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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
2007/0iw@vition relates to a fluorescence-based assay for detecting NCX
"forward mode" modulating compounds. It further refers to a kit of parts
comprising cells expriming NCX and the use of the kit of parts. 15
"LE BA Réﬁ\%UNIB%\ETHE INVENTION A basic requirement for life is
compartmentalization - with biological membranes being 20nature’s tool to
Fluored€ %l'&e%hk? Rringiple. Howey ﬁl@ go'%u&?{éasy.or 10 stectyre underlying the,
Il membrane is imp ermeab stions and comp Gunds whose
@Xcmr’t@ﬁh&%@ﬁ i e SyuiH] ﬁl%’%@s@ﬁ L\'ﬂﬁﬁﬂﬁj%@ﬁ@ﬁé“iﬁscells and organisms. The
answer to this paradox lies in the semi- permeable nature of the cell
membrane - solutes that have to cross the membrane are transported by
specific membrane proteins. These transporters are responsible for the
FIELD 26gérieratidhran®irhaintenance of ion gradients, the uptake of nutrients,
the transport of metabolites, the reuptake of signaling molecules and the
disposal of toxic and waste compounds. Therefore, transporters are
The Dfﬁiﬁ%l{ 4P aiag Birgetd ?WW@%’&‘? REREE oM ismaau rartay's for
dete rm@b@ﬂm&lmﬁmm th’lSréCH@I@Xﬂc%W he@mhumﬁ@aimwmaemha@@etwwbased
assay 5@88 é%ﬁrtm nlaFSrrﬁ%H?eQ 83@6‘- f£8 p%ILY %@eipﬂ ﬁﬁ %?gtto a kit of
extru 2+ tha as entered throug h Pehannels to initiate
parts CEBREFEAEACHE lﬁ/ﬁﬁ@rﬂ’&%éﬁ%vr@ﬂ%“l’f%éﬁ?délthﬁéﬂﬁélé%ﬁ‘ée in cardiovascular
diseases 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.g. described in 35lwamoto,
BACKGR@UAID(2004)13.IBIGENSHeh., 279, 7544-7553. The Na4/Ce exchanger
electrogenically transports three to four Nat for every Ce that moves in the
opposite dlrectlon as e.g. shown b}/ electrophyS|oIog|caI means in Hinata,
A basi CMS%P@I% 3) e BRI A iAW OV h B IRIEKCR! BTSRRI
nature ihemmpkamms@aﬂmacenwmren JGa2b]aypthree tafatnrerdedsvfng the
cell mem@r%pnuuq ]P’%‘IQW‘RG %Ie“)%gafﬁg%lyi aoaw* %QSD}I\@UQI?&C%%& tis essential o

Nevertheless, the direction of net Ca2+ transport depends on th

SUS*@améﬂ%t‘F@&‘ﬁé}ﬁm‘&IC@H&dﬂi’é‘ﬁ't%ﬂﬂfaﬁmﬁrﬁ%ﬁﬁ%ﬁ@%@ﬁ@%@ﬁ?@&%ﬂ%ﬂfﬁﬁ@p@?ﬂ““
ner med@@d@i@wﬂh@@alsﬁgm@ fardNme andtGaze tm&@a{@ﬂ%@naﬂd@ BTN

; rt (élvbdence avors %‘le IattertTran orters are ap emer gd%tar qt f{?mm/
APt Enofmous potental; Bfering: saen?f”a*"S P BREhRIRIC O pSTHIRIaS e
generai®n the otheri¢randetransporesis aite haifficie tdrgeticlalss iretspmspoft of
metabofiMg-giscovsniteshnglogies LAdt ineteansiderableinterest iq-ldaniity

compounds that modulate channel activity, for example, by blocking the
COMPOY[- &?‘@éf’éﬂﬁ ABP TR tH 4Rt 'SP taleil A ek ”@%?é“ce on
diseasestahdarchimethoditesdo 8dsisdhtexigh the use of patch clamp experiments.

In these experiments, cells must be evaluated individually and in

sequence by highly skilled 150perators, by measuring the caIC|um current

The SogBEARBIEERTERERA S FeRpERRIcecBRaGe R bR itghisarieem diverse
cells. 1rmésntlalﬁm@@sacmﬂmﬁ@n@féﬁ%@@nm@@d@aﬂ@gﬁ@&&%ﬁﬁqmé%nﬁcamn,

hi X th | d t
white N L AR T P R b R e G lated n
Hobai, JESCXCangkeds (2004) inMuorigtiron-Pester Nrd2888, (@atei Efféteofiare,
pharm -SRegHie I%QHW%QB%I%QB%‘%M F?&é‘ﬂh?tgﬁ%aﬂé%@f‘ é?% }ﬁeBHé%ﬁ‘ k&l in

action potential and trig Cgered activit %EH %ventrlcular mysc e and
twamotpy gl i and B i e8 et 4P (THé jburAal 67 pliatatacsisgpasel
electro@xpesimnentaliherapeutiesoVoN 31ibr @4&%@52‘2@@%&& inkribitgrycprefile

di rect:ogfaégggggo\,\; E g% GDM%g nenylimethoxy !&[%?(1 xg ege(%%a\]migﬂ%loi

asses car +E,‘XC ang er
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251t was shown, using an ion-selective electrode technique to quantify ion
fluxes in giant patches, that the cardiac Na+/Ca2* exchanger has multiple
transport modes (Tong Mook Kang & Donald W. Hilgemann; Nature; Vol.
427, 5 February 2004; Title: Multiple transport modes of the cardiac
Na+Ca2+ exchanger). 30These experiments, while valid and informative,

545, 4aretGdry timbl e Srisaiinty amm@méaa@nﬁb@awmaﬁmpwassap@%t in)

three 6THPAWNEIS ﬂ?%é’@ﬂ%ﬂ@@&@ww@ QDLRANRLIECHVIBA MBIIONS, (1Ca*] out),
hn|q es beep developed as al'gfrnatﬁ\{JeS to standard met ods of

Never U e s BBl diaient o
Na. cﬁwtﬂfi@ﬁﬂ@@ug arg 35&5@1@3@/@ {ithsaorddicaetvedvaderdfe gydsGa) anditieand Ca**

ranslobRlkthe (adigslabled Ga ismonitored. Gells 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
Transpiofébiters Shafiengohannets farthe %H&mmb@%;ﬁ@@@%@@@?@ﬂﬁ&sand
o C [ anic & Medicir, emls
weone e S e e Ay VLR s oy o
of drugniiarss/pyAeineaeisvates as novel inhibitors of the sodium-calcium
exchanger. EP1031556 discloses a method wherein Ne/Ca2+ exchanger
s of {acrt]vl r' me suregtusggn arcolemm I v cIesHJte concentration of
CaZ¥ % al%e iy the soar((:%l (AT REIEE S BaiRty e il el By RIEL Ufihg
e"amp%%bb}@i@a@ﬁbﬁylom anhyaadioaetive@ion-bdnsprercissays biavadionitettannels.
One stSRNSIHVI¥ABE therefere inguffirient date.ayality o|R.additon; thecost and

In th safety issues as?joaated with the radioactive screening technology are
" e rtHed IvAL hilitler AU oRtBRHARpIRASH2 RrioRg e Hste BNy skiled
operatatrugdiseeverydeshnalogies; theiseokradioastivesfiuxassay st ideatidy

change%%ﬁ@@x@t@%%ﬁ@ﬁ&gmﬁ %ﬁﬁta% ol ioR 8P%Qp§nl 5-330,190 transporters

is the closest prior art to our invention as it Is a tec ue in WhICh 8. es

Seal4QQy A psindresh s it diapsadineaian arseaiahhiBrer sy i ionnglary
musclethedlixeftGazy komibeseilshy¥ e A%@Isﬂ isshe; fok thesadieagtve, aspaysn
Munach'%rp%%gepﬂlrt%%gfﬁﬂl &8556?? PT “rspcljt(? gﬂtlugg 8\@@1 %gl%iaﬁe{r%i gker

transporters o m C es per secon

Seal4{as tHEenvREBEE G éﬁ%mhetéenrh@ prebléncansingiffonntHecsateitftae mrtscle

and Puthierefmerisstaiigdentify-a @@!SG@%S%MWBT‘”@N%W%Se@%\é%éﬂqentai
fYNCX modulators

eful ess,fqr ening and prof|I|
therape Ratwill?T eqsgf%qo}gofgtggg ﬁleﬂplb%éﬁ&g&eb?f e Mt ifdention.
Dnﬂuor@bﬂﬂM)ﬂR’%%@%@%&i ﬁtatt@mmmﬁe&piremseﬁolmmemeﬁﬂexs Maana®

exehan@é&seﬁfd% dﬁNermining the activity of NCX protein wherein: a) cells
expressing NCX are iprowded b) a colored substance for determining
§

