1 2007/007 WO TITLE OF THE INVENTION 5Fluorescence-based assay for detecting compounds for
modulating the sodium-calcium exchanger (NCX) in "forward mode" modulating compounds FIELD OF
- THE INVENTION The present invention relates to sodium-calcium exchangers (NCX) and methods for
determining their activity. More specifically, the invention relates to a fluorescence-based assay for
detecting NCX "forward mode" modulating compounds. It further refers to a kit of parts comprising
cells expfimiAg NCGX and the use of the kit of parts. 15 BACKGROUND OF THE INVENTION A basic
requirement for life is compartmentalization - with biological membranes being 20nature's tool to
realize this principle. However, a lipid bilayer - the structure underlying the cell membrane is
imperméébtfé'"t%ﬁn%é%i&%%&f’%gmpounds whose transport is essential to sustain vital functions in
cells and organisms. The answer to this paradox lies in the semi- permeable nature of the cell
membrafe. Sollies athave.lo cipss he memorane are ransported By sperific memprane proteins.
These transporters are responsible for the 25genération and maintenance of ion gradients, the uptake
of nutrients) thearabsport of etabolites, thedeaptakebisigiaiing molecules and the disposal of toxic
and waste compounds. Therefore, transporters are potential drug targets that allow direct influence on
disease-related abnormalities in this context. 30The Sodium/Calcium exchanger is an important
mechanism for removing Ca2+ from diverse cells. In heart, it extrudes Ca2+ that has entered through
Ca2+ chiédinhiél$tolinitidté/cantiaiétion, while Na+ enters the heart cell. Its relevance in cardiovascular
diggases is e.qg. illustrated in Hobai, JA & O'Rourke,B (2004) Expert Opin. Investig. Drugs, 13,
653-664. Therefore, pharmaceutical industry has developed compounds inhibiting the NCX as e.qg.
describdd i SEiRANS! P &8 AI P01 Bioh CHEMC 275U FE53 T RIS N (¥ exchanger
electrogenicallyitransporisithire &/todayeMat 40y avery Getthatsnove soin theeppesite-giregtion as e.g.
o akelpckonsiolodleal meane RN, Sl IR Lo AR, AF4%) The M
is able to maintain the cytoplasmic Ca2+ concentration (f aZ+] in) three to four orders of magnitude
below theEfateNsiay OWs enteRgdlier ATAPE 666 ONeddritéleassthe direction of net Ca2+
tramsport depends on the electrochemical gradient of Na+. Simultaneous and consecutive transport
models have been suggested for Na" and Ca2" translocations, and a bulk of evidence favors the latter.
Transporters are an emerging target family with enormous potential, offering scientific and economic
opportupfties B thdlotheridntly ttasfotters are a difficult target class in terms of drug-discovery
technologies. 10 It is of considerable interest to identify compounds that modulate channel activity, for
example, by blocking the flow of calcium and/or inhibiting the activation of calcium channels. One
standart REtHEEAS 88'88" ISt iy HtRB T SRS PARIP Bra iy S BRIt T e ek eriments, cells
mbst berevaitated individuallyiandnniseqgdenesdy highly,skiked teoperatoesy:byamgasuinimg the
calcm.cyitent acroes (he-cell membianedn [espanaeto.shanges pldbs membrane otential andlor
of t icl C

application f test compounds. The effect of Sea0400, a new specific in ibitor of NCX, on the action
potentidiH By WA RHict SpaShE P PRUSEIRNES inVEsstgated e idiseladey sy KK iesdrduring the
"ESC Cengressi20@di-inoMupickionsRasterNrs 2886 (Tille-kifect ofa spegifissadivm-galcium
exchan%er blo%k%rbZOSea 400 oréthe ventéicularrﬁctio? otential and tri ere.%lr?();tiv%}/ in dog
ventricular Muséie a}/nsdgl?’ﬁ'rlgﬁ?e@'i EE??%HHO eﬁ%: Le%sgt%??%%ejrosuarﬁeafed Bﬁgr acdl gy and
exjferintentaiater gpdutiesiven 1 of A 7ETe 20 0eTitiekinhibitdry profife ¢RSERTAT0 [2-[4-[(2,5-
Difluorapbemylimethaxydnhenaxsimatioxyapilingiassessrian the cardiac Natlf-ags exchanger,

NCX1.1). 25It was shown, using an ion-selective electrode technique to quantifg ion fluxes in giant

patcheS¥HACHIE SarORE NE+ICISR VR NG &Y A APPSR phH POt eFbNg 4Btk Kang &
Donald d¥e Hilgesnaan xNature)iNesl .id 215 Bdrebruary 2004; Title: Multiple transport modes of the
cardiac Na+Ca2+ exchanger). 30These experiments, while valid and informative, are very time

consuming and not adaptable to high-throughput assays for compounds that modulate calcium ion
cl¥&nnef BetrAagiLm/Caicium exchanger is an important mechanism for removing Ca™ from diverse

cells. In heart, it extrudes Ca® that has entered through Ca® channels to initiate contraction,
while Na*enters the heart cell. Its relevance in cardiovascular diseases is e.g. illustrated in
Hobai, JA & O'Rourke,B (2004) Expert Opin. Investig. Drugs, 13, 653-664. Thersfore,
pharmaceutical indusiry has developed compounds inhibiting the NCX as e.g. described in
35  lwamoto, T. et al. (2004) J. Biol. Chem., 279, 7544-7553. The Na*/Ca®" exchanger
electrogenically transports three to four Na* for every Ca* that moves in the opposite

direction as e.g. shown by electrophysiological means in Hinata, M. et al. (2002} J. Physiol.



-Various techniques have been developed as alternatives to standard methods of electrophysiology.
For example, radioactive flux assays have been used in which cells are 35exposed with a radioactive
.tracer (e.g., 45Ca) and the flux of the radio-labled Ga is monitored. Cells loaded with the tracer are
exposed to compounds and those compounds that either enhance or diminish the efflux of the tracer
are identified as possible activators or inhibitors 3 of ion channels in the cells membranes. A specific
examplef&eficioded in e Karainebli 6t mpiBavigand & Medicihal Chemistryid2((2602)r5039-5056;
Title: Synthesis and @t@@e@m@@m{mmxm$n@§x@%e@mmwi9&ﬂeémw%t¢@@§2q%5.inhibitors of

the sodiym-calci Im e changer. EP1031556 discloses a method wherein Ne/Ca2+ exchanger activity
is meaSLl#LeL ﬁéﬁ?@ssga)r%gIg%gr%ﬁnvab?&igdthé’ AR RO 61°E A% TIptaRstA ?H%EQSF%@%’PEH{aI
vesicles Heintjdetermimeschby measaring A5Capratioadtivitya Mamy nadioactive fon tiansporter-assays
have limitedssensitiviand herelpreinsuilicient date gyality. In addition, the cost and safety issues

associated with the radioactive screening technology are hurdles that hinder a broadened application.
Among the above cited drug-discovery technologies, the use of radioactive flux assays to identify
compouiidsithatteredutate) the agtiytsefdorehannels andion rarspeitersdsihe slosestaior art to our
inventio it | ' inAvhi t ound can be identified as possible activator or
inhibitorgb%ﬁ%ﬁf%@%g@%& g&ﬁ%ﬁ%ﬁ%ﬁgg‘éﬁ@%ﬁ”@%%ﬁ Rl ﬂtr?ﬁ{gerg‘é?osédﬁvtgrﬁé%ays is
based ofil tHe&HfRsiHYF of ‘@eteelrigethe limited turnover of ion transporters of about 1 to 1000 molecules
pet&econd - about 104 times less than most ion channels. The problem arising from the state of the

art therefore is 1o identify a robust assay, with a very goqd sensitivit gnﬁd usefulness for high
throughit ChrARE A BIGTT e G RO fal (T R SOTRTR o1 Dk fiBolenn i
provided@Bythe presertiingdntdlovSu MNtAR YaOer sobijgtitgriatierctistierprésenidisclesurggefers to
an assaypfergetesminingHheacHviy @ftm&yﬁﬁrmt@mve%g&eh%ﬁﬁ%ﬁ FRsipg NCX are provided; b)

a colored substance for determining intracellular calcium is Provided; c) cells are contacted with a NCX

activity ACtVAISFARA B TRE CHELRIM O S atemh Biv il s s Seneeigrat e yardtesiored
substancecis com pareddoLaihgriinestant signalproduce thina iconrtrg raxpermepbrAsather

RIS b AR e te e i et el sl

in response to the addition of a compound wherein: a) cells exprimin are provided; b) a colored
substanc83dt Ye R ARMiFREHEREEIRIAF ehldfamn 98 Hreviaian eyiestisldressntarteeipnnantiempound,
whereinnsaid e elis havesbesta dreatets Poigsdo freating it saitheompounshyviksa NX;gctivity
activatof; ar t i iated nge.in the luminescent signal from said colored substance
is compggg%oqgg I%%n%r%fs%t%%@ﬁ%’rg Gced'in FESTES §§upfgi?r%8%{”£é€§n ﬁlﬂart%i%(%?ét aspect,
théke is pRBUTIEP AN s alisH HerRFiRmPRIAABhenditjiefarchapiotein compesiriguia) presdting cells
expressing NGXafe) miaviding3 colaredsubstance fer-determiningdpisace!ivlarcalciums; c) contacting
cells Wittlﬂe%N(e:)% a}s(;t{yit‘y ?ﬁ'vﬁar?%]d%g?} EQII‘IE)&I’EIIF the calcium medﬁ’ated change in the luminescent
sighal from said © cofdréd substande 164 IuiRe SOSACSINRI IS CheEEPiPY EoktiéF experiment,
whereb{iihe weday b uisdiebity mightirotdhputesiieehinsgaassayywtherebyl ez vahié is between 0.5
and 0.7304:the.signakohackground ratio is greater than two. According to a second aspect, there is
provided an assay for determjning the activity of NCX protein comprising: a) providing cells expressing

NEX; b) Braviting & &616R B SEREE P HEES A G HFEdEIRHER B (iR U e T bneiting cells with a
NCX actistityeactivatorpansdbcinifziing the-caleiumsmediated-shangerinthe umiresesnat signal from
said Kang & Donald W. Hilgemann; Nature; Vol. 427, 5 February 2004; Title: Multiple fransport

modes of the cardiac Na*/Ca®" exchanger).

