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nodul ate the activity of ion channels, ion channel |inked receptors, or
ion transporters using a thallium (I) (Tl) sensitive fluorescence assay.
20 BACKGROUND OF THE I NVENTI ON I on channels are transnmenbrane proteins that
medi ate transport of ions across cell nenbranes. These channels are
pervasi ve throughout nost cell types and inportant for regulating cellular
excitability and honeostasis. lon channels participate in nunerous 25
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hor mone s ti i ' I [ i cal

pr ocess AETHODS FOR Iﬁﬁiﬁ@%&g@b@%ﬁﬁﬁﬁﬁé‘mEﬂﬁﬁéwalf%’&ﬁ%ﬁ%uch as
cal ci umiFEh I UMGIEIENSRIVE A Ssodium (Na) ions, through ion channels.
Cati®n channels represent a large and diverse famly of ion channels that
are recogni zed as inportant drug targets. 30 A variety of nonenclatures are
used for ion channels. lon channels can be defined as either |igand- or
vol t age- gated, sel ective or non-selective ion channels (North, R A 1995,
1 WO 02/ 31508 PCT/US01/ 32132 Ligand and Vol tage-Gated | on Channels, CRC
Press, Inc.; Boca Raton, FlI., 1-58). For instance, classic voltage-gated
pot assi um channel s, sodi um channels, and calciumion channels are
generally considered to be selective ion channels because they exhibit
stréﬂg selectivity or preference for their respective ions under
physi ol ogi cal conditions. 5 However, the selectivity is not absolute, as
sodi um channel s can pass other ions, such, as
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The present invention relates to a method of screening compounds that modulate the
activity of ion channels, ion channel linked receptors, or ion transporters using a thallium

) (TI*) sensitive fluorescence assay.

20 BACKGROUND OF THE INVENTION

Jon channels are transmembrane proteins that mediate transport of ions across cell
membranes. These channels are pervasive throughout most cell types and important for
regulating cellular excitability and homeostasis. Ion channels participate in numerous
25  cellular processes such as action potentials, synaptic transmission, hormone secretion,
and muscle contraction. Many important biological processes in living cells involve the
translocation of cations, such as calcium (Ca®"), potassium (K™, and sodium {Na") ions,
through ion channels. Cation channels represent a large and diverse family of ion
channels that are recognized as important drug targets.
30
A variety of nomenclatures are used for ion channels. lon channels can be defined as

either ligand- or voltage-gated, selective or non-selective ion channels (North, R.A. 1995,
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and organs (North, R A 1995, 30 Ligand and Vol tage-Gated | on Channels, CRC
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blood) cells and have crucial roles in oellular 51gna]1ng and interactions (Conley, E.C.;

Brammar, W. J. The Ilon Channel FacisBook IV: Voltézge—Gated Channels, 1999,
Academic Press, London, U.K.) and are therefore important targets of drug discovery.
20 These ion channels have many attributes characteristic of suitable drug targets, for
example: (1) they have known biological function; (2) they are modified by and
accessible to small molecular weight compounds in vivo, and (3) they have assay systems
for in vitro characterization and high-throughput screening (Curran, M. Curreni Opin.
Biotech., 1998, 9, 565-572).
25
Potassium (K*) channels are encoded by a large and diverse gene family of cation
channels and are grouped into voltage-gated and ligand-gated subtypes based on their
gating properties. These channels are membrane bound macromolecules associated with
regulatory functions in nearly all cell types, tissues, and organs (North, R.A. 1995,
30  Ligand and Voltage-Gated Ion Channels, CRC Press, Inc.; Boca Raton, Fl, 1-58). K*

channels regulate membrane potential in electrically excitable cells (e. g. nerves and
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Bhanngipy (21)589% oRt e rnUSens: hagiffer in biophysical,

blochemlcal and pharmacologlcal properties. In an attempt to classify potassium ion

~ channels, Doupnik et al. has proposed a systematic nomenclature for the inward

rectifying family of K" channel proteins (Doupnik, et al., Curr. Opin. Neuro. 1995, 8,
268-277). The family is characterized by its tertiary structure and a pore region

homologous to that of monovalent cation voltage-dependent channels.

The Kir-3 channels are a subfamily of the K* voltage-dependent channel family regulated
by G-proteins (Doupnik, et al., supra). G-protein mediated signaling pathways are
suggested to be directly coupled to ion channels; i.e. channel-linked receptors. G-protein
regulated K channels, such as G-protein activated inward rectifier K™ channels (GIRKs),
have been shown to be important for the regulation of heart and nerve function (Kurachi,
et al., Prog. Neurobiol., 39, 229-246; Grown, and Bimbaumer, Ann. Rev. Physiol. 1990,
52, 297-213; Mark, M.D. and Herlitze, S., Eur. J. Biochem., 2000, 267, 5830-5836;
Leaney, J.L. and Tinker, A.; Proc. Natl. Acad. Sci., 2000, 97, 5651-5656).
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of spatial precision when placing the electrodes. Functional assays can be conducted to

measure whole-cell currents with the patch clamp technique, however, the throughput is

20 very limited in number of assays per day.

Radiotracer ions have been used for biochemical and pharmacological investigations of
channel-controlled ion translocation in cell preparations (Hosford, D.A.; et al. Brain Res.,
1990, 516, 192-200). In this method, the cells are exposed to a radioactive tracer ion and
25  an activating ligand for a period of time, the cells are then washed, and counted for
radioactive content. Radioactive isotopes are well known (Evans, E.A.; Muramtsu, M.
Radiotracer techniques and applications M. Dekker; New York, 1977) and their uses
have permitted detection of target substances with high sensitivity. However, radioactive
isotopes require many safety precautions. The uses of alternative and safer non-

30  radioactive labeling agents has thus increased in recent years.
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detection of electrical activity in nerve cells is conducted using voltage-sensitive
20  membrane dyes and arrays of photodetectors (Grinvald, A, 1985, Annu. Rev. Neurosci. 8,
263; Loew, L.M., and Simpson, L.L., 1981, Biophys. J. 34, 353; Grinvald, A., et al,
1983, Biophys. J. 39, 301, Grinvald, A., et al., Biophys. J. 42, 195).

Karpen et al. developed an optical method to detect monovalent cation flux in living
25  cells. The method measured ion flux based on fluorescent quenching of an entrapped
dye, anthracene-1,5-dicarboxylic acid (ADC), by cesium ion (Cs") in whole cells
(Karpen, J.W., Sachs, A. B., Pasquale, E. B., Hess, G.P., Anal. Biochem. 1986, 157, 353-
359). This method was used to screen cells that would respond to a particular
neurotransmitter. The technique by Karpen et al. can be applied to any system in which

30 s can substitute for Na™ or K¥, and has been shown to be comparable to the tracer ion
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adaptability to high throughput screening methods. For example, high throughput

20  screening methods of Ca** permeable cation channels are typically performed using
calcium-sensitive fluorescent dyes such as Fluo-3, Fluo-4, Calcium green, and others (US
Patent No. 6,057,114 and 5,985,214). These screening assays are predominantly applied
to channels that pass calcium or other related divalent ions, and thus are largely useless
for K* channels. High throughput screens for most other cation channels are performed

25 using voltage-sensitive dyes such as DIBAC (US Patent No. 5,882,873). These dyes
report the changes in fransmembrane potential that result from ion flux. However, such
methods do not directly distinguish the type of channel carrying the charge that alters
membrane potential, and thus are more fraught with artifacts, due to, among other issues,
the diversity of ion channels present in a cell, impacting reproducibility.
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tr an%Porlhﬁ(itﬁatO;EheD{H%E h}%ﬁjes rduSEnd Hakdd s ensbt hae assgayshsd foraseeeng he

functional activity of ion channels, channel-linked receptors gr iﬁn
t r anspordngr slentifylnigviange tehbes of anfidatietomerpsngs thayanpaatREN COMKer

provi de Qk%ﬂ%;ﬂ%fﬁ%gﬁﬁEH%EQ%F@Mﬂ%t%§%%¥8°h%F“&&gentifying modul at ors of ion

channel s; eptors or 1on transporters. This provides an
assay to screen candi date nodul ators for their ability to block or activate
the activity of ion channels, channel-1inked receptors or ion

transpor$ YWENZAONyr oughput screeni ng assays of the present

i nvention, novel compounds that nodulate the activity of ion channels,
channel -1i nked receptors or ion transporters are identified for use in the

devel opnepdor@helpoved prhentprution gndvideagoodt ilmllageniessitiTheopiealhawsy of t he
i nvention also provide a novel, Low d" cqll(%romﬁhgge iungEQr QSOgromjng
celI's expeibedi ng eiech dRoEIAARerS, OB nEHRBFST | HREY PREEDt SFD'GF flod _
tr anspor{rg{sﬁ?@&& ! ’?f'j@ Nesho@NAs@ 1ROURL sEhsitifd 865a9s I8Ymbishice thel AmcR&ial or m ng
the thalliumsensitive assays of the invention. In these solutions,
t hal | i umdtioitg of amc@abred, icbaseglisadascepmanoi00 travsnealsrs ibdivingticlsed. | n one
errboldsi ment, the cell growth nediumcontains |less than 2 nmM CY
The methods of the invention further provide high-throughput screening assays for
" identifying modulators of ion channels, channel-linked receptors or ion transporters. This
provides an assay to screen candidate modulators for their ability to block or activate the
activity of ion channels, channel-linked receptors or ion transporters. Using the high-
20  throughput screening assays of the present invention, novel compounds that modulate the

activity of ion channels, channel-linked receptors or ion transporters are identified for use

in the development of novel therapeutic and diagnostic agents.

The methods of the invention also provide a novel low CI cell growth medium for
25  growing cells expressing the ion channels, channel-linked receptors or ion transporters of
interest and a novel Cl™-free assay buffer for performing the thallium sensitive assays of
the invention. In these solutions, thallium ions concentrations greater than 200 mM can
be achieved. In one embodiment, the cell growth medium contains less than 2 mM CI
and the chloride anion is replaced by organic gluconate anion. While it is possible to
30  perform all the assays in known physiological CI” containing buffers, the novel Cl'-free

buffer conditions and low CI” cell growth medium produce more robust and consistent



and the chloride anion is replaced by organic gluconate anion. Wiile it is
possible to 30 performall the assays in known physi ol ogical CY containing
buf fers, WO82330%| Cl --free buffer conditions and | ow C PCEESI/ZiBw h

medi um produce nore robust and consistent 7 WO 02/31508 PCT/ US01/ 32132
results. BRI EF DESCRIPTION OF THE FIGURES 5 Figure 1 depicts the thallium

i nfl ux aﬁ@avsfor the Ca 2+ activated, small conductance K+ channel, SK2,

as described in Exanple Il, inffra, The arrow shows t he poi nt where
iononycin and thalliumions were added. Figure 2 A and B shows thallium

i nfl ux agrEN PESCREPTHON QEHIHRTEGURES ge conduct ance 10 KK channel ,
Maxi - K as described in Exanple I1l, infra, A 100 nMIBTX or B) 15 M
NS-1619. The arrow shows the point where iononycin, Thalliumions and | C+
were sad [ that n *t he

vol tage g% E&gﬁgntﬁee 1gﬂ%ﬁdcfiﬂﬁ%32%§ary%§§]§r¢@ehbMéd Exhgﬁé:@?%,@}’e}ngﬂ% A) 15
~M DVF- 54Barmiel, K21 SasMasedibeglalni BeamplEhid, aymowlshewowt Heowroihst pashiewderehal | i um
ions or (thal Iluml ns. and K+) were added. Figure 4 shows the thallium

i nflux aé%rWWBlra“@h@“ ﬁﬁ”&é‘ﬁas B)S’Ee 3448‘?1 sel ective cation channel, VRI1

(capsai cin receptor) as described in Exanple V, inf a. The arrow shows the
point 20 where capsaicin and thalliumions were, added. Figure 5 shows the

t hal | i umPFeguiré QXA awtayshbws ﬁlhélu@amﬁua@tswyefoleﬂne %aacrtlvc@t@ﬁdtﬂégeaméu«ance

channel sC e T poi nt
wher 9—38 i Sﬁocﬁi?ﬁ’i‘% ]bé?‘{é ecg‘scrg%egéfl%’“‘glpéé 1% t‘?‘n)e %E@W %ﬁs chol i ne
recept or NRsew ket NoWEMInABhestiiafe Afnontiial I T14MLieNnd B WX kbough

t he Ca24 activated, conduct ance K+ channel, SK2, as described in
Exanpl e Widgd.in f a. The arrow shows the point where the Miscarinic

receptor agonist, oxoterenorine-M (oxo-M, was added. 30

Figure 3 A and B illustrates thallium influx assay for the voltage-gate K" channel,
15 KCNQ2 as described in Example IV, infra. A) 15 uM DMP-543 or B) 15 uM retigabine.

The arrow shows the point where thallium ions or (thallium ions and K™) were added.

Figure 4 shows the thallium influx assay for the ligand-gate non-selective cation channel,
VR (capsaicin receptor) as described in Example V, infra. The arrow shows the point

20  where capsaicin and thallium ions were added.

Figure 5 shows the thallium efflux assay for the Ca®* activated, small conductance K*
channel, SK2, as described in Example VI, infia. The arrow shows the point where

ionomycin was added.

25
Figure 6 shows the Muscarinic acetylcholine receptor assay linked through detection of
thallium jons influx through the Ca*" activated, small conductance K" channel, SK2, as
described in Example VI, infia. The arrow shows the point where the Muscarinic
receptor agonist, oxoteremorine-M (ox0-M), was added.

30



S WO 02/ 31508 PCT/ USO1/32132 Figure 7 depicts a typical experinental
protocol for a standard thalliuminflux assay, as described in Exanple
VIM i nf MO 0I8PR LED DESCRI PTI ON OF THE | NVENTI ON 5 The P€BY&M32Fventi on
provi des novel thalliumsensitive assay nethods using whole cells for
detecting and identifying conmpounds of interest that dullate the activity
of ion Etwmwadgpwtsrm{mmal PineKEEn S PEPPEH SO0R Sfiaaﬁlﬁrfirté?go ARIEPS 2SS s
corrpound est activate or inhibit the activity of the ion
channel s! S&HB%cﬂgﬁ%ﬁalwegwgél Ptors or ion 10 transporters. Such modul ators
are val uabl e research tool's that can be used to el ucidate the

bi ochem stry, physi oI 0g and phar macol ogy of ion channels, channel-1inked
r ecept or DEFKANGHD N PELON O TR INVENIIONt i ¢ and eukai yotic systens.
Mor eo such nodul at ors can provide | ead conmpounds for diagnostic or

t her a%eutl ¢ 15 drug devel opnent to treat a variety of conditions,

i ncl udi nght fpeeséﬁ\/xﬂ{/ﬁm@ﬁrptroxotﬂesdrouglsthalllnsaf snsitioe ammwe(thcsl@rudmgsvlmlmbclés
cation channel - aSSOCIated di seases, eases

ocCi
channel - fomfdertingcuish sealtyimst ?%%R"cu@ij? é? Intgpest I?E daﬁ ei?‘?ntheaf‘rﬁﬁ’t‘tiyo?if ron
modul at or, Mann%[s oL Q'rg&kﬁgs! 5101091%&1% AR LHCEY an%u)ﬁds bhetass @}tﬁerOf the
present invention provi ods for ntlfylng conpounds for
phar maceuttiesd odembﬂbdpme nictiofty drfuis Itohad; hagagls behamseldlrtl@dtnee@ttore aEtll @rli

hannel t ed_ di d/ or . di t th e .1 i nked
ecop or SHEREGH. NI RTh GEL P Br CRaraRb R T Sbt B FAr UhGAM at or

of the a fisthyon m@el d_ShantRbolsy NkEdof EGRAKEE S chdnnePlinked
transporft%llieér \slﬂlg%ﬁee%éﬁ}s}g ph}%v d aSHZS%I n addi tglyon t he net hods of the

i nvent i omeqeptz)lrwieomwedportgwncbothméwaﬂgﬁwﬁ erkatyelia WAEMSC - - f r ee assay
buffer, for conducting the nethods of the invention. Definitions 30 As
used in this application, the followi ng words or phrases have the neani ngs
speci fi e‘Moreover, such modulators can provide lead compounds for diagnostic or therapeutic

15  drug development to treat a variety of conditions, including the development of drugs
useful for many disorders such as cation channel-associated diseases, diseases associated
with channel-linked receptors, antibacterial, antifungal, inflammation modulatory, or

immunological disorders.

20 Accordingly, the assays of the present invention provide methods for identifying lead
compounds for pharmaceutical development of drugs that can be used to treat cation
channel associated diseases and/or diseases associated with channel-linked receptors.
High throughput methods for screening for potential modulators of the activity of ion

channels, channel-linked receptors or ion transporters are also provided.

25
In addition, the methods of the invention include novel low CI” cell growth medium and
CT'-free assay buffer, for conducting the methods of the invention.
Definitions

30

As used in this application, the following words or phrases have the meanings specified.



9 WO 02/ 31508 PCT/US01/32132 An "ion channel” is any protein or proteins

whi ch fo n_qpening or a pore in a cellular nenbrane pore or
opening‘%gﬁgébﬁgle of permtting ions to flom1therethroudﬁﬁﬁéﬁﬂ%ggz
"channel -1 inked receptor” is any protein or proteins which are linked to
ion channels, where the protein activity affects the activity of an ion
channel. An "ion transporter" is any protein or proteins which transport
ions acrpss: REF cHasHsaiQpening orRYyokaReENdaor agent
that ca él?gfﬁﬁ‘gpégEP%P?@gggpgﬁ&%gﬁﬁgﬁannef,\i?e. galtlebr the novenent or
t r ansporhebrah®Wacichhopgh oanpémin ishapbéd of peheitirogl isnatoflowdliergbroaah. or gani c
nol ecul e or chem cal conpound (naturally occurring or non-naturally
occurring), such as a biological nmacronolecule (e.g., nucleic acid,
protel n, A”%f{'&@@@ﬁﬂﬂ%ﬁ’re&r t P QAL b RidTBE WIS whith 86 [i8KSd @Gbn BRAefsr om
bi ol ogi cal "naterials su@h as bac%erla, plants, fungi, or aninal
(part i culhdrk yherpromel dcéim)ty effbdtsthorctivigsefes, iopelstndelh or protein fragment.
Modul ators are evaluated for the potential to act as inhibitors or
activators of a biological process or processes, e.g., to act as agonise,
ant agoni gh,« RALL LR BGORI &t pRRil balrdeihagandis transpait ioneaploss hi ellaigent s,
cytotoxic agents, inhibitors of neoplastic transformation or cell 20
prol i feraembrsneand cell proliferation-pronoting agents. The activity of a
nodul ator may be known, unknown or partially known. A channel blocker is a
conpghnd that inhibits, directly or indirectly, the novenent of ions
through angi QRS8N coluae BPagnd tHiayaredes thd dcivit) béet idnychdimedatd. y
occluding 25 the pore, by binding and preventing o% nin g; t he pore, or
by af f ectliqnghe hievenmens oal@nspPFiey iRaicyroneh ampngHaRRtlg g? “togié Bt hgﬁ‘ﬁel . A
channel opener_ is co I : | IReBgrihhy. ough an
i on chaﬂ%%WP“?H%“‘%%ﬁ%%ﬁﬁ&ﬁﬁfmﬁéﬁﬁﬁ%?éﬁ?@ﬁmgﬂgﬁ§g¥ggﬁsﬁggﬁgé}9%8 g%e
dur at i ong@RHsar bioBkidal egieancyleafe (e, opeein ngidopratbie, hanpahidanal orgaricchange
t he vol t age dependence of voltage- at?d ion chaﬂnehs suc Eh?t }QE ion

a adte s, fiungl,

chanh&l pplqyp@ or pp extract made from Birolagic materials such as ria, plan :
animal (particularly mammalian) cells or tissues, protein or protein fragment.
Modulators are evaluated for the potential to act as inhibitors or activators of a biological
Process or processes, €.g., to act as agonist, antagonist, partial agonist, partial antagonist,
antineoplastic agents, cytotoxic agents, inhibitors of neoplastic transformation or cell

20  proliferation, and cell proliferation-promoting agents. The activity of a modulator may

be known, unknown or partially known.

