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FLUORESCENCE BASED T-TYPE CHANNEL ASSAY

Cross-Reference to Related Applications

[0001] This application claims benefit under 35 U.S.C. § 119(e) of provisional
application U.S. Serial No. 60/438,616 filed January 7, 2003 and U.S. Serial
No. 60/457,405 filed March 24, 2003. The contents of these applications are incorporated

herein by reference.

Technical Field

[0002] The invention relates to high-throughput assays for calcium channel blockers.
More specifically, the invention concerns a fluorescence-based assay that is designed to
identify compounds that modulate voltage-dependent, T-type calcium channel activity via

high-throughput, automated screening approaches.

Background Art

[0003] Under resting conditions, intracellular calcium ion concentrations are very
low. The rapid entry of calcium into cells is mediated by voltage-gated calcium channels,
integral membrane proteins that respond to fast depolarizations of the membrane by
transiently and reversibly opening a calcium-selective pore through the cellular
membrane. This pore allows the rapid diffusion of calcium ions (the calcium current)
from the extracellular medium, down their concentration gradient, to the intracellular
space. Higher intracellular concentrations of calcium ions trigger a wide variety of
cellular and physiological responses, including excitation-contraction coupling, hormone
secretion and gene expression.

[0004] Since normal physiological functions are mediated by calcium channels,
malfunction of such channels results in a number of disorders. For example, mutations
identified in human and mouse calcium channel genes have been found to account for
familial hemiplegic migraine, episodic ataxia type 2, cerebellar ataxia, absence epilepsy
and seizures. Ophoff, et al., “Familial hemiplegic migraine and episodic ataxia type-2 are
caused by mutations in the Ca2+gene CACNL1A4.” Cell (1996) 87, 543-552; Fletcher, et

al., “Absence epilepsy in tottering mutant mice is associated with calcium channel
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defects.” Cell (1996) 87, 607-617; and Zhuchenko, et al., “Autosomal dominant
cerebellar ataxia (SCA6) associated with small polyglutamine expansions in the o;4-
voltage-dependent calcium channel.” Nature Genetics (1997) 15, 62-69.

[0005] Indeed, the clinical treatment of some disorders has beeﬂ aided by the
development of therapeutic calcium channel blockers. See, for example, Janis, et al.,
Calcium Channels: Their Properties, Functions, Regulation and Clinical Relevance
(1991). CRC Press, London.

[0006] Calcium channels have been classified by their electrophysiological and
pharmacological properties as T, L, N, P and Q types (for reviews see McCleskey, et al.,
Curr. Topics Membr. (1991) 39:295-326, and Dunlap, et al., Trends Neurosci. (1995)
18:89-98). T-type (or low voltage-activated) channels activate at relatively negative
membrane potentials and are highly sensitive to changes in resting potential. The L, N
and P/Q-type channels activate at more positive potentials and display diverse kinetics
and voltage-dependent properties. There is some overlap in biophysical properties of the
high voltage-activated channels, consequently pharmacological profiles are useful to
distinguish them. L-type channels are sensitive to dihydropyridine (DHP) agonists and
blockers, N-type channels are blocked by the Conus geographus peptide toxin,
o-conotoxin GVIA, and P-type channels are blocked by the peptide w-agatoxin IVA from
the venom of the funnel web spider, Agelenopsis aperta. The Q- and P-type channels
appear very similar, and it has been suggested that they result from alternative splicing of
a single gene (Bourinet, et al., “Phenotype variants of P- and Q-type calcium channels are
generated by alternative splicing of the a1l A subunit gene.” Nature Neuroscience (1999)
2:407-415.

