene.

eNEPalf ﬁgsu%g%%)?ﬁiﬁﬁ@ﬁt O bothVeniver Snd)rlnf:m&{ Swith a solution
ayers for freezing and storage at -800C. 1.2.2. Mt

ccntdhiontg Emn(M)TrESH‘ﬁB\pZIkﬁ,o}@ o0 01Glof MNeDATTarlaeVUBPEA, 0.1%

B§X Eéﬁ?\g gg%ﬁre)%ele ipe p{ eg)%t%ﬁ% A T%r]:ggr]ﬁté? ;&ge]i % of 1ncubat10n
atﬁHUpleﬂ'eﬁiﬁépe}tglgéS\gé@ysegnﬁe ﬁ@su%/%?@an% riﬂ]%ﬁ'ng heohithest Triton X-100

nse but "al so the cl one 43
instomvezop greandton? X miv lﬁbCﬂI:Qsm orm ) msleas(ecagll ﬁlemhot@ﬂgwm) present in

oS A5 ST BB ohel LS L3R gk or e
pl%t@rr}térogéicﬁR‘.{\f'aﬁggé}f& M R BiffRbRATBEEORas &Hck@@ﬁmflﬁg tif@Ain animals of
different ages (3, 6, 10 months old) contemporary analyzing more animals with the
same procedures described above. Measured signals seems to be stable during time
holding account of the fact that the samples amount was not normalized (Fig. 13B).

Then we performed a second experiment in which we checked the ability of the
coelenterazine to diffuse and charge the photoprotein present in the different
tissues/organs after intravenously systemic injection of 2.8 mg of coelenterazine /kg
via tail vein (66). After 3 hours the mice were sacrificed and several tissue/organs
explanted. Half of the material was directly tested at the CCD camera-based

luminometer after cell lysis and injection of a calcium solution (high sensitivity, for
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The karyotype for both clones was correct. 1.3.1.
i -Photina (r) ES TBV2 clone The nurine ES TBV2

wo 200hosiéen (r) cell |ine was obtained by PCT/IT2007/000021
el ectroporation of ES TBV2 pl63dells with a pcDNA3 '
vector containing the i-Photi na(r) phot oprotein gene

60 's@(%‘ﬁbzggS gﬂ‘lt{e%}aggﬁl mE)efIk g' @hA o ﬁ%‘(ﬁ Cﬂ(}eﬁ@:@a‘cerial was

and Meth 8 hours r tr ectl on
travesfarerlito anotlse| Schildnamd inbul0ed lﬁcg/ oﬁleIGﬂhSmtl'Aﬁtse}utﬁn containing

a of _sel ection dr si stant co] oni es re
2@-#@&&6%@5%6&9 ﬂﬂ oker| 3ler wag mSFei Aeihe G4Th Cpmgra-based
1uﬁﬁﬁéﬂl9{%? GRet BelP ll};s?spbﬁcf &Stlé)'nrb %cjéﬁ@ élln{ Q&lﬂ%ﬁﬁ (ﬁgg"%hgﬁwty, for

-Two were on gelatin co
6(hsecbhés mmagnatlanmmc{FingﬂBameter at 24 and 48 h
seedi.n One vvas el ati n coat.ed.

white MIP. .

B{igre Tsd SAERACES (S BT EvngregfC AEhisp bapeind RUsfication

(sEé RREITY 280G ShOIHIRIGE weg@&ﬂt&lre§ oRernligRNOBIP@. The dEPafter the
TBV2 cl one selection The clones were sel ected exactly

iskps weysomeeeplpioked and pg MG MAPt@0dslptsbvelba (r) cel |

n The e the nurrbe
TR e TP BHES o SRS B P OLE | L aoF BElsSfe for 3 s
3fd6.9. 18A). The total Ii ght em ssion upon cell lysis
is good for both (Fig. 18B). They were anal yzed al so
Apygr S@@tthm thayl verss h@wh@e%mt&a bh@nMrﬁléw@t iperdeso avdivate the