A channel blocker is a compound that inhibits, directly or indirectly, the movement of
ions through an ion channel. The compound may exert its effect by directly occluding
25  the pore, by binding and preventing opening of the pore, or by affecting the time and

frequency of the opening of the ion channel.

A channel opener is a compound that activates the movement of ions through an ion
channel. The compound may regulate ion channels by effecting the duration and/or
30  frequency of the opening of the jon channel, or change the voltage dependence of

voltage-gated ion channels, such that the ion channel is open.

10



WO 02/ 31508 PCT/ US01/ 32132 An agonist is a nolecule which is able to
activate_the | channel , channel -1inked receptor or io orfer. 5 An
antagonigénﬁglggnnlecule whi ch effects the agoni st actio%cghﬂaﬂg inhibits
the activity ofthe ion channel, channel-linked receptor or ion
transporter. METHODS OF THE | NVENTI ON 10 The invention provi des novel

nmet hods for detecting cation channel nodulators using thalliumsensitive
assays t @,MRRAKE §s bh@ofddnet Wanral isaglé b tagtiodtc aht iiom cbhamhebimnndi-llnked ng
cells. The invention provides for sinple and convenient optical nmethods to
det ect cavcemor orfibmikaspaftérux or ef flux), in particular, the flux of thallium
ions. One can neasure and observe the activity of the ion channel,
directly or indirectly, by detecting the flux of the 15 thalliumions. In
an empodiyBRtacBhistiBa mdlvend varvh drivetsiid hodise anidpeoruseach frdibiisnioi actiotty y
detecting nodul ators of channel-linked receptors that are linked to ion
channel sof thhéoretiaedl, dpnpardinkpd ERGFRIPOPISOBIraRPE 8 hannel - | i nked receptors can
be observed by neasuring and observing 20 the functional activity of the
ion channel linked to the receptor (in the presence or absence of the
nmodul at oMETHOTS OFerHRANVENTSONSI ti ve assays descri bed herein. In another
enbodi nent of the 1 nvention, the nethod can be used for detecting

nodul ators of ion transporters, The effect of the nodulators of the ion
trangpor tfﬁ% 3 ﬁe%ﬂoP %rc‘?xg&%r NS meand FPARHGHRY cAth BRSBEY hdduffes umgt | onal
activity o the 1o transporter using the thalliumsensitive assays

descr i bethafiameisensitGenasak to midasure Mot fowsond Gctidtholisatohn ¢Hasnglnvehvingn

el BSRRYE 0t oSk SoLlg A0 LISTL) LYL0A SOTROUDS LA, Q1 gfhent @
transpor %]ﬁ& Sinfluk cVﬁQfﬁg!:)?lé%%nl%@l%,%%@lﬂ@zéﬁﬁqanm Réhst hent hah Inhdapsengi tive

assays of the Invention. These assays involve incubatin%_a test m xture,
t hat i ncbbstes thelabisvitxgibs simghanaglgdiredtiyror didirpady.oy( detepting dbaber ahiticon
changgl)tzgpn channels that are linked to receptors (e.g. G RRK) and
chanhel - FaiRggons.

In an embodiment of the invention, the method can be used for indirectly detecting
modulators of channel-linked receptors that are linked to ion channels. The effect of the
modulators of the channel-linked receptors can be observed by measuring and observing
20  the functional activity of the ion channel linked to the receptor (in the presence or

absence of the modulator) using the thallium sensitive assays described herein.

Tn another embodiment of the invention, the method can be used for detecting modulators
of ion transporters. The effect of the modulators of the ion transporters can be observed
25 by measuring and observing the functional activity of the ion transporter using the

thallium sensitive assays described herein.

General Influx Methods:

30  Methods of the invention include assays for detecting and identifying compounds that are

potential modulators of target ion channels, channel-linked receptors or ion transporters



receptors (e.g. GPCR), or ion transporters (e.g. glutamate transporter), a
detectab i.gnal generating) thalliumsensitive agen . O,
thallluﬁk (ﬁgggﬁd a candidate ion channel, channel-llnkéﬁﬁﬁg%ygggé or
transporter activity nodulator. The optical signal of the thallium

sensitive, agen measured before. the IS

per f or medngn Erth%g‘r‘falst’%Wée Hat %Etge d§ a%rl1 e%ﬁqgse "{ Eég ﬁg\ﬁ&é -aqr(}ﬁ%%ﬁ%a&/
channel -iLdinked, eG8At RIS chIPN ekFrofismOrdrest Ret bivinhylst @. goqmﬁ;H’ssmAl G:dnange in
the optical signal of the thallium 10 sensitive agent |s_neasur ﬁ

i ncr easehanndpcoeadenias the g grekied| ledresares the CHBYrBhtcharehake un1|ons
Lhr ough el O BN LA0RRAT LS - aRELh A Bbkes] dwenpion |

pract i céd® s expressin on channe |ch |ncludes

the stengisAh e?a)maqrqgr)vmmuﬁqedelﬁn%pg@ssa ABTON tiehiamn s auﬂde:landildatbadni e 15
condltlons i% contacting or loading the cells with a si enerahlng

t hal | | urahgemgj mau@eldg]éiﬁnﬂ re(c@ptgl orgla [rapEosie R AT TN ARAqUIAtY s |Ocp
t t
e)r(f: ?alc 2| qftJP&th L@ﬁ gﬁlgslg e atggfl rl@%fﬁsut%g bl %51 b&u1Btor VO{UENI TAE a@ﬂ?'l@g

enove t contri utlon of excess thallium
sensi ti VRrRee8d upddrsofétions thheareslitaile 4r the&ﬁwhamjpll thenodtlmttdbdceptsi gnal

for baseline nmeasurenment; 5) contacting the ce n which
i ncl udesort ival IrpuPer ﬁ@WﬂYafﬁoOG&Hr apbrpracatie the Pﬁ’ﬁﬂaﬂglggﬁfﬁf ?}E?n h(agmé]bl ution
t?g;s()g g? ens§ % ? Ig@?th Lo %e%glﬁ'ﬁﬂlel chaneel s hhkede reCEPt Qfnal GhdicRs the

e ion channe contacting the cells ' with a candidate
i on chamﬂebaﬂadafamﬂhmnﬁmﬂﬁnumﬂnhanﬁl6mnmémecﬂ1m@manv%3|gnal. | n anot her
enbodi ment of the invention, the method of the invention is practiced using

25 whol e cells expressing ion channels and channel -1i nked receptors, which
i ncl udesy trngth glgRie ‘H{venﬂén 4 PUERSd RIS wRXIRT RES IcRfteing 12 1@ﬁ&ﬂi&@iels§lnd
channel -1in 8 recept or i'nterest under suitable conditions;

cont act i whichrintlodel Hg sxte;s clelll) sgrovvirty eellsi Waﬁssmgelﬁ@roéﬁw tufrfkﬁrmuuwe

enS|t|ve ent er,ne thaII ensi reating
O E I S Sy o o oplS yith LR gge}éérrgtgﬁg’ﬁf&h@x kitihr o2
30 quenc{@hﬂe bocdie aRXGeBsnt f@hﬂtlwrﬁgSﬂm,SB)t trvaem@gtﬁatcsllél)mdmmimbmg t he
det ect abl'e si gnal basel i ne neasurenent; 5) contactlng t he ell% with a

candi dat eoncliizmsde.2l Wﬂsbercg oraplding rperi drg apenghersh 19 Temeye the eauiigdion o
rmodul at ory commeYAdi.n8)ivIEASY LR LRt ALHIECHAR Buth SR detebthb RQAFTNY the

baseline measurement; 5) contacting the cells with a solution which includes thallium
20 ions and an appropriate stimulus solution (a solution that activates the ion channel,
channel-linked receptor, or ion transporter) for the ion channels, contacting the cells with

a candidate ion channel modulatory compound; and 6) detecting any signal.

In another embodiment of the invention, the method of the invention is practiced using
25  whole cells expressing ion channels and channel-linked receptors, which includes the
steps of: 1) growing cells expressing an ion channel and channel-linked receptor of
interest under suitable conditions; 2) contacting or loading the cells with a signal
generating thallium sensitive agent (e.g. cell permeant thallium sensitive agent); 3)
treating the cells under suitable conditions (e.g. washing or adding extracellular
30 quenchers) to remove excess thallium sensitive agent; 4) measuring the detectable signal

for baseline measurement; 5) contacting the cells with a candidate channel-linked



cells with a solution which includes thalliumions and an appropriate
stinmulus_solutign for the channel-Ilinked receptor; and i.ng the
det ect abl" (gﬁb%gl. 5 1n a further enbodi nent of the inveﬁ%ﬁﬁﬁ%fgﬁ@pnethod
of the invention is practiced using whol e cells expressing ion
transporters, which includes s. of e ressing an
i on trangﬁé?PbP“@Paﬁﬁ?épggpuﬁidg% LTQ%ﬁBe%%ngﬁrgﬂgnﬁ ? §%H§ |%% or

| oading the Gfh 'a%omtfoh \@hl%hgﬁ@ude@%@h%h@ﬂs amm la%&ifbﬁﬁaﬂélsﬁmuﬁls@gﬁﬂﬁbn(e 9.
cell perneant thalliumsensitive agent); tre ng the cells under

SU|tabIeﬂﬁdﬂdﬂﬁmmﬂén@edgammmghmd@)amaammadmiﬁﬁﬂé%ﬂ¢8§@1Iular quenchers) to
renove excess thalliumsensitive agent; 4) neasuring the detectable signa
for baseline nmeasurement; 5) contacting the cells with a candidate ion

transporger o le%@ﬁﬁnen@bf RASVEIRE, thbendirieet @bligventignad pradt)ced @bingct i ng
the cells wth a solution which includes thalliumions and an appropriate

sti nul us Mmlwcalbm)dpmssm\gem|tt§‘nS¥t0|ﬂ&¥$s povicteinclussel sy stepaslir DrgovHe edbect abl e
signal . 15 The cha e .in sign rat vg agent
i s det er STy AN 3§ﬂ¥ﬁﬂﬂ%?ﬁgywﬁne? gﬁgﬁgXéﬁpﬁﬁﬁ@ﬂB1é éﬁgéFﬁ e%before

the addi %a%%whermlbllmm, sikna® gendy@fr manrunafsmmeh@gead@ ti @i pfmedal | i um
salts or ator. 20 A person of ordinary skill in the art w

under st atlchlliunatsersaiiiter @genaxg)}strq:qﬁ@gttge edls ypder ﬁg@ap@rq%@qogs {ea%:lquk%geor
anal ﬁ@' @3%18%’ %ggaegel 2L qu%)rﬂ]%ﬁg Cf%pr@vg%%ges ik @, gnSItﬁgrggregﬂ 4) BYRSHiFent s

can |ve un ecte |'s Sunder 1 dentical
CondltlOm&:&ﬁmﬁﬂﬂe@@hﬁpﬂsb@kﬂmbaumauemmeﬁ)oéﬂiﬁh@ﬁhaddﬂ&m@haahndﬁakl|um

ions to the test mxture in _the abhsence of stlnulu ells
under i deert fremipoBehaIodHBIES:0P) MRBUEBEE Akt Aelgdale stlg:ﬂé‘ v chﬂg ﬂ%ﬁj% I&II t hout

the candigat z? sJTRE %Bg:%tlg&%%%echélgﬁhqgﬁnﬂﬂl Rv app%ﬁfﬂtnﬁdlﬂ%%tf&cﬁpﬁ&r s or

ion transporters ad m xt ure; and/or cel under
|dentlcahmcﬂmdpbm@nSmiﬁnhﬁsuﬂﬁgﬁmd@mo&bbheﬁmhvent|on but u5|ng known
nodul ators of the ion channels, channel-linked receptors or ion
trandgorters. 30 13 WD 02/31508 PCT/US01/32132 General Efflux Method:

The change in signal generated by the thallium sensitive agent is determined by
measuring the baseline signal in the test mixture before the addition of modulator, ie.

before or after the addition of thallium salts or modulator.

20 A person of ordinary skill in the art will understand that control experiments can be
performed to facilitate analysis of the effects of the candidate modulator. Control
experiments can be performed using: (1) native, untransfected cells under identical
conditions of the methods of the invention; (2) the addition of thallium ions to the test
mixture in the absence of stimulus solution; (3) cells under identical conditions of the

25  methods of the invention, but without the candidate modulator of the ion channels,
channel-linked receptors or ion transporters added to the test mixture; and/or (4) cells
under identical conditions to the methods of the invention, but using known modulators

of the ion channels, channel-linked receptors or ion transporters.

30
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The present invention further provides nethods for nmeasuring the efflux of

i ons ds of neasuring thalliuminflux are descr]i and in
t he exa%’Peq‘éé ion, 5 infra. The efflux assays use the gﬁﬁgs i/gflﬁ as in

t he i nflux assays, and are loaded with a si gnal generating thallium
sensitive_fl uolr@ceﬂt @%(ént as described, such as BTC. The cells are
contacte | oad the cells. One enbodi nent provides
contacting the cells with thalliumions for approximtely 15 m nutes. The
cells are washed to renove excess thalliumions and assayed using the sanme
i nst r unenkhet pregtst gvenighafigter providessighads &s nusmedingn tHehefflin ol wnsasBiay (e. g.
t he Fluoro e Pla Reader (F |.ar, Devi ces Corp
Sunnyval é" gﬁﬁf; St ﬂ“ﬁaesgﬁg%g)f"tuglﬂaﬁﬂ 15 es%’ﬁ%%ﬁ”&f%&n &Ee?f‘anﬁﬁe fs‘??élo&ddl tion
of any ongsef The @ﬁm%eefssa‘% uké 9@&%3 o@r Q@/mqh@ﬂﬁh&gaséée}@ IRTPE 3RePRhEN | al

of the cell, such as by changi ng the potassium concéentrations, to pernit

ef f1 ux ofslglbhgenerfﬁmgligﬁ ittheseneifi ve anresten! agat, BT@sciebdd, sxchvouBdCr Bt in a
decrease | quor 1 t unds uch as control

conpounds oen%arﬁ C88 M glé Ee@ ?ﬁh PFﬁwboa@%ﬁS‘/ Profjies ogpfacting
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i nvention, except the cells are preloaded with thalliumions as described
above, ar@MoVmetEs hellinBnivye ek asaxedt sl ﬂngmm@mtmmn&q datdctishaBgbauini ons: A

Sti us i § c e i0

chagﬁgl - ?%%I%P éggeéle glre 1§?H§Iag§r%1y G%hsﬂ%or uo %m 36%%1%? g]ea%dn@m&?
channel S/(Moadfwmf[le@l’c%s Meyp. bSurgnslt] CAD) VEieyasaa@I ¢nagne1§a£é JtibtBat@t Spenot
require % E n@ in addition to the thalliumion tracer. For channels 25
that do m¥dhs A&litionsefianyiogs of p Rumbst ofigrnds. Arby thangingdheimesbrane poteatal e t hat
binds to d t r

agoni st ) SRR cALANA%L B e S el SRR LA o T P RENER,

vol tage daegh ﬁhamne:lhsxme’l‘sprmaBEYZ effhixagesldatedt mC:inaBdsredts‘é 1ﬁrfﬁloee@&dn‘éat ed by
eith r di eco&]]%electrlc imul ation with el ectrodes or usi ng

sti ?us T SRTPRYL C%H‘f &F FeNIER! GOBIRORN TS ABLRS Elieéﬁmleﬁ’étus?zﬁ m th%éﬂi@é(

depol ar i zadayONTHeSHg &Qld%nlaw@ ?ﬁi‘ie%rﬁkaforﬁﬁ’é ﬁﬁﬁij?say mtrﬁedﬂbﬁl*)&’é"ofk al 1ium
ions can also act as a stinulus vol t age- gat ed channel s n suc

case, thahventipn.i eesptctha bt aus phdodded with dwdiim anos as dbdoriNe GPH3 50:Q

PCT/ USO1/ 32834 remove excess thallium ions.

20  Stimulus Solutions:

A stimulus solution is a solution that activates the ion channel, channel-linked receptor or
ion transporter (e.g. agonist). Some ion channels/transporters may be constitutively active
and thus would not require a 'stimulus' in addition to the thallium ion tracer. For channels
25 that do require a stimulus, that stimulus may be ligand (some molecule that binds to the
channel or channel linked receptor and turns it on (an agonist). A stimulus might also be
a change in membrane potential for voltage-gated channels. Typically voltage-gated
channels are activated by either direct electrical stimulation with electrodes or by using a
stimulus solution that contains an ionic composition that will cause depolarization (such
30  as high external potassium). In addition, thallium ions can also act as a stimulus for

voltage-gated channels. In such a case, thallium ions can act as both a ‘tracer' and a



depolarizing stimulus. In an influx assay, thalliumions can be added just
before, during, or after the addition of a stinmulus. The nethods of the
present WAO8H3ISHH i ncl ude stinulus solutions that are sel BET/A8BRER 5 on
the type of ion channel, channel-linked receptor or ion transporter used in

t he net hod Sel ecting an appropriate,_stinulus so] ut on channe
channel - [4 Pacpé@dzméé@ﬁp@\ﬁ &t aif BWuXtaﬁ%?afs%hw LORE Oy %ﬁf%% 3& € qUENG t hi n

the skill .of ﬁ@a@%ﬁon& jgdrbodi ment, the stinulus sol utions include a
buf fer tKaf does not Q1 E@lreagents that activate the ion channel, such

that the ion channels channel -1inked receptors or ion transporters remnains

10 substantially at_rest n i ul us sol ution
|ncIudesTWéd§%£?@3?%%?955&“H8Ya5@Pﬂg§Pg FﬁBuuBﬁgﬁHgﬁH@théﬁ ﬁﬁ@ﬂt¥§%ked
receptor (gl eto[ff?&ﬁ&@.ﬁﬁ&raﬁfmémﬁ&é@%egﬁ or #oa%ahs};o@qre@u%tlhwm@mo@f ion
channel , chan I nked receptor or ion transporter when a nodul ating

reagent iSsleatiogen amorblbrmte;:élm@ui solittidrt gl ien channgk Qbeymelllirﬂmdeecgptqmr T3}
solution selected f [ use with vo e nt chann g the N
Cype. cal CRUTCCIAAMAIBE REREE S HAINTe QERenCeubn 1 RSB EYeor & he
i on chanpghuiilsOsdhftfonk 88dlidtda PAFBNtHaBlo&f néth@cleed kedgBid it Ak thetdhods
using these voltage-dependent ion channels, the stimulating solution may

i ncl ude abawbtsunlgthaéﬁgzelnn shartigls, gleanpel- ltlmkeddeqy@tcaq? P&@nttf?élsm“fﬁb‘fr Eeise. g. |
|_0n0 O:TEISJI()/ iuﬁlggg e t?l en)1b0d11 ent,nt?h] P}'{‘léllﬂl,% S%RFIOE’II ﬁau&e%l ﬁ% Il&rd use

with n en i on chan |va i on b arlzatlon

of the cebt ablvHy areiochNGabteScipahasiaikemsadptoradr @n tEQBSER T roatmt@rbssumh t hat
the final concentration of potaSS|un1|ons in the cell-containing. well is

in the rderyblaisr agiystien phIamehanpel ehgnneldinkedvragentpr of Ao daNAcHA: %ntaage- 25
dependen an electrical stinulus.

The stimi : %@ﬂgggﬁggghﬁgg@ﬂgﬁégg?gﬂsﬁigﬂ&#?%ggﬁgxhel-Iinked receptors and
ligand-gated ion channels depends upon Iigands that are known to activate

such receptors. For exa kf icotin cet hol i ne rec known
o baSactingat BBy o Egt el o a&%\yﬂﬁwsf?% lenSistest i SHRIAT (o e W
acetyl chold neif8capihRI §r K@N@%k@ﬁﬁél}’@é&ﬁd@&'pcﬁdﬂé Sdr@ival ORGSR blﬁ‘ﬁmell5 WO
02/ 31508 PCT/ US01/ 32132
to the resting potential of the cell membrane. For methods using these voltage-dependent
ion channels, the stimulating solution may include activating reagents that serve to
depolarize the membrane (e.g., ionophores, valinomycin, etc.).
20
A stimulus solution selected for use with some voltage-dependent ion channels for
activation by depolarization of the cell membrane includes potassium salt at a
concentration such that the final concentration of potassium ions in the cell-containing

well is in the range of about 10-150 mM (e.g,, 50 mM KCl). In addition, voltage-

25  dependent ion channels can also be stimulated by an electrical stimulus.