[0007] The high voltage threshold calcium channels (L, N and P/Q) are complexes
consisting of three distinct subunits (0.1, 028 and B) (reviewed by De Waard, et al., lon
Channels, Volume 4, (1997) edited by Narahashi, T. Plenum Press, New York). The o
subunit is the major pore-forming subunit and contains the voltage sensor and binding
sites for calcium channel modulators. The o, subunit is mainly extracellular, and is
disulfide-linked to the transmembrane & subunit, both of which are derived from the same
gene and are proteolytically cleaved in vivo. The B subunit is a non-glycosylated,

hydrophilic protein with a high affinity of binding to a cytoplasmic region of the o,
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subunit. A fourth subunit, vy, is unique to L-type Ca channels expressed in skeletal muscle
T-tubules.

[0008] Molecular cloning has revealed the cDNA and corresponding amino acid
sequences of six different types of o;; subunits corresponding to the high voltage threshold
channels (014, 018, 01c, 01D, 015 and a;s) and four types of p subunits (1, B2, B3 and Pa)
(reviewed in Stea, A., Soong, T.W. and Snutch, T.P., “Voltage-gated calcium channels.”
in Handbook of Receptors and Channels (1994), edited by R.A. North, CRC Press).

[0009] More recently, several a; subunits corresponding to the low voltage gated
T-type calcium ion channel have been cloned. Descriptions of these cloned a; subunits
may be found, for example, in PCT publications WO 98/38301 and WO 01/02561 as well
as in U.S. patents 6,309,858 and 6,358,706, all incorporated herein by reference.

[0010] The oy subunits are generally of the order of 2000 amino acids in length and
contain 4 internal homologous repeats (domains I-IV) each having six putative alpha
helical membrane spanning segments (S1-S6) with one segment (S4) having positively
charged residues every third or fourth amino acid. There are a number of splice variant
exceptions. Between domains II and III there is a cytoplasmic domain that is believed to
mediate excitation-contraction coupling in a;s and which ranges from 100-400 amino
acid residues among the subtypes. The domains I-IV make up roughly 2/3 of the
molecule and the carboxy terminus adjacent to the S6 region of domain IV is believed to
be on the intracellular side of the calcium channel. In the a; subunits that code for the
high voltage-gated channels, there is a consensus motif (QQ-E-L—GY-WI—E) downstream
from the domain I S6 transmembrane segment that is a binding site for the  subunit.
However, ag, 0.1y and oy, the ohly subunits thus far cloned coding for low voltage-gated
channels, lack this binding site.

[0011] In some expression systems the high threshold a; subunits alone can form
functional calcium channels although their electrophysiological and pharmacological
properties can be differentially modulated by coexpression with any of the four B
subunits, and their efficiency is enhanced by the presence of a,. On the other hand, in
general, the low voltage gated T-type channels generally function quite well when the o,
subunit is present alone. Perez-Reyes, et al., “Molecular characterization of a neuronal
low-voltage-activated T-type calcium channel.” Nature (1998) 391: 896-900; Cribbs, et

al., “Cloning and characterization of a1H from human heart, a member of the T-type
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Ca2-+channel gene family.” Circ. Res. (1998) 83: 103-109 and McRory, ef al., “Molecular
and functional characterization of a family of rat brain T-type calcium channels.” J.Biol.
Chem. (2001) 276: 3999-4011.

[0012] In the T-type o, subunit, the pore region (P-region) in each of the four
structural domains contains a diagnostic amino acid sequence implicated in channel
permeability - i.e., the residues glutamate/glutamate/aspartate/aspartate (EEDD). This
also distinguishes T-type channels from sodium (Na) channels where the P-region of the
channels from the four domains contains the residues aspartate/glutamate/lysine/alanine
(DEKA), and from high fhreshold calcium channels where the corresponding residues are
glutamate/glutamate/glutamate/glutamate (EEEE).

[0013] The T-type channels are also distinct in that they do not possess an EF-hand
calcium binding motif in the region carboxyl to domain IV S6, while all high threshold
calcium channels contain a consensus sequence that is closely related to the EF-hand
domain found in certain calcium binding proteins.