30 These experiments, while valid and informative, are very time consuming and not adaptable

to high-throughput assays for compounds that modulate calcium ion channel activity,

Various techniques have been developed as alternatives to standard methods of
electrophysiology. For example, radioactive fiux assays have been used in which cells are

35  exposed with a radioactive fracer (e.g., *Ca) and the flux of the radio-labled Ca is monitored.
Cells loaded with the tracer are exposed to compounds and those compounds that sither

enhance or diminish the efflux of the tracer are identified as possible activators or inhibitors



colored substance to a luminescent signal produced in a control experiment, whereby the control
experiment comprises a compound which is an inhibitor of NCX1 with a mean IC50 of about 5.9 pit 4a
According to a third aspect, there is provided the use of the assay as defined above to test a
compound for activity as an agonist or antagonist of NCX According to a fourth aspect, there is
provided an assay for determining the activit ? in.in respon e erg%dlt R]neof a
conshirima@mpREHGeSRiFoRargaafs: é(ﬁ% H:geﬁ p ) BRIERRY r3:oror(=1§“d Lpgtance for
detgqmmwg@‘ﬁmImm@mmh@mkt}gnﬂ&cﬁm@ééI&)M%r‘n’!ﬁeuﬁanSeﬂméadmwsehave been
e R AR TRRET . AL SR VKON G RPN ARL IR 20 Ghkcomparing (he

caldifi éﬁk 085 ange In‘the |nescentS|gna rom sai colored substance to a luminescent

sigreaiopeotiere R G306RE clissiprenieneinkreby aia Heskyas GXERnesTAGHWYdBighput screening

assay, WNRIE DX e alkigdsPobyerr Ok ata Sfinnsbinersigital fadrackareuner catirisrgfeater than
two. According to a fifth aspect, there is I{ﬁ%& ded na sa%for determining the activity of NCX protein

in ré’@ﬁ&‘%%iig'ﬂgedﬁéﬁfﬁ?m%Pa sitateie] Woar P75 Providing cells expressing NCX: b) providing

a colored substance for determining intracellular calcium; c) contacting cells with a compound, wherein

saiq plis nawe bech o%a{%%geR%F%é%%%thrﬁﬁ%%éﬂgﬂw@a?’n‘ﬁ“ﬁhér% aadiyiaativator; and d)

ra
comp .¥1 ﬁ%e calcium mediated change in the Iumlnescentt%gnal from sajd colored substance to a

Iumdﬁs@ml@’gﬁ‘aﬁéﬁ%ﬂibé%%ﬁ%%éﬁ@réﬁ%@b&ﬁﬁ@ﬁtaﬁﬁ?&‘@ HEBIRBASEMR Rt T Brises a
COW@M%Q'ﬁFé'§L§ﬂim:ﬁﬁé&%&o&(ﬁér@meapis@mmf about 5.9 pM. 4b In general, the NCX
protein used was of mammalian origin, and in particular of human origin. The NCX protein is selected
from NCX1, NCX2, NCX3, NCX4, NCX5, NCX6 and/or NCX7, in particular NCX1, NCX2 and/or NCX3.
In ggnmng mafxﬂwusw drigeciasnypor arbpRlesiRsdibasserel cafipRc e REFRENP eukaryotic
organis |BA-RiRisde s amketimenhdhe salisarmanamaliancelion iraasporesps efetied embodiment,

the cel s are CHO CCL-61), L-1573), COST 1651 and/or AT (CRL-1990) cells.
In paitREFAP PN fo‘fﬁf‘HSﬂ\éﬁg’ﬁ&‘&mt ugs@z(avyﬁ)l-?he?pr%ésen ﬁ)%slére-%é ionornycin. In a

prefeiatien he gisseittiosaitiatio reshibista hyaTic atioRRbtE thBueNsGa? af @V@ Hreéaisor capable of
e R 91%'?&a@ﬂ%@%&%gﬁcs\%%@@yet@ﬁwaw@mg«mcﬁamaan in said cells

and provi s A ummescent signal. Furthér said dye precursor can b eé glﬁ a
acetosyRYEl B dardranshoaRy Saﬁfjast%ﬂdt dyie A2RY BYGIErRIER IHThEaE SNt 8PS nce dye
ﬂUOtﬂamrﬁdﬂ%@t prefereael embodiment, said luminescent signal is fluorescence and said monitoring

step Ao @5&89%5 %n'é%t'ggr devics sﬂé&e@nﬁaeéﬁ mmyé%oasawyghemtae iteg assay as

menti oré'ts a compound or act|V|%as an a onlst or ant gonlst of another

prefeeredzentberisibyity thidpraieinans dRidtied &2eqings qfnié; ned before for
the diggnosisotiadingasrassiotiated w&hpﬁdﬂ@)ﬁaﬁﬁﬁmeﬁﬁrbﬁﬁmpﬁéhemnesent:dlsclosure pertains
further to a kit of parts comprising: a) lyophilized cells expriming NCX protein; b) a colored substance;
¢) a compound buffer, and d) a colored substance buffer. 4c According to a sixth aspect, there is
provided a kit of parts comprising: a) lyophilized cells expressing NCX protein; b) a colored substance
for %MMQQ intracellular calcium; C) a compound buffer; and d) a colored substance buffer, and

One subject-matter of the present disciosure refers to an assay for determining the activity of
NCX protein wherein:

a) cells expressing NCX are provided;

b) a colored substance for determining intracellular calcium is provided;

c) cells are contacted with a NCX activity activator; and

d) the calcium mediated change in the luminescent signal from said colored

substance is compared o a luminescent signai produced in a conirol

experiment.

Another subject-matter of the present disclosure refers {0 an assay for determining the activity

of NCX protein in response to the addition of a compound wherein:
a) cells expriming NCX are provided,;



e) a control comprising a compound which is an inhibitor of NCX1 with a mean IC50 of about 5.9 pM.
According to a seventh aspect, there is provided the use of a kit of parts as defined above to test a
compound for activity as an agonist or antagoniét of NCX. 5 In a preferred embodiment of the kit of
parts of the present disclosure, said colored substance is the calcium sensitive fluorescence dye
fiuo-4. In another preferred embodime t,éh? NCX r%gein u&e‘d wa§cof m%rtgﬂ;i%@_origin, and in
particular of hufar? AT TR ISR T SRIEC e Fiom NERT NEX2 PNEX3, NCX4, NCXG5,
NCX6 and/or N§X ¢z partiontactCXih MCXR oo WEXSn Bal pelisdi GRessUre Peftains further

to the use of a kit of parts t%gaﬂ%%{\@ﬂﬂ%%iB%&%&FﬁE%ﬁtﬁW%%ﬁ%f‘é&ﬁ%t@& aRgonist or |
antagonist of NCX."In another preferred embodiment, the present disc %%%egg.e{talps tg the use of a kit

of parts as merfiioriagl GBI fEEHRIALGHHSE b DafuBiesrest sigRal 8lféfed expression.
DETAILED DESCR|REANQFchEdNY ENT 10N Eseceraigiesisay defers to agnuiceldure where a
property of a system or pbject is measured. Assay is a short hand commonly used term for biological
assay and is a typee’éif?ﬁr{}épg‘ experiment. Assays are typically conducted to measure the effects of a
substance on a living organism Assays may be qualitative or quantitative, they are essential in the

development of new drugs. The subject assay provides a broad dynamijc ran that.the activjty. of a
e A M R S e e e L
assay for screening and profiling pharmaceutically effective compounds that specifically interact with
and modulate the activitiPEaiNeSREIRINNTDE term "NCX protein” or "NCX" in context of the present

invention shall mean any one of the list of the following Na+/Ca2+ exc - proteins either alone or
in combination Wtﬂ@ﬁéﬁ‘%ﬁl@?iﬂe’@%f‘%ﬁ%@? ﬁ%ﬁ%ﬁ%&%‘%\i@%%ﬁ@%%% . Especially preferred
are NCX1, NCX32 ensttatifNCeBaniithaaitifosabidi s eglieatessassirespond, respectively, to SEQ ID NO:
1, SEQ ID NO: %%ﬂqﬁ&@c# NO 3L UsBAGY RIIRR 6a Wi herssieshfragharyoregsirate and in

a es

particular mammntalian spe %;.g. dog, horse, bovine, mouse, rat, canine, 'a bigg ch{&k%rtj, anthropoid,
human or others). TRETREUESIAEBFsB MBI AR SNAHPERICSF I & OB Eh FARS BTdANsms or
could be manufagisgsy b aeens efsed mbidgi thooghalinatesisin asienbihesabyess the NCX
protein. 6 The term "N rotejn’. refer, I ' | d ]
interspecies hoﬁ%‘l‘lgg'ﬁegse SFH:EQ’/% %ﬁgaém%g‘%gi gggﬁiﬁ@éﬁ ?fﬁ?iﬁ%yﬁﬁﬁ%ﬁ% amino
acid sequence identity, 85%, 90%, preferably 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or
greater AMingAGis-SRABRNSSpisieNtitys prefevablyaoassayrbgitsiconiingdst awbiit 25NEY, Pein2001osing:
500, or more amino acids, to an amino acid sequence encoded by the nucleic acid sequence
contained in SEQ ID NO: 1, SEQ ID NO: 2 and SEC) ID NO: 3. The term "biological material* means
any material coataininifigenstic ietprassinhM@Ed. 10 capable of reproducing itself or being reproduced in
a biological sysigrn, Resambioaibidasissheiaiakismidy oeaiselunatesichihat was produced, has
been changed or' modified by means of re mbin?nt t?chpiques well known to a person skilled in the
art. The following TR EESCRHE mrﬁﬁ}@%ﬁﬂg é’lgﬁﬁr‘{s 8{'paaﬂk icular NCX proteins: The canine
15Na7Ca2+ exghangepdeX hbasibeen nkistbb giiopH, iDkhedualingsrmMcEo 80 2988345 62-5, 1990;

Title: Molecular clonin f Ignal.expressionef Rs-sarsolerpral Nagehntead +
exchanger.). The %%?h’%ﬁ%\%ﬁ%%%gﬁ %xchan%%eﬂ%xﬁ]@ﬁiﬁen CIO%e%b Koml?{r.6 '!b'rt Oert 'c%l

C.
Natl. Acad. Sci.8g1embw treocental expepmEfSHIRERETS CRIARY AR A 5 RE 20N o tﬁ‘eg) T{iuman
cardiac Na/Ca2#exehaagancRAxens By Kaduji, P. et al. 20(Am. J. Physiol. 263 (Cell Physiol. 32):
C1241-C1249, 1992; Title: Expression of the Na-Ca exchanger in diverse tissues: a study using the
cloned human cardiac Na-Ca exchanger). The human Na"/Ca2" exchanger NCX2 has been cloned by
Li, Z. et al. (J. Biol. Chem. 269(26): 17434-9, 1994; Title: Cloning of the NCX2 isoform of the plasma
membrane Na(+)- Ca2+ exchanger). The rat Na"/Ca2" exchanger NCX3 has been cloned by Nicoll,
DA. et. al. 25(J. Biol. Chem. 271(40): 24914-21. 1996; Title: Cloning of a third mammalian Na*/Ca2t
exchanger, NCX3). The human Na+/Ca2+ exchanger NCX3 has been cloned by Gabellini N. et. al.
(Gene. 298: 1-7, 2002; Title: The human SLC8A3 gene and the tissue-specific Na"/Ca2" exchangers
isoforms). 30The terms "polypeptide”, "peptide" and "protein” are used interchangeably herein to refer
to a polymer of amino acid residues. The terms apply to amino acid polymers in which one or more
amino acid residue is an artificial chemical mimetic of a corresponding naturally occurring amino acid,
as well as to naturally occurring amino acid polymers and non-naturally occurring amino acid polymer.
35The term "activity of NCX protein” refers to the mechanism of removing intracellular Ca2+ from a
cell. In heart, it extrudes Ca2'; that has entered through Oaf* channels to initiate contraction, while Na*
enters the head cell. Its relevance in cardiovascular diseases is e.g.