The stimulus solution selected for use with channel-linked receptors and ligand-gated ion
channels depends upon ligands that are known to activate such receptors. For example,
nicotinic acetylcholine receptors are known to be activated by nicotine or acetylcholine;

30 similarly, muscarinic acety! choline receptors may be activated by addition of muscarine



or carbanyl choline. The stinulating solution for use with these systens may
i nclude nicotine, acetylcholine, nuscarine or carbanylcholine. Cells: 5
The met hd¥a 0y$15phe i nventi on enpl oy cells having 1) ion chekWW8dgB2iRat are
perneable to thallium 2) ion channels and channel -1i nked receptors that

are perneable to thalli on op transporters that are perneabl e
R0t hal | e cebnp s ‘Lhset e it MoclS Ot AT iRy B catlod
gener at eqlé\?ﬁhnterﬁs@ &%ﬁlll@%@gcal%lm%tarb%%l \cn¥iihd) DNA 10 encoding an 1) ion

channel I on channel ’and channel-llnked receptor; or 3) ion
transporter. Al though essentially any cell which expresses endogenous ion,
channel s, _ion channels and channel-linked receptors, or ion transporters
may be ué%ﬂ——lt is preferable to use cells 15 transformed or transfected
wi th heterol ogous nucleic acids encoding such ion channels, ion channels
and channel -1'i nked receptors, or ion transporters so as to express

pr edoni nafitel ethoss oihe mqueomff:mpbry wHahaehg 1) om diranelethaane pehantiet (4 i nked

recept or, i tra te 20 Preferred for hete cel
ot ace. podliurh 2,8 SBEREH e FRagRRAn SR Thde LAty SR B e 1y
transf eCtl@ﬁiS t@ XRIneEAndpORes NARN Gk Sperin@ib1€ hatngliemaes.C hadRehsed! foh kg
receptors, or ion transporters. Cells that express native ion channels and

cell's whhethodfagf He trrvantgqlee@re@etg@l@rﬁi@riéssstm@ﬁeqﬁwan@fea diost el BhinRBlAs and
channg "é[n,@é( o ane?)g pl%;,iég% gzgi Oaﬁaefoﬁ?mg;_wéao ]%tgrt&]ro ,{?ar{n ySk' H

in the ar hoSe 0 art
cells tha&m@pyube genetlcally engi neered to express a heterol ogous cel
surface protein are known. Types of cells that can be used to express ion

channel , ion channel and channel -1inked receptors, or ion transporters
i ncl ude, Bl & deic i BRCLEr b L Son ot !
nannallaﬁggitgﬁ%aﬁﬁ %&#éﬂ? ? sdche &Jr@,%§E%/ﬁnﬁﬁrﬁga%Qﬁtgﬁpﬁag?%% to,
human e nmrhyoms] {hnkedj mxtpt(ots Bi)iowe elahsportarsHieky 20 isee| it §s PBf¢rablS.to Rat .ceNo.

5, 024, 939; | pan et tl] ol . 5,.2051- 2060 i nese
Pt R ELE) TEBTRSE] AR R Sl Tt 510 5069 HIHEBuS
laevis 1 channels and chamnel-linked receptors, or ion transporters so as to express

predominantly a single type of ion channel, ion channel and channel-linked receptor, or

ion transporter.

20 Preferred cells for heterologous cell surface protein expression are those that can be
readily and efficiently transfected to express ion channels, ion channels and channel-
linked receptors, or ion transporters. Cells that express native ion channels and cells
which may be transfected to express ion channels, ion channels and channel-linked
receptors, or ion transporters, are known to those of skill in the art, or may be identified

25 by those of skill in the art. Many cells that may be genetically engineered to express a
heterologous cell surface protein are known. Types of cells that can be used to express
ion channel, ion channel and channel-linked receptors, or ion transporters include, but are
not limited to, bacterial cells, yeast cells and mammalian cells. Examples of such cells
include, but are not limited to, human embryonic kidney (HEK) cells, a HEK 293 cells

30 (U.S. Pat. No. 5,024,939; Stillman et al. 1985, Mol Cell Biol. 5, 2051-2060), Chinese
hamster ovary (CHO) cells (ATCC Nos. CRL9618, CCL61, CRL9096), Xenopus laevis



WO 02/ 31508 PCT/ US01/ 32132 oocyte, (XLO cell, baby hanster kidney (BHK)
cells (ATCC No. CCLIO, nouse L cells (ATCC No. CCLI.3), Jurkats (ATCC No.
TI B 152) V@ 823688 D44 cel | s (Chasm (1986) Cell. Ml ec. GBEBUSIIR132555)
human enbryoni c ki dney (HEK) cells (ATCC No. CRL1573), PCl12 cells (ATCC

No. CRL17.21) and COS-7 cells (ATCC No, CRL1651 e ls can b rown
in sol ut bom%r%@)aoeélmbaw élaﬁlﬁt(sf fidrpl dBEE) %6?1842%3623 %e‘f@iﬂoﬁ’owouse £9

non- adher ent I t i e, t 8ndaka lhaha edidt @haghass or
pl astic Sglllst iﬁi@éa\?%ﬁdé@‘q@r §%@?¥i(ﬁmqg¢lq§l' mTtigsl.SngnAlqt hough an ; Gralluqr?ber of
cel I's capajyss CRfl. Bloi&i Gengt. a20d8sBdtuabineenitryorie koteg HEKgnalls (AIGA Nassay

may be used in a nmulti-well plate, the nu el l ded, each

wel | my%158%§€h2§@15t@?élfc£ﬁ@~ @gililg-zé?%‘{@féé?;W@éﬂAigﬁfﬁﬁml%ght not
over ggown, when the assays are conducted, so that the signal-to-background
ratio"of the signal is increased. 15 Alternatively, the nmethods of the

i nvent i orpgaRiibeardes foiret wusiting orobe aoks sypog. Thresdisame beagdhePeisr havi ng
i on channels, ion channels and channel -1.i nked recept or or . i,on

t r anspor tepgdhergnth olid FPPNAY BIS1Y9s, byiHLe H%é‘%’?e@@rrﬁfag%%l RadieciliEe, o
known to .. Skhliatbdd the art. 20 The nethods of the present

i nventi oﬁh%]g%%ggﬁfgbpl }é)da to ion channels, channel -linked receptors, such

as a receptor (e.g. GPCR), signal transduction pathways that are linked to

or able to nodul ate the tivit f .1.on channel nr i f are
i nked t Mihpweh E%HWEP‘?, Oaff)%?@? é?%/@l?e Bﬁ?‘?cﬁ%‘}g aC)rG %Féc}ﬁblf ?fglg)é%gr Cgrsgi alzlg on
Channel s ias§a>n99§a§« 0f usk®h £hamneles gifatthe anmbe dfseits icdéhmtomichoas mdy iche
invention itnclude, but are not limted to, Iigand- or voltage-gated,

st r et ch- abbienasbaliat dlagt ¢adly achalravatesr copdingraei D 16F OVEHBIOVEe 6T RFASEAYE 2B
h ls. 30 17 02/.3150 - f. ]i.gand- gat ed
chamel et OuSPENE CTALPRAORIh g opbpand; o

non- sel ect™ imted to,

15  Alternatively, the methods of the invention can be performed using membranes (e.g.
membrane vesicles) having ion channels, ion channels and channel-linked receptors, or
jon transporters, rather than whole cells. The use of membrane vesicles are known to

those of skill in the art.

20  The methods of the present invention can be applied to ion channels, channel-linked
receptors, such as a receptor (e.g. GPCR), signal transduction pathways that are linked to
or able to modulate the activity of an ion channel and proteins that are linked to ion

channels, bacterial porins, or ion transporters.

25  lon Channels:

Types of ion channels that can be used in the methods of the invention include, but are
not limited to, ligand- or voltage-gated, stretch-activated cation channels, selective or
non-selective cation channels.

30



acetyl choline receptors, glutamte receptors such as AMPA, kainate, and
NVDA receptors, 5-hydroxytryptam ne-gated receptor-channels, ATP-gated
(P2X) redep03150&hannel s, nicotinic acetyl choline-gated rBECEpFdbOV2tRannel s,
vani |l oid receptors, ryanodine 5 receptor-channels, |P3 receptor-channels,
cation channels activated in 5| tu by intracellular cAMP, and_ cation
channel s Tapes véﬂ@and aatgqi tHQntS9 leptiter sl chaanels GuRudey b sarsfnaj i e igat ed

i on Channelt?l(c)xorlme rece N %ltﬁatlnﬁ?e chﬁt ED& a@aﬂﬂﬁiﬁ %Qﬂa@e angxﬂﬁ\ﬁiﬁed

exogenous?e rendoge i s can be stably or transiently 10

expr essegeceptobNt ﬂhpaﬁokyteylmml@agumeer@dptaeblhanhw uesATPFgateﬁ @f?mﬂ@b@tnnel S
include but, are not limted to, orl), KCNA4,
KCNGB, HERGnelsCNEe inis kcetychrine- %}?Ld BBCCMPF-O@HmelSaKY%ﬂﬂéO 9 re%PFOIS 3Y@0dl<ier 3. 4,

G Rt R R B e el R Ao i ST RE et T
and Br amaRMP,\Ahd datjorl@A8nelsTingivhied iflChianmelniraédlots bGPl T.© Vol t age- Gat ed

Channel s, Acadeni ¢ Pr ess, London, UK), intracellular calciumactivated K+
channel s, rat brain (BK2) (MKinnon, D (1989) J. Biol Chem 264, pp.

9230- 823%&,'%% gﬁgéﬁggéggieg &g\?*sﬁam{eﬂ;eﬁeﬁﬂde - gkt aﬁ&%@) Nod E in 313 Zoan AR

837-839) ypes of Na+ channel’s i1 nclude, but are not
limted bxopresaﬂ dogemvublyand endogeiodly,  dihcathanidgan H‘dastabl@' @20angpmitly

188- il(? rat bra 1] (Kg%ano % g 1988, FEBS Lett. 228, pp. 187-
194) 10y fserressed (G RIEVE Yo ng9ce8g 9981855 Genoni cs 1989, 5: 204-208) and t he
i ke. 25 Types of Ca 2+ channel s i ncl ude, but are not limted to, human
cal ci um channel and/or y subunits (U S apgl i cation Ser. Nos.

07/ 745, 208pemndf @g“/ 8@&1@5@01%&1@% VR G ﬁl@ilfqde@eﬁi(E)N (IF&@)L%& KNQhosi t ol

267, pp. <GaVa7h o3OS, KRG AR ERERY, S Sty 1, B2 U,
92, pp. 378444 .4,189%)) SURIRDIROSKE], 60, 1,musch ek a9.9 SubenSURC BaraheQ2.et  al .
(1987) Nature 30 328, EE 313- E318) ; rabbit skeletal nuscle a2 subunit

(EIli8, &CNQ3, GIBEE) ceBiai, GIBKA, 1gk1. FeeMdhl. SA8ki.t Kskel HBRGhuscl e
p_subuni }%@%&hli 8l 47t B8O WSGL &RG8, 2 o PR et OFa o H2/131R08

PCT/ USO1 |
Gated Channels, Academic Press, London, UK), intracellular calcium-activated K*

channels, rat brain (BK2) (McKinnon, D. (1989) J. Biol Chem. 264, pp. 9230-8236);
mouse brain (BK1) (Tempel, et al. (1988) Nature 332, pp. 837-839) and the like.

20
Types of Na* channels include, but are not limited to, rat brain I and I (Noda, et al. 1986,
Nature 320, pp. 188-192); rat brain III (Kayano, et al. 1988, FEBS Lett. 228, pp. 187-
194); human II (ATCC No. 59742, 59743 and Genomics 1989,5:204-208) and the like.

25  Types of Ca*" channels include, but are not limited to, human calcium channel o, o, B
and/or v subunits (U.S. application Ser. Nos. 07/745,206 and 07/868,354), the ryanodine
receptor (RyR) and the inositol 1,4,5-triphosphate receptor (IPsR) (T. Jayaraman et al., J.
Biol. Chem., 267, pp. 9474-77 (1992); A. M. Cameron et al., Proc. Natl. Acad. Sci. USA,
92, pp. 1784-44 (1995)), rabbit skeletal muscle o, subunit (Tanabe, et al. (1987) Nature

30 328, pp. 313-E318); rabbit skeletal muscle a, subunit (Ellis, et al. (1988) Science 241, pp.
1661-1664); rabbit skeletal muscle p subunit (Ruth, et al. (1989) Science 245, pp. 1115-



1118); rabbit skeletal nuscle gamma subunit (Jay, et al. (1990) Science
248, pp. 490- 492) and the like. Channel-Linked Receptors: 5 The nethods

of the pMES&HEIPhvention can also be applied to indirect! YCHEALE he
activity of channel -1inked recept ors and signal transduction systenms. In an

enmbodi nrent of the nethods t he i nyen n, the activity o han -1i nked
r ecept or sl 1iL8); dablt afsietal mu\?\ﬂ%rgémﬂﬁesu B][“% \Q;a[yi SEgoﬁ&%é\éFggéi)%%i anirlgb'at es
subsequergg ({@‘%%Fhu' ar events that lead to 10 the nodul ati on of ion

channel I's nodulation may result frominteractions between
receptor subunl ts with ion channels (e.g. GPCR (3y subunits and GPCR-Iinked

K+ channel s (e. G RKs)) or by changes in the concentrations of nessenger
nol ecul embié%—%ﬂéﬁ—ﬁﬁﬁ-—lh‘ IS} pid metabolites, or cyclic nucleotides which,
nmodul ate the ion channel activity. 15 Anong G pr ot ei n-coupl ed receptors

muscarinic acetyl choline receptors (rrAChR) , adrenergic receptors,
ser ot oni Mheeoefitods of tHepaedicnte imvectapt ows alsants op@resi v n@@@@lmmawladkmosi ne

receptors, .bradykinin ceptor abot.r.opi XCi tatory.am no

recept or Actixiby %[ Filéanlnf’]ké’%( ﬁa’ i“h%% sigsy) ti@ﬁ‘(ﬁﬁ?z n S?f%gn%f I iye B8§H§§an of
the invenidgg rﬁéw&isvcﬁ&héi%\%ﬂblmma abthgtyaat divhhdl-1dced E&%ﬁmsorssaeminmd when
activated, result |nacange|nthelevel of intracellular clic

nucl eot i delsere dlegaotw@t&wPof b‘@l\naoeplummiéwmu@eqa@ttlmtaaqeahlabﬁve@ts aldlspata ne,

ser ot.Qni otr ere to nd nmuscar| tyl.chol i ne
rece ce)or rs][h? é%‘iﬂt”?aglofl alr‘i)n allnﬁe ragél‘”g ?Ege%‘r walien fay HESL%tA%nﬁg%éé%n?evel s
of the Cyse@@é&aslrébeﬁw LPRRIPGEth ibARRSINCRI(8.2CYIHARE pRUGhaRtsi e (Tt inien
channel s, e.9., rod photoreceptor cell channels and ol factory neuron

channel s ¥ Abhamhiof(er, OMRKeD) calby qhaggs)in Fdneo@oncmttratlonA@émessmgemnsleﬁules
88: 9868- 987

199 3 yé 184 A h
per neabl esuP% as Eaj?\ughélpﬁg@ﬁtag@ft% %g% 3\ eo 41“0 %\[}\Lﬁa& Thetla%/}s bt} e ,in

accor dancgtiwity.h the 30 nethods of the present |nvent| on, a change |n
cyt opllsasm' c ion |levels, caused by a change
Among G-protein-coupled receptors muscarinic acetylcholine receptors (mAChR),
adrenergic receptors, serotonin receptors, dopamine receptors, angiotensin receptors,
adenosine receptors, bradykinin receptors, metabotropic excitatory amino acid receptors
and the like, may be used.
20
Another type of indirect assay of the invention involves determining the activity of
receptors which, when activated, result in a change in the level of intracellular cyclic
nucleotides, e.g., cAMP, cGMP. For example, activation of some dopamine, serotonin,
metabotropic glutamate receptors and muscarinic acetylcholine receptors results in an
25  increase or decrease in the cAMP or cGMP levels of the cytoplasm. Furthermore, there
are cyclic nucleotide-gated ion channels, e.g., rod photoreceptor cell channels and
olfactory neuron channels (Altenhofen, W. et al. (1991) Proc. Natl. Acad. Sci U.S.A.
88:9868-9872 and Dhallan et al. (1990) Nature 347:184-187), that are permeable to
cations upon activation by binding of cAMP or cGMP. Thus, in accordance with the
30  methods of the present invention, a change in cytoplasmic ion levels, caused by a change

in the amount of cyclic nucleotide activation of photo-receptor or olfactory neuron



in the amount of cyclic nucl eotide activation of photo-receptor or

ol factory neuron 19 WO 02/ 31508 PCT/US01/ 32132 channels, is used to

det er m neMOUBREAPEN of receptors that cause a change in cAWMCTHSOIBHEGP | evel s
when activated. In cases where activation of the receptor results in a
decrease in cyclic nucleotide levels, jt nay be preferable to expose the
cel | s to aheapémtis usadhist dﬂmm@asf@nqtmrcefcléﬁqpmr&rth%yf@rlff‘caﬁ@élﬂ%?otm eVel s,

, f d h
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cells in assay can’ be gener ated by
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G RK) and DNA encoding a channel -1i nked receptor
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dopani.ne rec serot o he i ke) which, when
actlvéted %g QV%“@W H@ ““%“Eﬁgﬁgéqﬁuc 18oPi de levels in the cyt opl asm

Any cells expreSS|ng a receptor protein whichis capable upon activation

of the recepto of causing a change in the acti vi % ﬁha nel
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cal ci um I(eeepgor, (&x. prmrtanm roeapdiegpic egieqatrmtes)repcegtmh a&Sbylmq)eangshghmd

calciumchannels, or. indirectly affectin 0
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Ca2" as §§Q&ng?§§%89§ﬁudaﬁkwb&w%ﬁﬁ@md%ﬁﬂﬁhﬁﬁthOdS of the 20 invention

Cells endogeno ressi ng such channel-1'i nked receptors or ion
channel s, and cells which may be transfected with a suitable vector

encodi ng nor e .such c¢ ur f ac r ot ar . of
skill in ejkteXP‘&?FS’%§ f%céploaé’ﬁ?s[?% ’d&bg Cta%aef’%e Uppn agtkval@% fﬁfehl%p‘%’%@ 25
Recept or Soff&ﬁsﬂé@ chihgeh® thMeeiRith @R an idhcdhuehes] clpiessat én ﬂibtoellln‘ﬂa}ll%iusbd) in
muscarinic receptors, e.g., human M2 (CGenBank accession ;htl\/|16404?31)C rat M3

( GenBenk the ceatisids ol ML BAETon. RermEsmnle, CCsnBRMeSHE GISeSiT BIVEBUOBIFN ihuman
Mb (BonneragC%teytllporr_lxoalc&gfa%O%) OM 50?1” 1gmreasﬂ% tthﬁ%ﬁ%@:ﬁﬁlar g&ﬁl I’E}pﬁlolllolf%aloﬂﬁyr onal

nicotinic I ne récep unman a uman an, and human

(32, subtgpes GlhBeinsagldd rééeﬁtorﬁﬁrsuoli\las B504pehns (chiclechldpm. cinnels, or
indirectly affecting the concentration of intracellular calcium by causing initiation of a
reaction which utilizes Ca®" as a second messenger, may be used in the methods of the

20 invention. Cells endogenously expressing such channel-linked receptors or ion channels,
and cells which may be transfected with a suitable vector encoding one or more such cell
surface proteins, are known to those of skill in the art, or may be identified by those of

skill in the art.