f.or T r |.on
oo GhpERRaidsd TashltF st G AR el i SR pIR SRR atso witn
andthdi mgt ophicheis Nt able o iddute tl@e Phietunia{ddiatbd Ingili@nesponse),
The P19 mito c-Photina (r) cell |line was obtained b

mapaitaly (ol himbh forel paogicertration); ey wetNmEasBiedopt Liminoskan
uﬁﬁﬂéix%{“fam@g%cmé{ hefar: eslﬁ 84 LRR(6 5 rg?%ggggg.m ein gene

neari’zed w rictio (Materials
Thmcglﬁ&ﬁsbocm%enﬁf&ldmw& alidre motralisddeat ilomMhend efhesislets were

LN on with 700 mg/m (Al ter
lthsebr: 8RR P et dlepp bRz g a%eme(épsm%(ﬁx@_& 8p aacasured at
R e e i ety
reaakla}r qmoamdtemtd:ctlsrﬁanamthecbédtl)macdagbalféai]r 1gsigbuffer (high

SRADT 1o ARBREIAF B R 5o 002, i n order Lo

The GanRsdent UafintaleaRCi1by 8 VPP HRPG@AR sOurdedsf pridhit cells containing
em ssi on neasurenent, cells were first anal yzeg

thehghoaeprotaiy. For this pqmplose as example of primary cells, monocytes were

isolated from the bone marrow of a positive and a negative mouse as control. These
cells were then in vitro differentiated in order to obtain macrophages (68). After the
establishment of the cell culture, the presence of the c-Photina® transgene was
checked lysing the cells with a solution of Triton X-100 (Fig. 16).

1.2.1. Mito i-Photina® ES TBV2 clone

The murine ES TBV2 mito i-Photina® cell line was obtained by electroporation of
ES TBV2 pl6 cells with a pcDNA3 vector containing the mito i-Photina®
photoprotein gene linearized with BgllI restriction enzyme (Materials and Methods).
48 hours after transfection the cells were put in selection with 200 pug/ml G418,
After 8 days of selection, 130 drug resistant colonies were picked and expanded on

MEEF layers till they reach the confluence in 5 ‘replicates in 96 well/plates of which:
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(lum nescent signal) to H stam ne which is known to
stinmulate the PI 9 endogenous Histam ne - 1 receptor
w@@y/osma2to ri se the cytoplasm c Ca2+ concent PEL/IT2a07/000021
Two final clones were sel ectedzgn the basis of the
photoprotein activity in response to Hi stam ne and on

T} hewgp%]?%re ﬁllt ‘2%“9{{ %60W1? W%ge aﬁ]urtee\%égtf gh g&% camera-based

1uﬁ@ﬂ&h@tef gich 4 fied 18 abiflek byedige.di fferentiate into
spont aneously beating cardi onyocytes and neurons after

-Omiefvy asr ahg¢latin epatpd 86 s oI @1%9% eEeAtips d Bodi es
TR B o%feed&{s%?fe@& ?or%ee%%?‘yggﬁﬁfst%a P-4 DVBO as

i nduci velopnent and

1Bet Moo ophetlda@qzrs T8W2a¢lonaselebiioB2, 64, 67). 2.1.3. P19
[/ mto c-Photina(r IAl Clone in VI

r . .
The ¢loapeMterats! Sﬁtegicﬁ?eéfs% £h&ePRItROMRAYE q@%g B nfijg c-Photina®

ceflige of pluripotent embryonic carcinoma P19
expressing mto c-Photina (r) cells was shown to be .
Thabfimat olatict fare ethti mtnebdérn A0 tind 43n Tleu76nelbne shbweg pids . highest

Hisl 58 o piease SBitnda AT e st ahs PP Eigrid Brod BiPnine-dose
reﬂ%ﬂsef(ﬂétarﬁ%%h&v B;\":THE') toedldigdhe léhﬁmdm D6h @kl1 G?Eylw good for both