7 illustrate( in Hobs', JA & O'Rourice,B (2004) Expert Opin. Investig. Drugs, 13, 653-664. Therefore,
pharmaceutical industry has developed compounds inhibiting the NCX as e.g. described in Iwamoto,
T. et al. (2004) J. Biol. Chem., 279, 7544-7553. The Naf/Ca2+ exchanger electrogenically transports
three to four Nal' for every Ca2* that moves in theabopposite direction as e.g. shown by
electrophysiological means in Hinata, M. et al. (2002) J. Physiol. 545, 453-461. The NCX is able to

maintaiieertingytoplt s @e? teoneepiseiien ({eagd snHbredp foukarders,efmagnitude below the
extra%u,%@(,@af%’; g&[\\,ﬁ9Qgggg%%%@g;ag%m@g{m@gss, the direction of net Ca?* transport
ical gradient of Nat. Simulta

depends on the electrochemic neous and consecutive transport models have
been suggested for 10 Nat and Ca2* translocations, and a bulk of evidence favors the latter. The
activity, g&lgg el U?ﬂ'tsag e, rm %d m ring the enhanced. luminescence resulting from a
suitable colé)réé(d suigstanc_egco{énp%exiﬁbgg ir/?i\{ﬁ'%é:ﬁé?u%ﬁgay? hﬁzefg%m@g@eéﬁﬁgg%ﬁm@é)?r%rs to
cells BY5TE5EIRS e cefbng ef vFAterestd seRmasgE@ously or recombinant cells. The term
"recombinant when used with reference, e. g., to a cell, or nucleic acid, protein, or vector, indicates
that the cell, nucleic.ac 1 [ QLyect as been modified by the introduction of a heterologous
nucleic acid @r g%otefin rt%%:a atgrafgioln%g{a@g‘étiv nucleic acid or protein, or that the cell is derived
from a cell s&)mBHHHEHSThERIOEH Shsipnce Edvistamerning deitswliptessajeines that are not found

within the nativectieiciagoaihinantkiosmsiihe, colPERwIRsSNatE g8ass thal,are giherwise
abnormally expressed ur%der %xgresse%%%%ﬁessed at all. In the present invention tF‘IiS typically

refers to cells that Rave heer it aratbeid I Qg(ftﬁ‘iﬁvgg(ﬁﬁiﬁ@@?tﬁﬁgencode NCX proteins. The
assay is perfornveansamiplytivy cricwmgnidigelisinayappiopliataresniain eigwiihiaabssitable culture
medium. The cellpa baaaabyals ASHEBG A Lighaais el an ssiablished celhine. @

commercially available cell, a genetically modified cell, etc. so long as the ce [EALIE S be maintained
during the agﬁ’& RERSBSISRAND TRy IR BFTesninmRs TRNsHbRmnelging the subject
assay includezpmisbptiesny@asindithigier BReskpaiotioselgrasnemalymapaimaian cals.
Prokaryotes include gram negative and gram positive organisms. The cells will usually be mammalian
cells, such as human cells, mouse cells, rat cells, Chinese hamster cells, etc. Cells that are found to
be coRGRNRIRE NI emmeridesyis RIRIKRT ap esaaHEICE MDD BIEIBOF b pro@élmmay be
prepareponse thehwaliditovss meshpdatEusrapigipgtocols in cell biology, John 35Wiley & Sons Inc,
ISBN: 0471241059) or may be bought (Invitrogen Corp., Sigma-Aldrich Corp., Stratagene). 8 The
term "colored substance” refers in particular to a calcium sensitive fluorescence dye. The dye
precursor is®hdraMdingeebby ernrBesing|bififiescent under the conditions of the assay, being an ester
capable of esepingitiayoe s enstbatisshudrayaaikiniiangliauin e ymipescent oxy compound,
es

and providin enhatnc d Iungle'nes%ence qun cornglexlng with calcium. The esters are chosen to be

susceptible {8 hYATGIES 57 TRIPACEA BT REHIS a8 RS Relisbartspariteatrsitmsiorls” means
that the precurdoesing withesaxorosspthadeldia=mibilreaindtandhedaydseyzed in the cells, the dye
precursor eaferechg el Hadarispeeifis aandiions of pHPTIRSIBLIS, e, siers e pells a

different speeds or does not 10enter the cells under specific conditions. Tlie co ored &lfbstance is

added to the ceTREUEMGHREFER KB NTHRERREIL SIS TR e RreRstBiiRueObIogyrdakn Wiley & Sons
Inc, ISBN: 0474209 oftelserefimeni aredsihaianeariscamyaMiona anthsuRmaciaty available

reagents (Irwj{ﬁog%gp{@é% Ef#?ﬁiaégé ents synthesized in laboratory can be used. 15A number of
commercially available dyes fulfilling the above requirements are known. Fluorescent dyes for

monitoring Ce are well known and described in detail in section 20.1- 20.4 of the Molecular Probes
catalog, 9th edition. They usually have two his- carboxymethylamino groups attached to a fluorescent
nucleus such as fluoresceins, rhodamines, coumarins, aminophenylindoles, and others. For the most
part the compounds 20are 3,6-dioxy substituted xanthenes, where in the precursor the oxy groups are
substituted and in the luminescent dye they are unsubstituted. Usually there are acetoxymethyl groups
protecting the phenols and acids. See, for example, Fluo3/4, Fura2/3, calcein green, etc. Hydrolysis of
the acetyl group results in the luminescent product. The precursors are able to cross the cellular
membrane and be hydrolyzed in the cell.




25The term "luminescence" refers to a "cold light", light from other sources of energy, which can take
place at normal and lower temperatures. In luminescence, some energy source kicks an electron of an
atom out of its "ground” (lowest-energy) state intoa%n "excited" (higher-energy) state; then the electron
gives back the energy in the form of light so it can fall back to its "ground” state. There are several

varieties of luminesce each.named 30acgording tg what the source of energy is, or what the
tigger fdP BRI B LrE BT SR 12, EELELR R HERN AR IR RSB BT 658 ound

as an optinalihEpeoteindnsisianbid Fodicd K WhICH 2 etk dulziK 4S8R OKa phateniyiggers the

emissioqnoé g[ﬁ&r@é&tgm&g@ Alonoeiwavelength. The energy difference between the absorbed

and emitted photons ends up as molecular vibrations or heat. Usually the 35absorbed photon is in the

ultraviolet range, and the emitted light is in the visible range, but 9 this depends on the absorbance

curve angd giekes sbitnf ibaipamicuiaafubraphesenrlidoreseenaeis dametifaiteathe mineral fluorite,

composed of calcium fluoride, which often exhibits this phengmenon. Fluorescenge from the indicator
T R i

dyes carr BERRUG FediTh relerore Bl PGPS HRAIAET S (feBaow

B RGMeter or a- flloras
instrumeprtsieting Blobrokmenictivm agiltEradieiRdader-tH LI PRK(Wdlte Ui PeViesE, (Shngeale) Calif.).
The FL'%R&%W&HM?‘?GQ&@@@?%&W“ screening using the methods of the present invention as it
incorporates integrated liquid handling capable of simultaneously pipetting to 96 or 384 wells of a
microtiter plate and rapid kinetic detection using a argon laser coupled to a charge-coupled device
imaging iearatitaiat GhaNaKenteitivactodive used oftcaloiem iftheateseiaisddheslse of the aequorin
system. E‘%Igg&gg&%orin system makes use of the protein apoaequorin, which binds to the lipophilic
chromophore coelenterazine forming a combination of apoaequorin and coelenterazine that is known
as aequorin. Apoaequorin has three calcium binding sites and, upon calcium 15binding, the

apolaeqqeir‘sl &@fﬁﬁécﬁé@fﬂ@iﬁfﬁm@wt?eﬁiﬁﬁeﬁc_&gmfﬁg%@ﬂs ; - @%é%%@@grgégggbmﬁ
coelenterazi to pe oxidiz Into,,coelenteramide a oton o ue.ll nm). IS
oton (P B BB R oo R P B B T e SR on
et al., 1998k m@pymﬁrahmwvié@mdueﬁmemgnﬂn Fiugthelt sE00BYS. BistuGheman
270:9898 0 F K 2 ASseMativeit!l aRiOL 43 404218 BSO-omie sl an 2 B8-S

Pat. No. 5,714,666 which describes methods of measuring intracellular calcium in mammalian cells by
the addifBRTEHRISHTEREDR 15 AiRts B BRI RTEI TR P ipRYs SRR demins RNt HANStors”,
"activatcesTiusretteras datbsaidahbiGrvg \siesieotidelans pelyirep ddeisequences are used to refer to
activating, inhibitory, or modulating molecules identified using 25cell-based assays of NCX
polynucleotide and polypeptide sequences. "Inhibitors" are compounds that, e. g., bind to, partially or
totally biDek RMBERHPITRAS S SETRPaRe S P 48R PAAD ASHR esvaRsticeed heforedr tzsiown regulate the
activity axcawpiesains ebNE Gpicinast Gr SMASPNSS: NCACHVaIsS @ erenmpawdsdhahingrease,