25  Receptors for use in the invention, include, but are not limited to, muscarinic receptors,
e.g., human M2 (GenBank accession #M16404); rat M3 (GenBank accession #M16407);
human M4 (GenBank accession #M16405); human M5 (Bonner, et al., (1988) Neuron 1,
pp. 403-410); and the like; neuronal nicotinic acetylcholine receptors, e.g., the human oo,
human o3, and human B, subtypes disclosed in U.S. Ser. No. 504,455 (filed Apr. 3,

30 1990, which is hereby expressly incorporated by reference h.erein in its entirety); the
human as, subtype (Chini et al. (1992) Proc. Natl. Acad. Sci. U.S.A. 89:1572-1576), the



30 1990, which is hereby expressly incorporated by reference herein inits
entirety); the human ct,5i subtype (Chini et al. (1992) Proc. Natl. Acad.
Sci. T.SWO0BE72-1576), the 20 WD 02/ 31508 PCT/ USO1/ 3PABESOYRE3252
subunit (Wada, et al. (1988) Science 240 pp. 330-334); the rat a3 subunit
(Boulter, et al. (1986) Nature 319, . 368-374); the ratan subunit

( Gol dnanratet: sabur(lﬂ%?@a Sedl] (1988) SO@@OCQGQ,-F@?QW 384k theart assubumibABeulieBoul t er
et al. (1990% Bi ol

(Cout i & lel1 5 Reooti?Reuon: 4887 risersofdCpiamapGrls 08T ) Bneri <.

et al. 8 b Len | .

(1989) J Blé% bl%éh% ga%g%béﬁf g‘%ﬂ{e’gﬁzﬁ‘ (@28??2? fg’is(zﬂll(‘subﬁdrrﬂ t%'p( @DEZ/% sin,

et al. (4989) thd\Newiclsh &5 smmt4@70u4&69r etCONDIopAYl Netk®nof: 84 hesg)atharsyhuni ts,
rat NVDARI receptor (Mriyoshi et al. (1991) Nature 354:31-37 and Sugi hara

et als (EQ&&)t @B evchemt aBi(opif) Neur@ed, PSoHTH4)185 1820 88RYnit Mrrses,NVRA el
recept or uro et al 992) 357:70-74).; ARZB
and NNDA@S@ éc@iﬁ o%ermé% @i\'&a?”ez)(%@ g9 Pscrbrtie 16\’01%1176@?1?

net abot r 1 t C
250 1318 045t o PRy *hEeas b??%ﬂ%ﬁ%*%ﬁ&%?e s e Elﬁégg%%ps?rs
( Tanabe QMO@gosHi £0912) 1 MeyNerdS3 L69t-37 Ahd Suaihaned: abcmgapumoaﬁm RSoptgEept or

(Abe et al 1992) J. Biol. Chem _267:13361- 13361\2 and the |iKke; adrenerglc
r ecept or Kes1 508y 18%870aks Beinguie NPt ek recgpton (Megyiggsh) alpl 5¢92) Nd#tre Acad.

SCi . 1§4’ 3@2@%@%&%@@%\@' %n@%&ﬁ.(ﬁ%c%’tgrsg\{a }kr%‘gl‘?nce

238, hanmster beta 2 (D xon, et al
75- 79) aerBﬂanedeﬂce%&itmdrﬂlzaé) r et eptiebaiyopée gnGluRimemeDdr (HStanedrh,alet al .

1990 | h X d u.
bat. No. (D eSOGr. 28515 BBl harite ot p A8 B A B8, S moE 6]
and the %&e@o@gﬁa@ﬁw%pw I@lgﬁgmﬁ%ﬁs 1%9&79{#%%5%&0 @@ﬁglsk@eep%r al .

(1987) Natu serotonin C receptor (U Pat
4, 985, 352\be ouniar | ST Js Bl 10, BT F?a?tGl -13868) $)0188 m@sydrenqgmmtqrs,m i us,

g:i leuée( %%?Q?%%Mh‘??gfg%%@e %31 ?%@7 f(oc Ngg@%%i( é?la%gp%)r ?er S. 1988 ods of

the presemphal NESHikaNetGRAN 188 HBRcBRBE] B8l d50- M?%Erﬁt&%taa@(mi\i(bhyet(hﬁ i on
(1986) Nature 321, pp. 75-79) and the like; dopamine receptors, e.g., human D2
(Stormann, et al. (1990) Molec. Pharm. 37, pp. 1-6); mammalian dopamine D2 receptor
(U.S. Pat. No. 5,128,254); rat (Bunzow, et al. (1988) Nature 336, pp. 783-787) and the

20  like; serotonin receptors, e.g., human SHT1a (Kobilka, et al. (1987) Nature 329, pp. 75-

79); serotonin SHT1C receptor (U.S. Pat. No. 4,985,352); human SHT.sub.1D (U.S. Pat.
No. 5,155,218); rat SHT2 (Julius, et al. (1990) PNAS 87, pp.928-932); rat SHT 1¢ (Julius,
et al. (1988) Science 241, pp. 558-564) and the like.

25  Jon transporters:

The methods of the present invention can also be applied to measure the activity of ion

transporters.

30  lon transporters for use in the invention, include, but are not limited to, neurotransmitter

ion transporters (e.g. dopamine ion {ransporter, glutamate ion transporter or seratonin ion



transporters. 30 lon transporters for use in the invention, include, but
are not limted to, neurotransmtter ion transporters (e.g. dopam ne ion
t ranspor V@ 02/150% anmat e i on transporter or seratonin ion PATNAEI02181508
PCT/ US01/ 32132 transporter) (Gadea, A and Lopez-Col one, A M, J Neurosci.

Res., 2001, 63, 453-460) sodium pot assi um ATPase,  prot Qn- pot assi ATPase
(Si | ver, rrosgortan dCadtaeitmand Lorez-Colams, 5. Mphfs dYegrosci. f@@g 092176g ‘?‘5739%81 1),

G e R e PN T T ek R L A

Types of dbuff epinkor., uses,i nig, hlé79|9EHShd)§szadiumAne ciunv enthangers and hwtasyobuf f er
with buffering capacity of u t u H PBS.
Buf fers &hlgrigeion Cl@rﬁb%ﬁp‘?ﬁnert(ﬁglbe O‘Eé\E tet &(‘ldj clg'ﬁ?tfgzef’béégp&%&bf é%ﬁ @;391

Mol ecyl ar C oning; A Laboratory Manual (2"a edition, Sambrook, Fritch, and
Mani atis 1989, Cold Spring Harbor Press) or in Short Protocols in

Mol ecul aBuBleed:ogy (Ausubel, F. M, et al., 1989, John Wley & Sons).

Al though it is possible to performall the assays in known physiol ogi cal CY
containing 15 buffers, the novel C--free buffer conditions and | ow C -

cel | gr oWt R o ey %%@thmmoame iRRei600S! 58 8RN bﬁf@é%ﬁﬁbuﬁ‘é@ﬂh@' cel |
gromh nedium 20 In an enbodi nent of the invention, ‘a novel row h
medi um anabaastﬁaflaﬁmﬁfpﬁrS § o Btol, ouch asrEERE DA EBS. Baffpr@ram well h@omm hi gher

concentrat,i ons o on fogr, ,nore nsi ssay
resul@ a‘l'tr?“g&“h{’? géygg aﬂ}e é)[O?e ”?“ﬁttfl?mﬁ% 19&?%0' 6?1’3’@2?"”5? { e%?onup to
200 "M sambReLUBEE, %Maﬁamm9 G@ld| SISV A b ERKet oa kS Sdr NSRS Mery | ow
level s of " down to nearlﬁé | et e absence of O -. The cell growth

medi um i Aétleatén Biplogy hdued BnMnteéal(:cle?tgf)o}iﬁ)@n WHeW &m9nski t ani ns, and ami no
acids), suitable for growng cells, as knowmn in the art, except that the
CY concentration has been limted to no nore than approxi ately 2 nM The

remai ndeAlgbugthét i€lposdble tbeetfeph atiatle wisahs ihknovigahysiolagicdrCigbataniake. Any

buffer with
15 Tbuffers, the novel Cl'-free buffer conditions and low CI cell growth medium produce

more robust and consistent results.

Novel cell growth medium:

20  In an embodiment of the invention, a novel cell growth medium and assay buffer solution
are provided, to permit the use of higher concentrations of thallium ions in solution for
more consistent assay results. In both these solutions, a thallium ions concentration of

up to 200 mM, can be used.

25  The novel cell growth medium also includes very low levels of CI" down to nearly
complete absence of CI. The cell growth medium includes all the components (cations,
anions, vitamins, and amino acids), suitable for growing cells, as known in the art, except
that the ClI” concentration has been limited to no more than approxiately 2 mM. The
remainder of the CI” can be replaced with the organic anion gluconate. Any buffer with

30 buffering capacity of about pH 5.5 to 9.0, such as HEPES, can be used.

(A}
[§]



30 buffering capacity of about pH 5.5 to 9.0, such as HEPES, can be used.
77 WD 02/ 31508 PCT/US01/ 32132 The cell growth nedia may include of one or
nore of tW® R263158w ng: sodi um gl uconate; potassi um gl ucof&iT&USONgBER. 7H20;
NaHCQO3; cal ci um gl uconate; NaH2PO4; glucose; vitamns; am no acids;
glutam ne and buffer (for exanple, HEPES). 5 A preferred enbodi nent of the
novel celThegrebwrdwiiredéda coyposidd ohorienwl mete f ksl fallewing: useskitn €lycenyem) ;

pot assi um gl uconate (5.4 ; ( (0.8. MV ;. NaHX .2 .

cal ci um wogﬁé@H@t glugenagp; M%Mﬁgg\zﬁ?% Ofulﬁﬁg&}]%Hﬁ f‘}]%g@\ﬁl\%l (25
™ G iR Segi i ios] A Mrek 10r Btdnldic, (BOXEQYT N0 aci ds (20 m /1);
and gl utvétr%‘fnﬁlés’ E”gm Tdslggﬁgé{é% Cl--fr(%a:erassnirg/e’buffe@!‘ﬂ The present

i nvention al so provides for conpositions and net hods of use of novel Ch-

free assay buffers. The d--free ass buffer |.s any buffer.in which the
d- ién g@r%félﬁ@fbﬁlﬂ”‘]a%‘ilfrﬁﬁt RE&heReR P?l 'f‘é%FLtIBe‘L{%ﬁPB%PﬂﬁP%|“§/°1‘§prerRASOCFHTe“

remai nder ,of th = 0 d whhnike), ongantes ainpNgiaopnat e.
The noveIgh&ff-n?“fe(ra(gga g]ss)é;i/sog‘g%w@?glﬁ%gh%ggi tli or)l’ rrag? i4ncl udg a ra};ge of i

osnol al i t(g6hram) 2&kine Bedna@sBlcand)aNeHFR@r (IiymM )y FHETRES; pit 6N to pH
9.0. The osnolality of the (Q"-f . _assay, buffer i s depende on the

cel | type2dge)i Glueess et mdHs 18@3’(?\%&&1]?1% tha g%%@%?&ﬁﬂﬂ%@%@?ﬁsa thh as
20 Xenopu VAN n survive under conditions of bel ow 200 msM while

ot her cel%ﬁuﬁﬁg%e@%n@ survi ve under conditions of high osnolalities, of up
to 1000 nOsM of cell growh nmedia, and assay buffers. The novel C--free

assay buffer nmay include sodi um gl uconate, potassium gluconate, 25 calcium
gl uconatm\gé.mm&&ﬁﬁke, gl ucose, and buffer (for exanple, HEPES). A
preferred enbodi nent of the novel O --free assay buffer conposition
i ncl udes sodium gluconate (140 , potassium gluconate (2.5 al ci um
a

gl uconat eTl{epreddnt inventore sisamroyid cempasitiqys, a | jeibeds egp@ ‘Pﬁ\)}ng\‘/’,éh@%HEPES
(10 M9 tsrge assay buffers. The Cl-free assay buffer is any buffer in which the Cl ion
15  concentration has been limited to approximately 2mM. The remainder of the CI” ion can
be replaced with the organic anion gluconate. The novel Cl-free assay buffer
composition may include a range of osmolality from 250 to 360 mOsM and a buffering
capacity from pH 5.5 to pH 9.0. The osmolality of the CI'-free assay buffer is dependent
upon the cell type used in the methods of the invention. For example, cells such as
20  Xenopus oocytes can survive under conditions of below 200 mOsM, while other cell
types may survive under conditions of high osmolalities, of up to 1000 mOsM of cell

growth media, and assay buffers.

The novel CI'-free assay buffer may include sodium gluconate, potassium gluconate,

25  calcium gluconate, magnesium gluconate, glucose, and buffer (for example, HEPES). A
preferred embodiment of the novel CI™-free assay buffer composition includes sodium
gluconate (140 mM), potassium gluconate (2.5 mM), calcium gluconate (6 mM),
magnesium gluconate (1mM), glucose (5.6 mM) and HEPES (10 mM).

30



23 WD 02/ 31508 PCT/US01/32132 Thallium Salts: In the nmethods of the
invention, thalliumion (i.e. tracer) flux across the cell nenbrane is
measur ed W8I B@F1308al | i um sensitive agents, Sol utions of thdAJTVUNSARE s
provide the thallium 5 ions. The thalliumsalts for use in thallium
solutions used in the nethods of the invention include those that are

wat er solDhdliuns$uiy: as, T12SO4, T12CO3, T1Cl, T1O0OH, T1COAc, TING3 salts and
the like. 10 Thallium Sensitive agents: The nethods of the invention

provi de signal generating thalliumsensitive agents. Thalliumsensitive
agents arg (GIRlA¥Rd offhedflydnfih ARLIALNGALN (NS thédx net 286:D& the HaN ARABSMetife 15
cell nmenbrane anc? are sufficiently sensitive so as to produce detectable
changes imedsutdnespahaduorseoptiveadenisnSehsipnsof thalliswpehs proavaledhaidgdsmin t he
concentration of the thalliumions in the cell cytoplasm Types of

thal | iPum'€Bhsitive agents that can produce a detectable signal include,
but are not limted to, fluorescent conpounds and non- fl uorescent
conmpounds. 20 Thal lium sensitive fluorescent agents: An enbodi ment of the
i nvent i onlfiethaflhen tshléd Farumeserbiltinmesagients ussd an fthaoredipsemtf the omysoting .

E tiall thal li jti f | oaded
25 nt o cet G dhake Bt e erp Py Sk TREOEsatna s el TG ot
| ow conceqiikahd grSikef thalliumions. These fluorescent compounds can either

show a decrease or an increase in fluorescence in the presence of thallium
i ons.10Sui tabl e types of thallium sensitive fluorescent agents include, but

are not | ed to . OaA é Fl uo-4, Fluo-3, PBFI, Phen G een, Magnesium
Green, BT = ; = Fura Red Fluo-4FF, FluoZin-1 and FluoZin-2 are
sui t abl e dyes (Mol ecul ar Probes Inc., 24

The methods of the invention provide signal generating thallium sensitive agents.
Thallium sensitive agents are employed as an indicator of the flux of thallium across the

15  cell membrane and are sufficiently sensitive so as to produce detectable changes in
fluorescence or optical intensity in response to changes in the concentration of the
thallium ions in the cell cytoplasm. Types of thallium sensitive agents that can produce a
detectable signal include, but are not limited to, fluorescent compounds and non-
fluorescent compounds.

20

Thallium sensitive fluorescent agents:

An embodiment of the invention for the thallium sensitive agent is a fluorescent
compound. Essentially any thallium-sensitive fluorescent compound that can be loaded
25  into cells can be used. Preferably, the compound is selected to detect low concentrations
of thallium jons. These fluorescent compounds can either show a decrease or an increase

in fluorescence in the presence of thallium ions.

Suitable types of thallium sensitive fluorescent agenis include, but are not limited to
30 ANTS, Fluo-4, Fluo-3, PBFI, Phen Green, Magnesium Green, BTC, APTRA-BTC, Mag-
Fura Red Fluo-4FF, FluoZin-1 and FluoZin-2 are suitable dyes (Molecular Probes Inc.,



WO 02/ 31508 PCT/ US01/ 32132 Eugene, OR). ANTS, Fluo-4, Fluo-3, PBFI, Phen
G een, APTRA-BTC and Mag- Fura Red show decrease fluorescence in the
presence WO @2RafU8i um i ons. Magnesi um Green, BTC, Fl uo- 4FPCTAIN®22132] and
Fl uoZi n-2 show fluorescence that is increased by thalliumions. The

thalliumsensitive fluorescent_agen be_hydr Ll r hydr ophobi c.
The t hal IBuganes M9 t A S IHigr-esBlEps: %&gﬁla&r@ e&aggﬂwgetaﬁlgﬁ\é{% gﬁfaasm by
contacti t : ' g BPLE SinhGiud FREbnale=RemnGaRbhe
derivati \r;gedo{ﬂ’%%)vhg&&i%/ag? Wﬁé&é\%@?‘g 11&’%&1?2%6%2& ng F}r ocl:less may %ggﬂ%f alci i tét ed,
where a mrE hydr4gthobiuoZfmer mndf Flueii-hdiloat dluoiescdh@e utbed is Thrusased by

fluorescent indicators are known and avail abl e as nore hydrophaobi.c
acet oxyneb#Hrmesqnsr s eanfallipic ﬁe%f?{év Ga%\“@ FEH 5 e |b?é h%cﬁﬁﬁﬁh%SOIWC h
nore eee}ﬁ)'{ﬂé%h&%n the unnodified dyes. As the acetoxynethyl ester form of

t he dye S e cell, the ester group is renoved by cytosolic

esterases, thereby trapping the dye in the cytosol. 15 The fl uorescence of

the thalliumsensitive agent is neasure devi.ces. that detect .

f1 uor escerftc BHEHRY @nS‘@ﬁ%gPVS%CGB? agg8 iaé%gqaag%“ﬁ%—(ﬂhﬁﬁyfﬁﬁs&g‘f £l %Bg\l}% s

Corp. , %lénglgm! £solfn c&a'm?:ﬁ&ngh&{%@ﬁmneww@mﬂﬁa AtthAdyeaheweferup to 1
uring, an

Hz, before, g after addition of thalliumions, and addition of
candi dat eh¢ brdlggnoess mef bn fsilithicdkelkre @ nrase dpdrephahic fasm afibmsgisatosis

dul . Exanpl e of devi d f - adher. | i th
FL1 PR anc - ol Bgt GRGTEY L BUR D Sk el 2 A PR’ "

i nvent i oncbekyHehoresng oodylvtion srobbleo pdrafeaR! caic ewibianes BIEh merd he
thallium sensitive fluorescent age In the presence of thalliumion, BTC

nt.
shows a mesliktthante ysrehied dyssf Asdhe sedtomcting eper oM fdhatyugsen e The
transport of .thalli it : | by i Hoh® &Llih $hd S
fol | oned By’ ztihﬁ3 easiltéﬁc# gaaggsn%rrﬁ Og\é%rbggab?g)tsﬁlﬁ@t@ ﬂ%@%k@%ﬁﬁ%ﬁﬁgﬁﬁq idgns1 noves
through ap@izochannel s along their concentration gradi ent and change the
intensity of dye fluorescence inside the cell, 30 resulting in the recorded
signalds. Activation of the cation channel enhances the rate of influx of

tsgﬁls: ![ :J\Te'h%nflu&reg&ﬂ!:é IoRGhd MhAlGhaRgE Lo Lhe ! MeLLSGIERS QlePloed Bt tda@ct | um
fluorescent signals. One type of device is a FLIPR (Molecular Devices Corp.,
Sunnyvale, CA), where fluorescence is recorded at a rate of up to 1 Hz, before, during,
and after addition of thallium ions, and addition of candidate ion channel, channel-linked
20 receptor or ion transporter modulators. Example of devices used for non-adherent cells

include the FLIPR and flow cytometer (Becton-Dickenson).

In an embodiment of the invention for detecting modulators of ion channel activity, BTC
is the thallium sensitive fluorescent agent. In the presence of thallium ion, BTC shows a

25  strong increase in fluorescence, when excited at 488 mm.