Itwas Si%%%e‘ﬂam BRIGDREIE Phe it ey ¢ M aietedrtactadiniam Aweximetity
patchesadtivatios andid) the* ﬂaaéftwﬁdm@dgatetéghﬂm@éﬂrﬁi%mlﬂ%@ﬂ@@ﬂ%‘%@j"ﬁdook
f C [ red to a lu ts
e B L bl Rrotnor Lt e o W edeaeror
modes 8?§E%§ﬁf@'@éﬁe?s/f%aarﬁa§§aw@t determining the activity of NCX protein in
response to the addition of a compound wherein: a) cells expriming NCX
These &JE.RIO 3% oIore stance for determining intracellular calcium
spprow “T IS E Ht BN LG SURGORMERSE &5/ edirdaptable
to high-Huvedheenh aseatedopn@mmmmm@wnhmmmmmm withacNEZXvity.
activity activator; and d) the calcium mediated change in the luminescent
signal from said colored substance is compared to a luminescent signal
Va“ousﬁ%&t}&%@ﬁf‘a‘f@oﬁ%t expenRmches cdesnaing 1doaststashetery el
electroppravidesy aRoassaynins detaoadfingrieactyin o NCe¥ PIRIRINCAMBRISAG are

expase@moglga%%gctul\%etﬁ?ﬁ (zm%? N@( b?tg r?wg xgo?tﬁgkr)e[g ?a%sg?gaqg%omtored.

determining mtrace
Cells loaded with the tracer are exposed te compounds and those compounds that either

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



c) contacting cells with a NCX activity activator; and d) comparing the
calcium mediated change in the luminescent signal from said colored
substance to a luminescent signdl 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 baCk%QTUQ,Q rr%tr%%iaﬂ ot
of ion changpisifetiR&RIRVEERRGRRRY 1S RESHIB REAIERELE MIRSEDTbvideH &R
al.: Bioorga@dRsanietideratiningtye HoRUGH K- pEStiA itenihrishegieyniciiticiyre-
. ells, expressin . royidi I NG -
mctty el e e e S ity o cium

exchanger. S RUMpSH gitsoeatcumsthedintaareiage frith&rahnnestart diyral from

measured S SPIBEHPEPSERNGEsIaR lupRiIDeREaNbAIBNalATegised nthccoattalemmal
] experiment, whereby the coptrol experi etg/comprises a compound which
vesicles bejagAgiBIRGE SNESRELTRA a riek Bt%bout 5.9 pit 4a According to

a third aspect, there is provided the use of the assay as defined above to

Many radiotecgévogr g;%%%%‘éﬂg&@ 3&%@9’ rﬁa?éﬁ‘i RERRISEALAVIRIPRIShefdrins ufficient

Ing to a fourth aspect, there is provided an assay for oleter,mininrge _
date qualitithie aSMIRRoNCRShBIEFRIRYESEURSARS B iRfuiBh o SbrApbngoreening
technology GRERNISIRG R THMAddingrelisegaiessitigaierX; b) providing a colored
substance for determining intracellular calcium; c) contacting cells with a
compound, wherein said cells have been treated, prior to treating with said
Among thecimypooied Wity-NEXea sy alaoias: (ihue) SoRfbaRm i Kastm® ©
identify corfpotiMe drzhanIfuIBE e duBinag s ios ghabiner seidon palseshsnbsianes
‘toa Iumlne_scent.sil_ﬁnal{)rodyc%d Jnuaec'o%%%ﬁg)t%g{nce% %E’%?é%}ﬁtgg
closest priof P OYdBENIS A Gt SUGRP UL R AN RSSEY, Whereby the 2 value
identified ats faebisien GiGaamoc0 THabitbtHey sigrritednsmtheyfovrnd Balo fwgrdareralian

The main i%\évﬁ’e‘ é?%ﬁé%@&%\msga@@%Sag%iﬁmﬁgie@ﬁcawwéeﬁ@tﬁmmnad

e activity of NCX protein in response to the addition of a compound
turnover of deviRRTRG ETHFb Fomyy timd %&ﬁf@@éﬁ?&‘ﬁﬁ:@@;r@%\ﬁm %ﬁ%&%@ﬁes less
than most Begianeeidor determining intracellular calcium; c) contacting cells with a
compound, where F

e provle g B o e e e e &

very good aessliivitdl epdngeringis ((RhIHERRIGORSS AEIREURE 2nEdBEl g litirte

modulatord AR WNNBsSeBh fign ak pratpeaddmadscontualekpe timngntseheirntim.
control experiment comprises a compound which is an inhibitor of NCX1
with a mean ICso of about 5.9 pM. 4b In general, the NCX protein used
was of mammalian origin, and in particular of human origin. The NCX

SUMMAR\WOtein Is selected from NCX1, NCX2, NCX3, NCX4, NCX5, NCX6 and/or
NCX7, in particular NCX1, NCX2 and/or NCX3. In general, the cells used
in the assay of the present disclosure can be derived from any eukaryotic

One subjecofigamisinthinpeepeefdiveidserabefdistent tseapaiis datermampiadiaciciglisf In a
mare preferred embodiment, the cells are CHO (CCL-61), HEK

NEX pmte{%%ﬁ?%% 3), COST (CRL-1651) and/or JURKAT (CRL-1990) cells. In
rartieeliseXRESRRING NGKifT & PR Used in the assay of the present
disclosuisrissignosayein.itn aspseteried emrhodimentaizidrcspredided:;

i‘é?;égﬁg% g r%ich%gté% W{?Hcaemi&%%pég&gﬁgr sapable of entering the

rolyzed fo a'dye, whéere 3v/the dye complexes with
odjciln talskinr cendiaied pheviae fathiivmasesresigiriabirmaridiriRred

precirsEfRR hedefaraklyan aaaestasthytesierdedvedaraadcaitidye
can be preferably the calcium sensitive fluorescence dye fluo-4. In a more

pref&FREERTH 5 diment, said luminescent signal is fluorescence and said
monitoring step c) employs a FLIPR device.

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,;



The present disclosure pertains further to the use of an assay 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 an assay as mentioned before for the

diagnosis of a disease gssaciated with.a NCX altered expressi e

FosB e TR A RO C DL S gl aglaet

lvophiizeskcetsiexprimiiip R CXmesmh;B)eregolsrid eilsdiaredagntreated,

componnl bullee AR daAcolredsbsipneeiulierd Axsemling dac

sixth"aspect, t erg Is provided a kit of parts comprising: r) lyo h%lze

celistegsrigymgMeER W&Eﬁﬁ%@%ﬁt%lmﬁ‘@%%%ﬁw%?&ée%h iy e

intragglar alsiven: 2y @dcen pomnekbrdfersiand! dradcatered substavice

buffer, an%ge)?f control comprising a compound which is an inhibitor of

NCXPRitt 'ean 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.antagonist of NCX. 5 | eferred N

pecording BURRIABREY Gk P AR 1 hE Ao etk ey S e comprsing:

substance is the calcium sensitive fluorescence dye fiuo-4. In another

PLeiaHGd:snbadimenbshegN@Xprotein used was of mammalian origin,
and in particular of human origin, The NCX protein is_se NCX1,
O RE RS TS RXE RO i eh OB e G e N,

NG Xareandiiey beDX @it reNii&serivdiscleb@ependins further to the use of

a it of paits ag mentonetbeiomy g eiRamPRHIAdRiRe biliaas & said

agonist or aritagonist of NCX. In another preferred embodime[gtéithe . ;
pres GAISHRL ST 8iALHG PREGRE! SETR PP Rred 40 R AR
fagbedipgrosis#f B disehsesasisbdiataephiitht adtEXiaftersderphessiorthe 2
DETAILED DESCRIPTION.OF THE IWENT IQN SRR A 5s@ el han two.
t&’%%%%egure where a property of a system or object is measured. Assay
is a short hand commonly used term for biological assay and is a type of

pocorditg MEQExReERAL. Aasay pareitgioatpond deterohitng thesnidvith fd¥fet myotein comprising:
of a substance on a living organism Assays may be qualitative or
quantitative, they are essential in the development of new drugs. The
suhjpaividisg\cetevgrressinoad-dynamic range so that the activity of a