Fig. 20A or neural precursors cel mar ker s
(FigndsiB)n) (Fl g 20C) The functionality of these cells

TS BRSSO SR S5 YRRl o o

Rgal(:tammmer d| saggregation of Enbryoi d Bodies and
seedi ng on ¥1 D-lysine in 384 MIP), the cells were
Thedsaryatyed fﬁroli’ IeleRcsvas (W]feéble sol ution containing 10

|Gk er g@q, age- gat &d Cal ci um Channel s were
lgm‘rfmqﬁlgteg ﬁ njegblgon of 40 MM KO, or with

Tis¢ andardES yPRYE aBhatonfrall] linkovisngbteptedntay cleesppomsition of ES

dif d
TR 160l b SRS per RIBR A RE e | AUoPHE BhpPprotein gene
lu’ﬂéahlieg k‘},&]ﬁ} BN dsiri A d2h Bt (MMerdtls A KR thel@ol ari zi ng

agent so in this case there |s a- sensi bl e’i ncrease
483houfseaﬁ;elgtraﬂlsfdaztmrt theapelnivenpet of selacGommwitn 20Aeug/ml G418,

I h k h h
ABEE 814508 iselrefine. PYrRG SEREY PSRt Srote ptigh 118 gepanded on
M%%) w?ﬁ%ﬁﬁt c6l kS rthe BRrIGAME i %Vl%bﬁ&lf@ﬂrf@6 VeBgRates8Y which:

re ana zed at FLIPR384 al so for the presence of
-Tved axtEoe ronpgedatm chatndtItophite TP dontthe Rest aptlor £QIFicgmera-based

23B, d or. for Histam ne-1 Receptor (GPCR)
lu(rpp%me Fg% ‘iri]g'%idi’oa(fgerlsfﬁ P8 The sanme experinent was

_Oft HR0bEEPREATHaRAFEOKARENTP wiidhb DAL Ritakesh P19 /
mto c-Photina(r) Al clone (at 24 h after seeding of

TI00 W ecedh stedet layers 84repming apdgioragngt -8W¢tabl y, the

ece S ne stimulation was higher
1 ?’r%gt'%lemﬁ% fﬁ%&ﬂ# 3{0885 felcfng (as expected since it is
Thé gdnes exdre Q8RR EbdaEx dctlgtasSieparyd abelvel éar BRSEBWRIhing c-Photina®

differentiation. The contrary was

cell line.
The final clones are the numbers 113 and 109. The 113 clone showed the highest
Histamine response (Fig. 18A). The total light emission upon cell lysis is good for
both (Fig. 18B).
They were analyzed also by Southern blot showing only one integration, but not for

Real Time PCR.

!
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shown for the Gutamate stimulation since it is nmuch

hi gher in the differentiated cells than in the
wara7osweent i at ed ones. The presence of G ut anBCBIT2007/000021

Receptors is a further denonsti3ati on of the neuronal

comm tnment of these cells. 3. Transient transfections

Tﬁ@“l@ar%ty%e ¢85} bSthWebRstwanRkRet.ed with different
m t ochondri al tagged photoproteins (materials and

met o dsoneratien af Pd0aellHineatyahsfiegtedf with e teprodeins
ot oprotei ns ure intracellular calciumrel ease
2'gﬁdi\¥ O&flhqqfflq%ﬁgﬁﬁéflfon on the photoprotein
TIEXPI @ &S iPE-Phoush® celft line W Jpeliaee b?%@é‘dﬁo@ﬁﬁfﬂiont $EP19 cells with
medi um was replaced with tyrode buffer and 10 niV

a pelaNAdt Becdon eantpininghdeguitk c-BhotamC pheotepatam @ene digearized with

| 2 %&i [ 0 reconstitute the
B%Eﬁ%\égﬁg{?glte\g%&%te gll(%a 1% aﬁ%ﬁnﬁeggé%s nce signal was
48 B60fdefer BansERicietRNedlsaivery plOth Bbletlicd FTNE00 pg/ml G418.
injection. The cells were then lysed with Triton X-100

