- 1 - DESCRIPTI ON METHOD FOR MEASUREMENT OF FLUORESCENCE | NTENSI TY OF
VOLTAGE- SENSI Tl VE FLUORESCENT DYE TECHNI CAL FI ELD [ 0001] The present
invention relates to a nethod that uses vitam n E and/or chol esterol
SO0 as to increase the sensitivity of potential-sensitive

fluorochrones that emt fluorescence in yfesponse to a potential or
ionic strength change (i.e., sensitizing the fluorochrones), or a

nmet hod for enhancing the fluoresce ! i of potential -sensitive
fluorochrones. The present inventigh %?gﬁgﬁgﬁﬁtes to a nmethod for
measuri ng the agi

measur enent sysﬁgns at havepgiégéggﬁtprgg“ ﬁﬁs§§%§§¥ﬁ$f%n§anced

by using vitamn E andkﬁrvgﬁgyg§ﬁgm§ﬁsrr ghiyEon further
relates to a nethod that uses a potenti al - sen5|t|ve fl uorochrone
formng a solid phase on surfaces of a substrate so that potential or
ionic strength changes of the potential-sensitive fluorochrone can be
nmeasur ed TECHBpPEAL MeIof whet her a nenbrane carrier such as cells or
lipid bilayered |iposones are used or not. The present invention also
rel ates t[60al]methequedeat insaltatelagsao s uzslicaintast dsbavitiniiaeaske dhbRsterol so
percent change in the potential -dependent or ionic strength

change- depéntertasé thesersidaht ofi potantial-sepsivive fluberhrahesskatintit fheorescence in
fl uorochrones or which enhances their fluorescent intensity.
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Res that potent1al or ionic strength changes of the potential-sensitive fluorochrome can be

measured irrespective of whether a membrane carrier such as cells or lipid bilayered
liposomes are used or not. The present inventjon also relates to a method for selecting a
substance that increases the percent change in the potential-dependent or ionic strength
change-dependent fluorescent intensity of potential-sensitive fluorochromes or which
enhances their fluorescent intensity.
BACKGROUND ART
[0002] Arrhythmia is a disease that not only lowers the quality of life of patients
considerably but which also sometimes threatens their life. In the development of drugs
against various diseases, it is critical to detect and avoid any side-effects (e.g., arrhythmia)
that might affect the electrogenic activities of cardiomyocytes. To date, animals and animal-
derived cardiomyocytes have been used for the purposes of developing antiarrhythmic drugs
and testing them for any actions that might affect cardiomuscular electrogenic activities.
However, on account of the species differences involved, this has not been a practically

feasible method that can be used in humans (Non-Patent Document 1: Biochem Biophys Res



- 2 - Comun., Vol. 385, p. 497-502, 2009). [0003] Recent

devel opments of human ES cells and human i PS cells have denonstrated
t hat human cardi onyocytes can be obtained by differentiating these
cells. A method capabl e of conveniently acquiring the activity
potential of human cardi onyocytes using4hose cells would play an
important role in drug discovery activities. Under the current
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or lipid bilayered |iposones but this has necessitated the
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potential measurement is possible only when they are bound to membrane carriers such as
cells or lipid bilayered liposomes. To be more specific, in order to measure the sensitivity of
potential-sensitive fluorochromes, it has been necessary to perform an experiment after the
potential-sensitive fluorochromes in an aqueous solution are processed to form a solid phase
on a membrane carrier such as cells or lipid bilayered liposomes but this has necessitated the
preparation of cells or lipid bilayered liposomes as a membrane carrier. Since this approach
requires that lipid bilayered liposomes be prepared or cells be used as a membrane carrier, the
experimental system will not only become complicated but also be affected by various
intervening artifacts.
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] An object of the present invention is to provide a method for increasing the change



SUMVARY OF | NVENTI ON TECHNI CAL PROBLEM [ 0006] An obj ect of the
present invention is to provide a nethod for increasing the change -
3 - inthe fluorescent intensity emtted froma potential -sensitive
fl uorochrone depending on a potential or ionic strength change and/ or
a nmethod for enhancing fluorescent inten3ity depending on the
potential or ionic strength. Anot her obj ect of the present
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invention is to ensure t the fluorescent 1ntensities o
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guantitative changes in their fluorescent intensity can be neasured
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cells or lipid bilayered |iposones.
potentials of ES cell- or iPS cell-derived cardiomyocytes that have heretofore been
impossible to measure.