N%@Fgﬂ&% cROLReAeieHRinesh 1o RAMISRIHESRERasIdN¥antion; makes
available a rapid, effective ay for scr er][in[g angd profiling
pﬁéﬁﬁ%ﬁ?&ﬂﬂ@éfﬁ}l%%t&@é@gﬁém{%ﬁﬁ‘é Spelifically interact with and
m@dedaipahemativityiofia NEdizesteinartisditdhn luatreprerésiponr! fuexsaid
" COMEK AL g HEsRnLIHRRLALThagRAan ARILANhal (bRl aldbament,

following Na+/Ca2+ exchanger proteins either alone or in.combination .
ithehY SR EORIEK EXREER ST IETPTES A CRIESRTIA RIS ety MTibitor of NCX1
Especiaihepreferred ssedVEE1MNCX2 and/or NCX3 which amino acid

sequences correspond, respectively, to SEQ ID NO: 1, SEQ ID NO: 2 and

SEQ 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 vertebrate organisms or could be
manufactured by means of recombinant biological material that is able to

express the NCX protein. 6 The term "NCX protein" refers to

polypeptides, polymorphic variants, mutants, and interspecies

homologues that have an amino acid sequence that has greater than

about 80% amino acid sequence identity, 85%, 90%, preferably 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or greater amino acid

sequence identity, preferably over a region of at least about 25, 50, 100,

200, or 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

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
techniques well known to a perso# skilled in the art. The following
references are examples of the cloning of particular NCX proteins: The

Accordingdaninirt et ateax ghangal NEX: hasbegaglanaddudNical. RA6 Al
Compoun&%ﬁ%ﬁw%%gggar jg@aﬁt %%ﬁ%‘ gﬁ{%\l olecular cloning and functional
r a

expression of the cardiac sar€olemmal Na(+)- Ca2+ exchanger.). The
human Na+/Ca2+ exchanger NCX1 has been cIoned by Komuro, I., et al.

Accordmg(g) §§%I}lﬂtésp‘ggtdthé% %gérlc% g grg‘t a%%;;coh e Molecula!rggﬁnln protein

aracterization o uman car 2o é&?&?&
n fﬁgmﬁ% By RSP GeamPBERREIT IR 263 (Cell Physiol. 32):
C1241 C1249 1992; Title: Expression of the Na-Ca exchanger in diverse
%éi%y fl épu d human cardiac Na-Ca exchanger). The
human a’ /Ca2e égégnan X2 has been cloned by Li, Z. et al. (J. Biol.
b)cH@ﬁ*dmﬁ?ajﬂwwaam%i@nnﬁemmn@grctraneuum&smm of the

BOMELING BRI RRINR ChmEAZi exehaBa e d Renkat Na 1ad" reééq ”8%- to
f :Ethas een Ionedb NICO%T Dﬁ et. al, 25(J. Biol. Chem. 271
249T 3

T 3l i it Akt aEMaRpE Rt exchanger
d)Nmamtmmwam@aemmggm N‘@Wﬁ@mﬁﬂﬁ@mﬂ‘@m Sasd
G@@@*@B'éﬂb@&a@e@%ﬁﬁn‘%@@sé&gﬁ %8931 ;;%@uc Qle!ib%m %}?g?'éé% en

and the tissue-specific Na"/Ca2" exchangers isoforms

WIBEPY IRiAES Y8 piiEe: ﬁ%ﬁ&'ﬂ@ﬂ&f&ﬁwmf&§@@ﬁﬁmﬁ§ﬁ@mﬁﬁme.ﬂm
vateéeis tostwpely Méranfi0rinand ek reigiaias. TERR SRS 20 :05AE3IR0 RS two.
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
Accarding o8 iy aseecH #GaIRIRHERS ol rerss fandetemrinito tatyeotidtnaicX protein in
response anthrcaaiditbpaly mesimablfe demiprigagvity 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
2) Neroeitessotiis Repig syl iGlevance in cardiovascular diseases is e.g.
b) 759@@&@@5 mfm; ‘subfsir2dReH a%%ﬁ%ﬂ)%%ﬁéB&ﬁhBPﬁésé@é%S“g
eveloped

o) rugs, 1 3, 653- AhTherefore harmaceutical industry has

cg?npaéun San st gat‘ﬁ%”iﬁ’e%‘ s e ERihed mhavenReen freated, prior o
(2CE4Yg viio s @hemnpRTed7 Bii -7 363X EhtiNpfAca2texghanger

d) elesHonsy sl HRRSA S ABISS éﬂéﬂﬁb agg%trﬁ%@écﬁ%sthf?éf'ﬁ%e%é“d

the§{§ap05|te direction as e. g. shown ySIo OgIC means |

HiR u ?&f‘i%%é)"ﬂ”@ﬁ%@“@@%ﬁ@@eﬁecma\@ntralaﬁxeemmem
wheraindire thenbylaptesrine Saiiemeant sl lGRAMRH e WidHor of NCX1
witdrders.of g@ %ﬁ)g § fhe extracellular Ca2* concentration (fCa21

ess, t

out). Neverthe ctlon of net Ca?* transport depends on the
electrochemlcal gradient of Nat. Simultaneous and consecutive transport
models have been suggested for 10 Nat and Ca2* translocations, and a
bulk of evidence favors the latter. The activity of NCX protein is
determined by measuring the enhanced luminescence resulting from a
suitable colored substance complexing with calcium.  The term "cells
expressing NCX" refers to cells expressing the exchanger of nterest
15endogenously 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 acid, protein or vector, has been modified by the
introduction of a heterologous nucleic acid or protein or the alteration of a
native nucleic acid or protein, or that the cell is derived from a cell so
modified. Thus, for example, recombinant 20cells 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 25suitable culture medium. The cell may be a
natiriraliyy ocecirirrina call a nativve call an




established cell line, a commercially available cell, a genetically modified

cell, etc. so long as the cell is able to be maintained during the assay and

desirably growing in a culture mediym. Suitable cells for generating the

subject assay include prokaryotes, yeast, or higher 30eukaryotic cells,

especial ammalian cells. Prokaryotes include gram negative and gram .
in 9enBEiiE HIGRRIERE H1R0 AR AT ACCAN L HaF SR PELCURERuman origin
The NBMpesteiells sarmmsd mmcer@mimmmer BEIRSeNCEe nthat NOXT,
. }é@( 9%@&9@3@@@&%@% CHO, COS7, JURKAT, HelLa, HEKSs,
ol paﬁ&ﬁ%%f’K and HEK293 cells. Cells may be prepared with the well known

methods (Current protocols in cell biology, John 35Wiley & Sons Inc,

in gend@BMNe 461244 059} asdnayr e baught {leviisogenOpspledighaniasich

Carp., Stratagene). 8 The term "colored, substance" refers in particular to
ek R RS TR Ay 0B BB U BT Bl LR B more
prefertsy notthuingtdriiacsdermnardefiiedoridilionSiof (Hal asSA7). BB 7ol ekters 5 1)
eiterag theyeells and that is hydrolyzed intracellularly to the

and/oCAPRRETOC > .
luminescent oxy compound, and providing enhanced luminescence upon

cornplexing with calcium. The esters are chosen to be susceptible to
in partibyerahsCHaotitigcelivisehydrblates:sEhedichm feapablésdbsantaeing the
mmmg& s;" means that the precursors are able to cross the cellular membrane
nd be hydrolyzed in the cells, the dye precursor enters the cells under
specific conditions of pH, temperature, etc., enters the cells at different

in a pRReeSs anteamas tarntRidhalarlistnderisnaaitie canditioass Bae dye precursor

olared,substance is added to the cells using the well known protocols
capab BB b e D A, TP o v INDAGEK. e Gy complexss
with m&iﬂmﬂwgpﬁihé%@w\@@@larmmﬂte{wmrﬁwth'm@iarc@'e precursor can
be praQRANRIGiRLY-AYRHRBIRIBaRe e IERGE L S0 Bk aSaNell AR FSRAMN S the calcium