After bgut 1-8 deyecl selection afrug, ghsistenl eqbani¢siwerg4picked, and
enga ?édabl e transfections Stable transfections of the
PFferent mitochondri al t agged photoprotein in P19

2.t2. Mitd cerlestied SPeskleidiods) were performed in order
to investigate the | evels of photoprotein expression in
4 fogrsabplpre meaghremeat (fae megdivm dv es rerpeady withat O ndmeelbpf tyrode

the phatoprot eins, stabl v, expressed i n P19 LLs, are . 1
ouf R eERS RehTo SRR GIRARE T b aio 3748 QLA pummiaified
atﬁl%fs?ﬁ&e RE S5 59200 in loR@er B dbstisHRe ERPIcRSR hvtdprofeid, 0de

buffer and 10 mM coel enterazine in the dark, at 370C

Fornlightragmisgipnireepsaramaphedlls wereHisyaodyzed fergheapility to respond

L T I S e

Hispjreiiki-0 Re@ptornB8} b tb figy theQyseiasigis. Cafheos@tiativer e
then lysed with Triton X-100 in order to detect  the,
Twetfimal icjoges wear salsetedmrythedasisopot thgnhofppseigin activity in response

f e T ' R
o BILFERAE of 2Dt b S08eTHRaBled ikl o vt
Tratono Xal 0F-L(FRRBBY Ihywae ador cougiddred cthkii ability to differentiate into

concentratjons variation i nduced by the _actj.vation .of
SPOREANSAY PRI SHE TCKREYiCSy 8B pli%lrym% @ffen ddéf?&%- HAn process

OESRE 53 SSRRANGR LBSatack sbyconsongy o
as(indheinglagentDivicesbomyocytes development and Retinoic Acid for neural one
(61,62,64,67).

2.1.3. P19 / mito c-Photina® / 1A1 Clone in vitro differentiation toward the
neuronal lineage

The 1A1 clone of pluripotent embryonic carcinoma P19 expressing mito c-Photina®
cells was shown to be able to differentiate in vitro in neuronal cell types.

It was demonstrated by immunofluorescence that these cells expressed neuronal
specific markers like Neurofilament H (NF H) and Neuronal Nuclei (NeuN) (Fig.
20A and 20B), or neural precursors cells markers (Nestin) (Fig. 20C).

The functionality of these cells was also investigated at CCD camera-based luminometer .

At differentiation day 8 and 11 (respectively 4 and 7 days after disaggregation of
Embryoid Bodies and seeding on poly D-lysine in 384 MTP), the cells were incubated for

v
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Cor poration, Sunnyvale, CA, USA). These experinents
were carried out to conpare the results obtained using
wo bawsgwernce cal ci um detecti on et hods i nst eaPlCDiT2007/000021
| um nescence-based cal ciumdetegtion and to eval uate
t he advantages of | um nescence.over fluorescence. The
r t [ h escence- bas
I?% h 2 S'Eodg %ﬁgkélr (gc\flj\{r%ﬁ%grr{)da §Et08e nter%ggecﬁ &g@e gﬁteg Calcium

Chsnﬂeea‘ weed efiinilated WhlEhjesii@af 400mNIKSEl, RaGkEK QtbAdaraf tyrode as
flugrescence., On the contrari/)S t he S|gnal to noise

CHEObLFIOHE qp@l,mql espeisse dRige21)s hi gher and this

34
A4 PSSR0 0B W OB AR RSB R g e s
with, FISH0-at Ngi® thd mjﬂbﬁﬁg 46&1@{713{(]31 mplmiﬂg apynad. Alsnia this case there
Iur| ten c stemcells. Trends