A further object of the present invention is to ensure that the fluorescent intensities
of potential-sensitive fluorochromes or the potential-dependent quantitative changes in their
fluorescent intensity can be measured conveniently without using such substances
(membrane carriers) as cells or lipid bilayered liposomes.

Yet another objet of the present invention is to develop a screening method for
finding out a substance that enhances the fluorescent intensities of potential-sensitive
fluorochromes.

SOLUTION TO PROBLEM

[0007] The present inventors screened a variety of substances and found that vitamin E has
an action for increasing the sensitivity of potential-sensitive fluorochromes whereas both
vitamin E and cholesterol have an action for enhancing the fluorescent intensity of potential-
sensitive fluorochromes. In addition, it became clear that these substances can be combined
in such a way that the sensitivity of a potential-sensitive fluorochrome is increased by
vitamin E while at the same time its absolute fluorescent intensity is enhanced by both
cholesterol and vitamin E (or the combination of cholesterol and vitamin E). Based on these
findings, the present inventors have accomplished the present invention which provides a
method for measuring changes in the fluorescent intensity of a potential-sensitive
fluorochrome depending on the potential or ionic strength change, wherein an ionizing
compound is added to a potential-sensitive fluorochrome to confer a potential or ionic
strength change and vitamin E and/or cholesterol is also added to increase the potential or
ionic strength change on the potential-sensitive fluorochrome.

[0008] The present inventors also demonstrated that by employing the above-described



Yet another objet of the present invention is to develop a screening
met hod for finding out a substance that enhances the fluorescent
intensities of potential-sensitive fluorochronmes. SOLUTI ON TO PROBLEM
[ 0007] The present inventors screened a variety of substances and
found that vitamin E has an action for iscreasing the sensitivity of
potential -sensitive fluorochronmes whereas both vitam n E and
chol esterol. have an.action f.aor _enhanging .the fluorescent. i.ntensi of .
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that by using specific substances, the sensitivity of fluorescence from potential-sensitive

fluorochromes or their absolute fluorescent intensity can be increased and that changes in the



[0010] In still another node of the invention, the present inventors,
based on the discovery that by using specific substances, the
sensitivity of fluorescence frompotential -sensitive fluorochronmes or
their absolute fluorescent intensity can be increased and that
changes in the - 5 - potential or ionicsstrength on the

potential -sensitive fluorochrones can al so be neasured irrespective
of whet he cars ier h a i d blla er.ed
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such as cells or |ipid bilayered |iposones; (ii) inmobilizing
a pot ent isalutiserasidingan ipnigmesomperad gnth selutipncad steasuringydangesdnithe a

sol ution, adding_ an ionizing compound and a test substance to the
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potenti al -sensi't uor rome as
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the percent 1 ncrease as obtained in (i), selecting the test substance
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intensity of the potential-sensitive fluorochronme depending on the

pot ent i aktrength onithe witedngsdnsitARVANTAGEDUSInERE BESESCE 4 INviaNtan©Narrier such as
cells or lipid bilayered liposomes;

(iii) comparing the reference value obtained in (i) with the test value obtained in (ii)
and, if at the same concentration of the ionizing compound, the fluorescent intensity of the
potential-sensitive fluorochrome as obtained in (ii) is higher than the fluorescent intensity as
obtained in (i) or if for at least two different concentrations of the ionizing compound added,
the percent increase in fluorescent intensity as obtained in (if) is higher than the percent
increase as obtained in (i), selecting the test substance as a substance that enhances the
percent change of fluorescent intensity of the potential-sensitive fluorochrome depending on

the potential or ionic strength.