_synthésized in laboratory can be used. 15A number of commercially ]
sens %ﬂ%ﬁ%’?Wﬁl%%e‘ﬁ%@%%ﬁ%%ﬂt@@@@%ﬁm RRifbSdRRECENt Signal
is fluodipesrios mastidngpGindrg wigbk) awvipland déadrbedducietail 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
The presgeh S RBPESERINS ORI AR oS i arRy, ammoiinna i esteshel
compiihersr éﬁﬁ\&t}ﬁwaﬁtmﬁiﬁﬁ@ﬁammﬂiﬁso?@&I&.&@ﬁi@ﬁgﬁlﬁéﬁm dambodiment,
xanthenes r Xy groups gre substityted. and in
e e LR LB PO 8 e iiosk cr
diseasgcessnyiniethyity o djis’prbrretheyaresgitemols and acids. See, for example,
Fluo3/4, Fura2/3, calcein green, etc. Hydrolysis of the acetyl group results

v

in the luminescent produyct, The precursors are able to cross the cellular
The prr%seerﬁi e and B%r%f/ré%?y%% %ﬁ fh ﬁtcoéslPafgsﬁ%“@'f'ﬁi“%minescence"

refers)towofibiitcetigletts leiprirany G watstes of energy, which can take

plac%)atéw palandlewer temperatures. In luminescence, some energy
source kicks an electron of'an atom out of its "ground" (lowest-energy)

stateFint8 SFMeXENe SuliaGE¥energy) state; then the electron gives back
the energydiae dobataidgbiFerit can fall back to its "ground" state.
There are several varieties of luminescence, each named 30according to
what the source of energy is, or what the trigger for the luminescence is.
The term "fluorescence" refers to a luminescence that is mostly found as
an optical phenomenon in cold bodies, in which the molecular absorption
of a photon triggers the emission of another photon with a longer
wavelength. 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 and Stokes shift of
the particular fluorophore. Fluorescence is named after the mineral
fluorite, composed of calcium fluoride, which often exhibits this
phenomenon. Fluorescence from the indicator dyes can be measured with
a LIT norneter or a fluorescence



imager. One preferred detection instrument is the Fluorometric Imaging
Plate Reader (FLIPR) (Molecular Devices, Sunnyvale, Calif.). The FLIPR
is well suited to high throughput screening using the methods of the
present invention as it incorporates 4tegrated 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
Accordingtigingptamrect 10:@m altemmative soithefyserefeatgiugirigdicator dyes is
the use of the aequorin system. The aequorin system makes use of the
protein apoaequorin, which binds to the lipophilic chromophore
caaelé’ﬁpgi%zﬁgg%kﬁﬁ?{@’%%mWi@%#%oaequorin and coelenterazine
thatdskitowhsabstequo fir. dyteariasilhhasdiiies ealejum. binding sites
@yda gsalgiumgLebinding, the apoaequorin portion of aequorin
changes its conformation. This change in conformation causes
el AEPEA R Rs BESKRIFES e coelenteramide, CO2, and a photon of

iy eslightirtdiciripisHais RRAER SRNWAG CIE UL WA SLIARIEY 1 with & mean ICsp

instr ntation. For reviews on the use of aequorin, see Craton et al.,

199&%%%@%%5&Research and Technique 46:390-397; Brini et al., 1995,
J. Biol. Chem. 270:9896-9903; Knight & Knight, 201995, Meth. Cell. Biol.
49:201-216. Also of interest may be U.S. Pat. No. 5,714,666 which

Accordidgssabes sneihedsof Meaasyringvpiaceluial %&W#Péﬁ@%@m@&ﬁgﬁve to

test 3 o @4 tQSn% 0irtiaci)G i \g{ caqelaennterazine co-ljiactor,s to mammalian cells that
express apoaequbhn. A ARRHAsAMARATE{RENERd "modulators” of NCX
polynucleotide and polypeptide sequences 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 block activity, decrease,
prevent, delay activation, inactivate, desensitize, or down regulate the
activity or expression of NCX proteins, e. g., antagonists. "Activators"
are compounds that increase, open, activate, facilitate, enhance
activation, 30sensitize, agonize, or up regulate NCX protein activity. A
prefered NCX activator is ionomycin, an ionophore that comes from
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 peptides, nucleic acids, antibodies,
antisense 35molecules, ribozymes, small organic molecules and the like.
10 The term "compound" or "test compound" or "test candidate" or
grammatical equivalents thereof describes any molecule, either naturally
occurring or synthetic, e. g,, protein, oligopeptide, small organic molecule,
polysaccharide, lipid, fatty acid, polynucleotide, oligonucleotide, etc., to be
tested for the capacity to modulate NCX activity (Current protocols in
molecular biology, John Wiley & Sons Inc, ISBN: 0471250951), The test
compound can be in the form of a library of test compounds, such as a
combinatorial 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 VViley & Sons Inc, ISBN:
200471241059). The cells may be grown to the appropriate number on

the inhihitar activvator and/or tect comnoiind or theay mavy he nlarced on it



together. The skilled person will recognize that it is generally beneficial to
run controls together with the methods described herein. 30 For example,
it will usually be helpful to have a cgptrol 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

in a prefaved rotiexpies ththiat NG rrtenroéiate bsticEuBhermererdt wilbstanedly
. | v | for the assay for. determining, the 35 activity of
s the o B e o B BB B R drE the NeX
protein g yesridnae Tesied SN gie arSHY bitheuiaveftiomapaingtrediissthitX protein is
selectedPfRiRTRBN ARBeseNtiadly destcdodiagels alaraese In NBRssadynex1,
excegt ihat these cells would not express the NCX 11 protein of interest.
NCX2 aqeig; it can be determined that compounds which are identified by
the assay are really exerting their effects through the NCX protein of
int t r thra some ynexpected non-specific mechanjsm.
Th
e B e e PR BT
compoupgishpeeiily wihafeasr ¢eIr eriracattiaf dkp&riinamadieressitmen exbodiment,

the prescRQIQiRREIHBREH: (DHRELEOBIOIG taLe %Wf@ﬁ&?ﬁ%&?&@%@ﬁi%%@of a
disense ofSNQC?ét éo&!%a!r}}{égpqp%e%o the addition of a compound would beto run
I e acssay without a cﬁng ggtm{:%%%bo&nd (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 10thEgpresent invention as agonists or antagonists of NOX

DETAEL%?O 5Hint &P&Eﬁ&%@&@ ompounds in the methods of the

prior art in order to confirm that those compounds are also agonists or

[ i rior art methods. Furthermpre, .ane
The e L P e b e SR Bt Throeures
Assay isi5 306 hand G sbapsetiesd st iielasicehrisaymnd iradyires ohijovilst'
experiménid Asgipganisipieiay eorenirmiareifaskanreales desiBal meduiaitsignala fiving

oraanis ri,tirai(?sdauction Vti)aé a ée&%@t%r.olif{e&g t! réa\}‘ée tor molecules are cglpa le of
S ARG To TG Techptor. though ot hecsssaRK P RESEHEhY it drYRipPment of
new drugfitural ligand. Receptor effectors can modulate signal transduction when

The subjesdaENErdvRiceR hoSYHReMadiaanls DR ROAUERST WA NCX protein can

be det trans@iction.in }heé%gesence&of the natural licand, either to enhance or
& deteriifgir SRy By i At aPA M o RERA AREa bl Bt ertive assay
for screemiolpentbprifdind Ipbkroedecitady diiesiynaldrapscheiti trebstivitificdlly interact
with and'SRRRISNe 8820 CATHOEREHEE!Y, noncompetitively, and/or
allosterically inhibit signal transduction from the receptor, whereas
"agonists" potentiate, induce or otherwise enhance the signal transduction
The termatiCiy obiiaSee CHEAT. ifivertenn dtireanensrasiaatbwitha MeXralajeshe of
the i r & r athy, coronary heart disease, .
= st o R T e Bl B Bl agth sach

other: N@Rd, diRercdiRfdnbltts b ke &s Sy tfiadl®&7provided in kits, where the
Especial§OhpepshedRs N aybeEAaRHING 2 AsR4 S titiAb IS RoVLiRPI-aS @

correspo% oled solution on ice, in a buffer. The kit may also include buffer,
activator, inhibitor, test compound, cells expriming NCX protein, etc.. Cells

respecliveliy tbSple de i @s 1y SRNASUINGHE. Bai BRGNS 8an be used as a
diagnostic kit for diagnosing dilated cardiomyopathy, 35coronary heart
disease, arrhythmia, heart failure, etc. 12 The following figures and

Such NG BIRIECeHE e SRR HE T BN IRt PRI Gt amsi et MemAkan

species (gppicabgebuttspbtivinéuoresesnes baske celbbiar M2 aassahmpbRUthuman or
imit e ' LIEICATION. 1. Assay procedure

et e e s T S

could be @g@g“fﬁgm{ﬁqm qaaRp of recombinant biological material that is able to express

the NCX protein.
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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 Hepes/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
The tegadRF treRe BT TP SEER YBhSREATH DRSTY Cbifpatid bumdanssapd
intersphufferiéariousicompeuadconsenitiationsscompeynds are added from ackl:

o M stack solution in D Sg% ongphor solutio y buffer containing ,
5% o G T oory e KU T 440 SRtk Se%, 9%,
97%, BohutioR9r DINSPosiiveconticldutess dardopiedersolutionr a region of at
lsast aB0Q0E35933d8 added from 8r30MMimino acids, to an amino acid sequence
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
capable of reproducing itself or being reproduced in a biclogical 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
Na*/Ca®" exchanger NCX1 has been cloned 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.
(Am. J. Physiol. 263 (Cell Physiol. 32); C1241-C1248, 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.
(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).

The terms "polypeptide”, "peptide” and "protein™ are used interchangeably herein to refer to
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.