[0014] Itis of considerable interest to identify compounds that modulate channel
activity, for example, by blocking the flow of calcium and/or inhibiting the activation of
calcium channels. One standard method to do so is through the use of patch clamp
experiments. In these experiments, cells must be evaluated individually and in sequence
by highly skilled operators, by measuring the calcium current across the cell membrane in
response to changes of the membrane potential and/or application of test compounds. |
These experiments, while valid and informative, are very time consuming and not
adaptable to high-throughput assays for compounds that modulate calcium ion channel
activity.

[0015] For high-throughput assays of high voltage-gated calcium channel blockers, a
more efficient assay is currently used which takes advantage of commercially available
fluorophores that change their fluorescence emission in the presence of calcium ion.
After loading cells expressing high voltage-gated calcium ion channels with such
fluorophores, a single operator can measure calcium channel activity in hundreds of wells
in parallel by exposing the cells to high levels of extracellular potassium ion. This simple
technique is based on the observation that the resting potential of the cells is largely
determined by the ratio of the extracellular versus the intracellular potassium ion

concentrations. Normally, potassium is lower extracellularly than intracellularly, and
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produces a resting potential that is negative inside the cell. Increased levels of
extracellular potassium, at concentrations close to that present intracellularly, will
depolarize the membrane (abolishing the internal negativity), and activate calcium
channels. Less activation of calcium channels will be observed if a blocker is applied to
the cells.

[0016] Tt is known that calcium channels (and voltage-gated ion channels in general)
can exist in three states: inactivated (not available for opening), resting (available for
opening), and activated (open). Based on this pattern, in order for the calcium ion
channels to respond to the potassium pulse, a substantial fraction of channels must be in
the resting state, as opposed to the inactivated state. Typically, at the spontaneous resting
membrane potential of —30 mV, about 40-70% of N-type calcium channels are in the
resting state and available for opening. It is important to consider that transitions between
each of these states is regulated by the membrane voltage. Moreover, the transition from
inactivated state to resting state is slow, but the conversion of a resting to an activated
channel, where the activafed channel allows calcium ion influx, is quite fast. The return
of the activated channels to the inactivated form is also relatively slow.

[0017] If a compound is successful in blocking calcium channel activation, calcium
influx does not occur or occurs to a lesser extent and the fluorescence reading is lower or
nonexistent, so this phenomenon can be used to identify modulators.

[0018] Attempts to perform this type of assay using low voltage-activated calcium
channels (T-type) have not been successful in view of their inactivated status at the
spontaneous membrane potential of -30 mV. At this potential, essentially all T-type
channels are inactivated, and thus unavailable for activation by a high potassium pulse, or
by any physiological stimulus. It has now been found that the fluorescence-based assay
described above can be adapted to the T-type channel requirements by decreasing the
membrane potential to about -70 mV before potassium ion activation, thus converting a

sufficient number of T-type channels to the resting state.

Disclosure of the Invention

[0019] A high-throughput, fluorescence-based assay has been developed that is useful
in screening for and identifying compounds that modulate the activity of low-threshold

voltage gated T-type calcium channels. The assay functions by modulating the
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membrane potential in advance of potassium ion activation to convert low voltage
activated T-type channels from the inactivated, unavailable state to the resting state, so
that they can be subséquently activated by application of high extracellular potassium. In
part, the membrane potential is lowered by treating cells expressing the T-type channels
with gramicidin or similarly functional compounds that insert into the cell membrane and
function as a pores selective for monovalént, positively charged ions. Treatment of the
cells with gramicidin alone would not alter the membrane potential, because both
potassium ions (which are at high concentration intracellularly) and sodium ions (which
are at higher concentrations extracellularly) would flow in opposite directions through
gramicidin pores. However, by replacing the sodium ion in the extracellular solution with
a large, positively-charged molecule, such as N-Methyl-D-Glucamine (NMDG), which
cannot permeate the gramicidin-induced channel, the compensating influx of sodium ions
is prevented and the efflux of potassium ions results in a drop in membrane potential
sufficient to convert the T-type channels from their inactivated state to their resting state.
These channels are then susceptible to activation with high potassium concentration,