A oreiert N e L e N s B RS e R e Robas,

A prefere at comes from

Inhibitorslisrareansoapiptovitiadis-& sereiemrasirrally modified versions of NCX proteins, e. g.,
versions with altered activity, as well as naturally occurring and synthetic ligands, antagonists,
agonists,.peptides, cyclic peptides, nucleic acids, antjbodies, antisense 35molecules, ribozymes, small
organicsﬁﬁ%?&rﬁséesﬁggﬁ?ﬁ)glﬁge@ fﬁ’%gé’%}?ﬁ%%gﬁﬁ?pﬁﬁ '%?W%%'f'%‘f)‘ﬁip%hd" or "test candidate” or
grammatical equivalerijgphiieedf ddisceikypsrany Rdieprdésirjther naturally occurring or synthetic, e. g,,
protein, oligopeptidgy %lk%@@ﬂﬁs@ﬂk%?“'e’ polysaccharide, lipid, fatty acid, polynucleotide,
oligonucleotide, etc., to be tested for the capacity to modulate NCX activity (Current protocols in
molecular biology, Sorh WMEPWEEREaRANSBN: 0471250951), The test compound can be in the form
of a library of test epmpeunes: subbias= eeimdinatorial or randomized library that provides a sufficient
range of diversity (Current protocols in molecular biology, John Wiley & Sons Inc, ISBN: 0471250937).
Test compounds are optionally linked to a fusion partner, e. g., targeting compounds, rescue
compounds, 10dirnerization compounds, stabilizing compounds, addressable compounds, and other
functional moieties. Conventionally, new chemical entities with useful properties are generated by
identifying a test compound (called a "lead compound") with some desirable property or activity, e. g.,
enhancing activity, creating variants of the lead compound, and evaluating the property and activity of
those variant compounds. Preferably, high throughput




15screening (HTS) methods are employed for such an analysis. Said inhibitor, activator and test
compound may be added to the cells by injection into the culture medium after the cells have grown or
they may be present in the culture medium prior to the cell growth (Current protocols in cell biology,
John VWViley & Sons Inc, ISBN: 200471241059). Thae cells may be grown to the appropriate number on
the inhibitor, activator and/or test compound or they may be placed on it and used without further
growth. The cells may be attached to the inhibitor, activator and/or test compound or, in those
embodicremtingtters shihcalfeardpiacadondieda iRivetisiribeaelsigiay: be suspension cells that are
suspended in 25the fluid in the wells. The term "control experiment" refers to different kinds of
experiments thaé %Q][g%&ge run together. The skilled person will recognize that it is generally beneficial
to run controls f6g fifh e FEBER RS & fighain. 30 For example, it will usually be helpful to
have a control for theoassd s fbstietss finmgdheaiaeityibrebkNiXapratein:in which the cells are preferably
essentially iderg)ic%l ég%&%l%%%}%ﬁ&sed in the assay except that these cells would not express
the NCX protein of interest. Furthermore, it will usually be helpful to have a control for the assay for
determining th&3% ZCIRMRY SRREBUER Gtaffein#edponse to the addition of a compound in which the
compounds areesteshifolhsagsaingidheiRVEIOMAIARS LRI AL Phefgrabiy Are essentially
identical to the ceI& éh%h?%uiﬁd in the assay except that these cells would not expressathe Rcx 11
protein of interest. In Eus Way’“f can be determined that compounds which are identified by the assay
are really exerting their effects through the NCX protein of interest rather than through some
unexpected non-specific mechanism. One possibility for such control cells would be to use

non-recaminiagtparssiaahsuherethecrllsolithe acurlespsimens Sxpmsehe NG Rrotein of
mteresge%tg% gp%%tiﬂglas Lorratc e, sgayé;or determlnln%éhe, activity of NCX protein in response to the
addition of a ¢o pounJ Wl HefoPURSHEASE & RHRE %H&%T’é'a test compound (low control) and to
run the assay with a high concentration of test compound (high control). Other types of controls would
involve taking compounds that are identified by the assay of 10the present invention as agonists or
antagonists of NOX proteins of interest and testing those compounds in the methods of the prior art in
order to confirm that those compounds are also agonists or antagonists when tested in those prior art
methods. Furthermore, one skilled in the art would know that it also desirable to run statistical analysis
by comparing the assay values to standard values. 15 The terms "agonist" and "antagonist” refer to
receptor effector molecules that modulate signal transduction via a receptor. Receptor effector
molecules are capable of binding to the receptor, though not necessarily at the binding site of the
natural ligand. Receptor effectors can modulate signal transduction when used alone, i.e. can be
surrogate ligands, or can 20alter signal transduction in the presence of the natural licand, either to
enhance or inhibit signaling by the natural ligand. For example, "antagonists" are molecules that block
or decrease the signal transduction activity of receptor, e.g., they can competitively, noncompetitively,
and/or allosterically inhibit signal transduction from the receptor, whereas "agonists" potentiate, induce
or otherwise enhance the signal transduction activity of a 25receptor. The term "disease associated
with a NCX altered expression" refers to dilated cardiomyopathy, coronary heart disease, arrhythmia,
heart failure, etc, 30For convenience, the colored substance and other components of the assay may
be provided in kits, where the colored substance may be present as a reconstitutable powder or as a
cooled solution on ice, in a buffer. The kit may also include buffer, activator, inhibitor, test compound,
cells expriming NCX protein, etc.. Cells may be present as lyoplilized cells. Said kit of parts can be
used as a diagnostic kit for diagnosing dilated cardiomyopathy, 35coronary heart disease, arrhythmia,
heart failure, etc. 12 The following figures and examples shall describe the invention in further details,
describing the typical results of the fluorescence based cellular NCX assay, without limiting the scope
of protection. 5 EXEMPLIFICATION



1.Assay procedure 101.1,Assay reagents The following chemical compositions are used as reagents
for the assay: Reagent Chemicals Remarks Assay buffer 3.5 mM CaCl2 133.8 mM NaCl 4.7 mM KCI
1.25 mM MgC12 0.01% Pluronic F-127 10 mM H%Qes/NaOH pH 7.5 5 mM Glucose 2.5 mM
Probenecid Probenecid is added on the day of use from a freshly prepared 1 M solution in 1 N NaOH.
Dye loading buffer Assay buffer containing 2 pM Fluo-4/AM 0.1 % BSA Fluo-4/AM is added from a 1

mM stock seletien emBENGENMGO MpRitsichhitsfertissaxdt tireianousicarpednagranesntrations

Compoupds are.adde ock splution.in DMSO lonpphor solution As buffer

conta D e A R R b i % ALaBH Eh i B8 e BE Satkan Mo

Positivieretsiitr g B s Sunamrstiser aini anADD 2889838 isf ddethfroiginm ToeriCatpckisiution in
selected from NCX1, NCX2, NCX3, NCX4, NCX5, NCX6 and/or NCX7, in particular NCX1,
NEX2Z andfor NCX3,

The present disclosure pertains further fo the use of a kit of parts as mentioned before to test a
compound for activity as an agonist or antagonist of NCX. In another preferred embodiment,
the present disclosure pertains to the use of a kit of parts as mentioned before for the diagnosis of g

disease associated with a NCX altered expression.

OETAILED DESCRIFTION OF THE INVENTION

The term “assay’ refers to a procedure where a properiy of a system or object is measurad.
Assay is a short hand commonly used term for biclogical assay and is a type of in vitro
experiment. Assays are typically conducted fo measure the sffects of a substance on a living
organism. Assays may be qualitative or quantitative, they are essential in the development of
new drugs.

The subject assay provides a broad dynamic range so that the activity of a NCX protein can
be determined. in particular the present invention makes available a rapid, effective assay
for screening and profiling pharmaceulically effective compounds that specifically interact
with and modulate the activity of a NCX protein.

The term "NCX protein® or "NCX" in context of the present invention shall mean any one of
the list of the foliowing Na‘/Ca®" exchanger profeins either alone or in combination with each
other NCX1, NCX2, NCX3, NCX4, NCX5, NCX8, NCX7.

Especially preferred are NCX1, NCX2 and/or NCX3 which amine acid sequences

corespond, .
respectively, o SEQ ID NG: 1, SEQ 1D NO: 2 and SEG ID NO: 3.

Such NCX protein could be derived from any vertebrate and in particular mammalian
species (e.g. dog, horse, bovine, mouse, rat, canine, rabbit, chicken, anthropoid, human or
others). The NCX could be isolated from tissue probes of such veriebrate organisms or
could be manufactured by means of recombinant biolegical material that is able to express
the NCX protein.



CMS high) Assay buffer 1545 pM A000135933 13 1:2.Assay procedure 1] 20-24 h before the
experiment, cells are suspended in growth medium (Nutrient Mixture F12 (HAM) Invitrogen, Karlsruhe,
5% PCS, Biochrom, Berlin) without 5antibiotics and seeded into 96-well black clear bottom plates
(25000 cells/well in 100 PO. 2] Medium is discarded and subsequently 100 pl of dye loading buffer are
added and plates are incubated dark for 75 min at RT. 3] Dye loading buffer is removed by washing
three time$ Wi 106 B RS HGfras. leoBUHEP S Bfs A HE® AT 80 BI ok Boiifpturidplates are added
and platescasestiercddon2Qmmiaiil6C. ShRiates areitsansierredinto dheykkidPRANgassayed using

the followi col.(including 40 pl.addition ionophor plate): 1.1FL 1P erimental Setup
Paramegéggéﬁ)?é%frggo%%%%n%é’tE%%’%—%fog %}]f’z Eﬁﬁ%%i%{f%% Tag%j%’ S%qu)rg g{%té@%%@/ Based on
Sample “8frspiatied Utiforanityebrirection coiff Negatives Comtiiol, Qorieetionoff 1.6giTstSequence
Initigl Pesiod 2:eee jaitigh Countd00-irames Add-Aftelifyama:H Add HeightZQ RAdd Speed

encoded by the nucleic acid sequence contained in SEQ 1D NO: 1, SEQ ID NO: 2 and SEQ

1D NO: 3.

The term "biological material” means any material containing genetic information and
10 capable of reproducing itself or being reproduced in a biological system. Recombinant
biological material Is any biological material that was produced, has been changed or

modified by means of recombinant technigues well known o a person skilied in the art.

The following references are examples of the cloning of particular NCX proteins: The canine

15 Na'/Ca™ exchanger NCX1 has been cioned by Nicoll, DA. et al. (Sclence, 250(4980): 562-5,
1990; Title: Molecular cloning and functional expression of the cardiac sarcolemmal Na(+)-
Ca2+ exchanger.). The human Na'/Ca” exchanger NCX1 has been cloned by Kemuro, |, et
al. (Proc. Natfl. Acad. Sei. U.S.A. 88 (10), 4769- 4773, 1892; Title: Molecular cloning and
characterization of the human cardiac Na'/Ca” exchanger cDNA) and by Kofuji, P, et al.

20 (Am. J. Physiol. 263 (Cell Physicl. 32); C1241-C1249, 1992; Title: Expression of the Na-Ca
exchanger In diverse lissues: a study using the cloned human cardiac Na-Ca exchanger).
The human Na*/Ca® exchanger NCX2 has been cloned by Li, Z. et al. {J. Bicl. Chem.
269(26): 17434-9, 19894, Title: Cloning of the NCX2 isoform of the plasma membrane Na(+)-
Ca2+ exchanger). The rat Na'/Ca” exchanger NCX3 has been cloned by Nicoll, DA. et. al.