The transport of thallium sensitive agents and thallium 1ons into cells is followed by an
increase or decrease in the signal. Thallium ions moves through open channels along
their concentration gradient and change the intensity of dye fluorescence inside the cell,
30 resulting in the recorded signals. Activation of the cation channel enhances the rate of

influx of thallium ions (resulting in a change in the fluorescence of the thallium sensitive

=~
N



25 WD 02/ 31508 PCT/USOl/32132 fl uorescent conpound) and inhibition

decreases e of influx of thalliumions (resulting | ittle
change in t‘gmﬂ orescence of the thalliumsensitive quoﬁgiﬁ§W8£ggent).

Generally the fluorescence renains the same if no thalliumion is bound to

it. Th th h bl.ocked | at
and thal | EUESET] ROTBROTD T BITLE, CEERE By W EnaRbe th PRArEEiince | s

detected. (fxtifiae @l ha!balituenaben:s el mma@oemaomme ﬂtanvmﬁ: rséns&l\ifd fueresesnt.
thalllun1sen5|t|ve agent is used, the excess 10 fluorescent conpound IS

removed bygen). ngeaers K@ﬂemﬁﬂ@hﬁhﬁﬁweﬁthﬁseﬂﬁﬁ%é@ﬁmﬁhﬁﬁ10ﬁueHEW€r0I?he use
of e.Xt r aC F1%15€Q1§C§ﬁ?o 1%312”1 tlS ;o%ic qﬁe @%necf?datf% cﬂ@l’ﬁ{%l H{Hdgﬁq?erdantdhﬁulh

sensitive ceI e extracel uenc ers are

not cekl uﬁ)tﬂl’xni?ﬂﬂltiblﬁzﬂght@@%lﬁ@chiu@fétmﬂb@@ﬁd&h&gisfdlew@feascent corrpounds havi ng
a fluorescence which can be easily separated fromthat of the thallium
sensitive fluorescent agent. The 15 absorption spectrum of the

extracel | n nificantly absorbs the em ssion of the thallium
sensitive Hacolidt &&h%k . The extracel |l ul ar quenchers nust be of a

chem cal conposition that prevents their passage into the cells, and
generally the quenchers should be chargﬁd or very |l arge COW?O@ndS. The

concent r atR gt pahefEmery whese Paﬂ‘é?rFst‘}P%{r thglisse ﬁ%‘?sét‘W PECE 4R GBS O FCEFonol ar
to mhb "91u%£esce%%ﬁg)bggd 98 LABLEd 20 Ldghts aRRGhI NBAOBETLH! Brodipgs Of

extracellu ar quenc t hat can used include, but are not limted to,
tartra2|nQuamMeeﬁHﬁambhfemﬁmaﬂuhquWBMnKMSuthtmumﬂﬂheweehqpbmtﬂehdhwme
descri bed in. the Slgnor Al dri ai ns, .and Indlcahors

k t
(Floyd G ScRibn1iarauant SEentUGna e il Z0erhirielee aeiEeme ot <
non- f | uor e3penh: AGEHLSe 1@&% aPRINAH nabrebdeat by Cﬁquugﬂaxhugambre@é@w dagh

thallium sensitive non-fluorescent agents. nbodi nrent of the invention
prOV|des wsi g amﬂha%bmahﬂsﬁﬁ®|ﬂmﬂ@fdbeﬁhdumhcﬁmmeva:ﬂm@ﬁwﬂﬁu@ﬁe%céﬁw

comoyd el gPELec L IR PO IR EANEL A shaSlaPer
det ect abl @h& hiMYRS deRsitivd fluorescent agent. The extraoellular quenchers must be of a
chemical composition that prevents their passage into the cells, and generally the
quenchers should be charged or very large compounds. The concentration range for
extracellular quenchers will range from micromolar to millimolar, depending on their
20  light absorbing properties. Types of extracellular quenchers that can be used include, but
are not limited to, tartrazine and amaranth, or a mixture of such quenchers. Quenchers are

described in the Sigma-Aldrich Handbook of Dyes, Stains, and Indicators (Floyd G.
Green, 1990, St. Louis, MO).

25 Thallium sensitive non-fluorescent agents:

The method of the invention further provides thallium sensitive non-fluorescent agents.
One embodiment of the invention provides using a thallium sensitive agent which is a
non-fluorescent compound that reacts with thallium ion to form a product that can either

30  form a precipitate or form a product that is colored, and thus cause detectable changes in



WO 02/ 31508 PCT/ US01/ 32132 the optical density of the test m xture, These
conpounds include but are not limted to iodide, bromde, and ch omate. In
an enbodiW@A¥36P8 t he invention, in which the thallium sen8¢TN&/R§Ent is a
non- 5 fluorescent comnpound, absorbance can be recorded by a

spectrophotoneter before, during, and after add i n_of thal ons,
and addi ttheaprisal deamiyal ol BidRE: Tipse E%IPP%un%é %@esl?lﬁgar? At lélﬂﬁ?qgnb

and/ or rqgg@%qﬁ H@£3 &p@@&g o0 th iodide, bromde or chromate ion. The
cell s are wash t exanpl e, a buffered saline solution. The
transport of thalllun1|nto ceIIs causes an increase or decrease in the
optical density signal. Thall g\lo.iops ?ss t roug ﬁpen cqannels down

its concéﬁt@hFF@ﬁmﬁFaﬂpéﬁ@3&H@“ Panfe¥ Nohelg ghalium SHSHP AR i §&°Phe
cell, sres E{LLH&&QM Eor ﬂﬁm?e%’sro‘ii@ﬂoé'cﬁﬂaﬁes reddFdddv B8y 'aogpé%trof)ﬂftﬁoﬁ@ttef opkfeRannel
enhances e rate o lux of thalliumions (resulting in an i'ncreased

f or mat i ondueing, ;miaaﬁepadidimm of thelbiuor eds,pmdddditipn afidhannil Ibocﬂu gnrsdddesades t he

rate of influx of th II| resultin n.no. ljtt cha

b eci pi ¢ APEGE b Bret oo adrs ed tafieiedidey blekifn " SRRl
density riggBS tfears mlédfw{t‘l? foh@alalrﬂﬂéna' WMErdd@AGhS sdMitidh. t DI transport of

non-fl uorescent conpound. Thus if the ion channel is blocked, and thallium

i ons i nf|thxllius intthéddistcedkes ki tndrease or dmre@ham]@@ Qmw@lpfieiﬂéléir sigals i Thplljug

det eqted.. Candi Modul at 20 .Th t t
et yi A3 BOBONE SEE RsaLrars 1 orosniing SRR ISR, o

or iont I BSIPP s R tREEAIV késMLtmESﬁﬂiHﬂe@d)rﬁyd gigyale! hﬁmlﬁa@ion(‘(ﬁﬂmmﬂn oﬁ@rﬁlebe Used
as a potential nodul ator in the assays of the invention, al t hough conpounds

that can ddagiessibE valg ¢mlnﬁqﬁe@fu§1a8wr@r1@§n(lé8%@§o@t|aa| ingreppgddopaaiian of
sol uti ons g%mff‘%ré égolgxe% c()acfjuot) a&xd\{\{lﬂ{dn’u%ﬁ d@&Q?KS%g th%tlgtg ol?Y emo(";f:ﬁhgfhuﬁ”ohé in

the art tQ% 1 ers of ounds,

i ncl udi ng(rs%ugt@ iehendraatle a@angé St prdcqmﬂaﬁon oi\/bolﬁn;ed/%lr@limt:fbrﬁaenm)c@en@aﬂy (St.
Louis, M.), ma- Aldrich (St. Louis, Fl uka, Ch ka- Bi ochem ca
Anal yi&i kathe m&a degfift teg1esriRY S o ”tuhéhaﬁli% longg e@%ﬁﬁﬁ ¢ §pnitlyArestithnel s,

channel - | ked fepRRtiORS iBDGhdAB & HARRBLIHETS: AN SoRSRNux RS AMinsled 1ahove.

or no change in optical density is detected.

Candidate Modulators:

20
The invention provides methods for identifying compounds that modulate ion channel,
channel-linked receptor, or ion transporter activity. Essentially any chemical compound
can be used as a potential modulator in the assays of the invention, although compounds
that can be dissolved in aqueous or organic (especially DMSO-based) solutions, are

25  preferred. It will be appreciated by those of skill in the art that there are many
commercial suppliers of chemical compounds, including Sigma Chemical Co. (St. Louis,
Mo.), Aldrich Chemical Co. (St. Louis, Mo.), Sigma-Aldrich (St. Louis, Mo.), Fluka
Chemika-Biochemica Analytika (Buchs, Switzerland), and the like.

30 Examples of ion channels, channel-linked receptors and ion transporters have been

provided above.



27 WO 02/ 31508 PCT/ US01/ 32132 Hi gh- Throughput Screeni ng Met hods: The

nmet hods of the invention can be adapted for high-throughput screening.

H gh- 5 tW@8UgPlt screeni ng assays are known, and enpl oyPEHESUSREB20f
mcroliter plates or pico- nano- or mcro-liter arrays. The high-throughput
met hods of the invention are perforned using whole cells expressing ion
channel s, ion channel and channel -linked receptors or ion transporters of

10 i nt er g3ish-PHiAShpHESERIAYWNMGLSdEPS of 1) growing the cells under
suitable'E%%ﬂTTﬁ%%??‘?T‘ﬁﬁTT%%ETTVT‘adhering the cells onto solid support;
3) loading the cells with a cell perneant thalliumsensitive agent that

pr oduces det ect.abl.e, si.gnal.; 4) treati he .cel|ls under suitable
condition'm(ﬂﬁﬁ Fﬁ&fgped&ﬁpﬁﬁné%?Hﬁbﬁkpgga&r§H@H@H€V§¥mfémF@Hﬁﬁe1@%bess
thal I isu mtﬁ@nglhﬁLit\é_@fe@;gﬁ@hssa@ arBRASWA, 1 hlpfto AR QSLABE §icFbiaBAIateSd ﬁ@gl ng a
solution 15 containing thalliumions and appropriate stinulus solutiron; 7)
addi ng a Neagrdirdaiceo-litppaitityst ory conpound; 8) neasuring detectabl e signal;
and 9) recording the changes in the detectable signal (i.e. before and
after the addition of thalliumions, stinmulus solution and nodul atory
conpound)The ThighchangBpitn nidivddebeahabheerdicanate peAbGHEsthBewabf.ectyef the
channel nodul ators. 20 The assays of the invention are designed to permt
hi gh t hr GEBIFpURS &¥y &wANely 1ok chamgeandcttameldinkieil eapioesor engrankportut ofrat i ng

t he sa I I idat e .modul at.or co nds from any
convggie%?égggiéggﬂggggggyhg%gﬁgggla%Fan%S%SFﬂﬁ‘%ﬁebﬁggﬁﬁ%vxﬁﬁmﬁs5Zblid
support  (etignallymaditetin tles celllooA@tss lidRuPHRT BY Idadimnelth@b&s With § 08Phékncagsays)
are wel | %g.knomn“.Autonatgd systenms and nmet hods for detecting and

measur i n§AEERgasifive ggenthnt Pgduessta detcptablostigidl §) Heaingnbareellt)u8derPat .

No. 6, 17%yuif5% ; chife 097, 134) . hah r ut_screenin

nmet hods Ofﬁ%ﬁzc?g€§§§?§%ﬁ$wg%u ea%%g%faﬁﬁgﬂghgb %%Pﬁ%ggg?dﬁnpyﬁrg$ﬁg

cont ai ni Hgllaurh asegeitimendgent; of) petemingathet beeapsat dignatoayl Atingga RMtATpounds

(Borman, S, C & E, .. Netivs, 1999, 70(10), 33-48). Preparation and screening
OF conp REBIINE N ol | 76 iAo e L HOGEEOR SRR n t he
art. modulatory compound; 8) measuring detectable signal; and 9) recording the changes in

the detectable signal (i.e. before and after the addition of thallium ions, stimulus solution
and modulatory compound). The change in the detectable signal indicates the effect of
the channel modulators.
20
The assays of the invention are designed to permit high throughput screening of large
chemical libraries, e.g. by automating the assay steps and providing candidate modulatory
compounds from any convenient source to assay. Assays which are run in parallel on a
solid support (e.g., microtiter formats on microtiter plates in robotic assays) are well
25  known. Automated systems and methods for detecting and measuring changes in optical

detection (or signal) are known (U.S. Pat. No. 0,171,780; 5, 985,214; 6,057,114).

The high throughput screening methods of the invention include providing a
combinatorial library containing a large number of potential therapeutic modulating
30 compounds (Borman, S, C. & E. News, 1999, 70(10), 33-48). Preparation and screening

of combinatorial chemical libraries is well known to those of skill in the art.



28 WO 02/ 31508 PCT/ US01/ 32132 A conbinatorial chemcal library is a

collectio f diverse chem cal conpounds generated by usi |t her
chem cal ?nqzﬁééq\és or biological synthesis, to conbine a Pgﬁ‘ﬁ'gé&l}g%?z

chem cal buil ding bl ocks, such as reagents. For exanple, a linear 5
conbi natorial chemcal library, such as a polypeptide library, is forned by
conbining a set of chem cal building blocks (amno acids) in every

Doy pesid i Bt SR ESIIBNRD L DRl o, B D TR AplRac o
synt hesi zegnérateduligh usixnagheid&mtxilmaﬁ@ﬁ isghthedixiongbiofogicaheghibadis, bisi tethimge bl ocks.
10 Such conbi naté)[_ri I Cthj C%l Hb%)r ries_include, but _are not limted to,

peptide | iBVHEf ¢ OE@B@? ugldingbyckipapuchngs ageigs. 17507 myaRale, | hlinear

Pept. Br oteonfBeiorial 8Bdmical 8, 49 A polRueiak Abrar$t i L
354, 84- 880)0f Clhoer}a.chen%?strli egy’for geng? ﬁlg c%éﬁblgﬁtnﬁ?dﬁ gclynteﬂglmﬁl%barlari es
can al so el w§ethemBiat whierg dtavkedamnol acds) butevaryepowstbld iwdyt &at & ogivekb

toid PCT P i ti No. VO 91/19735); . d tid PCT. .
Pebl Ceat i SRR isnRi:S) HeilehobET el Ao BT B o MOS0
92/ 00091) ;ofbeRaneH] SR NBEs dak) B> sahesiA- the 8s@%@:@mgﬁnﬁﬁﬁﬁpﬁmﬁﬁﬁaﬁfjch as

hydant oi ns, benzodi azepi nes and dipeptides (Hobbs, et al., Proc.

Acad, Sci .chegkal gbizng Wockss909- 6913); vi nyl ogous pol ypepti des (Hagi hara,
et al 45 J. Amer. Chem Soc. 1992, 114, 6568); nonpeptidal 20

pept i c}om' metics with beta-D glucose scaffolding (H rschmann, et al., J.

Aner . CherBuch Sombinal@2 chddibal Q8kficd ZkB)de, BARARIVISIRRIRAN Gesylet MGa8sS Of
smal | conpound libraries Chen, et al., J Amer. Chem Soc., 1994, 116,

2661; Ar mit§eofd, WP Pat. Nace.01GhemFures /it J1Bg@, Przg, Resa 399813 485 4%nad
organic i Qr ay <8 & gD I i . News,
1993, Jaﬁ"%ﬁ*‘)ﬁaéﬂeﬁg%{#?’%f‘? %lggg?b%tn% )éga%%ﬁg%@?&%??‘?r %%%@H%%C%%gs 261,
25 1303); daveddiiyr lifpepes alpdsl(helpksemat$$h (cBanisheds! incktle,abut, ard n@l’ gmitehen)
1994, i C aci ' Het a

el ed3i aeene @ ddhRieeon Hor WA B1/1530° Skiped pupticher v Bistian o
o ar| o st mmase o sy 1SR, 080, 00000 g

(U.S. Pat. No. 5,288,514); diversomers, such as hydantoins, benzodiazepines and

dipeptides (Hobbs, et al., Proc. Nat. Acad. Sci. USA, 1993, 90, 6909-6913); vinylogous

polypeptides (Hagihara, et al., J. Amer. Chem. Soc. 1992, 114, 6568); nonpeptidal

20 peptidomimetics with befa-D-glucose scaffolding (Hirschmann, et al., J. Amer. Chem.

Soc., 1992, 114, 9217-9218); analogous organic syntheses of small compound libraries

(Chen, et al., J. Amer. Chem. Soc., 1994, 116, 2661; Armstrong, et al. Acc. Chem. Res.,

1996, 29, 123-131); or small organic molecule libraries (see, e.g., benzodiazepines, Baum

C&E News, 1993, Jan. 18, page 33,); oligocarbamates (Cho, et al., Science, 1993, 261,

25 1303); and/or peptidyl phosphonates (Campbell, et al., J. Org. Chem. 1994, 59, 658);

nucleic acid libraries (see, Seliger, H et al., Nucleosides & Nucleotides, 1997, 16, 703-

710); peptide nucleic acid libraries (see, e.g., U.S. Pat. No. 5,539,083); antibody libraries

(see, ©.g., Vaughn, et al, Nature Biotechnology, 1996, 14(3), 309-314 and

PCT/US96/10287); carbohydrate libraries (see, e.g., Liang, et al., Science, 1996, 274,

30 1520-1522 and U.S. Pat. No. 5,593,853, Nilsson, UJ, et al., Combinatorial Chemistry &

High Throughput Screening, 1999 2, 335-352; Schweizer, F; Hindsgaul, O. Curreni



PCT/ US96/ 10287) ; carbohydrate libraries (see, e.g., Liang, et al., Science,
1996, 274, 30 1520-1522 and U. S. Pat. No, 5,593,853, Nilsson, UJ, et al.,
Conbi nat oWiO2/3CH8M stry & Hi gh Throughput Screening, 199PCI/UR3B21352;
Schwei zer, F; Hindsgaul, 0. Current 29 WD 02/31508 PCT/ USO01/32132 Opi ni on

In Chem cal Biology, 1999 3, 291-298); .isoprenoid Rat , . .

5, 569, 588)piniopH &F i orlesy. g2 r?e?zélﬁf?g)z'maﬁé@l &&é%’ﬁ&t ) 0-@0%55,@’9, 974) ;
pyrrolidipe J S Pat. . e, | §10Pat.

e ompoundd iy s T et DRy B o TR

5, 288, 514 0ansI5TH, 18T asd 18,3 18 1 3@t mobplidéinb cesnifoonds {E.Sor Bgalk | DP0®I37);

conbinatorial libraries are co jall vai.l abl e (see, e.g., 357 MS,
390 MPS, beavediwsainehér: Hacho: %@t‘ﬁlapio%Y S,”Ta?hf}ﬁony, Rai nin, Wburn,
Mass. s 433A Applied Biosystens, Foster City, Calif., 9050 Plus, MIIipore,

Bedf ord, Mass.). In addition, nunmerous conbinatorial libraries are
t hermsel veSeviesclomier piepdrhiyoravlichmbinetofisbEbragey are Conbeiredtly Peilpidedsss, N J.