. providing a mechanism for generating a fluorescent signal dependent upon an increase in
internal calcium ion concentration through T-type calcium channel activation (in the
absence of test compound). Thus, in one aspect, the invention is directed to a method to
detect the activation of T-type calcium ion channels. The method comprises treating cells
that express at least the a; subunit of a T-type calcium channel with sufficient potassium
ion to activate the T-type channel and measuring the fluorescence emitted by such cells,
wherein the cells have been modified to contain a fluorophore that fluoresces in the
presence of calcium ion, and wherein said cells have been treated, prior to the potassium
ion pulse, with gramicidin in the presence of an isotonic solution of NMDG.

[0020] In another aspect, the invention is directed to a method to identify compounds
which inhibit the activation of T-type calcium ion channels or block the flow of calcium
ion therethrough, which method comprises performing the above described method in the
presence and absence of a test compound and determining the ability of the test
compound to decrease the level of fluorescence emitted, thereby identifying such
compound as able to inhibit the activation of the T-type calcium channel or the flow of
calcium ion therethrough. Of course, for any compound that might activate and enhance

the flow of calcium ion through the channel, the fluorescence will increase. Thus, the
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assay can also identify compounds that effect a greater influx of calcium into the cells.
Such a result may, in some cases, be desirable.
[0021] In other aspects, the invention is directed to kits useful for the performance of

the assay and to methods to assess the results for validity.

Brief Description of the Drawings

[0022] Figure 1 is a diagram of the voltage patterns over time for a standard N-type
assay using intracellular fluorescence.

[0023] Figure 2 shows the activation and inactivation curves for two mammalian
T-type o, subunits.

[0024] Figure 3 shows the ability of gramicidin in the presence of NMDG to
dramatically lower the membrane potential across a cellular membrane.

[0025] Figure 4 shows a diagram of the membrane potential variation over time for a
fluorescence based assay of T-type calcium channels.

[0026] Figure 5 shows the results of the assay of Figure 4 in the presence and absence

of a known T-type calcium channel blocker.

Modes of Carrying Out the Invention

[0027] The invention offers the opportunity to identify compounds that will block
either the activation of T-type calcium ion channels or the flow of calcium ion across
these channels by comparing the fluorescence of cells containing a fluorophore that
responds to calcium ion concentration in the presence and absence of a test compound.
The ability of the test compound to decrease the level of fluorescence indicates its
abilities to inhibit a T-type calcium channel. Conversely, compounds that enhance the
fluorescence are shown to be activators of these channels.

[0028] This general type of assay has successfully been applied to high voltage-gated
calcium ion channels, typified by N-type channels. It is possible to do this because the
membrane potential across the cellular membrane of typically cultured cells such as HEK
293 suspended in isotonic buffer is of the order of -20 mV. At this membrane potential,
the majority of high threshold calcium ion channels are in a resting state which is
susceptible to activation in a fast reaction in response to high concentrations of potassium

ions supplied to the suspending buffer. Thus, cells expressing a high-threshold channel
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that have been treated with a fluorophore and allowed to internalize it will fluoresce when
treated with a sufficient concentration of potassium ion to alter the membrane potential to
about 0 mV, thus activating these channels and permitting the flow of calcium into the
cells. The interaction of the calcium ion with the fluorophore results in a fluorescence
readout which shows that the calcium ion channels have been activated. If this process is
conducted in the presence and in the absence of a compound to be tested, the differences
in fluorescence output indicates the effect of the compound on the activity of the calcium
ion channel. '

[0029] The ambient membrane potential of cells suépended in isotonic buffer is
approximately -20 mV. In contrast to high voltage gated calcium channels, this is a
membrane potential at which the low-voltage threshold T-type calcium channels are in an
inactivated state and not available for rapid activation. Thus, even in the absence of a
blocker compound, no substantial fluorescence occurs.