25 (J. Biol. Chem. 271(40): 24914-21. 1996; Title: Cloning of a third mammalian Na'/Ca*"
exchanger, NCX3). The human Na"/Ca”" exchanger NGX3 has been clonad by Gabellini, N.
et al. (Gene. 288: 1-7, 2002; Title: The human SLC8A3 gene and the tissue-specific
Na*/Ca* exchanger 3 isoforms).

30 The terms "polypeptide”, "peptide” and "protein” are used interchangeably herein to refer fo
a polymer of amino acid residues. The terms apply fo amino acid polymers in which ons or
more amino acid residue is an artificial chemical mimetic of a corresponding naturally
occurring amine acid, as well as to naturally occurring amino acid polymers and non-
naturally occurring amino acid polymer.

35  The ferm "activity of NCX protein” refers to the mechanism of removing intracellular Ca**
from a cell. In heart, it extrudes Ca® that has entered through Ca® channels to initiate

cantraction, while Na” enters the heart cell. Its relevance in cardiovascular diseases is e.q.



- 40 pl/sec Add Volume 40 pl Mix 1x40 pl Statistics Statistic 1 sum 25-45 (bias off) 14 1.3.Data
Analysis Inhibitoty Activity of Test Compounds in NCX Iculabon of inhibi on: Calculations are based on
. the statistics export Raw data are converted to inhipition according to sample -- mean low control 10%
- INHIBITJON= 100 x ( mean Net control - mean low control Mean high control is derived from the
average difference of eight paired samples of 10 or 30 15pM A000135933 with ionomycine. Mean low
control i&'¢Effied Frdi? bshotyeineiesritols 4B Fotrd R eisa st dhe BadaBfifofescence
higher th[adaarb@rﬁ@,l@!'&rﬁr@i@&af&ﬁdmdiﬁ@y@%gmmaﬁ%%?%@@ﬂ@@ﬁ%%tﬁh@ thgl\f;ulé&da@wgontroli The
typical fluor nce response.of th ’\{?Cg@ and ow contro %te éd ( (ZZ( Jonamycine is shown
imiguregf “:"al(é?ﬁjg{::?s(j as %ﬁﬁﬁ%;rlfet%%ﬁ ﬁgaéé |i\'/e8 %%W‘ ’0%2 r‘oll/’)5a 312%%% rt&% iyt cells after
lonomyciriehadeitior s transpoited ool thé culls AtteNa 2fewasconds theninitial tatbium load of the

lls i Ishedshahikiti - Ge L after ' ddition
ol = ot i) e e et e

d inc f lic calcium (high control. 3 933), ,
70001 35845 0 e N A T b AB061 353 WS foUhRe o it s FTS Sren. Figures 3,
and 5 shb”ﬂa%]ﬁypitt&bd@séadepeiﬂem‘_ respoinses dfettifferentcoaceniieation’s obAR0A%36933.
ADOOLEG3 2,900 NEX Wil et C500L5.9 oM, a0d S el I ysed a too

substance in the assays. An IC50 of this compound is a on every plate as
ratio andBlest Ghife oY TdeERanHRE WepESSHl Yo Sa TRy e Refelithare be51 CLOGFADDIT35933

these patameiersatiererssechioindicate gond-assay: perfermanee f@ft@veﬂya%@tﬁ;th} oSN-greater tgaﬂ
two. 2. 7" value b n A(F??nd 0.7. 3. 1C50 of the tgol compound A00Q135933 has to he around the
mean o?ggg m ;%%?%%}%u 5{2%%%%?5%? gﬁz&%ﬁp %8?umme\ cence resuling from a S3cte

colored substance complexing with calcium,

The term “cells expressing NCX”" refers to cells expressing the exchanger of interest

15 endogenously or recombinant cells,
The term "recombinant” when used with reference, e. g., to a cell, or nucleic acid, profein, or
vector, indicates that the cell, nucleic acid, protein or vector, has been modified by the
introduction of a heteroiogous nucleic acid or protein or the alteration of a nafive nucleic acid
or protein, or that the celi is derived from a cell so modified. Thus, for example, recombinant

20 cells express genes that are not found within the native {(non-recombinant) form of the cell or
express native genes that are otherwise abnormally expressed, under expressed or not
expressed at all. In the present invention this typically refers to cells that have been
transfected with nucleic acid sequences that encode NCX proteins.
The assay is performed simply by growing the cells in an appropriate container with a

25 suitable culture medium. The cell may be a naturally occurring cell, a native cell, an
established cell line, a commercially availabie cell, a genetically modified celi, etc. so long as

the cellis able to be maintained during the assay and desirably growing in a culture medium.

Suitabie cells for generating the subject assay include prokaryotes, yeast, or higher
30 eukaryotic cells, especially mammalian cells. Prokaryotes include gram negative and gram
positive organisms. The cells will usually be mammalian cells, such as human cells, mouse
cells, rat celis, Chinese hamster cells, etc. Cells that are found to be convenient include
CHO, COS7, JURKAT, HelLa, HEKs, MDCK and HEK293 cells.
Cells may be prepared with the well known methods (Current protocols in cell biology, John
35 Wiley & Sons Inc, ISBN: 0471241059) or may be bought (Invitrogen Corp., Sigma-Aldrich
Corp., Stratagens).



10An assay was performed with four compounds IC50s in duplicate (Figure 6). The four compounds
are from the same compound class. One compound was a good NCX1 inhibitor (A000135933), two

. compounds show moderate inhibition (A000136648, A000104243) and one was not active in the
concentration range (A000103746). This example indicates that the assay is suitable so screen NCX1
inhibitors and to establish structure activity 15relationships. 2.4.Correlation with electrophysiology The
comparisoli Githe @ dativatiom ternlivresiereeipaserihesariiiva Bitees2ereriophysiology
method (lorgatels SURBE2ZRHechnology kis thetkest way-Hesestimatesthedesformance afthis assay.
The corrglation, of e t'vvo very different techniques is quite good (Figure 7). The Inhjbition
measureg %%?h t’%%ﬁ %%P%E%ﬁg\ﬁgé%iai&ﬂ me hﬁ?f %): %ri%gé%?tfqér% nemcgézr%%éﬁﬁ?’cﬁglﬁ% i[’I‘\’ié‘(}lnhibition
derived fiEhtRERSETEC FLIPRPASSEY 225 DESERIPTION @R THEMSURES FigurekxBOFigure la

shows thepelyausleatide-sequencefNEX L cepresenied by SEQUBNQ L Eigurg,lb shows the
polynucIFé\(/)éird sequence of NCX2 represented by SEQ ID NO: 2. Figure Ic shows the polynucleotide

sequence of 1o%3 represented by SEQ ID NO: 3, Figure 2: 35Fluorescence signal of the CHO-NCX1
cells afteiiemmycie biddifiontantibito ot NG ¢high tentrek 38qpdbA000235933:vad leads to a

fluorescenganaieAse:Aucia a8 Infiease o ALYasol calelym. Adtive X4, esiahlish e inital

. J i vnoer
calcium load after a few seconds (low control, black). Figure 3 Raw Inetic of e?l%orescence

change<SBRERGHREARTICAAIGH 15 BiffsretiE c St RtRE GrY O A UBD e35933: Rt SRt obthe
flubbescente fraluesfromid@ o J0ssyenditised to calculate the percentage fluorescence changes in

compari e . The rest e shawn.in figure 4. 10Fiqure 4. Assay statistic for a 96 well
plate wit?wﬂk%é%@ﬁ %%g%%fﬁloh}% éa%%lgﬁ :Trr%an%%%gx%”érﬁ Ations bf AY fé@@@%% gé%lﬁgied signal to
backgroBitiR (S Piriemd drerehdEs vftFe ftbresEdhteddétnéans0 and 90 seconds of different

concentrationssafrAQN33EIB Ak disted dma e 2. farthisexempladhe calcuated IC 50 of
AOOOlB@%é&%{g@ﬁ ?:'1r6 EM 1Sé{l'nean 1050: 5.9 &M(% Flag.urﬁ 5. IIIustratlgn of the percentage
fluoresc i 55GR4 CoReamti Aot P8 R0E35933 and the

%) as well as reagents svn
nce i creasepl comparison ﬂ"le é/om

cotfespénidintpfit elippelPeicihil exalnple tre20dilcultted: 1056 BLADOOLEEIR2 WasvA16 pM (mean

IC: 5.9 pM)iEigere 8dsiaye:rmbaws theraw daianunt autfemhe FLIRR. 25 iguis 7 carrelation
scence based FLIPR assay with the electrophysiology based SURFE2R

between, the I?%XV ﬁ%)re! S : ,
technol4y of e ¥8MBoana eR%S CHREMMBITHIBNGRY Y48 BaLE™E iFboth cases at 10 pM 17
- y - - - - - . .

Claims taApcagsayfondete grnpgdhecaetivityadfNEXcproteinlcosprising: fhioresceins,

rhodamines, coumarins, aminophenylindoles, and others. For the most part the compounds
20 are 3,6-dioxy substituted xanthenes, where in the precursor the oxy groups are substituted

and in the luminescent dye they are unsubstituted. Usually there are ace OX}'me%hy! groups
protecting the phenots and acids. See, for example, Fiuo3/4, Fura2/3, calcein graen, efc,
Hydrolysis of the acetyl group results in the luminescent product. The precursors are able to

cross the cellular membrane and be hydrolyzed in the cell.

25 The term "luminescence” refers to a "cold light", light from other sources of energy, which
can take place at normal and lower temperatures, In luminescence, some energy source
kicks an electron of an atom out of its "ground” (lowest-energy) state into an "excited”
(higher-energy) state; then the electron gives back the energy in the form of light so it can
fall back to its "ground" state. There are several varisties of luminescence, each named

30 according to what the source of energy is, or what the trigger for the luminescence is.