Asi nex, Mscqw, Ru Tripas,, | nc. . Loui,s,; M. e ar . .Nbscow,
RU, 3D PHagndeeddioat, Nﬁ’%ed%f,lvanﬁf‘eﬂ a‘%ﬁr ?8‘?@ éiOB‘Sgg%eg%&gs%f%P‘b;ﬁg?%‘?‘wbw. ,
etc.). Thwogel%‘?w%%.wmz@k EPSRaC BlodyitBhar FQSeraCi@y, SCAIEE I3 0i Plugnililtiporepr e
assays, as described 15 herein, to identi fé’ |l ibrary nmenbers (particul ar
cheni cal BaHcidesMass. sulbc| aklés), thaeroudi spnbipatonal abppiies, 4@ FXe® the

target ion channel actiyvity (Borngan . X Nl i bR 7 Epn, ,News,
1999,1070(@6‘}@%@%0??5%%%6%6& -"'r%"g%‘é‘(;r%é‘%’{ep rﬁ@@p%ﬂﬁ tArSé“r'fgbg}rﬁisééw’ R ivity.
The modul a5}Rg H&OMROLALS MBYHeaSr LiddViesnws KU eSAPhaomeentidan&ktonead
conpounds or can thenselves be used as potential or actual therapeutics. 20
I n high tPaoMgriguBiossisages, Colunbigddils g6)e to run positive controls to
ensure that the conponents of the assays are working properly. In an
exanpl e of a positive control, a known cation channel opener conpound is
cont act edTMé thmbinetosialingegnicdl Xitramesodre tsheenegsimayne @natotchasspyss ab desegibedicr ease

in cation channel activity is determ ned acgording ta the 25 -nethqgd
herei ¥, | berginotidpendify Hiray omembatss (AR oeftepiral ~sPEpiet & ss}l%gk?fﬁﬁ@sglaﬁg

cation display the ability to modulate the target ion channel activity (Borman, S., supra; Dagani,
R. C. & E. News, 1999, 70(10), 51-60), channel-linked receptor or ion transporter
activity. The modulating compounds thus identified can serve as conventional lead
compounds or can themselves be used as potential or actual therapeutics.
20
In high throughput assays it is desirable to run positive controls to ensure that the
components of the assays are working properly. In an example of a positive control, a
known cation channel opener compound is contacted with the sample mixture of the
assay, and the resulting increase in cation channel activity is determined according to the
25  methods herein. In another example of a positive control, for cells expressing cation
channels, a known cation channel blocker compound can be added, and the resulting
decrease in cation channel activity is similarly detected. It will be appreciated that
candidate modulators can also be combined with compounds having known effects on ion
channels, channel-linked receptors, or ion fransporters. For example, known cation

30  channel openers or blockers can be used to find modulators, which further effect the

30



channel s, a known cation channel bl ocker conpound can be added, and the
resulting decrease in cation channel activity is simlarly detected. It
will be ayPPEEISBE ed that candi date nodul ators can al so bBCEHORRER with
conpounds havi ng known effects on ion channels, channel-1inked receptors,

or ion transporters. .For exanple, .known .cation. 30 chann openers _or

bl ocker s AR R RIF Y E o S BT AE RS, S HICHISE GrEHory ahs BRFERe 150 v
02/ 31508 BedhUsPdna33di3RodiGabd on channel activation or suppression, that is
ot herwi se caused by the presence of the known ion channel nodulator. In

t he high throughput assays of the invention, it is possible to screen up to
several 5 thousand different candidate.nodulators ip a single day. In
parti cul af ,1}1%;?1%5111 \{/]\}er?‘fghg%‘lt R 86@ G Wé/f'a’l%bqnat%lsc%?‘fﬁ%ée E')sé‘ﬂe?rbg? SH_S§¥§élpar ate
assay5agahdishnd® dFRraf tcasdipat endduddioRDid Ul aihele, dayor m{sﬁarﬁ&nﬁe REALER IO
incubation time effects are to be observed, every 5-10 wells can test a

si ngl e mdarodtamlatapsbe wsed inping separstiaassyndgeinst 4 sadectqsl prttentiehmodslsy, about

100 (96) .t - ; | plates.are used, then single plate can
easily aégggg%%%ﬁgé %S%Lféé€@8%$%3%.%ﬂﬁmﬁgb%3ﬁ%??@?@ﬂ?ﬁ&%ﬁ%gﬁﬂgg?lE?fis
possi bl e at gingls saydutaoy Thubf exemle ghed®s npiefotitdddate ASH A¥sSCARANI 06 qosup to

about 6, 000-20, 000, and even up to about 100, 000- 1,000,000 different
candi dat eGfdRIPTSL Br! SepmsHunaies aeaispdsBebp singlsi atetcre casiyiasery em abhet

i nvenyi onoo1e 2HNHARHAYURT Ot otot}%obﬁ'd/s.eﬁ'tti's ?)Bs iJipe LOMENL) O SR GRS o 3.an

i nprovenent over present technology, fo det e¢ I'ng and’ “Charadters i'ng
nmodul at odgy.of Akay hannebs up cthasnet -d,000k2@00E cadt eved @F th Gbolit A08,p00-t er s,
in vari s,..fFor, ex e, ). there are no requirenments for

radi oact 33@0¥®§g‘8ﬁg@fﬁ ‘E%@{@?emﬁé‘%ﬁ@ﬁ WSH@OP%{%MQW&W&@@% the pecthedsnelabi | ity
of thall ipdmnv&ien. (¢) the activity of the ion channel, channel-I|inked
receptors or ion transporters is nonitored solely by the thallium ion flux
and is not perturbed by the presence of physiologically relevant ions; (d)

therg isi Epn&gguitggqgt for chem cal or biochem cal nodification of the
ion %an » receptors or ion transporters; (e) the assays
can be perforned in whole cells, 25 specifically wwth the use of the novel

low C - cell, growth nedium and novel C--free
he invention represents an improvement over present technology, for detecting and

characterizing modulators of ion channels, channel-linked receptors or ion transporters, in
various ways. For example, (a) there are no requirements for radioactive reagents; (b) the
20 methods take advantage of the permeability of thallium ions; (c) the activity of the ion
channel, channel-linked receptors or ion transporters is monitored solely by the thallium
ion flux and is not perturbed by the presence of physiologically relevant ions; (d) there is
no requirement for chemical or biochemical modification of the ion channels, channel-
linked receptors or ion transporters; (e) the assays can be performed in whole cells,
25 specifically with the use of the novel low CI” cell growth medium and novel Cl-free
assay buffer; (f) the signal or emission generated by the assay is significantly larger and
more robust than that typically obtained using previously known optical methodologies;
(g) a change in signal is generated by the presence of a candidate modulator, thus
facilitating the identification of specific modulatory agents; (h) there are a large variety of
30 thallium sensitive agents that are currently available; (i) the assay format does not require

that the ion channel and/or receptor be immobilized on a solid support during the course

31



assay buffer; (f) the signal or em ssion generated by the assay is

signific |y |larger and nore robust than that typically chrt [N si ng
previ ous?’g}ok 8opti cal nethodol ogies; (g) a change in i ﬁ@#“”?g“g
generated by the presence of a candidate nodul ator, thus facilitating the
identification of specific podul at or(%/ a egt.s; lR, ther«? g%e a I lrlgg a/ari ety
of 30 t hatfithepssewrment)vactaglihe ormak desetibeg is Fafitly gmaag BB POMAIPTERG  assay
format does qﬁglééhggr%%gemﬁ 1at the ion channel and/or receptor be

i nmobi | i ZB&"8 support during the course 31 WD 02/31508
PCT/ US01/ 32132 of the assay; and (j) each of the formats described is

readily anenabl e for automation an i gh-t hroughput .screening. . T
f ol | owi ngliBxEHprEe 13’?@“@?%@%ﬁfeéﬁm’?gtoo‘&‘f%)ﬁ’é?gﬁt%éeglpﬁtimfir%%lﬁg?fé“pé)gadsc%ﬁ%%unds

of the 5 B g O8si 2 5K kRfedinaarsyhesiké kimé.nThEki ng
and ugﬁl 0 gpt%%?grg}%f}&]\%%ﬁ tdf E%g%ggneté’f SaaSL s19Men Qfdemgfg_ddn sihg m

les are not intended in any way to ot herw se
limt theEsoopes of nohatdidse irosyreaydh otiteewisp listibdreisespegt A derlegprg eftther s

Pat ent granted hereon. EXAMPLE | 10 Thi s exanpl e descri bes expression of
i on chann@oichpn W@B@eqtﬁrsﬁmgqaaﬁg@gepg: TABLE | Cl one Restriction
Sites Vector Cell Line/Antibiotic |1D/ Construct conc. hSlo/BK

5' Hi ndl TU3' BanHI pCDNA3 HEK293/ (418 800 g/m  nKCN@ 5' Bl unt- pCDNA3
HEK293/ @RXAMBOODE lended/ 3' Not|l g/ m hSK2 5' EcoRi / 3' EcoORI pCDNA3 HEK293/
418 800 g/mM hVRL 5 and 3' Blunt- pl RESneo CHO (418 500 g/m ended
into FEoRV site

This example describes expression of ion channels of interest in mammalian cells.

TABLE I
| Clone Restriction Sites Vector | Cell Line/Antibiotic
ID/Construct conc.
hSlo/BK | 5°HindII/3’BamHI | pCDNA3 HEK293/ G418 800
| pg/ml
mKCNQ2 ' 5’Blunt- pCDNA3 | HEK293/ G418 800
| ended/3’Notl pg/ml
| hSK2 5’EcoRi/3’EcoRI ' pPCDNA3 HEK293/ G418 800
pg/ml
' hVR1 5’ and 3’ Blunt-  pIRESneo | CHO/ G418 500 pg/mi |
' ended into EcoRV |
| site

15

Table I displays the DNA constructs used in the thallium sensitive assays in the
examples. Restriction sites for each of the cloned illustrate how the ion channel c¢DNAs
of interest were subcloned into the DNA vector (pCDNA3 (Invitrogen, Carlsbad, CA)
20  and pIRESneo (Clonetech, Palo Alto, CA)) required for mammalian cell expression. The
cell types (HEK; human embryonic kidney cells) and concentration of antibiotic used in
the selection and preparation of stable cell lines are indicated. Standard molecular
biology methodologies were utilized in the cloning of the ion channel genes listed in

Table 1. Detailed cloning straiegies are also described in the art (HSlo/BK (Dworetzky,



15 Table I displays the DNA constructs used in the thalliumsensitive
assays in the exanples. Restriction sites for each of the cloned
iIIustratV%OIﬂZjWSt)fhe ion channel cDNAs of interest were suBET/HREMB2Rt 0 t he
DNA vector (pCDNA3 (I nvi trogen Carl sbad CA) 20 and plR ESneo (C1 onet ech,

Palo Alto .a,g required fo expression. The 3{pes
(HEK: hurtin céibr 6hikraii @ﬁ%;ﬁcéfg? é?ﬁaﬁ(@&@%é@ﬁ?‘?%‘ﬁﬁ%89/8178%{ ﬂgl Ccliﬁliﬂ?? Used in

the sel eciian, %)i'detpar ?ﬁzrezz}é RI0H 784 ARY_¢7 & f}" dnd VR?S(INE‘Q% té}ﬂ{acé‘ttﬁdN?tﬁFeaf‘dar d

nol ecul ar® biolo ol ogi és were utilized oni h e ion
channel 919%53891&%6981244))1 Table |I. Detailed cloning strategies are al so
described in the art (HSIo/BK (Dworetzky, 32 WO 02/31508 PCT/ US01/ 32132
Sz,, et al., Brain Res. 27: 189-193); KCNQ@® (Patent WD 99/07832); SK

channgl s v, ﬁﬁgmﬁxk‘gﬂ wab @'%15660%'32& 6 gg%@)g %7L;§gljgv%9p(;f§c%&éémea?EUgRa‘L&N J

Caterina, et al ture
t r ansf ect’Bdhndgid @eCH@anebdt®nu iitn gpratbaf ecltSKmﬁ?é)I\BL’US hélo(BE)-pTBNNEY| agi es)

transfecti coI CENAS, sl. - ?ENA] , and_. mKCNQR- pCDNA3
were tr arfgﬁg:@ﬁ?dp@é}% a‘f"éqeﬁraingiegt a?"égy éﬁﬁlﬁg §° ?SI ’b%‘?ge%nggFﬁ@meP!_US
(Life Techned @Qf@?&ohﬁél@@%@ﬁt@ﬁds%hgﬁ klt?Fc%cQ)@c@ellsQ@érE SelMREL SRY @‘rgtlgg_,i??@' ng
418 (Life Technol ogies) ‘at a concentration of g/m for | s and
800 g/ m Taal'mcb-HEg{eSD(ht 29®ncelttasion A t560 }L’QZHU&)}SCH)@ acki] slgnéébéqigl/mhfce&mi{cel I

l'i ne ed for nnel. expr essl on usi the thalliumjnf]ux assay,
as d cn%@ t%ﬁ‘é‘r eMFer( %ged'jl Afpitue | spiection, gachneal ligg prassatahy @Jﬁ@@@% wer e

al so eva'é@%&@loﬁ A6ink e %Mﬂﬂﬁ'mﬁm@@és‘a%téé &é@oﬁ%&rﬁ&éﬁ (hwgl AR ' afhecal cium

using the calciumsensitive accord for
measur i ngh\Ril ekprassies poliy eslls weﬁﬁ@scelvhlsateaﬁdd@cchalnecﬂ § ab1ﬂ1tyetoFmb%erranual

15 (Mol ecu Sunnyval e,. CA). . LE 11, This. .e e .denonstrates
t he( abi | |1f1{fa°8 @héﬁf‘ﬁm Pfl’{ﬂgn%}\{? ﬁgf?ﬁ}]‘?‘%@&lﬁé@ %If? ﬁ’fé?% ﬁ?ﬁéﬁ‘il?éﬁ% diggiRRs ur e
the eff echr GheaguriPtildi@n AHpBhdeOTin é\Hﬁﬁbélls( Qs (B cEhRIMuE Ahe POIBR PhanukoUi S,

MO, from bee venom), on snmall conductance cal ciumactivated K _ channel s

(SK2)L5 ( Kdflegular Devices, Sunnyvale, CA).

EXAMPLE II

This example demonstrates the ability of the thallium influx assay of the invention to
20 measure the effect of a peptide inhibitor, Apamin (Sigma Chemical Co., St. Louis, MO;
from bee venom), on small conductance calcium-activated K* channels (SK2), (Kohler
M, et al. Science. 1996, 273:1709-14), using changes in BTC fluorescence, as a measure

of thallium influx.

25 A HEK-293 cell line (obtained from ATCC, Manassas, VA) stably expressing the small
conductance calcium-activated K* channel (SK2) was seeded at ~80% confluence in a
384 well microtiter plate, coated with poly-D-lysine plates, containing 20 ul/well low CI
cell growth medium. The cells were allowed to incubate overnight at 37 Cin a 5% CO,
incubator.

30

The cell-containing plates were removed from the incubator and loaded for
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M et al. Science. 1996, 273:1709-14), using changes in BTC fl uorescence,
as a neasure of thalliuminflux. 25 A HEK-293 cell line (obtained from
ATCC, MaYe@8%H&1S08/A) stably expressing the small  conduct aR€BUS01/32132

cal cium activated KK channel (SK2) was seeded at -80% confluence in a 384
well mcrotiter plate, coated with poly-D-1ysine plates, containing 20

| /wel | | cprmmméfélwwpwﬁ Aol BrhC M(M@lqcslam@memﬂugm@d chsnzelyb e

b 30 The | | t ai n
werer amAvbd 7 Fofh Chafienchisd: brEnd R satae foranys S Garesogie il o
PCT/ US01/3343RratigPRi ehe £584elsy? %ﬁ\/[rﬂnﬁlarﬂtfﬂ hingMl ﬁi@mﬁ%ﬁlh@ eepd an REQPEE.

Eugene, OR) dissolved in 20 L/ wel -free assay buffer containing
amar ant h Biid BdiG-Aadi sememheangi mﬂﬂeamoné@rﬂt rdaffissn dcrpss e assatyaie i sV
amar ant h a e TC(BTCA i S rane
per rregnt ¢ %%’e& Y eff 6?1 [ eate‘élér 0§°§°@I‘f§l%r§‘§?r§ﬁ%’ mf"t‘“ jage gmpFEy %H d%?»n%ﬂ}l ul ar

est er asesTheps g bNGyd HAabGRAy BRI SAL alcPAl REAR tFI8se BRGliar WIEI6 t yPES
of dyes and | oadi ng nmechani snms are well known to those famliar wth the

art. Oncéoaded, apanin (5 |/well of 500 nM stock dissolved in C--free
assay buffer (TabI e 10 11) or an equivalent volume of C--free assay
buffer) was added. The mcrotiter plates were then transferred to the

pl at e reagiese,loddell PiRamAl tR1il/well o ESINEN STk Msbe@XPOSUFR aTs&y RBRFT THHY
Cl--free assay buffer alone, the cells were exposed to 5 pl/well of a

sti miPus Dt drepquviendivielures 8f Ml ifsrrorsye huffiCh el adiein) Thn thidrobitarvlFd2 SO

di | ve f i 2 mM anmar ant.,h and

o tr s nsre AR TR e PR M r G PR BER OB C B 1 ar
Devi ces, afunfyvate.freeAksay bl aro@teetme%@uﬁx@fbd@{p@sw@tpﬁplueﬁ%%' digdat a at
1 Hz for Il mn. 10 seconds of baseline prior to addition of the stinulus

buf f er. 20{feheomdpininigt y udf inheryeinalJailhinetient) and . 2 aivii BeRO4 dissdlv@innt @e-
reasur e rr)é:te a(sjgaytb fre gc;[nlta\{nait | " mM amaranth and 1 mM tartrazine.
15
All data shown were collected using the FLIPR (Molecular Devices, Sunnyvale, CA).
The preferred standard protocol acquires data at 1 Hz for 1 min. 10 seconds of baseline

prior to addition of the stimulus buffer.

20 The ability of the thallium influx technique to allow the measurement of the activation
and blockade of SK2, small-conductance, calcium-activated K* channels was

demonstrated as shown in Figure 1.

A stable baseline fluorescence was observed for cells incubated in the presence or
25  absence of the SK2 channel blocker apamin, prior to the addition, of the calcium
ionophore, ionomycin, and thallium ions. Upon the addition of thallium ions plus
lonomycin (which causes an increase in intracellular calcium and subsequent activation
of SK2) a substantial increase in BTC fluorescence was observed. This increase in
fluorescence was completely abolished by the addition of the SK2 blocker, apamin.
30 Since an apamin-sensitive increase in BTC fluorescence was not observed in native,

untransfected HEK cells under identical conditions, or with the addition of thallium in the
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and bl ockade of SK2, small-conductance, cal ciumactivated KK channel s was
denonstrated as shown in Figure 1. A stable baseline fluorescence was
observed Won2/3b$ s i ncubated in the presence or 25 abseneeT/@wRot/i2¢32SK2
channel bl ocker apamin, prior to the addition, of the cal ci um ionophore,

i ononyci n and thalliumions, lngon t he addition | i um j ons, plus
i ononyci Ab senrfi dhionamEa. Hiess nselscdearly lempnptapte }Wba]ﬂtytﬁlﬂéﬁ balligagindyBsequent

activati t J
Cbser vea iyt meitke BetivkN driic) ArhRas T, B LURIRIRER By | e
addi ti onobmetalmyﬁb(ﬂiebiifyd:ldewlqersaﬁaamomm-aﬂnﬁladc&ﬁ{hahaapelm n-sensitive increase
in BTC fl uorescence was not observed in native, untransfected HEK cells
under identical conditions, or with the addition of thalliumin the 34 WO
02/ 31508 ARIGH YS0HA2 152 ma@éeaeﬂe%etvtﬂ A G oD IRELCT S bBLaBl A
denonstrate the ability of the t aII|um|n ssay to neasure the

act i vat i SrenoEABKRhcBnhelis, M sacelsdt fr dhs ol (d&hwismmated tSOX abido tyid of the

assayt0|dent|f Iocker ciu i vat d.S channel 5 Al the

r eagent sSULEY! |‘f’ir\{’t‘3 e "'CH IO ‘B?&C?fr%dgtfak Kﬁ?‘?‘g? n]%e t aith€d from
Si gme- Al didi glatios useH%H the reﬁ%&nts QXCHREviHQ ﬁgﬁeché-g%h&' tamn and 50X am no
acid solution which were obtained fromLife Technol ogies (Rockville, MD).
The designations used for the reagents were provided fromthe supplier. 10
TABLE, Il Low O - growth nedium (29Q- M Conponent Concentration (mV)
Concentration (g~/1 15 Na gl ucona 3.77 K gluconate 5.4 1.26

MyS04. 7H20 0.8 0.2 NaHCO3 26.2 2.2 Calciumgluconate 3.6 0.78 20 NaH2PO4

1.2 0.17 HEPES, pH 7.3 w NaOH 25 5. 96
Low CI growth medium (290-300 mOsM)

Component Concentration (mM) Congentration (g/1)
15 Na gluconate 109 23.77
K gluconate 5.4 1.26
MgSO4e7H20 0.8 0.2
NaHCO3 26.2 2.2
Calcium gluconate 3.6 0.78
20 NaH2PO4 1.2 0.17
HEPES, pH 7.3 w/NaOH 25 5.96
Glucose 5.6 1.0
100X Vitamins 10 (ml/l)
50X amino acids 20(ml/1)
25 glutamine 2 0.292
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d ucose 5.6 1.0 100X Vitamns 10 (m /1) 50X am no acids 20(m /1) 25
glutamne 2 0.292 35 WD 02/31508 PCT/US01/32132 TABLE IIl Cr-free Assay
Buf fer (20003860sr0sM): 5 Conponent Concentration (mV) CopcBuBeER2i132n (g/l)
Na gl uconate 140 30.53 K gluconate 2.5 0.59 Calciumgluconate 6.0 1.29 10
Magnesi um gl uconate 1.0 0. 21 HEPESIpH 7,3 wNaCH 10 2.38 glucose 5 1.0 15
EXAMPLE 111 This exanpl e denonstrafldBlihdllyse of the thalliuminflux assay
of the invention to detect conpounds that block or open Ca2+ sensitive,

vol t age- dependent Maxi - K channel s using changes in BTC fluorescence as a
measur e of tQ@lfiéeumshipBuffer (290-200 m&spRE i mental conditions for this exanple
were the sane as Exanple If, with the follow ng exceptions: 1. HEK-293
cells were stably transfected with Maxi-K channels. Cells expressing the

25 | arkge conductance cal ciumacti vated K+ channel, Maxi-K (Dworetzky SI,
Troj nacki JT, Gibkoff VK. Brain Res Mol Brain Res. 1994, 1:189-93) (aka
BK, sl o) wer€ompetintand 2. The dhanagtatiopeémes) used WamHnbSrh6d(o/D
(Sigma-Aldrich, St Loius, M) at a final concentration of 15 M The
channel bl ockeN2&aN%&s | beri ot 649 n (Si gma- Al drich, &-53 30 Louis, M) at

a final concenfrafiQaeof 100 nM ;s 0.59
Calcium gluconate 6.0 1.29
10 Magnesium gluconate 1.0 0.21
HEPES pH 7,3 w/NaOH 10 2.38

glucose 5 1.0

15 EXAMPLE III

This example demonstrates the use of the thallium influx assay of the invention to detect
compounds that block or open Ca®” sensitive, voltage-dependent Maxi-K channels using
changes in BTC fluorescence as a measure of thallium influx.