The term “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.
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stock solution in 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]

ilusraigddiure s dist &rded anbicsBn3e iRty L0om ondgeliv ddirgsb (ifeh B 64,
Therefaddetand:platesareiincubaied slankfer Eérﬁﬁ%@{dgfﬁfﬂi%twm as e.q.
—.....ouffer is removed by washing three fimes wi y.buffer, ..

Ci““h’crlbl‘ra uffer %Egﬁl}s;r%?e‘ﬁﬁ? %%%Jf%%?c%ﬁgou%%plzgé'ﬁg ‘dﬁé%@?’]é(ﬁates
exchargre sterédden e nirpasiG 6. bldldds ardafdnsterradinto the FoviRRn the

opposiBN@@ssaned usinghefellowingproiecal {inelvding 40 piaddition.fr OM2002) J.
late): 1.1FLIPP E%(é%erlmental etup Parameters Exposure 0.5

P“YS*OLOeEé?(;{??%@)"' FISfop PR P 112G FabIF Setplasibtract Biagsataton
([Ca®jom) Sasepie foff Sﬂatﬁbﬂnﬁg%h@e@@tmcti@@ﬁfﬁb@@&ih@a@oﬁﬁmbntra’cion
(1Ca%] ggﬁ:@g@@&%%&%'%%i@Fe%ﬁgH%PﬁgtI&galtl%%gggr?o%%%rlwgglg!’x%oeuglte%g"gohemicaI
gradient of Na™. Simultaneous and consecutive transport modsls have been suggested for
Na”" and Ca®* franslocations, and a bulk of evidence favors the latter. The aoﬁvity of NCX
protein is determined by measuring the enhanced luminescence resulting from a suitable

colored substance complexing with calcium,

The term “cells expressing NCX”" refers to cells expressing the exchanger of interest
endogenously 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 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
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
suitable cutture medium. The cell may be a naturally occurring ceil, 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
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
Wiley & Sons Inc, ISBN: 0471241088) or may be bought (Invitrogen Corp., Sigma-Aldrich
Corp., Stratagens).
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Add After Frame 5 Add Height 70 pl Add Speed 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 Cognpounds in NCX Iculabon of inhibi

on: Calculations are based on the statistics export Raw data are

converted to inhibition according to sample -- mean low control 10% -
The R I EPTEONLS R (FHiesn NS EsHRDIC fredifushseoniier MmessepigHye.
The dywonteolisatesivedriromtithel average-differencesot eightipared-sammas of me
assay,lt?ef Efa(%jeépéyl 5%8%’1%% %??" eerwth tlé%l ge@ﬂ errz]%'t%?%nhloﬁi\rl??%r%éaoglw'?Iagzg{imggy to

from onomycine con S. Compounds wnich Increa

the lurpingpeseeAte Highsttrarncfolddare diseartatiAdsayceramptes complexing
with c:28dr4. Respense gftheigh @andlow contrels e wpigakilugrescence

response of the high and low controls after addition of 2 pM lonomycine is
hydro{%?]%Wn in figure 2 and is as following: If the NCX1 is active (low control)
The tecaltians eiptefingithectis @ftet lopamycinéadditiondisransported autafine

c:eliuIaFhﬁeﬁ%‘%r@fﬁdaﬂgWWWﬂsﬂ?%%@%8 9@5‘?&8&%&“%‘%&%’%% igﬁlis under

.reestablished. Inhibition of NCX1 leads to a fluorescence increase after
specilifsruliyerR A adt i dee s anslcredsssoheyisYp i elieiam thrsiconteks not
enter {136 @k AQO0135933).c2:2iTioet substance: A000135933 30

The colored substance is added ta the cells using the well known protocols (Current
protocols in celf biology, John Wilsy & Sons Inc, ISBN: 0471241059).

The use of a colored substance is conventional and commercially available reagerits
(Invitrogen Corp.} as well as reagents synthesized in laboratory can be used.

A number of commercially available dyes fulfiliing the above requirements are known.
Fluorescent dyes for monitoring Ca®* are well known and described in detail in section 20.1-
20.4 of the Molecular Probes catalog, 9th edition. They usually have two bis-
carboxymethylamino groups attached fo a flucrescent nucleus such as fluoresceins,
rhodamines, coumarins, aminophenylindoles, and others. For the most part the compounds
are 3,6-dioxy substiluted 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.

The term “luminescence” refers 1o 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

according to what the source of energy is, or what the frigger 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

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



[ 5

10

15

20

25

30

35

The new NCX1 inhibitor AO00135933 was found in the first FITS screen.
Figures 3, 4 and 5 show a typical dose dependent response of different
concentrations of A000135933. A00@135933 was a good NCX1 Inhibitor
with a mean IC500f 5.9 pM and since that time used as tool substance in
the assays. An IC50 of this compound is added on every plate as

this depsgtedl I'FHebSIE FaIle Bt alie g Sialige 16H thistexample ivefexengood.

F Iuore?@lgﬂi@@ MarRethendoie 20k ADAN3R9331hess Rarametersiwe g UseshiOsmen

icat (%ood assay performance for every plate: 1. SIB greater than two.
@khgbﬁi ”S\}%ﬂ h&tWden 0.5 and 0.7. 3. IC50 of the tool compound

A000135933 has to be around the mean of 5.9 pM. 2.3.Tool substance:
Fluoressaye éxamiprei 10 x@sHays was mﬁme@am feuiucompoitadsrl€80s it cence

im agezd léﬂl@% gy 'E%‘@ct-BIHQrI% &QH%PLPH{&O%% Ito ﬂ}ig%%@gé gﬁ%’g PRund .

One compound was a good NCX1 in |

%‘"UPP&JM%&H@ SRYRE ot EHAARh BRI (R@ddsﬂﬁé?e@wbm@mm%aﬁwoughpuf
screenbneusiag tel aetivedindheconsentratiomiiange (ﬂﬁ@&b@@é@)n{é@%ted liquid

handli r?@‘é&%%'t‘ﬁérb‘? §?ﬁﬁﬁaﬁh‘&§&9§ Ssea%(ﬂ ésu%a BAI?BS% Scr NCXl I%cr)_:rt\)g\lu, e and rapid

establish structure’activ tio |ps orrela
kinetic Slgigrophysiotoyy e @@ﬁfﬁaﬂﬁ%ﬁdﬁtﬁé@é@@d@m@ﬁfﬁ@m thenaging camera,
fluorescence-based assay with a direct 20 electrophysiology method

ate's SURFEZR Jechnol ) is the best way to estimate the
A e s A G40 THEBH/oliton BF FRRE G oaRy Bhferde. e

aequ%édﬁi@ﬂé@%@ﬁjk@ﬁg@dﬂdl@@iﬁ@ ZRoHegUnhibitibivimeasstedhwitipdpaific

; f
o SNBSS s N 40, 0 0 L i

's knowr 5 BREYARE S PRGEHYE™ %aﬁ?g%mﬁm%@ poIsiticRstide LR Gakie
bindingptNCX b aeprese ptetidoycS EQ UDBrIN Q1 dnfdgute dbrsbowsithe pﬁlb/ﬁlb@@@tlzde

confcrrﬁgﬁHﬁ%ﬁs%g@%f&%@ﬁg%%%§g~% %Rycg%%gegaﬁé%%@év R 3 photon

polynucleotide sequence of NOX3 represente

of b'uei*gééi‘—“lﬁ%%}:éﬁ&% R %W@ﬁ@ﬁ@%%@ﬂ%@fﬁemﬁ@ﬁ%ﬁi@n
For revagaitiontHabibitionef NGX kEbighcentsoh 30 g M%@@W&e‘%}&ﬁaﬁﬁj

t ncrease y calcium.
T O S e e 0 B e YRR o
1895, M@?ﬁtrél?ib@@&)fﬂ%@ﬁ&é5R&thtw@séwuh@f@o?ewémé ehafgesvhich
d@scrrb@ﬁ%mwm@@@@jﬁi@ﬂwf%’c@ﬁmé@6&%@9%@9@ Rf-AA135833,5IR8 of

m.of the fluore cence values from 50 to 90s were used to calculate the

Coelon S 5o RRE HA L B RARSB ARG AHR B5rols. The
"Inhibitpesultacivatshiwanih “figuhelto EORIDN X40lynucleotide and polypeptide

sequences are used {o refer to activating, inhibitory, or modulating molecules identified using
cell-based assays of NCX pelynucieotide and polypeptide sequences.