The term *flucrescence” refers to a luminescence that is mostly found as an optical
phenomenon in cold bodies, in which the molecular absorption of a photon friggers the
emission of another photon with a longer wavelength. The energy difference betweean the
absorbed and emitied photons ends up as molecular vibrations or heat. Usually the

35  absocrbed photon is in the ultraviolet range, and the emitted light is in the visible range, but



a) providing cells expressing NCX; b) providing a colored substance for determining intracellular
calcium; c) contacting cells with a NCX activity activator; and d) comparing the calcium mediated

- change in the luminescent signal from said 10 cologed substance to a luminescent signal produced in
a control experiment, whereby the assay is used in a high throughput screening assay, whereby the z'
value is between 0.5 and 0.7 and the signal to background ratio is greater than two. 2.An assay for
determiriig #reHEtRRY) BENEI BrotetheormmisingoissahptovidingesisiexpressingNCX; b) providing
a coloredsuhsiance:ferdeterminingiatracsillan alcium, Q) contacting cels with aNCX aetivity

activator; and d)t'com aring the calcium mediated change in the luminescent signal from said

2000Ioreé ISEL%&&HSCQ {3 R Timifescent signal produced in a control experiment, whereby the control

experiment comprises a compound which is an inhibitor of NCX1 with a mean IC50 of about 5.9 pM.
3. An asshypaccerdiad todlaimdion@, dyhergin therNGX proteiin is aiNGXrprretein of thes25folewing list:

NCXL, N NG A gsaASS TN 10 QDR 08 SIpImS L 10,3, WhSIEIDe NCX protein s of
mammalian 0£?|n preferably from rat, mouse, %%Pé bovme,gg, ape or himan. “Ah assay

according t4 %@H@W’%ﬁ&?ﬁ]‘%"f%%%ﬁ‘éﬁ"@n elisedre I56ldeted frsrethes dvebpheensisting of:
CHO, HElte@0G Tiaing HIRIGADCels the Gréveaspay areording i amyn8e iafc/aims lyiap, wherein
said colg) [ cells as a recyrsor capable of entering the cells and being
hydroIyze_%g%l(')ﬁﬁlfyalgj(i%?.3 %fw%f%re gg“% Gegg(gl%éy &’Prﬁ bﬁg Sé/%véi?[%r ggéﬁ%ﬁfnozaaién (':Cerﬁgﬂ%i rov E?Q'd
lumineséeKtisigRECIPP STIgRhAESBYEEEE SYIRG 40 mpytie D eldilng detdcs, iwherejrrsaidr-iuminescent
sigmal is fluorescence and a FLIPR device is used as a detection instrument. 8. An assay according

to claim 1Oar§*7’rsWt1z%ﬁgetiQ§%i9ﬂd €. precursor is an a?%%toxgmeth lester Sderivate. 9. An assay according
to claim’8'0t 7. wherein Said dyd i< tHe Talt ih Yehdive Hidfescbhee AT X510, A assay
accordifg tieny onte of Sllifrs.bemdhwhrepdtinsaidaN@Xactiviticadtivaddp i doimlyiin. 15 20 25 30

18 11. Ui dBBASSALRAEIIING 10-AMY,CNERE GI U -activity as an
agonist or anta%onist of NCX, 12.rArH1 gssgﬁo%%égﬁa#f;%ﬁﬁﬁe%ﬁhﬁgggg ﬁg;;{'(@ p%%ﬁ%?r{??esponse
A

to the alfltiSHBFS BEBHTEBURBRHARIZeS three calsitinuing ckas 8XHreBSMEAERT b) providing a
coléred isubstanite farcetproining tintra¢ekujas:taltianges its confecamiacting ealsyiith a compound,

wherein3aid cellshave been teatel RO, oyidized into coelenteramide, CO2, and a photon

of blue light (466 nm). This photon can be detected with suitable instrumentation.
ior reviews on the use of aequorin, see Créton et al.,, 1999, Microscopy Research and
Technique 46:380-397; Brini et al., 1995, J. Biol. Chem. 270:9896-5803; Knight & Knight,

20 1295, Meth. Cell. Biol. 49:201-216. Also of interest may be U.S. Pat. No. 5,714,666 which
describes methods of measuring intracellular calcium in mammalian cells by the addition of
coelenterazine co-factors to mammalian cells that express apoaequorin.
"Inhibitors”, “activators”, and "modulators” of NCX polynucleotide and polypeptide
sequences are used {o refer to activating, inhibitory, or modulating molecules identified using

25  cell-based assays of NCX pelynucieotide and polypeptide sequences.
“Iinhibitors” are compounds that, e. g., bind to, partially or totally block activity, decreass,
prevent, delay activation, inaclivale, desensitize, or down regulate the activity or expression
of NCX proteins, e. g., antagonists. _
"Activators” are compounds that increase, open, activate, facilitate, enhance activation,

30 sensitize, agonize, or up regulate NCX protein activity, A prefered NCX activator is
ionomycin, an ionophore that comes frem Streptomyces congiobatus.
inhibitors, activators, or modulators also include genetically modified versions of NCX
proteins, e. g., versions with altered activity, as well as naturally occurring and synthetic
ligands, antagonists, agonists, peptides, cyclic pepiides, nucleic acids, antibodies, antisense

35 molecules, ribozymes, small organic molecules and the like.



10treating with said compound, with a NCX activity activator; and d) comparing the calcium
mediated change in the luminescent signal from said  colored substance to a luminescent signal
produced in a control experiment, whereby the assay is used in a high throughput screening assay,
whereby the z' value is between 0.5 and 0.7 and the signal to background ratio is greater than two. 15
13. An assay for determining the activity of NCX protein in response to the addition of a compound
comprisinigayprovielitiepeBlis @xpreeiePRER’ 205F providiivg & coloradsulistanceifotaletermining
intracellularaalgiumisdcanjasting gellsiwithacempsdswherel saidicellshayepgen treated, prior

to treating _yvitgrs{%'g %%rgﬁ)%ynﬁdd.withiaﬁNCX activity ac%gqator; a[r!]'d d) comparing the calcium mediated
change Th IR TbIHeSCant Sighal PO S A dreOISAS SifStaltie 18 W B inBREERF S5 H4F produced in a
control &¥perinwéntidsveierébpaiestonfroliexpernménticomprises BCEmpoimd Whiehtis an inhibitor of

NCX1 withadnean MrQakabeuta 2 iBM, Vi AD assay-acearding Ao clai 12 or, 13, wherein the NCX
protein is a NCX protein of the following list: NCX1, NCX2, NCX3. 30 15. An assay according to any

one of TIPS 4EAN DG e THR REXPROYETH REbF PRI S B, SorerabiBNPHdmTat, mouse,
dog, bovimelopigcap®amhtimamoddss 46uAiassanhaectilingse, anyene pfskaiasid2 to 15, wherein
the cell . Isting, ef:. G 7 and JURKAT cells. 17. An
assay ﬁ%ﬁ?ﬁ?g@gﬂgﬁgﬂ%?%ﬁﬁg , &%&eﬁéﬁ%gg bé%f%ﬁéi%sl? BStaRce 1S 5added to the cells
as a dy&piecs ééﬂ%‘é‘ggbféféﬁéﬂt@fﬁf@efh@- Cel|S it v ydrosly zests tocacayenavhekeby the dye
coroplexaswith ealciumpn.saiel celisiand provides d|uminessant signahbunds IehAsassay according to
any oneﬁ&)rf‘ (%!aimlsmloziet{? %7c\évrper in s:ﬁid lumingscent si%al is 10fluorescence and a FLIPR device is
i .

used as a detect I lde 4y ARESFING YO 7 GH 18 CRERSiA Said dye precursor

ection Ins rqmen{e NG RN 2388y acEording
is an acgtoryatrinddtat tigrivatiesl 520 pAmddsalfate Okidgtonolkain )7ah 8 ywehereinsiaid dye is the

calciumsepsitivefuarascenge exeafuprd-2Q2p 3 AR Anassanareardinglo any one of claims

12 to 20, wherein said comrl?oun is a NCX antagonist ~ 22. An assay according to any one of claims
12 to 2, "\WHErEIR @&&rﬂ& LERTAOTIYSIOHBIRG ¢ 28 CRRROFParts ebbHhsifgh hrougheut

15 screening (HTS) methods are employed for such an analysis.

Said inhibitor, activator and test compound may be added fo the cells by injection into the
cuiture medium after the cells have grown or they may be present in the culture meadium
prior to the cell growth (Current protocols in cell biology, John Wiley & Sons inc, ISBN:
20 0471241059).
The cells may be grown to the appropriate number on the inhibitor, activator and/or test
compound or they may be placed on it and used without further growth. The cells may be
attached to the inhibiter, activator and/or test compound or, in those embodiments where the
cells are placed or grown in wells, the cells may be suspension cells that are suspended in
25  ihe fluid in the wells.

The term “control experiment” refers to different kinds of experiments that should be run
together. The skilled person will recognize that it is generally beneficial to run controls
together with the methods described herein.

230
For example, it will usually be helpful to have a controi for the assay for determining the
activity of NCX protein in which the cells are preferably essentially identical to the cells that
are used in the assay except that these cells would not express the NCX protein of interest.
Furthermore, it will usually be helpful to have a control for the assay for determining the

35 activity of NCX protein in response to the addition of a compound in which the compounds
are tested in the assay of the invention against cells that preferably are essentially identical

to the cells that are used in the assay except that these cells would not express the NCX



a) lyophilized cells expressing NCX protein; 10b) a colored substance for determining intracellular
calcium; c) a compound buffer; and d) a colored substance buffer, and e) a control comprising a
~compound which is an inhibitor of NCX1 with a megn IC50 of about 5.9 pM. 15 24. A kit of parts
according to claim 23, wherein said colored substance is the calcium sensitive fluorescence dye fluo-4.
25. A kit of parts according to claim 23 or 24, wherein the NCX protein is a NCX protein of 20the
following! '?*N@@(ﬁeﬁ@k% NEXGYI6CR kit dppartdracchatingroanyondioh clatmsa8itai2s, wherein

the NCXipreleinys:af raammalian Piigin -peeferabh fIomd M oRQHSE 199 -ROVING 1 PIg: ARG OF human.
2527. Ug%_cc))f %kit of parts accor inq to an@( one of claims 23 to 26 to test a compound for activity as an
b

agonist OF antagonist of NEX: 30 "RBSHEc TIRRSPOHENS SPBSRPaRiIginY g CRIWAYSRIth enormous
potentialyofferigiscientific-apd etorormicapportimitiescThe SodivmiGalciua exahranger is an

impgrtantmechanisi-ferrempving. alerr from diverse cells. In heart, it extrudes Calerr] tha_t has
entered through Caéer[] channels to injtiate contraction, while Na[err] enters the heart cell. It is of

considerabIg iHtAVELE (5 idEh AR COMPETIRER HAY HRERAAIE NG Hethvit isbdrRFRIOBIah exchangers.
The presentioventomismitected taia Huorescesce-hasedrassaydor detestipget domard mode"

modulatj mpou d r refers to.a. kit of parts,comprising cells expriming NCX and the use of
the kit otg%géﬁ% to tes{zt) aﬁj cr!c:trrﬁwgp%%%% ?6?%&% 9 gg%grgl Fgéagﬁgtﬁgr{ %f’rﬂ%agn&pn?s " f@l'@é(&%ﬁﬂ fcation Prnie
DE2007-007" MPEF0Y SaHBtisAvAtiIpBiRseHian Farmbrnds 203 Fgddentified by the assay of

:Fltpresecense-basedassryfoeestingeompayndeiopieth ihe-sedivm-calsiunbangaer(NCX)
hcionvardmode® <130A_&§AR FtieRﬁEgrerﬁ_e , OEZOOZ/OO7 <160> 3 Sequence <213> OrganismName
HUse ( . @' s

‘Homo saplengogﬁ)@gg é éec’l]ﬂré%cesfrl%gqg prior art in order (o confirm that those compounds

are also agonists or antagonists when tested in those prior art methods.
Furthermore, one skilled in the art would know that it also desirable to run statistical analysis
by comparing the assay values to standard values.