[0030] The applicants have found that by artificially lowering the membrane potential
to about -70 mV, the T-type channels can be converted to a resting state from an
inactivated state and are thus susceptible to activation by rapid addition of sufficient
potassium ion to abruptly increase the membrane potential to around 0 mV. The level of
potassium ions required is between 1-100 mM, preferably between 5-70 mM, and more
preferably between 20-30 mM. This permits influx of calcium ions through the T-type
channels and provides a fluorescence signal, which can then be modulated by the
presence of compounds to be tested for their ability to interact with the T-tybe channel.

[0031] The lowering of the membrane potential is achieved by inserting into the
membrane itself an artificial, exogenous pore, that permits the influx and efflux of singly
charged cations. Upon opening this channel, potassium ions flow out, and typically,
sodium ions flow into the cell; thus no substantial net change in membrane potential is
effected. However, by concomitantly replacing the sodium ions in the isotonic buffer
with a compensating moiety that is unable to permeate the pore, there is a net outflow of
potassium ions, resulting in a highly negative membrane potential, sufficient to convert
the inactivated T-type channels to the resting state.

[0032] Thus, two additional components are required for the assay - a material that
will open a channel for monovalent cations and a component which will balance the

osmolality of the intracellular environment, but which will not permeate the channel.
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[0033] Suitable compounds which will insert into the membrane a pore with the
desired properties (monovalent cation-selective) include but are not limited to gramicidin
(see Wallace, Common structural features in gramicidin and other ion channels.
Bioessays, 22:227-234, 2000, artificial ion channels such as certain éyclic peptides
containing unnatural amino acids (see Ishida, et al.,Molecular design and synthesis of
artificial ion channels based on cyclic peptides containing unnatural amino acids. J. Org.
Chem., 66:2978-2989, 2001) and certain bacterial toxins (see Shatursky, et al.,
Clostridium perfrigens beta-toxin forms potential-dependent, cation-selective channels in
lipid bilayers. Infection and Immunity, 68:5546-5551, 2000). Lowering the membrane
potential of the cells may also be achieved by the stable coexpression of a potassium
channel, for example, but not exclusively, IRK-1, TASK-1, TASK-3, TREK-1, TREK-2
and TRAAK. Cells are transfected with the IRK-1 channel and are subsequently selected
for cell lines expressing the IRK-1 channel that have a membrane potential of less than -
70 mV. Cells stably expressing IRK-1 are subsequently transfected with the T-type
channel, then selected for cell lines coexpressing both IRK-1 and the T-type channel with
a resting membrane potential of -70 mV, thus favouring a shift of the T-type channels
from an inactivated state to a resting state. By increasing the external potassium
concentration, the T-type channels are activated allowing for calcium influx resulting in a
fluorescence emission upon binding to the fluorophore.

[0034] Typical compounds which will balance osmotic pressure, but do not permeate

the gramicidin or other artificial pore include for example, N-methyl-D-Glucamine

- (NMDG), choline, tris[hydroxymethyl]aminomethane (TRIS) and tetra-ethyl-

ammonium (TEA).

[0035] Alternatively, lowering the membrane potential of the cells may also be
achieved by the stable coexpression of a potassium channel, for example, but not
exclusively, human IRK-1, TASK-1, TASK-3, TREK-1, TREK-2 and TRAAK. For
example, cells are transfected with an expression system for the hIRK-1 channel and
selected for cell lines stably expressing the IRK-1 channel that have a membrane potential
of less than -70 mV. These cells are then transfected with an expression system for the T-
type channel, and selected for cell lines coexpressing both IRK-1 and the T-type channel
with a resting membrane potential of —70 mV, thus favoring a shift of the T-type channels

from an inactivated state to a resting state. By increasing the external potassium
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concentration, the T-type channels are activated allowing for calcium influx resulting in a
fluorescence emission upon binding to the fluorophore.