ISB'Jr §ﬂns e1121€@§se Q]_f e 81 Ql ysds lap@gtrgn(g of R qrpr%(@ cgll even if with
whRe KB cd Ahaped YD) thebE BbLepYdaSwithhhd !dn'uﬁé‘s%@ﬁ‘ce reporter sglstem (Fig.

differentiation fromhuman enbryoni ¢ stem cel
220(3), 193-204. 3. Wbus, AM and Bohel er, KR (2005)

A B B e 35 SR g™ e
th\%é’fre&ﬁ@e oﬁMe&B@ﬁrG}Blddﬁ’ Josatropic, Gtiedrite [RéceprorsdPEh. 23B, dashed line)

i ssman (1988) Purification

Ol &H@tﬁl@meelr Rzmnt@n(ﬁs]ﬁ’% (Eig. RaBnewpineus line3t Bin waald experiment

B B8ty PV fheq Bp fBREARR p1gTIELTE Mofe? 11 cone G

ZANhlaIftEEéee&ng obhaok bélls&}ell 2 TRUFigl 23K 0 Nbtably, the s1gna1 recorded

B h s Ener b e gl Somiare, cotgjag cFpected sinc it i
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The luminescence signal was recorded for'60 seconds after 100 uM Histamine
injection,

The cells were then lysed with Triton X-100 in order to detect the total light release
(Fig.24).

4. Stable transfections
Stable transfections of the different mitochondrial tagged photoprotein in P19 cells

(materials and methods) were performed in order to investigate the levels of
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A u 87(r)Ala, Aacio(r)dn, Val 92(r)Leu, and

I\@IQFQ‘W@@%Y- Yoltfe. P%P%Pfﬁéon_bi nant stem cell

S rrasulf kR 0000 BT eH il 2t Pl Mhrdiag incoge. Mothodsin

ereyprdssy; @65022&28ar get . 10. The stabl e reconbi nant

t |l ac di to_claim erein the_spegjfic
5ol Blachsanes P (i Bol STHE YL cai e ReSge. deroflsn L.G.1,
THRMEARA H.| BBAAR Phat! §& MEERRGMORLe PEY |en115r?§1"i‘egecal%i%noma cells

The stabl e reconbi nant stemcell according to any
express Hustiohali Histathiseell nredeptaap opteshepicai end Bjepbydisal Research

under .t he co I, ,of,an ubi qui tous, organ-, tissue-,
CSE’II?LBPC%EO\?& Lﬁp#rglrjf(g age- speci fic or inducible
SPr onvidbrook2]., AndeRek1 for W.d@UOlPYM%%@Qﬁnbﬁ)ning. A laboratory
stinulati nggthe differentiation of stemcells towards

manyyed hirf editom. JoldSpgas Evwper lsihegatonePEseps of : a)
rovidi bhe..r ec [ cRr b t .
o8 b LR A D30 3L A0 GBI 09 Wyt
fre@i ghat@id Soft quanittatipe urdl-tiiner polyntangy ichking readtiadhi YRCR) data.
inducing differentiation agents to get expression of
Ngproseigace beféerspat!: %2c0@el | |ineage target; c) |oading

oEel | iRyt all S ADAS A0EHIS Sy natioss o
indugaow of diffb@ntiativardfatmimyondl ¢cartimanml ¢ell dimeCakt H.3. Robertson
(]%?},a'jfgr%%carcinomas and Embryonic Stem Cells: A Practical Approach, IRL
Press, Oxford, pp. 19-49.

62. J. Paquin B. Danalache M. Jankowski S.M., McCann J., Gutkowska J. (2002)
Oxytocin induces differentiation of P19 embryonic stem cells to cardiomyocytes.
Proc. Nat. Acad. Sci. USA; 99, 9550-9555.

63. Bolino A., Bolis A., Previtali S.C., Dina G., Bussini S., Dati G., Amadio S.,
Del Carro U., Mruk D.D., Feltri M.L., Cheng C.Y., Quattrini A., Wrabetz L. (2004).
Disruption of Mtmr2 produces CMT4B1-like neuropathy with myelin outfolding and

impaired spermatogenesis. J Cell Biol; 167, 711-721.