1h '
The terms “"agonist” and "antagonist” refer to recepior effector molecuies that modulate
signal transduction via a receplor. Receptor effector molecules are capable of binding to the
receptor, though not necessarily af the binding site of the natural ligand. Receptor effectors
can modulate signal fransduction when used alone, i.e. can be surrogate ligands, or can

20 alter signal transduction in the presence of the natural ligand, either to enhance or inhibit
éignaléng by the natural ligand. For example, "antagenists” are molecules that block or
decrease the signal transduction activily of receptor, &.g., they can competitively,
noncompetitively, and/or alfosterically inhibit signal transduction from the receptor, wheresas
"agonists™ potentiate, induce or otherwise enhance the signal transduction activity of a

25  recaptor.

The term “disease associated with a NCX altered expression” refers to dilated

cardiomyopathy, coronary heart disease, arrhythmia, heart failure, ete,

30 For convenience, the colored substance and other components of the assay may be
provided in kits, where the colored substance may be present as a reconstitutable powder or
as a cooled solution on ice, in & buffer. The kit may also include buffer, activator, inhibitor,
test compound, cells expriming NCX protein, etc.. Cells may be present as lyoplilized celis.
Said kit of parts can be used as a diagnostic kit for diagnosing dilated cardiomyopathy,

a5 coronary heart disease, arrhythmia, heart failure, etc.



MYNEIRRLS5LS ATFSMGEHLL VIVSLIFSHV DHVIAETEME GEGNETGECT GSYYCKKGVI 60
LFATWEPODPS FGDRIARATV YEVAMVYMEL GalSIIADREM SSIEVITSQE KEITIKKRNG 120
ETTKTIVRIW NETVSNLILM ALGSSAPEIL LSVIEMCGtaq FIAGOLGPST IVGSAAENMF 180
IALCVYVV PDGETRKIKH LEVFFVTAAW SIFAMTWLY! ILSVISPGVV EVWEGLLIFF 240

FFPICVVFAW VADRRLLEYK YVYKRYRAGK ORGMIIEMEG DRPSSKTEIE MDGKVVNSHYV 300
‘The following figures and examples shall describe the invention in further details, describing

the typical results of the fluorescence based cellular NCX assay, without limiting the scope of

protection,

[%3}

EXEMPLIFICATION

1. Assay procedure

10 14 Assay reagents

Tre foliowing chemical compositions are used as reagents for the assay:

Reagent Chemicals Remarks
3.5 mM CaCl, Probenecid is added on the day of use
133.8 mM NaCl from a freshly prepared 1 M solution in
Assay buffer 4.7 mM KCl 1 N NaOH,.
1.25 mM MgCl,

6.01 % Pluronic F-127

10 mM Hepes/NaOHpH 7.5
5 miM Glucose

2.5 mM Probenecid

Assay buffer containing Fluo-4/AM s added from a
Dye loading buffer 2 uM Fluo-4/AM 1 mM stock solution in DMSQO
0.1 % BSA
Assay buffer Compounds are added
Compound buffer Various compound from a 10 mM
concentrations stock solution in
OMSO
Assay buffer containing lonomycin s addad
lenophor solution 0.3 % BSA from a 10 mM
6 uM lonomyein stock solution in
DMSO

low} lonophor solution

Positive control buffers | high) Assay buffer ADO0135833 is added
15-45 uM A000135933 from a 10 mM

stock solution in
DMSO




ENFLDGALVL EVRERDQDDE EARREMARIL RELKOKHPDK EIEQLIELAN YQVLSQQQXS 3EO
RAFYRIQATR LMTGAGNILK RHAADQARKA VSMPEVNTEV TENDPVSKIF PEOGPROCLE 40
- NCGTVALTII RRGGDLTNTV FVDERTEDGT ANAGSDYEET EGTVVFKPGD TOKEIRVG/I 480
DODIFEEDEN FLVNLSNVNYV SSEASEDGIL EANHVSTLAC LECSPSTATVT IFDDDHAGIF 540
TFEEPVINVS ESIGIMEVEV LRTSGARGNYV IVPYKTIEGT ARGGGEDFED ICCELEEGND 600
EIVKTISVKY Assay procedurs

1] 20-24 h before the experiment, cells are suspended in growth medium (Nutrient
Mixture F12 (HAM) Invitrogen, Karlsruhe, 5% FCS, Biochrom, Berlin} without
5 antibiotics and seeded into 96-well black clear bottom plates (25000 cellsiwell in 100
L.
2] Medium is discarded and subsequently 100 ul of dye loading buffer are added and
nlates are incubated dark for 75 min at RT.

31 Dye loading bulfer is removed by washing three times with 100 ul assay buffer.
10 Buffer is discarded
4 80 i from compound plates are added and plates are stored for 30 min at 16°C.

o
Phoit- S

Plates are Iransferred into the FLIPR and assayed using the following protocol

{including 40 ul addition from ionophor plate):

1.1 FLIPR Experimental Selup Parameters

Exposure ‘ 0.5 sec{at1.2 W)
F-Stop 2
Fiter 1

1.4.1  Graph Sefup

Subtract Bias Based on Sample: off

Spatiat Uniformity Correction: off

Negative Control Correction: off

1.1.2  First Sequence

initial Period 2 sec

Intiat Count 100 frames

Add After Frame 5

Add Height 70 i

Add Speed 40 plisec

Add Volume 40 i

ftix x40 yl

Statistics

Statistic 1 sum 25-45 (bias off)

15



- IDDEEYERNK TFELEICEPR LVEMSEKKAL LANELGGETT IGKYLFGQPV 660 PRKVHAREHP

ILSTVITIAD EYODKOPLIS KFEEERRIAE MGRPILGEHT KLEVITFESY 720 EFKSTVDRLI

- KKTNLALVVC INGWPFQFIE AITVSAGEDO ODREGGEEKL PSCADYVmHE 780 LTVEWKVLCA
FVPPTEYWNG WACFIVSILM IGILTAPIGD LASHFCCEIG LKDSVTAVVF 840 VALGTSVPDT

FASKVAATQD QYADASIGNV IGSNAVNVEL GIGVAWSIAA IYHAANGEQF 900 KVSPGTLAES
1.3, Data Analysis

Inhibitory Activity of Test Compounds in NCX Calls:

5 Calculation of inhibition:

Calculations are based on the statistics export. Raw data are converted to inhibition
according to:

sample — mean low confrof
10 % — INMHIBITION = 100 x { )

mean high control — mean low control

Mean high control is derived from the average difference of eight paired samples of 10 or 30
5 puM ABC0135933 with ionomycine. Mean low control is derived from ionomycine controls.

Compounds which increases the basal fluorescence higher than 1.3 fold are discarded.

2. Assay examples

20 2.1 Hesponse of the high and low conirols,

The typical fiuorescence response of the high and low controls after addition of 2 M
lonomycine is shown in figure 2 and is as following: If the NCX1 is active (low control)
calcium entering the cells after lonomycine addition is transported out of the cells. After a

25  few seconds the initial calcium load of the cells is reestabiished. Inhibition of NCX1 feads fo
a fluorescence increase after lonomycine addition due to an increase of cytosolic calcium
{high control, 30 pM A000135833),

2.2, Tool substance: A000135933

30
The new NCX1 inhibitor AC00135833 was found in the first HTS screen. Figures 3, 4 and 5
show a typical dose dependent response of different concentrations of A000135933.
AO000135933 was a good NCX1 Inhibitor with & mean 1Csy of 5.9 uM and since that time used
as tool substance in the assays. An 1Cs, of this compound is added on every plate as

35 control. The /B ratio and the z" value for this example were very good. Together with the



VTLFTIPAFI NVGVLLYRRR PEIGGELCGA RTAKLLISCL EVLLtAILYIF ESSLEAYCHI KGF
<212> Type :Ent  <211>Length:973  SequenceName : Sia2 ID NO 1 SequenceDescription:
- Sequence <213> organismName:Homo sapiens <40>Eresequencestring:

[
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ICsp of ADDG135933 these parameters wers used to indicate good assay performance for

every plata:

1. 3/8 greater than fwo.
2.7 value batween 0.5 and 0.7.
3. 1Cs of the tool cormpound A000135933 has to be around the mean of 5.0 1.

2.3, Tool substance: Assay example

An assay was performed with four compounds 1Cses in dupiicate (Figure 8). The four
compounds are from the same compound class. One compound was a good NCX1 inhibitor
(ADDO135833), two compounds show moderate inhibition (AD00136648, AUOO‘%O4243) arnd
ona was not active in the concentration range (A000103746). This example indicates that
the assay Is suitable so screen NCX1 inhibitors and to establish structure activity

relationships.
2.4, Correlation with electrophysiology

The comparison of the data derived from the fluorescence-based assay with a direct
electrophysiology method (longate’s SURFE®R fechnology) is the best way to estimate the
performance of this assay. The correlation of these two very different techniques is quite
good (Figure 7).

The Inhibition measured with the SURFE’R was higher (mean 14 %) except for one

compound than the inhibition derived from the indirect FLIPR assay.

DESCRIPTION OF THE FIGURES

Figure 1:

Figure 1a shows the polynucleotide sequence of NCX1 represenied by SEQ ID NO: 1.
Figure 1b shows the polynuclectide sequence of NCX2 represented by SEQ ID NO: 2.
Figure 1c shows the polynucleotide sequence of NCX3 represented by SEQ ID NO: 3.

Figure 2;
Fluorescence signal of the CHO-NCX1 cells after lonomycine addition. Inhibition of NCX1

{high control, 30 i AD00135833, red) leads to a fluorescence increase due to an increase

M



MAPLALVGVT LLIAAPPCSG AATPIPSLPP PPANDSOTST GGCQGSYRCQ PGVLLPVWEE 60
DDPSLCDKAA. RAVVYFVAMV YMELGVSITA ERFAVIAIEVI TSKEKEITIT KANGETSVGT 120
VRIWNETVSN LTLMALGSSA PEILLSVIEV CGRNPQAGEL GPGTIVGSAA PHMFVVIAVC 180
1YVIPAGESR KIKHLRVEFV TASWSIFAYV WLYLILAVFS PGVVQ\AL1EAL LTLVEFPVCV 240

VFAWMADKRL LEYKYVYKRA' RTORRSGIII GAEGDPPKSI ELOGTFVGAE APGELGGLGP 300
of cytosolic caicium. Active NCX1 establish the initial calcium load afier a few seconds (low

control, black).