[0036] Also essential for the conduct of the assay is a suitable fluorophore. The
fluorophore must be activated (or inactivated) by the presence of calcium ion. The
fluorophore should also be membrane permeable so that cells treated with the fluorophore
can assimilate the compounds. Suitable fluorophores include FLUO-4 as well as FLUO-
3, FURA, Oregon Green and Calcium Green.

[0037] In atypical standard assay using mammalian cells expressing a cloned high-
threshold calcium channels, known in the art and shown in Figure 1, cells are first treated
with the fluorophore, such as FLUO-4 for enough time to permit entry of the fluorophore
across the membrane, e.g., about 45 minutes, and then washed and allowed to rest for
about 20 minutes to equilibrate the intracellular distribution of the fluorescent dye. Ifa
compound is to be added for testing of block or activation, this is then added and allowed
to equilibrate for about 10 minutes. The cells are then activated with a concentration of
potassium ions which causes the membrane potential to increase from about -20 mV to 0
mV, essentially effecting the flow of calcium into the cell. The fluorescence is then
determined using standard methods.

[0038] However, as shown in Figure 2, human and rat T-type o, subunits are
activated at a much lower potential. Figure 2 shows activation and inactivation as a
function of voltage. T-type currents were evoked by applying, every 15 seconds, square
test pulses (50 ms duration) from a -110 mV holding potential. In the inactivation curves
(triangles) the test pulse was fixed (-40 mV) and the size of the prepulse (1s) varied to the
indicated values. In the activation curves, the size of the test pulse was changed to the
indicated values. The external solution contained 1 mM calcium ion. In the graphs in
Figure 2, the x-axis plots the membrane voltage of a cell which is expressing the channel
subunit and the y-axis plots the fraction of such channels that are in the resting state and
available for activation. As shown, the transition from the inactive to activated state
occurs in the range of 60 mV to -50 mV.

[0039] Figure 3 shows that the membrane potential of cells can be altered in the
presence of gramicidin when the suspending buffer is maintained isotonic with the

intracellular medium by substituting NMDG for external sodium. As shown, when 5
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ng/ml gramicidin is added in the absence of external sodium, the membrane potential
decreases to about -70 mV.

[0040] Figure 4 shows the manner in which the phenomenon in Figure 3 is used to
adapt the assay of Figure 1. The initial steps in the assay are similar to those of Figure 1;
however, the assay is conducted in an isotonic solution where sodium ion is replaced with |
NMDG and after the test compound is added and allowed to incubate for about 10
minutes, gramicidin is added and permitted to equilibrate for approximately 2 minutes.
After the gramicidin treatment, which lowers the membrane potential to about -70 mV, a
pulse of potassium ion quickly alters the membrane potential to zero (0) mV inducing the
activation of the T-type channels and an increase in intracellular calcium is detected

" through a change in fluorescence.

[0041] Those compounds that successfully modulate the activity of the T-type
channels according to the assays of the invention are useful candidates as pharmaceuticals
in the treatment of a variety of conditions which are known to be mediated by
inappropriate activity of the T-type channels. As calcium ion signaling isrhighly
significant in a multiplicity of metabolic pathways, the conditions affected are numerous.
As used herein, the term “treatment” refers to any pharmacological intervention which
results in or has the potential to result in at least an amelioration of the negative effects of
the condition. Complete “cure” or complete “prevention” is neither necessary nor
realistic.

[0042] Among the conditions impacted by the activity of human T-type channels are
those associated with the neural system such as epilepsy, depression, schizophrenia, and
muscle-related disorders that are controlled by the excitation/relaxation rhythms imposed
by the neural system such as cardiac rhythm and other disorders of the cardiovascular
system. Also impacfed are conditions related to proliferation of cells such as vasodilation
or vasorestriction and blood pressure. The activity of calcium ion T-type channels also
affects conditions of the genital/urinary system including disorders of sexual function and
fertility as well as adequacy of renal function. Other indications include responsivity to
anesthetics and Parkinson’s disease. That these conditions (and others) are related to

T-type channel activity is well known in the art.
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[0043] The following examples are intended to illustrate but not to limit the

invention.