20
All experimental conditions for this example were the same as Example II, with the

following exceptions:

1. HEK-293 cells were stably transfected with Maxi-K channels. Cells expressing the
25 large conductance calcium-activated K* channel, Maxi-K (Dworetzky SI, Trojnacki JT,

Gribkoff VK. Brain Res Mol Brain Res. 1994, 1:189-93) (aka BK, s/o) were used; and
2. The channel opener used was NS-1619 (Sigma-Aldrich, St Loius, MO) at a final

concentration of 15 uM. The channel blocker used was Iberiotoxin (Sigma-Aldrich, St.

30  Louts, MO) at a final concentration of 100 nM.
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36 WD 02/ 31508 PCT/US01/ 32132 To detect channel bl ockers, the assay was
started by adding 11 | of stinulus buffer containing: 15 Miononycin, 12.5
T12SO4 anO BD38 K2SO4 di ssolved in the Ch-free assay buPEBUS{IRBI2e | 1)
containing 2 nMamaranth and 1 mMtartrazine. 5 To detect channel openers,
the stinmulus buffer was identical to the assay conditions of the channel

bl ocker s 1 ghteethehaand dpesksrs, thaesssy Wasoriatasy b addisg Uded phsiphelee bofferns M

i ononyci n. Under t . condi.ti ch el ubmaxi| | y..opened,
1 o ng CBEOURE ot G 8o gtel £° drarana b KRS Gt RIveL i e SIS e
thal i umdsgfyl yret ﬁPaIBﬂai BURntthiak b AW Ite RAAM ERBAtfh-ihbe activation and
bl ockade of "Maxi - K, |arge-conductance, cal cium and voltage-dependent K+

channel s was denonstrated as shown in Figure 2. A stable baseline

fl uorescenc s, observed for cells incubated in th resence.or 5
hbsence. ot THE R EREAEF SBRBLR MR Suiethloofe RiseS RRRT RSl e
opener N I QF; t i, - i d: I,f ogi cal
potassiuﬁ?a%ggggﬁgg%a%&¥gfé?ﬁq%gggﬁgf?ﬁgéf%ﬁﬂggﬁ%@?ﬂg Iiﬁﬁggﬁfﬁﬂgfhﬁkon t he
addi t i on iofiorhyrauh.| Uinder fhesonysiitignsathd chpotesweemubonsinelyubshadtdllalvingicr ease
in BTC fl uorescence was opserved.. This increase in fluorescence was

conpl et el SQH@W¥§ﬁ§WG%§S? {8° SBRElSon of iberiotoxin (Figure 2A). Under 20
slightly different conditions, which favored nodest opening of the Maxi-K

channel, the addition of NS-1619 caused a marked increase in the
t hal l0umThedakdlel dfribe Sadam miBRGechniger wsdine thecopgsarepebnt of theatctivhiser ved i n

the ab NS (Fi 2B) .. Neither | t oxi - 1619 had
ef ot s ORERE Ao alscho BT iR i, O RR R Dol Koahibitin hek

cell's. Theseleh@atttdiad 4l@awhyn dpenstrate the ability of the thallium 25
influx technique to identify both bl ockers and openers of calcium and
vol t age- dependant Maxi-K channels, and to neasure the activity of these

ol ool YR AR P VRO AL RN AP IOTPAS
15  absence of the Maxi-K channel blocker iberiotoxin or the Maxi-K channel opener NS-
1619, prior to the addition of ionomycin and supraphysiological potassium, to cause HEK
cell depolarization, and thallium influx. Upon the addition of thallium, ionomycin, and
potassium ions a substantial increase in BTC fluorescence was observed. This increase in
fluorescence was completely abolished by the addition of iberiotoxin (Figure 2A). Under
20 slightly different conditions, which favored modest opening of the Maxi-K channel, the
addition of NS-1619 caused a marked increase in the thallium-induced increase in BTC
fluorescence compared to that observed in the absence of NS-1619 (Figure 2B). Neither
iberotoxin nor NS-1619 had any effects on the fluorescence of BTC loaded into native,
untransfected HEK cells. These results clearly demonstrate the ability of the thallium

25  influx technique to identify both blockers and openers of calcium and voltage-dependant

Maxi-K channels, and to measure the activity of these modulators.
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that bl ock or open the voltage-gated K channel KCNQ@ (European Patent No.
WO 5 99/07832) using changes in BTC fluorescence as a neasure of thallium
i nflux. AMO ®BpE8i nental conditions for this exanpl e were RATAUSYAARI3ZS

Exanple Il with the follow ng exceptions: 10 1. HEK-293 cell line stably
transf ect E) vol t age- gat ed K+ channel KCNQ@2 was wused; 2. The
channel o was retigabine (Main, M J., et al., M. Pharnmacol.,

2000, 58, 253-62) at a final concentration of 15 M and 15 3. The channel
bl ocker DVP-543 (Zaczek, R, et al., J. Pharmacol, Exp. Ther. 1998, 285,
724-30) udbkd exasiplt dandrisimaks terddiy vathothafuh5nitx IRa@et étéct chapoelds

bl ockers th chanpel s were o d wt onbination_of 20 thallium
i ons (5m\) agr]?ﬁ’%%r( 9@‘?%/{11.6 %taa‘é'tg%tég%ggélﬁ?é?@m@% $EyroRean Paent NpedVWith
thal I'isim 96038 {3hg chthodehestCcHarRdnpLog kr%%&é& Eﬁh_%l?;%%%ﬁl%? started by

adding 11 | of stimulus buffer containing: and 50 mM KSO 4
dissolved in the O--free assay buffer 25 (Table Il) containing 2 niM

amar ant h dl mMitartrazi.ne. .To,detect .openers the as s_started by
addi ng 1. %fh oS e.“%ﬁ;lcﬁ% lha?% K t@bgn?’éﬁlﬁﬁlﬁg}*?ef@f@e s ﬁ%z%é&] %iml%tﬁlei n the
CF-free agsiwibuéiceptigrntaining 2 nM amaranth and 1 nM tartrazine. 30 The

ability of the thalliuminflux technique to allow the nmeasurenent of the
activation 38 WO 02/31508 PCT/US01/ 32132 and bl ockade of KCNQ

I uor S ohoat K S oanmiedal s lare! Pl B Buees b R ekl beance of
the KCN@edhannel bl ocker DMP-543 or the KCNQ2 channel opener retigabine,

prior to the addition of thallium and supraphysi ol ogi cal potassium (to
cause HEK cell 5 depol arization). Upon the addition of thallium and

potassi um aTseEsAR! bnet B8RS elifabine (Main, M. J., et al., Mol. Pharmacol., 2000,
58, 253-62) at a final concentration of 15 uM; and
15
3. The channel blocker DMP-543 (Zaczek, R., et al., J Pharmacol. Exp. Ther. 1998,
285, 724-30) used was at a final concentration of 15 pM.

To detect channel blockers the KCNQ2 channels were opened with a combination of

20  thallium ions (5SmM) and K* (20mM). To detect openers the assay was initiated with
thallium ions (3mM).

To detect channel blockers the assay was started by adding 11 pl of stimulus buffer
containing: 12.5 mM TL,S0, and 50 mM K,S0, dissolved in the CI'-free assay buffer

25 (Table II) containing 2 mM amaranth and 1 mM tartrazine.

To detect openers the assay was started by adding 11 pl of stimulus buffer containing: 7.5
mM T1,50, dissolved in the CI'-free assay buffer containing 2 mM amaranth and 1 mM

tartrazine.

30

The ability of the thallium influx technique to allow the measurement of the activation
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BTC fl uorescence was observed. This increase in fluorescence was conpletely
abolished by the addition of DWMP-543 (Figure 3A). Under slightly different
condi ti oYSOMMBIEM f avor nodest openi ng of the KCNQ@ channBCTURM/BAdHi ti on of
t he KCNQ opener reti gabi ne, caused a mar ked increase in the

1 ho aBSANHETGEe R KRS D GaiE. By hNE RoDIPASAE b & GHabl e

had any q;ageﬁ&tesﬂﬁnesrc@ﬁcef\békodlﬁ&%%‘ﬁ% &Tls &H;bé@@q?%elme&nmll MBence of the
untransfected HEK cells. These data clearly denonstrate the ability of the

t hal | i umKaNQ2xchated biicgereDME- 5 4Beatthé KDEDhclnockereserantzabpenprier tofthe

vol t age t channel s, and t neasure the.acti Vlt

Todul ot o LUpg EANBLEC THIS B ET R hepyaRLE i athibt « SR e 11 um
i nflux tecebmaﬂyﬁl ? defRCthe MREHLALIBallih 511|aepdtés‘§ﬁ1ﬂgag;ﬁBﬁgntlanﬂﬂre%% gptive
cation channel, VR (capsaicin receptor) (Caterina M, et al. Nature

1997, 38HTE ﬂ@omgems wag Obm@eéf hinnpeasef lhldbmmemevaaeomplté@lx aba@dishéd

(Ll UL S bR ST AL SIS Sl SRR Boblg, >

stably exRs®ssbpchitdef f}@nK@NlcpcMaM@emaé ha@dtichan AR KNI beindr, réRe8Reor
(VRI') was used. 18. The channel antagoni st, capsazepine (Signma drich, R8I

St LOU| s campd) anasrkeglo ingserse el St Ahdliiaiingusad evereasd on Tclﬁomesqa@n@le 39 WD

o1 oaithe iR Mo fontl in TFaRERAY ol R ANAL (ERYIEO Ul Rl Rbas |

G --free mssayighbifit eliadc @ny asfiichg od e &ll‘ﬂiafe%’ﬁdde N BTIC nivhdear ﬁl’(tazhaﬁﬁ/e 5 The
ability of the thalliumjnflux assay to allow the neasurenment of th

act i vat i ofitrandectehHiEs ¢5llsn ToeseviRe ety flempaptaefe theoapilduod e %heatm%w
channel s tg\’ﬁﬁncﬁ%r{@ n@én'h‘?}; 68h&%ockers and openers of voltage-gated KCNQ2 channels and to

measure the activity of these modulators.
15
EXAMPLE V

This example demonstrates the ability of thallium influx technique to detect modulators
of the ligand-gated, non-selective cation channel, VR1 (capsaicin receptor) (Caterina MJ,
20 et al. Nature 1997, 389, 816-24) using changes in BTC fluorescence as a measure of

thallium influx.

All experimental conditions for this example were the same as Example II with the

following exceptions:

25
17. The cell line CHO stably expressing the non-selective cation channel vanilloid
receptor (VR1) was used.
18. The channel antagonist, capsazepine (Sigma-Aldrich, RBI St Louis, MO.) was
30 applied at a final concentration of 10 uM; and
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shown in Figure 4. A stable baseline fluorescence was observed for cells
i ncubated in the presence or 10 absence of the VRl1l antagoni st,
capsazepiwe 02/prsp®r to the addition of thalliumand the VRRCT/@§OIN2$32,
capsai cin. Upon the addition of thalliumand capsaicin a substanti al
increase in_ BTC fluorescence was observed. This increase in fluorescence
was conpll@t Eg agspymag jsiagted py addmsaudl ef simwes bufferaccepiimag: Cabsedpsiininal one

causes a s I t no.increase i n C fluorescen VRI

expr essi ng%'gﬁ@?gg(g‘i%&%%l éncacﬁéﬁsrﬁérr?sg@ﬁgil%&?lv? NAINIRE dﬁ%ﬁ%}?@ﬁpfijﬁe al one

has no effegly opn Reflior escence of BTC | oaded into VRl expressing CHO

cells. These data cl ear]l y denonstrate the ability of the thalliuminflux

technique to identify both agonists and antagoni sts of the |igand-gated,

non-sel e ivg q[ati n channel _ VR, and to neasure the activity of these
BliERANpL &4

modul at or'd'e @ umr i Exeasshploca eanths sheastiesonhe! Hisi acfivatiosfandhe

thal It um;gfipihigx Seqml %g%ﬁ- at?{%@f—se&%ﬂg} Pjaﬁgﬁ Schgﬂnetl{]gyaﬁngénépngggtga' cance

cal cium activated KK channe experi men conditi ons for this
exanpl e wekowen irhiéige@me as Exanple |1, with the followi ng exceptions.
Instead of loading the cells with 2 MBTGCAM the cells were | oaded with 2
M  FluoZi n-1 (Ml ecul ar Probes, Eugene, OR) 30 40 WD 02/ 31508

PCT/ US01//32(82 bAkligs fheadbaet D 68dchmdWidr hodik Uadidiadk it f&g @%%ﬁﬁ%ﬂ@r e

exposed to 10 |/well of Cl"-free assay buffer containing SO for
10 mitAut @bseage plobenViRednpareenist.ccapspreEns pepr tol tbaddditiieo tidkllimmwintihhé WRII | um

whi ch in t i.th the thal liumi ensitive fluorescent. dye FluoZin-1
and i ncr télgésngés%’ ??tp\é\&%]lnu&?_%ncg cagfillg n[—gglrﬁf%]\]lﬁrﬂémg GAAHY ?ﬁ%bsgaé“lthﬁlsm 84 #hal | i um
ions, thaTEolludre@Bnkably dgetRe. TalsliSorW@s in ARIeERhEIwaS fomMPd HBliacgd W th
80 I /well of C"-free assay buffer. The 80 |/well of Cil-- frge‘assay buffer
was i medy dicatdditipanficapwdering. Garpaiceprlacecansese f0all degetdse,dfut @ incfaase
in BTC fluorescence VR1 expressing CHO cells due to BTC’s calcium sensitivity.
15 Capsazepine alone has no effect on the fluorescence of BTC loaded into VR1 expressing
CHO cells. These data clearly demonstrate the ability of the thallium influx technique to
wdentify both agonists and antagonists of the ligand-gated, non-selective cation channel

VR1, and to measure the activity of these modulators.

20 EXAMPLE VI

This example demonstrates the ability of the thallium efflux technique to detect

inhibitors of the small conductance calcium-activated K* channel (SK2).

25 All experimental conditions for this example were the same as Example [, with the

following exceptions.

Instead of loading the cells with 2 uM BTC-AM, the cells were loaded with 2 M
FluoZin-1 (Molecular Probes, Eugene, OR)
30
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assay buffer containing amaranth and tartrazine at 2 mMand 1 nM
respectively. 10 Apamn (10 I/well of 5 Mstock solution dissolved in
Cl--freeVe8H§ISHUf fer) or an equival ent volune of C1'-frBeT/HSEA21BUTf er
wi t hout apam n was added, where appropriate, before transferring the
thallium' n dFIuo edcllstotheFL R for asur epent

To det ectAPHdoE £§ Hiee S afW@kléPua Be SRES BetReps Qni%u/wgﬁ 32@3@5
started by, fe?@gh&hﬂ o5 il hﬁ%'mﬁo bih el %r&me‘?ﬁp&@m@awnisr@e 5
i ononyci n diI'sso In ree ‘assay bu control, sone S
wer e tredbatd the téllsGhvith tlidleuraselayh buéhas wathohe, thalMutvh @t sehfigvaddotescent of

i onomyci n ? he ability to detect the activity of SK2 and its inhibition
by apami G ENE HErEaseimts KIFPRI%echni que is shown in Figure 5. A
sim |l ar baseline fluorescence was observed in cells in the presence or
absence of the SK2 bl ocker apam n. Upon the addition of iononycin, a

decr ease FalloMingiesioente walds obgethaiuduens,she salutiounbatoing i sstisi wtd ng 25

fromFIqu|n1adeX|t|ngthe Vi e activated _SK ch | . This
decr ease 3SHIrateq iy BEdEAaEEd YR §§é’%) ll\fﬂf?jﬂ g?e L8114 éﬁ‘rt T]&enSQ)Fl W%ﬁ%‘%}h n and
nearly abgli t epdata
clearly rm%g LBYI % gﬁﬁ(%ﬁ? SB{rrﬁE@%{ha i hﬁgé( -E?%ﬁ 'S det ect
the acti vdstay tmfffeﬂ:@ltzaﬂldglatr&ramﬂnarm fatteaide)st 2RAVINNG .1 rﬁM %p&@v@@/ 31508

PCT/ US01/ 32132 EXAMPLE VI This exanpl e denonstrates the ability of the
t hal %m i nfl ux techni gue to detect agonists and antagoni st of the
G protein a%H'(gﬁ /%ﬁpéfo 1\%“5%8 %d]ht?onaﬁl%%&ﬂ/%1ﬂ e eﬁ%%%ﬁ)ﬁff %5 through
its activation he sma con ance calclumactivate Rdnne

Al'l  experdqiateat valomd Io'de)ﬂﬁeé Bkayt lfufEer e BT apave @rak h@deﬁ@ﬁiﬁer@&pﬁ’@ﬁﬂﬂbe | | ,

with the follow ng. exceptions
before transferring the thallium ions and FluoZin-1 loaded cells to the FLIPR for

measurement.

15
To detect the activity of SK2 and the SK2 blocker apamin, the assay was started by the
addition of 13 pl/well of stimulus buffer containing: 5 pM ionomycin dissolved in CI'-
free assay buffer. As a control, some wells were treated with CI'-free assay buffer alone,
without the addition of ionomyecin.