“Inhibitors” are compounds that, e. g., bind to, partially or totally block activity, decrease,
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,
sensitize, agenize, 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

molecules, ribozymes, small organic molecules and the like.
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Assay statistic for a 96 well plate with high and low controls and different
concentrations of A000135933. Calculated signal to background ratio
(S/B), z" and increase of the fluoresggnce between 50 and 90 seconds of
different concentrations of AO00135933 are listed (s.a. Figure 2). For this
- example the calculated IC 50 of AO00135933 was 7.16 pM 15(mean 1050:
The feBrg GNP Rigdre s tesikistraien oPthée pereenidije fluarescentedhereasdein s
thereo COBRPAKISORAD ANgCcOmPatRd §§ﬂt§§ﬂ¥r@éiﬁﬁrmﬁ9%@;ﬁ§@%@§e@§q 8tein,
Slico Qc%rres%%n in%/jit .cur\gg.clléj)r this g;(ar]‘jgle tf:\j:, ch'lculat,ed IC50 of
907 R0 48059 WAL ToCSM (B 1ES S BN Figlhe & Fgird s slie
oligonuplerile deita. it detiiro fthe FelRPRI2BHigutel T=Cii e ativiybgtwesnt
srotocdReNGXIIMOTeseence hased &HPR AssRY ‘{%%\\Fh@@l%%hﬁsﬂg 91

based SURFEZ2R technology of'one compound class. The inhibition of
COMPORTEEE WS hEstTFEUIhHIOHT a8k 8l SR TR Cléfifh =1 My sy 9bir | or
randondetelrfiningiheractivity efNGXprateigcomprisiy G arproyidingsels
mo!ecf&ﬁ’%ﬁuﬁ?@nﬁ MQFV\PI)%P ! ggh@gi E%C%%{ﬁdﬁ%it?@;% dﬁtgémlrgﬂgds are
It c I a acfi i

~Intracelltfar calcium; c) contacting cells with vity activator; and
oplionady drisalfry HiE B AIRTiNe nfe diafetieHan germpehedamiissecrnsignaldfom
dimerizaish1 eplonedssubsianee toa lmineseent-ighakprodusasin a.contral
funcioSSREEMEN wherehy, (g assay. iz usedn g figh firoudnput screening
assay, whereby the 2/ value T BERRER 65 ARa Y7 drd ' the SiGhit s
generalpsckytdand rat@isgreatepahag tonds2 Aleasbagrioo detsr mithisgtiedesirabie

propert@@MMOENEY PEEIR SATRERIRG: Ja-AhRraviding Gels exRiessIne NG nd
| .,_Hzgﬁrowdlngg colored _substfance for determining intracellular calcium; c)
evalialiihtaRigreels AR & X R et Ry SLVATBR BN cairipariy tHeh througheut
screenicglCilind mediated aleangpeldydhédumictescenmt=gjghal from said 20colored
substance to a luminescent signal produced in a control experiment,
whereby the control experiment comprises a compound which is an

Said iNfipiBiGt K RIEHT it LR Y50 bt e dpioe cellg bxrniadig into the
culture acaditdingto dhainels orde wheraiorthe NGX proteinsis:aNGX anateinefthe

. ollowj iSt; T NCX2, NCX3. 4. An as cording to an Of
P o RIS TERIEK proth o aian B rErarany
047124t8RPtat, mouse, dog, bovine, pig, ape or human. 305. An assay according

The celle @Ay opeelglaimsslated Mbereintierceligargselpsted flam the groun.;
consisting of: Ck!;'O HEK, COS7 an\da]URgKA'l'fcellls. 6. An_assay
COmPOEESdin {Baa}(nyeoDrJl?acgfj GEihE B NHaREH g rorda dibstairary be
atiacheddadarto thiates|rasatodgarive dessopwapatiiecof ierntering thieodetisendvhere the
cells ar@@RgJer @Wiﬁ%!@%@é@f@%ﬁ@b@ﬁg}ﬁ%r@%mgﬁﬁw\ﬁ@tgﬁgﬂﬂ%%d in

_said cells and provides a luminescent signal.
the 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.

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
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
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17a 7. An assay according to any one of claims 1 to 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 5derivate. 9. An assay

accordlng to claim 6 or 7, wherein said dye is the calcium sensitive
profeif|pidseetct dye 8y 452016, IRt asEmi dosbrdingtorany o of elaimsled by

ihe as §,@ﬁaWh@Eﬁgﬂe’i@k@d@@%ﬁ@ﬁ%&s&ﬁ%’@é‘%ﬁa'%@@%@%n305 PR 8%H8 Hay,

. e of the ass ccordln to any one of claims 1 to 10 to test a
o o Gy e Sy Oh SA UG A STIENC v caRtol ool
would gedayifer fdétéﬁwmh@ekhémmﬁyeé?hN@?&r@mtetmaillla tesponseitodhesriment

expre@qqglmgf@&g@rgpﬂ%gsgomprlsmg a) providing cells
expressing NCX; b) Prowdln g a colored substance for determining

Other ﬁ?ﬁé{eﬁutﬂaﬁéa?éﬁﬂ% or demrmlg)hébm%@ﬁﬁ@ @@@W@%ge@@rmﬁbwonse to the

additi owbéEemnsamoélBdnave@ﬁﬁﬂﬁr&&t%ds@ylaﬁim}&%@ﬁﬂ@g with saithou nﬁi (low

t tjvi va r,.and aring the
con SR MDA S s o A SRIPRIRRLIG
Other yppstancettels lphiddaedne Siing prochmed intasterrokesibesimetite assay of

the pz“ewdélﬁr ﬁ%ﬁh@r%é@dﬁi%@ Hh%@dﬁ\hst@@U%R%r%@%%%ﬂ&@%@?{yawn@g%py
betw n.0. 5 nd 0 7 and the signal to background ratio is

those wmg?er%téaw o rﬁ@fg Kn St \arid Hgtgﬁ’iﬁ% IRGIRE Bty rREXPounds
are als ﬁrméiﬁﬁh? @Wa@@ﬂaﬁmeﬁaddﬁﬂﬁﬁmﬁaiwmpoundrbmmipmémg a) providing

FurtheGRURCXRECSSIRG N% &@%9[@\@%@\9{%%@@9 mggg ;% Q%}ﬁéﬂ&%'%%afysm

intracellular calciu ; C) contactln# cells with a compoun erein sal
DY COMPRIURATE FaN 4 3?§&Oﬁlif3?%’ &8tiFg with said compound, with a NCX

activity activator; and d) comparing the calcium mediated change in the

The terlr%"aséﬁﬁsma@nahmmﬁl%%g lored.s %%Fﬁ 19, 3, )ymunescent ;%'&jﬁ

pro duced in a control experiment, 25W reb e control experime

signal [E%?ﬁphgé%”d”@o?ﬁﬁo‘ﬁ%wﬁ?&?%%ﬁﬁﬂ??ﬁﬁ@?%@%@XFWlﬂ@%hﬁ%@ﬁ t}@@@%@to the
receptaabtut 59 pivhetds Anlpssdeanaantingtioceimanntd.e idwhersia the MeXiors

can mo@irt%%nsi@r%”%%(seﬁ%tt%ﬂ &Léhﬁ%@é@%@r%ligst canX!%é y&é%ail\le?gandg 0 or can
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

recaptor.

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

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

FFor 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,

coronary heart disease, arrhythmia, heart failure, etc.



[%3}

10

15. An assay according to any one of claims 12 to 14, wherein the NCX
protein is of mammalian origin, preferably from rat, mouse, dog, bovine,
pig, ape or human. 18a 16. An assay according to any one of claims 12
to 15, wherein the cells are selected from the group consisting of: CHO,
HEK, COS7 and JURKAT cells. 17. An assay according to any one of
The olgying Agufes1®) Whereitasaid Tbisred Babstanreiiobdd dedher tsadslisiescribing
the typRaye ANRCUrses capakieptenierndthe selisandbeing iydrolizeddea scope of
Dmecg%e, whereby the dye complexes with calcium in said cells and provides a
‘ 11urriinescent signal. 18. An assay according to any one of claims 12 to
17, wherein said luminescent signal is 10fluorescence and a FLIPR device
is used as a detection instrument. 19. An assay according to claim 17 or
o :3L8, wherein said dye precursor is an acetoxymethylester derivate. 1520.
“XbMWH%%Qg@cording to claim 17 or 18, wherein said dye is the calcium
sensitive fluorescence dye fluo-4. 20 25 30 19 21. An assay according to
%[ygygg%p&%%@g 12 to 20, wherein said compound is a NCX antagonist
22. An assay according to any one of claims 12 to 21, wherein said NCX
activator is 5ionomycin. 23. A kit of parts comprising: a) lyophilized cells
1.1, expeessiagMNGEX protein; 10b) a colored substance for determining
intracellular calcium; ¢) a compound buffer; and d) a colored substance
buffer, and e) a control comprising a compound which is an inhibitor of
The ToliREXY Withamean ICSicot aveus5DasVedB R, Ar Kitofpamts according to