Figure 3

[

Raw data: Kinetic of the flucrescence changes after ionomycine addition for different
concentrations of ACO0135833. The sum of the fluorescence values from 50 to 80s were
used fo calculate the percentage fluorescence changes in comparison to the controls. The

resulis are shown in figure 4.

10 Figure 4
Assay statistic for a 96 well plate with high and low controls and different concentrations of
AD00135833. Calculated signal to background ratio (5/8), z7 and increase of the
fluorescence between 50 and 80 seconds of different concentrations of ACDO135933 are
listed (s.a. Figure 2). For this example the calculated 1Cs, of AD00135933 was 7.16 v

15 (mean iCeqy: 5.9 pM).

Figure 5

Hlustration of the percentage fiuorescence increase in comparison fo the compound

concentration of AO0G0135933 and the corresponding fit curve. For this example the
20 calculated 1Cx; of ADDOT35933 was 7.16 UM {mean 1Cg: 5.9 uM).

Figure 6:
Figure 6 shows the raw data print out from the FLIPR.

25  Figure 7:
Correlation between the NCX1 fluorescence based FLIPR assay with the electrophysiology
based SURFER technology of one compound class. The inhibition of NCX1 was measured

in both cases at 10 pM.



GPAEARELDA SRREVIQILK DLIKEACHPDXD LEQLVGIANY YALLHQQKSR APYRIQATREL 360
MTGAGNVLRR HAADASRRAA PAEGAGEDED DGASRIFFEP SLYHCLENCG SVELSVTCQG 420
GEGNSTEYVD YRTEDGSAKA GSDYEYSEGT LVFKPGETOK ELRIGIIDDD IFEEDEHFEV 480
RLLNLRVGDA QGMFEPDSGG RPKGRLVAPL LATVTILDDD HAGIESEQDR LLINSECMGT 540
VDVRVVRSSG ARGTVRLPYR TVDGTARGGG VNYEDACGEL EFGDOETMKT LQVKIVDDEE 600

Claims

1. An assay for determining the activity of NCX protein comprising:

a} providing celis expressing NCX;

b) providing a colored substance for determining intraceliular calcium;

c) contacting cells with a NCX activity activator; and

d) comparing the calcium mediated change in the luminescent signal from said
10 colored substance to a luminescent signal produced in a control experiment,

whereby the assay is used in a high throughput screening assay, whereby the z/

value is between 0.5 and 0.7 and the signal to background ratio is greater than two.

2. An assay for determining the activity of NCX protein comprising:

15
a) providing cells expressing NCX;
b) providing a colored substance for determining intracellular calcium;
¢} contacting cells with a NCX activity activator; and
d) comparing the calcium mediated change in the luminescent signal from said

20 colored substance to a luminescent signal produced in a control experiment,
whereby the control experiment comprises a compound which is an inhibitor of NCX1

with a mean 1Cs, of about 5.9 M.

3. An assay according to claim 1 or 2, wherein the NCX protein is a NCX protein of the
25  following list: NCX1, NCX2, NCX3.

4. An assay according to any one of claims 1 to 3, wherein the NCX protein is of

mammalian origin, preferably from rat, mouse, dog, bovine, pig, ape or human.

30 5. An assay according to any one of claims 1 to 4, wherein the cells are selected from the
group consisting of: CHO, HEK, COS7 and JURKAT cells.

8. An assay according io any one of claims 1 to 5, wherein said colored substance is added
to the cells as a dye precursor capable of entering the celis and being hydrolyzed to a dye,

35  whereby the dye complexes with calcium in said cells and provides a luminescent signal.



YEKKONFTIE LGQPQWLKRG ISALLLNQGD GDRKLTAEEE EARRIAEMGR PVLGENCRLE 660
VIIEESYDFK NTVDKLIKKT NLALVIGTHS WREQFLEATT VSAGDEEEEE LIGSREERL PS 720
cnoti.itiginiT vFlixvhFACV PPTETCHGWA CHGVSIAZIG LLTALIGOLA SHEGCTVGLH 780
DSVNAVVFVA LGTSIPDTFA SKVAALQDQC ADASIGNVTG SNAVNVFLGL GVAWEVAAVY 340
WAVOGRPFEV RICTLAITEVT LFTVFAFVGI AVLLYRRRPH IGGELGGPRG PKLATTAL R. 900
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7. An assay according to any one of claims 1 o 6, wherein said luminescent signal is

fluorescence and a FLIPR device is used as a detection instrument.

8. An assay according to claim 6 or 7, wherein said dye precursor is an acetoxymethylester

derivaie.

8. An assay according to claim 6 or 7, wherein said dye is the calcium sensitive

fluorescence dye fluo-4.

10. An assay according to any one of claims 1 to 9, wherein said NCX activity activator is

ichomycin.



GLWLLYILFA <212> Type SLEAYCHIRG :PRT F 921 <211>Length:921  SequenceName :
ID NO 2
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SequenceDescription:  Sequence <213> OrganismName : Homosapiens

18

11. Use of the assay according to any one of claims 1 to 10 to test a compound for activity

as an agonist or antagonist of NCX.

12. An assay for determining the activity of NCX protein in response to the addition of a

compound comprising:

providing cells expressing NCX;

providing a colored substance for determining intraceliular calciumn;

contacting cells with a compound, wherein said cells have been treated, prior to
treating with said compound, with a NCX activity activator; and

comparing the calcium mediated change in the luminescent signal from said

cotored substance to a luminescent signal produced in a control experiment,

whereby the assay is used in a high throughput screening assay, whereby the 2’

value is between 0.5 and 0.7 and the signal to background ratio is greater than two.

13. An assay for determining the activity of NCX protein in response to the addition of a

compound comprising:

a)
b)
c)

d)

providing cells expressing NCX;

providing a colored substance for determining intraceliuiar calcium;

contacting cells with a compound, wherein said cells have been treated, prior to
freating with said compound, with a NCX activity activator; and

comparing the calcium mediated change in the luminescent signal from said

colored substance to a luminescent signal produced in a control experiment,

whereby the control experiment comprises a compound which is an inhibitor of NCX1i

with a mean I1Cx, of about 5.9 pM.

14. An assay according to claim 12 or 13, wherein the NCX protein is a NCX protein of the
following list: NCX1, NCXZ, NCX3.

15. An assay according to any one of claims 12 to 14, whergin the NCX protein is of

mammalian origin, preferably from rat, mouse, dog, bovine, pig, ape or human.

SEQ



<400>PreSequenceString: KAWLRLQPLT SAFTHEGLVT FVLELNGLEKA EAGGSGDVPS
TGONNESCSG SSDCKEGVIL 60 PIWYPENPSL GDKIARVIVY EVALIYMELG VSIIADRFMA
SIEVITSQER EVTIRKPNGE 120 TSITTIRVWN ETUSNLILMA LGSSAPEILL GLIEVCGHGE
IAGDLCPSTI VGSAAFNMFI 180 Pagel
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16. An assay according to any one of claims 12 {o 15, wherein the celis are selected from
the group consisting of: CHO, HEK, COS7 and JURKAT cells.

17. An assay according to any one of claims 12 {o 18, wherein said colored substance is
added to the cells as a dye precursor capabie of entering the celis and being hydrolyzed to a
dya, whereby the dye complexes with calcium in said cells and provides a luminescent

signal.

18. An assay according to any one of claims 12 to 17, wherein said luminescent signal is

fluorescence and a FLIPE device is used as a detection instrument.

19. An assay according to claim 17 or 18, wherein said dye precursor is an

acetoxymethylester derivate.

20. An assay according to claim 17 or 18, wherein said dye is the calcium sensifive

fluorescence dye fluo-4.



IIGICVYVIP DGETRKIKHL RVFFITAAWS FPVCVLLAWV ADKRLLEYKY MHKKYRTDKH
LVPLEGKEVD ESRREMIRIL KHLKQKRPEK MMTGAGNILK KHAAEQAKKA SSMSEVETDE
KGGDMSKTMY VDYKTEDGSA NAGADYEFTE FURLSNVRIE EEEPEEGMPP AIENSLPIPE
VSESIGVMRV KVLETSGAEG TVIVPFRIVE KIVDEEEYER QENEPIALGE PKWMEEGIGA
PKLEVIIEES YEEKTIVDKL IKKINIALVV LESCFDYVHH FLIVEREKVLF AEVPPTEYCH
GLKDSVFA\AL EWAF GISURD TEAGIOAAAL Gty 1AL QG QREFHV SAGTITO SN TSRITINOAE
LFVSLW&J‘,{%%QTLEAYCY IKGF <212> Type : PET <211y Length : 924 SequenceName : SEQ ID
NO 3 Sequericepescription : DERSOR-007 IFAYIWLYMI LAVESPGVVQ VKLEGILTIFF
EGITIETEGD HPKGIEMDGK MMNSHELDGN DIDQLVEMAN YYALSHQQKS EAFYRIDATR
PEDFIGKYEADRG UHKsdrly CGAY UnBVHF IRaafsFY1dIG BAHKERRSVGIEX RRIVEGRERF
AVLASPCVAT VTILERDDHAG IFTEECDTIM GTAKGGGEDE EDIYGELEEK NDEIVKTIRV
LLLSPDERPTVEEEFAKRIA EMGKPAGER GTHSWRDOPM EAITVSAAGD EDEDESGEFE
GWACEAVSIL IIGMLTAIIG DLASHFGCTI DVYADASIGN VIGSNAVNVF LGIGLAWSVA

VCISVLLRR RPliEHERRGCKLAITW Page 2

a) lyophilized cells expressing NCX protein;
10 b)
c) acompound buffer; and

a colored substance for determining intracelluiar calcium;

d) a colored substance buffer, and
e) a control comprising a compound which is an inhibitor of NCX1 with a mean 1Cs
of about 5.9 uM.

15
24. A kit of parts according to claim 23, wherein said colored substance is the calcium

sensitive fluorescence dye fluo4.

25. A kit of parts according to claim 23 or 24, wherein the NCX protein is a NCX protein of
20  the following list; NCX1, NCX2, NCX3.

26. A kit of parts according to any one of ciaims 23 to 25, wherein the NCX protein is of

mammalian origin, preferably from rat, mouse, dog, bovine, pig, ape or human.

25  27. Use of a kit of parts according to any one of claims 23 to 26 to test a compound for

activity as an agonist or antagonist of NCX,

30