Preparation A
Construction of Stable Cell Lines Expressing Mammalian o; Subunits of

T-type Calcium Channels

[0044] Mammalian cell lines stably expressing o ; subunit of T-type calcium channels
were constructed by transfecting o | calcium channel subunit DNA into HEK 293 cells
and selecting for antibiotic resistance. Briefly, a full-length T-type calcium channel o,
subunit was subcloned into an expression vector with a selectable marker, pcDNA3
(InvitroGen, San Diego, CA). The vector was transfected into HEK 293 cells by
lipofection and the cells incubated for 16-20 hours. The cells were fed nonselective
medium and incubated for an additional 24 hours, then trypsinized and plated at low
density in selective medium supplemented with Geneticin (G418) at a concentration of
between 600 to 800 pg/ml. After 12 to 16 days in selective medium, cells which were
resistant to G418 were visible and were picked as isolated colonies using a pipet tip
technique. Aﬂe1' growing up each isolated colony to confluency to establish cell lines, the
expression of T-type calcium channels was determined by Northern and Southern
blotting.

[0045] The functional confirmation of T-type calcium channels as functional in stably
transfected cells was examined electrophysiologically, by either whole patch clamp or

single channel analysis, or both.

Example 1
Assay for T-type Modulators

[0046] The transfected HEK 293 cells prepared in Preparation A were plated in 384-
well poly-D-lysine coated micro-well plates at about 1.1 x 10° cell/well and incubated at
37°C for about 24 hours and then at 29°C for about 18 hours.

[0047] The cells were then washed with MKH buffer using Bio-tek ELX405 Select

plate washer to remove media; the residual volume of buffer is 15 pl/well.
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[0048] Each well was then treated with fluorescence dye solution containing a
mixture of 50 ug FLUO-4 AM (Molecular Probes, F-14201); 45.5 pl DMSO; 45.5 ul 20%
Pluronic F-127 (Molecular Probes, P-6867) and 4 ml MKH buffer. After incubation at
29°C for 45 minutes, the cells were washed with EB buffer as described above so that the
solution is fully replaced, and the cells were then incubated at 20°C for 10 minutes.

[0049] To each well, EB buffer was added also containing DMSO at a concentration
equal to that of the test compounds for negative controls, the known blocker penfluoridol
at 2.5 uM for positive control, and test compounds (diluted in DMSO) for experimental
wells. The cells were then incubated at room temperature for another 10 minutes and put
onto a Fluoroskan Ascent microplate reader. Background fluorescence was read in all
wells.

[0050] Then, to each well, at 15 pl/well, a solution of 15 pg/ml gramicidin in EB
buffer is added over about 2 minutes. This is followed by addition of 20 pl of 60 mM
KClI in MKH buffer added to each well, one well at a time. After 2 seconds excitation
fluorescence was read. The results for controls are shown in Figure 5. As shown, various

concentrations of penfluoridol were successful in blocking calcium ion transport.

T

Buffer Compositions:
[0051] MKH buffer: 118 mM NaCl, 4.7 mM KCl, 0.5 mM MgSO4, 1.2 mM
KH,POy4, 11.7 mM Glucose, 2 mM CaCl,, 18.4 mM HEPES, pH 7.2 (with NaOH).
[0052] EB buffer: 140 mM NMDG (pH 9.0 with HCI), 2 mM KCl, 1 mM MgCl,, 5
mM Glucose, 1 mM CaCl,, 16 mM HEPES, pH 7.4 (with HC]).
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Claims

1. A method to detect the activation of T-type calcium ion channels, which
method comprises

treating cells that express at least the o; subunit of a T-type calcium ion channel
with sufficient potassium ion to activate said T-type channel, and

measuring the fluorescence emitted by such cells,

wherein the cells have been modified to contain a fluorophore having an emission
that changes in the presence of calcium ion, and

wherein said cells have been treated, prior to treating with potassium ion, with
monovalent cation-selective pore-forming substance in the presence of an osmolality
balancing solution,

wherein alteration of the intensity of fluorescence emission indicates the

activation of said T-type calcium ion channels.