claim 23, wherein said colored substance is the calcium sensitive
fluorescence dve flug-4. 25_A kit of parts.according ta claim 23 or 24

el OV G

Reageflherein the NCX'BRSEER is a NCX protein of 20t& fsHowing list: NCX1,

NCX2, NCX3, 26./Alkitagtparts according to apylenedd claimsi2s: ta2yy of use
wherein the NGXspreteinig:of mammalian or giempgg{gsr@bb{gég@dr@t;w solution in
Assay oRYSE, dog, bg}\‘/;r}gmggg‘ ape or human. 1 N NaOH.
1.25 mM MgCl,
0.01 % Pluronic F-127
10 mM Hepes/NaOHpH 7.5
5 mM 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
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2527. 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 Abstract
Transporters are an emerging target family with enormous potential,
offering scientific and economic opportunities. The Sodium/Calcium
exchanger is an important mechanism for removing Calerr] from diverse
cefEaYPResRt Wextrudes Calerr] that has entered through Calerr]
channels to initiate contraction, while Na[err] enters the heart cell. It is of
considerable interest tAom.identifél/enom ounds that modulate the activjty of
i o RRHGETS, 1S Prb AP BB IS reCrat 8 o ent
fhlutesténed Hhalde dradsay fordeteuting NCXC o ierdrono dédring dullading
comperads. It fueher refets 1o KILek RALS COMPASING.CRUSERPITNAG. in 100
NCX and the use of the kit of parts to test a compound for activity as an
bnist or antagonist of NCX. Application Prnie DE2007-007 <110>

StwbfimAiseritissDieutscllanbsGmbitix 120 Titlelye ioading buffer are added and
‘Eluoresce: f ompoundeforrieth the

larescencerhasedassayfordarectingoomp

o%i{lum-qailcflium anger(N@gg hc;cﬁnvardmode"glso,é\ AppFtieReEerence :
dlrsdprinriedieos seasyadmees By trgarisinNeafiie’$9othassapibriger.
HA0R? PeSequencestring:  MYNEIRRL5LS ATFSMGEHLL
VY SHERHY RUYIAETENE CEGNETGECT. SSYYEKKGYYS min at 16°c.
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)
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60 LFATWEPODPS FGDRIARATV YEVAMVYMEL GalSIIADREM
SSIEVITSQE KEITIKKRNG 120 ETTKTIVRIW NETVSNLILM
ALGSSAPEIL LSVIEVCGtaq FIAGQLGPST IVGSAAENMF 180
INIALCVYVV PDGETRKIKH LEVFFVTAAW SIFAMTWLY! ILSVISPGVV
EVWEGLLIFF 240 FFPICVVFAW VADRRLLEYK YVYKRYRAGK

L3 ORBMAEVMES DRPSSKTEIE MDGKVVNSHYV 300 ENFLDGALVL
EVRERDQDDE

Inhibitory Activity of Test Compounds in NCX Calls:

Calculation of inhibition:

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

sample — mean low confrof
% — 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
M ACO01T35933 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

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

2.2, Teol substance: ADG135933

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

control. The /B ratio and the z” value for this example were very geod. Together with the
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EARREMARIL RELKOKHPDK EIEQLIELAN YQVLSQQQXS 3E0
RAFYRIQATR LMTGAGNILK RHAADQARKA VSMPEVNTEV
TENDPVSKIF PEOGPROCLE 40 NGGTVALTII RRGGDLTNTV
FVDERTEDGT ANAGSDYEET EGTVVFKPGD TOKEIRVG/I 480
DODIFEEDEN FLVNLSNVNV SSEASEDGIL EANHVSTLAC
ICs0 of O SESTAT P IE PO PRE 540 TEEEPVINGS BSIG MEVEY Tormance for
every BRESGARGNV IVPYKTIEGT ARGGGEDFED ICCELEEGND

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
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600 EIVKTISVKV IDDEEYERNK TFELEICEPR LVEMSEKKAL
LANELGGETT IGKYLFGQPV 660 PRKVHAREHP ILSTVITIAD
EYODKOPLIS KFEEERRIAE MGRPR#LGEHT KLEVITFESY 720
EFKSTVDRLI KKTNLALVVC INGWPFQFIE AITVSAGEDO
ODDEGGEEKL PSCADYVmHE 780 LTVEWKVLCA FVPPTEYWNG
of CylopgACEIVSIEM S TARIGE EASH FEOEIE ERDSY TTRNE@40few seconds (low
controlVALET SVPDT FASKVAATQD

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.

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
{mean iCs: 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
calculated [Cys of AGDO135933 was 7.16 UM {mean ICsy: 5.9 UM).

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

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.
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QYADASIGNV IGSNAVNVEL GIGVAWSIAA IYHAANGEQF 900
KVSPGTLAES VTLFTIPAFI NVGVLLYRRR PEIGGELCGA RTAKLLISCL
EVLLtAILYIF ESSLEAYCHI KGF  M7<212> Type :Ent
<211>Length:973

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
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:

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
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
following fist: 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.

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,

whereby the dye complexes with calcium in said cells and provides a luminescent signal.
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SequenceName : Sia2 ID NO 1 SequenceDescription: Sequence <213>
organismName:Homo sapiens <400>Eresequencestring:
MAPLALVGVT LLIAAPPCSG AATPIFSLPP PPANDSOTST
GGCQGSYRCQ PGVLLPVWEE 60 DDPSLCDKAA. RAVVYFVAMV
YMELGVSITA ERFAVtAIEVI TSKEKEITIT KANGETSVGT 120

7. AVESSSINECEYSING T AMA LGS AIRRK It SVIEWHeERNBQAMkscent signal is

ﬂuore%g)e%gévaﬁ?é’ﬁﬁwge\éi\é@ggség%s 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.



10

15

20

25

30

35

1YVIPAGESR KIKHLRVEFV TASWSIFAYV WLYLILAVFS
PGVVQ\ALEAL LTLVEFPVCV 240 VFAWMADKRL LEYKYVYKRA'
RTORRSGIII GAEGDPPKSI ELOGTHYGAE APGELGGLGP 300
GPAEARELDA SRREVIQILK DLIKEACHPDXD LEQLVGIANY
YALLHQQKSR APYRIQATREL 360 MTGAGNVLRR HAADASRRAA

11, BaECAGEDRED:DICABE IBFRER Sk YiHCLEN GG SV EL SYITCRQGpE2Ad for activity

as arAGGIPIRREdRIENERAKA GSDYEYSEGT

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

compound comprising:

a) providing cells expressing NCX;

b) providing a colored substance for determining intraceliular calcium;

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

d) 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) providing cells expressing NCX;

b) providing a colored substance for determining intraceliuiar calcium;

c) contacting cells with a compound, wherein said cells have been treated, prior to
freating 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 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.
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LVFKPGETOK ELRIGIIDDD IFEEDEHFEV 480 RLLNLRVGDA
QGMFEPDSGG RPKGRLVAPL LATVTILDDD HAGIESEQDR
LLINSECMGT 540 VDVRVVRSSG ARGTVRLPYR TVDGTARGGG
VNYEDACGEL EFGDOETMKT LQVKIVDDEE 600 yEKKONFTIE
LGQPQWLKRG ISALLLNQGD GDRKLTAEEE EARRIAEMGR

16. APNUSGENCHREENGE0 SiEdrSYoDEKMENDK LK KTiddbiAING Gl Sre selected from

the oMRERIEER] brVOAS RIEREEE I GRR IR AT Relis.

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.
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720 cnoti.itiginiT vFlixvhFACV PPTETCHGWA CHGVSILVIG
LLTALIGOLA SHEGCTVGLH 780 DSVNAVVFVA LGTSIPDTFA
SKVAALQDQC ADASIGNVTG SNAYVFLGL GVAWEVAAVY 340
WAVOGRPFEV RICTLAITEVT LFTVFAFVGI AVLLYRRRPH
IGGELGGPRG PKLATTAL R. 900 GLWLLYILFA <212> Type

21. ASlHEAYCGEHRGNPRTaRy 082 bka4itrd Ehgtl2Q924herein said compound is a NCX

antagonist.

22. An assay according to any one of claims 12 to 21, wherein said NCX activator is

ionomyein.
23. A kit of parts comprising:

a) lyophilized cells expressing NCX protein;

b} a colored substance for determining intracellular calcium;

c) acompound buffer; and

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.

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
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.

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

activity as an agonist or antagonist of NCX,
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SequenceName : SEQ ID NO 2 SequenceDescription:  Sequence
<213> OrganismName : Homosapiens <400>PreSequenceString:

20

2007/007 WO

Absiract

Transporters are an emerging target family with encrmous potential, offering scientific and
economic opportunities. The Sodium/Calcium 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. 1t is of considerable interest fo
identify compounds that modulate the activity of Sodium/Calcium exchangers.