1
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e) detecting photoprotein's biolumnescence. 13. The

nmet hod according to claim 12 wherein the specific cel
wo povgages2t s the nuscle heart cell |ineage or tP€r/1T2007/000021

neuronal |ineage. 14. The nethad according to claim 12

or 13 being perfornmed by H gh Throughput Screening.

5. h d [ t t

T erant T ST B P! éﬁdmﬂ%eﬁgzﬁ?%%fid?%"‘*?%&?%ﬂ%@% fmbryonie

stbmro&ﬂgexmmpnctgpn@ prhpersiee ps vidfo, D-ZC)V Biobviadi, 342-5dbl e

ﬁg?(ﬁ?%cpaa m Cngng agg%&%:o - kCI aloﬁséép@l)t Rgtnnom acid-

cdﬂee@@atml Idé%aae/ntc QORisTHoNd dTUtdhtaY € cbIMhid¥ntity Iduring in vitro
differentiation agents; c) exposing said cells to a

dikfeoamiiatiod wé m@sauembéy@np istemi Oﬂlsa@-ﬂVtBﬂOb 2@591 12é1xb42éssu on
66. f Irllallgu?nglzlt §§ alin%ﬁ é&c @@b%} C? glc?ragg g%aé df ﬁ)emlla luciferase
repuhslt ge':ﬁeeaxpﬁéssﬁﬁll i vad g ﬁﬁcesa’MAsp&eMll)@Weez | i neage

target by a Ilgand so that a variation

67.nt ralipis P arPessoches D.gByoxifisadM. ’fMaE@ﬁ@bMﬁg Wang R., Paquin J.
L0 t
(R03) PRib e Tobpd S e RRAE IR nock YpgIQURHIR 13wty differentited
ndurogsage 4 S poentiaiscl modeltdr cedf | néreage osydtti®  organization.
neuronal k@ﬂﬁ g 17. The nethod according to clains
NewroggieRgs: 8 gépforned by Hi gh Throughput

6CT eBNiRY7.1G., Pdr®h RO d08Y. s&ianbh byd Gitarel dﬂﬁﬁ‘x‘i’n@ﬁxalzfophages
to stinulate a specific target so that a variation of

Metlt.rindéoll Biclr VEh290: Basab Calliadivee RpetosolsgThiné Editeps 91- 103.
of: a) providing stable reconbi nant stemcells
according to clains 1-8; b) eventually differentiating
said cells into a specific cell |ineage to get
expression of the target; c¢) loading cells with a
suitabl e chromophore as substrate; d) contacting cells
with a conmpound library conpr|5|ng putative |igands
for said target; e) detecting the photoprotein's
bi ol um nescence. 19. The nethod according to claim 18
wherein the specific cell |lineage is the nuscle heart
cell lineage or the neuronal |ineage. 20. The nethod
according to clains 18 or 19 being perfornmed by Hi gh
Thr oughput Scr eeni ng.
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21. A nethod for identifying antagonists to a target,
so that a variation of intracellular Ca++ i s

w@bdodiosse2 conprising the steps of: a) provi di pgr/st2aei/@0021
reconmbi nant stemcells according.to clains 1-8; b)
eventually differentiating said cells into a specific
e lLineage to get expressioh of said target; c)

G g cells with a suitable chronophore as
substrate; d) contacting cells with a conpound library
conprising putative antagonists for said target; e)