2. The method of claim 1, wherein the emission of said fluorophore is

enhanced in the presence of calcium ion.

3. The method of claim 1, wherein the monvalent cation pore-forming
substance is selected from gramicidin, artificial peptides, or Clostridium perfrigens beta-

toxin

4, The method of claim 1, wherein the osmolality balancing solution contains
one or more N-methyl-D-Glucamine (NMDG), choline, tris [hydroxymethyl]
aminomethane (TRIS) and tetra-ethyl-ammonium (TEA).

5. The method to detect the activation of T-type ion channels, which method

comprises

treating cells that express at least the o, subunit of a T-type calcium ion channel

with sufficient potassium ion to activate and T-type channel, and

measuring the fluorescence emitted by such cells,

14
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wherein the cells have been modified to contain a fluorophore having an emission

that changes in the presence of calcium ion, and

wherein said cells co-express a potassium channel along with a T-type calcium

channel,

wherein alteration of the intensity of fluorescence emission indicates the

activation of said T-type calcium ion channel.

6. The method of claim 5, wherein said cells co-express a calcium channel

selected from IRK-1, TASK-1, TASK-3, TREK-1, TREK-2 and TRAAK.

7. A method to identify compounds which modulate T-type calcium ion
channels, which method comprises performing the method of claim 1 in the presence and
absence of a test compound and determining the ability of the test compound to alter the -
level of fluorescence emitted, wherein an alteration in the intensity of fluorescence
emitted in the presence as compared to the absence of said compound identifies said
compound as a modulator of said T-type calcium ion channel.

8. The method of claim 3, wherein the fluorescence emission of the
fluorophore is enhanced in the presence of calcium ion, and within an increase in the
intensity of fluorescence in the presence of a test compound identifies said test compound

as stimulating the calcium ion channel.

9. The method of claim 3, wherein the fluorescence emission intensity of the
fluorophore is enhanced in the presence of calcium ion and wherein a decrease in the
intensity of fluorescence in the presence as opposed to the absence of said test compound

identifies said compound as an inhibitor of said channel.

10.  AXkit for assessing the activation of a T-type calcium ion channel which kit
comprises
a fluorophore which exhibits an alteration in emission in the presence as opposed

to the absence of calcium ion;

15



WO 2004/060917 PCT/CA2004/000023

cells stably transformed with an expression system for at least the a; subunit of a
T-type calcium ion channel;

a buffer containing NMDG; and

a moiety capable of forming a monovalent cation-specific pbre in a cell

membrane.
11.  Akit of claim 6 wherein the moiety is gramicidin.

12. A method to lower the membrane potential of a cell which comprises
treating said cell with a moiety capable of forming a monovalent, cation-specific pore in
the membrane of cells wherein said cells are suspended in isotonic medium substantially

lacking in sodium ion.
13.  The method of claim 9, wherein said moiety is gramicidin.

14.  The method of claim 9, wherein said medium comprises NMDG.
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Figure 3
5 pg/ml Gramicidin

10 O

- 60904
S
g 30 |
5 (
T 2]
3
o .
Q5 7
)
c
o - |
_S 60
£
o .
= 70

T T T T T T Y f T | T f f T 1 T 1
-2 0 2 4 6 8 1 1 14

Time (min)



WO 2004/060917 PCT/CA2004/000023

4/5

Figure 4

T -TYPE
ASSAY

m 2secs LAG . READ-OUT
BACKGROUND
READ-OUT

FLUO-4 45 min rest 20 min

BLOCKER GRAMICIDINE 2-10 min
10 min

time



Avg.RFU

WO 2004/060917

Goo.no

J00.0D

400 .00

30n0.o0

200.00

i0D.o0

0.bo

-10D.00

5/5

Figure 5
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