20

The ability to detect the activity of SK2 and its inhibition by apamin using the thallium
efflux technique is shown in Figure 5. A similar baseline fluorescence was observed in
cells in the presence or absence of the SK2 blocker apamin. Upon the addition of
lonomycin, a decrease in fluorescence was observed due to thallium ions dissociating
25  from FluoZin-1 and exiting the cells via the activated SK channel. This decrease in
fluorescence was absent without the addition of ionomyecin and nearly abolished by the
presence of the SK2 blocker apamin. These data clearly demonstrate the ability of the
thallium efflux technique to detect the activity of SK2 and its inhibition by apamin.
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10 The sane SK2 expressing HEK-293 cells were used. HEK-293 cells natively
express a nuscarinic acetylcholine receptor. Instead of pre-incubating

sel ect ed WDP2/&1508 t h t he SK2 bl ocker apanmin, sone wells wePeT/UpA2Rubat ed
with 10 M atropine, an acetylcholine receptor antagonist. 15 To detect the
activity of an agonist of the nuscarinic receptor, the assay was started by
t he additﬁéﬁﬂ%&hgéﬂllmell of thalliumcontaining stinmulus buffer wwth: 10 M
of the nuscarinic receptor agonist, oxotrenorine-M (oxo-M, dissolved in
Cy-free assay buffer. As a control, sone wells were treated with C--free
assay bufTles exdngrie denoistuatestthe abil§y ettt thadinno infoxotedhiniJieetoadetdci hgonists det ect
agoni sts and ant agoni.sts of the nuscarinic acetylcholine receptor via its
activati (ﬁ’i‘go?n%l‘a’?é‘%gl@ﬁ ti@( Cgﬁéqjiﬁlél Oq}'é’f‘%grepﬂ%to% ﬁﬂP?c‘laﬂﬁﬂ(}i patisholiBe HRTRERS: i s
shown si N th @18 a@ivafios bARk 8nRAIEhd REINEE LALBICEDGE NS JRIRI UGS I n cells in
the presence or absence 25 of the acetylcholine receptor ant’agoni st,
atropi ne. Upon the addition of oxo-M an increase in BTC fluorescence was
observed. ,.This increase in fluorescence was sent wi thout the addition of
oo M Y PP e R Rt WP R R aTEs Y e Laca e AEFETI dbreledice s
total |y poRyentedcdyiohdle presence atropine. These data clearly denpbnstrate
the ability of the thalliumefflux technique to detect agonists and

ant agoni sts 30 of the G protein coupled nuscarinic acetyl choline receptor

via iitys agtivati f the channel , 4 31508 PCT/ US01/ 32132
Exaee v 9 s M0 SR s f T cage 150 TBh e R4 1 um
i nflux aspayarigic Aigflchdlinkhéep@iaput screening. To rapidly screen for
nodul ators that display selectivity for the ion channel, to be exam ned, a
384 well FLIPR was used. The instrument can sinultaneously, optically,
e o RAnACSr diD 1AL QAEREPHER: Bl SRS YiSlP aSRTH, YSh wlls R®* e
m crotest plate 10 I gure :

preincubated with 10 pM atropine, an acetylcholine receptor antagonist.

15
To detect the activity of an agonist of the muscarinic receptor, the assay was started by
the addition of 13 ul/well of thallium containing stimulus buffer with: 10 pM of the
muscarinic receptor agonist, oxotremorine-M (oxo-M), dissolved in CI'-free assay buffer.

As a control, some wells were treated with Cl'-free assay buffer alone without the

20  addition of oxo-M.

The ability to detect agonists and antagonists of the muscarinic acetylcholine receptor via
its activation of the SK2 K* channel using the thallium influx technique is shown in
Figure 6. A stable baseline fluorescence was observed in cells in the presence or absence
25  of the acetylcholine receptor antagonist, atropine. Upon the addition of oxo-M, an
increase in BTC fluorescence was observed. This increase in fluorescence was absent
without the addition of oxo-M. Furthermore, the oxo-M stimulated increase in BTC
fluorescence was totally prevented by the presence atropine. These data clearly
demonstrate the ability of the thallium efflux technique to detect agonists and antagonists
30 of the G-protein coupled muscarinic acetylcholine receptor via its activation of the SK2

K" channel.



A vol t age- gated KK channel was screened for both opener and bl ocker
conpounds using conditions simlar to those described above for KCNQ@ in
Exanpl e WO 08g¥58%€ni ng was acconplished by a single persoRCTHYPHEE2432

Mol ecul ar Devi ces FLIPR 384 equi pped with a 15 stacker at a rate of 48,000
sanpl es/ 8 his. Bl ocker and opener conpounds identified by the thalliumflux
assay were validated by a two-electrode voltage clanp using the sane
voItage-q@Qg expressed in Xenopus oocytes (Barnard, E. A, et

al ., Proc: Hsngg?gqﬁtad., 1982, B215, 241-246; Krafte, D., 20 Lester, H.

A., 1989, J. Neurosci, Mth., 26, 211-215). The validation rate was >80%
for opener. and >gp@6for b ocﬁers Both th rate of sanp

testing/ petSSHABAG FRBOnsates| agFlicapilitt UPPUW?HV@klaggéwaW fudEh fyi ng
bona %IdQIQB NI Sorddiy I ockers of the voltage-gated K channel screened
make apparent the utility of this assay for efficiently discovering

nol ecul es that can nodul ate the act|V|ty of cation channels. 25 Taken

t oget her,_ thes xa cl h ods of the invention are

capabl e of° H‘titl@eYtsiCFFﬁnPnfg %tf”i ‘yso?“ gg{tsﬁ M @eier?gv‘éh oy Ahg Ay chHmEl tR4be

channel s,cxaginal 3@& wdlOPE SR QGE &) Caht %tﬁ%ﬂf‘@éﬁ suﬂtﬂtaﬁedﬁ'sgl ghtid.fy, Pl ate

format useful for hi gh throughput screening. 02/ 08

PCT/ US01/n328@2 chifess 1 the dluaieseshics of the.celds mstahlmweﬂ@rf a8t ecdlli migradesti plEas ur i ng

t he %6tl %%—Og i on channels, channel-linked receptors, or ion

transport Qpressed in cells conprising: 5 (a) contacting cells

expressing ion channels, ion channels and channel-linked receptors, or ion

transporters with a signal-generating thalliumsensitive agent; (b)

cont act i My vekisg-geEd| s ghannelav esasragenad &1 hoth eprnsnend bt@hhcrm@mmoumd@ectmg

receptor,, [.ans I rg nt s wth an
qutﬁltlbt(?eq%lmtllafaﬂ) 91%«% ﬁa OFEBQ&I a@é\% for g@N@? il %g(ﬁlgp%of\/h Sﬁore&&ng&/:it ng and

assay buf contalnin umsalt s
measur i ngetdmgplshehby agants péresch Hying hmae@malemmngs S'ﬂhﬁhipbéﬁﬂwth a

15  stacker at a rate of ~ 48,000 samples/8 hrs.

Blocker and opener compounds identified by the thallium flux assay were validated by a
two-electrode voltage clamp using the same voltage-gated channel expressed in Xenopus
oocytes (Barnard, E. A, et al., Proc. R. Soc. Lond., 1982, B215, 241-246; Krafte, D.,
20  Lester, H. A., 1989, J. Neurosci. Meth., 26, 211-215). The validation rate was >80% for
opener and >80% for blockers. Both the high rate of sample testing/person and the
fidelity of the thallium flux assay in identifying bona fide openers and blockers of the
voltage-gated K channel screened make apparent the utility of this assay for efficiently

discovering molecules that can modulate the activity of cation channels.

25
Taken together, these examples clearly show that the methods of the invention are
capable of detecting modulators of both ligand and voltage-gated K™ channels, as well as
non-selective cation channels, in a microtiter plate format useful for high throughput
screening.
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sensitive agent to determne the effect of the candi date ion channel,
channel - linked receptor or ion transporter nodulator on the activity of
sai d i onwoanseshs, channel -1inked receptors, or ion tranBgDUS&r®13215 2.
The met hod of claim 1, wherein said ion channels conprise cation channels
that are perneable to thalliumions. 3. The nethod of claim2, wherein

sai d catwonticbanned 8: are selected fromthe group consisting of potassium
ion channels, sodiumion channels, and calciumion channels. 20 4. The

met hod of claim 2, wherein said cation channels are potassiumion channels.
5. The t ho ct ai - i I } o) N&la ed

cal ci umngc I \f}jésg eog i}ogrcllg? eétg?%gﬁﬁg?%?ggﬁ’g%ﬁ@ M;Sd HG(Fha'?'ﬁgg’rret ﬁ%@aﬂg}%{ claim4,
wher ei n sairgtepotassionnrangoriehanpelssedineeiet@epretd r om t he group consi sting

SK channel s, Maxi -K, HERG and K channel s.. 7, The t hod ,of cl.aim 2,
wher € n saildl ©AFICHRS cHrafinBf RIS I“)?rba a‘.‘lbeéfpe&m\/ﬁ&ar&]ﬁgﬁﬁ& s‘fhm‘%%“lg{.kgq'he
met hod of cl aj W8 L1 s Bitéls Gt L7 BRGhnAng1ineNeagliechdeng 10N
channel s. 43}]6% %r%/ 3150§ B?IT/ U8801/ 321%152311%9 Thegqmatlhod of 1cI aglem 8, wherein

sai d non- sébeatitacting sxid chidmwah s candidsielier chsanel orannpleligicd upeeptnisitseing of
acetyl chol i ne recerEt ors | utamat e receptors such as AWMPA, kainate, and
NVDA r ecept or €ansBo ?fd]?wgﬂq?r\]pt am ne-gat ed receptor-channels, ATP- 5 gated

(P2X) r ?Ce@@)oédlﬁet&@iﬂgﬁle%elwmtah @Eﬁy%ﬁ%b’dz&ﬂf@ﬂﬁh?@ﬂ%ﬁlﬂﬂ shlecgptier;aghannel s,
vani |l oid receptors, ryanodi ne receptor-channels, | P3 receptor-channels,

catiléh, clidndeesdingcnidvaeasdring the signpysanaratesicy the signalmupcraipg iy
channel s activated in situ iy a u C .10 10 d of
claimi, wher& R $4i%e™ htgl ‘iki't%%%é;lhge g%%dﬁt(%%ecct%g ?%elgglaCh\is\% er GIE%IPU | e

thal | i um sal t1indd. reddpeorretibe trasdpoeteaimaddi@ior whehe hetivwsi o dalibloni dwmsdd, t s are

sel ected fromthe grou ,
channel-linked receptors, or 1on transporters.

15 2. The method of claim 1, wherein said ion channels comprise cation channels that are

permeable to thallium ions.

3. The method of claim 2, wherein said cation channels are selected from the group

consisting of potassium ion channels, sodium ion channels, and calcium ion channels.

20
4. The method of claim 2, wherein said cation channels are potassium ion channels.
5. The method of claim 4, wherein said potassium ion channels are calcium-activated
and voltage-gated channels.
25

6. The method of claim 4, wherein said potassium ion channels are selected from the

group consisting SK channels, Maxi-K, HERG and KCNQ channels.
7. The method of claim 2, wherein said cation channels are ligand-gated VR1 channels.

30

8. The method of claim 2, wherein said cation channels are non-selective ion channels.
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consisting of T12SO4, T12CO3, TICl, T1O0OH, T1INO3 and Tl OAc. 15 12. The

met hod of claim11l, wherein said thalliumsalt is T12SO4. 13. The net hod
of clai mMMORHEY®E n sai d assay buffer is O--free. 20 14. RGEUAE{RGE of
claim 13, wherein the said assay buffer further- conprises sodium

gl uconat e; potassium gl uconate; cal cium gluconate; magnesi um gl uconat e;
HEPES and gl ucose. 15. The nethod of claim1l, wherein said cells are grown

in a low% Theehdth@l eMIEinBdiRbRIn s&id 1@@%%@&@@1@%%{@%& baBcted A Ghe - 16.
The net hod of claim 15, wherein the low O - cell growt h medi um conpri ses

sodi um gl uEHHEY E9NSHHOASH @FrﬁXj‘Ph@élﬁﬁa’@@pthSQmaM@ lecmamr,lcltab AMBA,

gl uconat e; P NRERES € Vitam ns . m no _acigs; and
gl ut ani ne. égﬁl 5% %dé\g@ 5%51)62?%%% Ugalf éﬂitami“f ga?‘?ffel >?ﬂf)ﬁlha(ﬂllne(5,1 éﬂ% 1,
wher eisn sai gatebal(P1Xim sespsdirtdhugheg e lcotisica atdislbhd] M@g%%@lsh%ée‘ﬁﬁ)rfo'hh'ﬂ{e%scent
agent or thallium sensitive non-fluorescent agent. The nmet hod of claim

17, wher ei n Va#ilgid HgsapiQumm S¥mefiney &cepiosrbamelst E’gemceptgr gleqnggltsed:ahsnf rom
t he group c¢ j Sl , Gr en neS| um
G een, APTR%E'BT 1s J&Pvﬁg%@yéayﬁhggoeﬁ}ﬂlalrzﬁw anﬁ) ?ﬁl%ﬁgﬁl&? V&tegr‘]a '&\'C 19

The met hod of idlakehuld; cGiWirein said thalliumsensitive agent is a thallium
sensitive non-fluorescent agent. 10 20. The nethod of claim 19, wherein
said thalliumsensitive non-fluorescent agent is selected fromthe group

consiigt i NG, ahe GRUUMd SK&laiRY P iEleiARSa R4l e saﬁ %oluagl? hﬁ?eh O\Leitgt %‘1{8&% ’

wherein said channel -1inked receptors are se ected f

consi sting ¢fall@PCRIt.net abot ropi ¢ gl ut amat e receptors, muscarini c

acetyl choline receptors, dopam ne receptors, and serotonin receptors. 22.
The nethod of claim1, wherein said ion transporters are selected fromthe

group 11. The method of claim 10, wherein said thallium salts are selected from the group

consisting of T1,SOy, T1,CO4, TICI, TIOH, TINOs and TIOAG.
15

12. The method of claim 11, wherein said thallium salt is T1,SO..
13. The method of claim 1 wherein said assay buffer is CI'-free.

20 14. The method of claim 13, wherein the said assay buffer further- comprises sodium

gluconate; potassium gluconate; calcium gluconate; magnesium gluconate; HEPES

and glucose.

15. The method of claim 1, wherein said cells are grown in a low CI” cell growth medium,

25 containing no more than 2 mM CI.

16. The method of claim 15, wherein the low Cl” cell growth medium comprises sodium
gluconate; potassium gluconate; MgSO4e7H,0; NaHCOs; calcium gluconate;

NaH,PO,; HEPES; Glucose; 100X Vitamins ; 50X amino acids ; and glutamine.
30
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consi sting of dopam ne ion transporters, glutamate ion transporters,
seratonin ion 20 transporters, sodi um potassi um ATPases, proton-potassium
ATPases, WQOH3IAF cal ci um exchangers, and pot assi um chl or i BeT/U§#1/32132
co-transporters. 23. The nethod of claim1 further conprising contacting

t he cell it h extracellul ar . fluorescent quenchi ng conpo s after. said
step of i%ﬁ?ﬁggv%%X§gﬁﬂgnhf¢whgﬂgﬁﬁﬁi'wﬂ.'négﬁﬁpgﬁ%ﬁgl ﬁ&ﬁ%ﬁﬂﬁﬁg@ﬂ tive

f1 uorescent flageptent 2bnt J@alMeinRHsiOle b Mbsceesi N said candidate
nodul ati ng conpounds activate or inhibit said ion channels, channel-1linked

receptors, or ion transporters. 30 25. The nethod of claim1, further

conpri si din bl aolution.to.the thallium salt salutign, 46 WO
02/ 31508%&%&@)@2@@”“&% e S ST S I IO G B BT I 8T Pl U
sol utison combai e @egNtssBeheor alTs, amud-DEF b O PBFD St GRen Ml kRRRNOr s,
KCl, nicotine, acetylcholine, nmuscarin, and carbanylcholine. 5 27. A

met hod for (e NEYiRMgBAChBlaHHifo Flusiinah, FlueZiatvairgFure Rednet Blithk ed

receptor or ion transporter conprising: (a) contacting cells expressing

i on channels, ion channels and channel -1inked receptors, or ion

t r anspor t1éx Shavintethcal off gmal 1 gehaeiat angthahaml semitsengedtiive BYa0k; sedfti(d)
contacting said cells with a candi date nodul ator; (c) contacting the cells
with an ass39M-buPfatents#ihi ning a thal liumsalt solution; and (d)

det eqpi ng and neasuring the signal generated by the signal generating
thallium sensitive agent, wherein the signal generated by the signa

gener at i BY. Thalmétbed of ehsit 1% evimgantsaidstlatiunndesahicomrmfludbecef ignt iof the
nodul ator on . the activity of 15 said ian channel s, channel-1inked
feceptors, SHeSiGhIvPARGHaR EPSTS9g O oHa e PHOBG I ISR 57, urt her
conprising the step of neasuring the signal generated by the signal
generatin% thalliumsensitive agent after step (b). 20 29. The nethod of

cl ai m 27,21whbe aisthaslaefoclapd bl whoreinaeid olzenes!-lorkeil mbdepiors asaietbctednfrom the

15 group consisting of GPCR, metabotropic glutamate receptors, muscarinic

acetylcholine receptors, dopamine receptors, and serotonin receptors.

22. The method of claim 1, wherein said ion transporters are selected from the group
consisting of dopamine ion transporters, glutamate ion transporters, seratonin ion
20 transporters, sodium-potassium ATPases, proton-potassium ATPases,

sodium/calcium exchangers, and potassium-chloride ion co-transporters.
23. The method of claim 1 further comprising contacting the cells with extracellular
fluorescent quenching compounds after said step of contacting cells with a signal

25 generating thallium sensitive fluorescent agent.

24. The method of claim 1, wherein said candidate modulating compounds activate or

inhibit said ion channels, channel-linked receptors, or ion transporters.

30 25. The method of claim 1, further comprising adding a stimulus solution to the thallium

salt solution.
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channel s, channel -1inked receptors, or ion transporters. 30. A novel

Cl " -free assay buffer for use in thalliumsensitive assays. 25 31. The
conposi ti Bi® B31¥8ai m 29, wherein the said assay buffer fuRHeySIEgMIRi ses
sodi um gl uconate; potassium gluconate; calciumgluconate; nmagnesium

gl uconate; HEPES and glucose. 32. Alow O - cell growth nedi um containing
no nore than 2 mMM G . 30 47 WO 02/31508 PCT/ US01/ 32132 33. The

conposi ti 08 fe GERbAGB a6 Rh&etnhEe |sf?1|‘={¥/16gs soﬁlﬁbh ogﬁtgi% CO%&FEQ&&&&&PHR&' Ses

sodi um gl uconate; potassi um gl uconate; cal cium
gl uconat e; tNaI-QP@tL COMERIES; oFiumpseres,1 BN, \inICtoama nsqetﬁﬂmham noise@ingsgndand

gl utam ne. caﬁbamylcholme.
5
27. A method for identifying a modulator of an ion channel, channel-linked receptor or
ion transporter comprising:
(a) contacting cells expressing ion channels, ion channels and channel-linked
receptors, or ion transporters with a signal-generating thallium sensitive agent;
10 (b) contacting said cells with a candidate modulator;
(c) contacting the cells with an assay buffer containing a thallium salt solution; and
(d) detecting and measuring the signal generated by the signal generating thallium
sensitive agent, wherein the signal generated by the signal generating thallium

sensilive agent is an indication of the effect of the modulator on the activity of

15 said ion channels, channel-linked receptors, or ion transporters.

28. The method of claim 27, further comprising the step of measuring the signal

generated by the signal generating thallium sensitive agent after step (b).

20  29. The method of claim 27, wherein said modulator activates or inhibits said ion

channels, channel-linked receptors, or ion transporters.
30. A novel Cl'-free assay buffer for use in thallium sensitive assays.
25  31. The composition of claim 29, wherein the said assay buffer further comprises sodium
gluconate; potassium gluconate; calcium gluconate; magnesium gluconate; HEPES

and glucose.

32. A'low CI cell growth medium containing no more than 2 mM CI".
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33. The composition of claim 31, wherein the low CI cell growth medium comprises

sodium gluconate; potassium gluconate; MgSO,e7H,0; NaHCOs; calcium gluconate;

NaH,PO4; HEPES; Glucose; 100X Vitamins; 50X amino acids; and glutamine.
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