1 cHnstalkeleiragprobinast stemhcedl dblgamdxpiskean apsplictupmtein tthé prodice a
said.target:. f), det.ecting the.phot. otein's .
ofiRal el SRR pIGheSSe B RubRIe kbt adehraan s psteate in

réxpahis @ ihtrabangircasiemsapethirfioredridiioaeage is the
muscle heart cell |lineage or the neuronal |ineage. 23.
2THensliehbd rercstiganigstem epldjapsorling gp olaimpel ping a non human

f . Hi r t S ni.ng. .24. Use. of the
SRR PR gl o2l HROB o ARG oo i ol ot or &
nfudtipotent/ t¢li or taeslopagitaf thbmoif, Chdiyg af bhtirybeic Abhlco@] 6f amniotic

a.subst ance. Axxam ST. 25 SEQUENCE LI STI NG <110> AXXAM
ﬂs.“i.of of agyb®LIGMI\ NESCENT STEM CELLS AND USES THEREOF

I ' . :
SISO P YT D MEIA! 90072 i

apa@fiGrtorroddin gme iSeanyt ypophotopibiin/akné,ysf heturhly sr Féwombinant or
As F.’he.AsP Asn Pro 1 510 15 Arg Trp lie Lys Arg Hi
S%‘lt@%c P8 Met Phe Asp Phe Leu Asp lie Asn 20 25 30 @
4y £88 Glab¥e Ligohdb@rablir stegll &ﬁp. fdcobdihb® t¥ak1ai®er3 Liferein the

Ala Ser Asp 35 40 45 :
apophotoprotein is a natural or mutagenized mutant having an improved luminescent
activity and/or calcium sensibility.
5. The stable recombinant stem cell according to claim 3 or 4 wherein the
apophotoprotein gene has a sequence optimized for mammalian codon usage and/or
fused to mitochondrial target sequences.
6. The stable recombinant stem cell according to any of previous claims wherein the
apophotoprotein sequence is as SEQ ID No. 1.
7. The stable recombinant stem cell according to any of previous claims 1-5 wherein
the apophotoprotein sequence is the Clytin sequence (GenBank accession number
Q08121) mutagenised in the following position Gly;4,—Cys.
8. The stable recombinant stem cell according to any of previous claims 1-5 wherein
the apophotoprotein sequence is the Clytin sequence (GenBank accession number
Q08121) mutagenised in the following 12 positions: Glysg—Glu, Aspg—Val,
Ala;0—Cys, Lysye—Arg, Lys;;—Gly, A“Ile7g—>_Cys, Aspg1—Glu, Valgs—lle,
Glug7—Ala, Alagy—Gln, Valg—Leu, and Glug;—Gln.
9. The stable recombinant stem cell according to any of previous claims being
differentiated into a specific cell lineage to get expression of a target.
10.‘ The stable recombinant stem cell according to claim 9 wherein the specific cell
lineage is the muscle heart cell lineage or the neuronal lineage or the mesenchymal

cell lineage.
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Asp lie cys Ala Lys Leu d y Ala Thr Pro @ u G n Thr
Lys Arg HH s 50 55 60 G n Asp Al a vVal d u Ala Phe
web@®7ye2tys |ie G y Met Asp Tyr A y 65 70 7BCBOr2047000021
G u Val A u Phe Pro Ala Phe Vg Asp G y Trp Lys A

u Leu Ala 85 90 95 Thr Ser A u Leu Lys Lys Trp Al a

r i r .
lg gg@}ghggAré;o%bﬁn estﬁ%e?li %cc (gnég(g aﬁgg)fk);rgwgus %1%@? wherein
th@ apopbd®pI@Binl @émeTis rurdiee thEhroniel oAap uBiquitols polgys-, Alsgue-, cell-

T Lys lie Ser.Qy. I i, 130 135 140 Ser Pro Ser
’Obgéveg’ﬁ}“ﬁéﬁt‘t%l?ésﬁclﬁcﬁ%nﬁlﬂ?lbgrﬁomoﬁﬁ H's cys Asp Leu .
4 . .
1247 hrihddb For ﬁ%nﬁﬁﬁ&ﬁése{ge%r stﬁhﬂlaﬁﬁg th@%lg%gen\/%goﬁﬁog $m cells

1
u Mt Thr Arg G s Leu 165 1/0 175 P
tomardyaspeaiic Ash lideagetompibiag Alspst@pyofieu Tyr Ay Asn