The present invention is directed to a flucrescence-based assay for detecting NCX “forward
mode” modulating compounds. It further refers to a kit of parts comprising cells expriming
NCX and the use of the kit of paris fo test & compound for aciivity as an agonist or

antagonist of NCX,



KAWLRLQPLT SAFTHEGLVT FVLELNGLEKA EAGGSGDVPS
TGONNESCSG SSDCKEGVIL 60 PIWYPENPSL GDKIARVIVY
EVALIYMELG VSIIADRFMA SIEVITSQER EVTIRKPNGE 120
TSITTIRVWN ETVSNLILMA LGSSAPEILL GLIEVCGHGE IAGDLCPSTI

VGSAAFNMFI 180 Pagel

o DE2007-007
application project

<110> sanofi-aventis-Deutschland GubH

<120> TitTe : Fiuorescence-based assay for detecting compounds for modulating the sodiumecaleium exchanger (MCX)
in "forward mode"
<1305 apprilereference @ pE2007/007

<160= 3

Sequenca

<213» Organismbame © Homo sapiens
<400> PreSequenceString

MYNMRRLSLS PTFSMEFHLL VTVSLLFSHY DHVIAETEME GEGNETGECT GEYYOKKGYT G0
ERIWEPQDPS FGOKTARATY YFVAMVYMFL GVSIIADREM SSTEVITSQE KETTIKKPNG 120
ETTRTTVRIW NETVSMLTLM ALGSSAPEIL LSVIEVCGHN FTAGDLGPST TVGSAAFNME 186
IITALCVYWY PDGETRKIXKH LRVFFVTAAW SIFAYTWLYI TLSVISPGWY EVWEGLLTFF 240
FEPIOVVEAW VADRRLLFYK YVYKRYRAGK QRCMITIEHEG DRPSSKTETE MOGKVYNSHY 300
ENFLOGALYL EVDERDODDE EARREMARIL KELKQKHPDK EIEQLIELAN YOVELBQQQKS 360
RAFYRIOQATR LMTGAGNILE RHAADQARKA VSMHEVNTEV TENDRVSKIF FEQGTYQULE 420
NCGTVALTIL RRGGDLTNTY FVDFRTEDGT ANAGSDYEFT EGTWERKPGD TOKEIRVGIY 480
DODIFELDEN FLVHLSNVKY SSEASEDGIL EANHVSTLAC LGEPSTATYT IFDDDHAGIF 540
TFEEPVTHVS ESTGIMEVKY LRTSCGARGNY IVEYKTIEGT ARGGGEDFED TCQELEFQND 500
ETVKTISVIV IDDEEYEKNK TFEFLEIGEFR LVEMSEKKAL LUNFLGGFTI TCRYL FGAPY 560
FREVHAREHP TLSTVITIAD EYDDKOPLTS KESEERRIAE MGRPILGEHT KLEVITEESY 720
EFKSTVOKLI KKTNLALVVG TNSWREQFIF ATTVSAGEDD DODECGEEKL PSCFDYVMHE 780
LTVEWRVLFEA FYPPTEYWNG WACFIVSILM YGLLTAFIGD LASHFGCTTS LEDSVTAVVE 540
VALGTSVPDT FASKVAATOD QVADASIGNV TGSNAVNVFL GIGVAWSIAA IYHAANGEGF 900
KVIPGTLARS VILFTTFAFT NVGWLLYRRR PEIGGELGGP RTAKLLYSCL FVLLWLLYILF 360
FSSLEAYCHI KGF 973

<212> Type ! FRT

<21i> Length : 973
SequenceName @ SEQ ID NO 1
Sequencebescription

sequenca

<213> drganismwame : Homo sapiens
<450> Preseguencestring

MAPLALVGVT LLLAAPPCSG AATPTRSLPP PRANDSDTST GGUORSYRIG POGVLLPYWEPR &0
DOPSLGDKAS BAVVYFVAMY YMELGYSITA DRFMAAIEVI TSKEKEITIT KANGETSVGT 1240
VRIWNETVEN LTLMALGSSA PETLLSVIEY CGHNFDAGEL GPGTIVGSAA FNMEVYIAVC 180
LYVIPAGLSR KIKHLRVEFY TASWSIFAYY WLYLILAVFS POVWOMWEAL LTLVEERPVCY 240
VEAWMADKRL LFYKYVYKRY RTDPRSGIII GAEGDPPKSI ELDGTFVGAE APGELGGLGP 300
GPAEARELDA SRREVIQILR DLKQKHPDKD LEQULVGIANY YALLHOOKSR AFYRTGATRL 360
MTGAGNVLRR HAADASRRAA PAEGAGEDED DGASRIFFEP SLYHCLENCS SVLLEVTORG 420
GEGNSTFYVD YRTEDGSARXA GESDYEYSEGT LVFKPGETQK ELRIGLIOND IFEEREHFRY 480
RLLNLRVGDA QGMFEPDGGS RPKGRLVAPL [ATVTILDOD HAGIFSFODR LLHVSECMGT 540
VOVRVVRSSG ARGTVRLPYR TYDGTARGGG VHYEDACGEL EFGDDETMKT LOVKIVDDEE 600
YEKKDNEFIE {GOPOWLKRG ISALLLNQGD GDRKLTAEEE FARRIAEMGK PYLOENCRLE 560
VITEESYDFK NTVDKLIKKT NLALVIGTHS WREQFLEATT VSAGOEEEEE DGSREERLPS 720
CEDYVMHRLT VEWKVLFACY PPTEYCHGWA CFGVSILVIG LLTALIGDLA SHFGCTVGLK 7RO
DSVNAVVIVA LGTSIPRTFA SKVALLODGC ADASTONVTG SNAVNVELGL GVAWSVAAVY B840
WAVOQGRPFEV RTGTLAFSVT LFTVFAFVGI AVLLYRRRPH IGGELGGPRG PELATTALFL 8300
GLWLLYTL FA SLEAYCHIRG F B2l

<212> Type : PRT

<211= tength : 921
Sequencename : SEQ ID NO 2
seguencebescription

seguence

<213» OrganismMame : Homo sapiens
<400> PreSequenceString

MAWLRLOPLT SAFLHFGLYY FVLFLNGLRA EAGGSGDVPS TGONNESCSG SEDCKEGVIL G0
PIWYPENPSL GDKIARVIVY FYALIYMFLG VSITADRFMA SIEVITSQER EVTIKKPNGE 120
TSTYTIRVWN ETVENLTLMA LGSSAPEILL SLIEVCGHGE IAGDLGPSTT VGSAAFNMFT 180
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IIGICVYVIP DGETRKIKHL RVFFITAAWS FPVCVLLAWV ADKRLLEYKY
MHKKYRTDKH LVPLEGKEVD ESRREMIRIL KHLKQKRPEK
MMTGAGNILK KHAAEQAKKA SSMSEVETDE KGGDMSKTMY
VDYKTEDGSA NAGADYEFTE FVRLSNVRIE EEEPEEGMPP
AIENSLPIPE VSESIGVMRV KVLETSGAEG TVIVPFRIVE KIVDEEEYER
QENEPIALGE PKWMEEGIGA PKLEygﬁliziEs YEEKTIVDKL IKKINIALVV
LESCEDYVHHFMVEREKYLE AEVBRTEXGH.GLKDSVTAVY,,
EVAEBZSVP Kjﬁéﬁék@é@[@ | AbINAL GEOE EHVSABTLARY
SVT|P§F§§E€ %@@é@lﬁgnswwa %EAYW&K?@F %Zlﬂ%a’ﬁl‘ype Mg) ET <21ly
Lenggh\g;rm /Seque éﬁ§v@maa SEg @m&%wgﬁﬁéﬁbscr;@glon
DERSOR D67 wmmmvzmmmﬁww EGITIETEGD
HPK@@MK)&R%M&G NG VERMARE YXALSHQQKS
EAFYHSEQﬁ'@%‘iﬁ:{%ﬁt@@vﬁﬁ*b‘lﬁ@%m@tﬁwmwwWF|Reee
GEFMEUGET BkEFSVGIID DDIFEEDERF AVLASPCVAT
VTILERDEHAGETEECHTMM GTAKGGGEDE EDIYGELEEK
NDEIVKTIRV LLLSPDEKLT MEEEFAKRIA EMGKPAGER
GTHSWRDOPM EAITVSAAGD EDEDESGEFE GWACEAVSIL
IIGMLTAIIG DLASHFGCTI DVYADASIGN VIGSNAVNVF LGIGLAWSVA
VCISVLLYRR RPHLGGELCG PEGCKLAITW Page 2
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