80 185 190 y Val_ ProAxxam ST25 195 <210> 2.<211> ‘
A eProdiBud iiable e mngits S I8, 5205 o 240AE 1-8 at an
vhdiTegeaieéd geggct gcgg ggcttg%cag gctcggceccg gcggcetccca
60 gtgccgcgcg ccaagatcca ttcgtt%gga tccgccacc 99 §210? _
by expprsing] gaid) reils acxpmpospdt BBraTE pempwping4potatige inducing

afFRGERRgISH agg:ﬁ%t t%g&g %xﬂ'x%ssion of at least one specific cell lineage target;

c¢) loading cells with a suitable chromophore as substrate;

d) stimulating said specific cell lineage targef.by a ligand so that a variation of
intracellular Ca'™ is obtained;

e) detecting photoprotein’s bioluminescence.

13. The method according to claim 12 wherein the specific cell lineage is the muscle
heart cell lineage or the neuronal lineage.

14. The method according to claim 12 or 13 being performed by High Throughput
Screening.

15. A method for identifying agents inhibiting the differentiation of stem cells
towards a specific cell lineage comprising the steps of:

a) providing stable recombinant stem.\ cells according to claims 1-8 at an
undifferentiated stage;

b) exposing said- cells to a compound library comprising putative inhibiting
differentiation agents;

c) exposing said cells to a known inducing differentiation agent to get expression of
at least one specific cell lineage target;

d) loading cells with a suitable chromophore as substrate;

e) stimulating said specific cell lineage target by a ligand so that a variation of
intracellular Ca*™ is obtained;

f) detecting photoprotein’s bioluminescence.

16. The method according to claim 15 wherein the specific cell lineage is the muscle
heart cell lineage or the neuronal lineage.

17. The method according to claims 15 or 16 beiﬁg performed by High Throughput

Screening.
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<210> 4 <211> 20 <212> DNA <213> synthetic priner
<400> 4 gcgatctcct tgccgtactc 20 <210> 5 <211> 20

W 2M288MMA <213> synthetic prinmer <400> 5 cacgp@mim2g07/000021
gat ggaagcc 20 <210> 6 v - <211>720 <212> DNA <213>
synthetic prinmer <400> 6 ccctgatgct cttcgtccag 20

1&4%8‘5 %‘ a 13@5&?@%%%6&&%&1@% egg) 3 E%t | Csﬁr%fgﬁrcg&rget so that a
varaiton GNDtraediBilas At e bbfimd dBipridDtheStépaget t ct g

-atgcgtctta 20 ) ) )
a) providing stable recombinant stem cells according to claims 1-8;

b) eventually differentiating said cells into a specific cell lineage to get expression

of the target;

* ¢) loading cells with a suitable chromophore as substrate;

d) contacting cells with a compound library comprising putative ligands for said
target;

e) detecting the photoprotein’s bioluminescence.

19. The method according to claim 18 wherein the specific cell lineage is the muscle
heart cell lineage or the neuronal lineage.

20. The method according to claims 18 or 19 being performed by High Throughput
Screening.

21. A method for identifying antagonis_hts to a target, so that a variation of
intracellular Ca™ is obtained, comprising the steps of*

a) providing stable recombinant stem cells according to claims 1-8;

b) eventually differentiating said cells into a specific cell lineage to get expression
of said target;

¢) loading cells with a suitable chromophore as substrate;

d) contacting cells with a compound library comprising putative antagonists for said
target,

e) contacting cells with a ligand able to stimulate the said target;

f) detecting the photoprotein’s bioluminescence variation.

22. The method according to claim 21 wherein the specific cell lineage is the muscle
heart cell lineage or the neuronal lineage.

23. The method according to claims 21 or 22 beiﬁg performed by High Throughput
Screening. .

24. Use of the stable recombinant stem ceﬁs according to claims 1-11 for in vifro

testing of toxicity and/or teratology of a substance.