ADVANTAGEOUS EFFECTS OF INVENTION



- 6 - [0011] It has becone clear that irrespective of whether an
experinment is perforned in a systemthat does not use a nenbrane
carrier such as cells or lipid bilayered |iposones or in the
conventional system which uses a nmenbrane carrier such as cells or

i pid bilayered |iposonmes, the sensitivigy of fluorescence dependi ng
on a potential or ionic strength change from potential -sensitive

fl uorochr e increased, by vitam nd that .fluorescent .
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pot ent i alchsegesianibeenhinoed bg botnesniio Bxndghales@tdld phase on a
substrate's surface emtted fluorescence at intensities proportional
to the i IBRIEEPESORIPRTIONIEF BRAWEBNYGEi ti ons that there were no cells
serving as a menbrane carrier; for D 8-ANEPPS (FIG 2a) and RH237

(FI G 2b)[00tHaddEs 1iina sot0berpbeshowing 8ns petgniid sensiée flurrpelopoes fopmings
the concentration of the ionizing conpound added (potassium
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sensitizing action) and that both cholesterol and vitam n E functlon

as an enhhagein Dfubseientsutthcdlapied CRbrdstdhee asmembitic® pRPSitionalb tie ionic
strength under such conditions that there were no cells serving as a membrane carrier; for
Di8-ANEPPS (FIG. 2a) and RH237 (FIG. 2b), changes in fluorescent intensity occurred in
proportion to the concentration of the ionizing compound added (potassium chloride).

FIG. 3 is a set of graphs showing that vitamin E functions as a substance capable of
increasing the potential-dependent percent change in fluorescent intensity of a potential-
sensitive fluorochrome (i.e., a substance having a sensitizing action}) and that both cholesterol
and vitamin E function as an enhancer of potential-dependent fluorescent intensity of a
potential-sensitive fluorochrome.

FIG. 4 is a set of graphs showing that vitamin E functions as a substance capable of
increasing the potential-dependent percent change in fluorescent intensity of a potential-

sensitive fluorochrome (i.e., a substance having a sensitizing action) and that both cholesterol

and vitamin E function as an enhancer of potential-dependent fluorescent intensity of a



- 7 - potential-sensitive fluorochrone. FIG 5 is a set of
photos showi ng that vitam n E and chol esterol can also exhibit a
sensitizing or enhancing action for a potential-sensitive

fl uorochrone under such conditions that cells were used as a nenbrane
carrier. DESCRI PTI ON OF EMBODI MENTS [QOA3] Potential -sensitive

fl uorochrones are substances usefuI for neasuring the activity
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quantitative analytical method. [0014] Cells are used to perform
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of the potential-sensitive

approach has been commonly used as a quantitative analytical method.

[0014] Cells are used to perform potential measurement on potential-sensitive
fluorochromes because potential-sensitive fluorochromes, which were initially intended to
measure the potential difference across the cell membrane, have been specifically developed
to acquire a higher ability to migrate towards the cell membrane in order to attain that
objective.

[0015] In order to search for additives that would enable changes in activity potential to be
detected with higher sensitivity, the present inventors first performed measurements in
accordance with the conventional method using cells as a membrane carrier. When a greater
amount of potential-sensitive fluorochrome was added with a view to enhancing the
fluorescent intensity from the potential-sensitive fluorochrome, the fluorescent intensity on
the cell culture dish rather than on the cells increased, namely, ihc fluorescent intensity of the

background increased. This phenomenon suggests immobilization of the potential-sensitive



- 8 - fluorochrome on a surface of the cell culture dish as the
substrate. Since it has heretofore been considered necessary that a
potential -sensitive fluorochronme be subjected to experinentation
after it is treated to forma solid phase on a nenbrane carrier such
as cells or lipid bilayered |iposones, tfie possibility of

i rmobi i zing the potential -sensitive fluorochrome on a surface of a

ShenonendHo g8} 'g%iséﬁeﬁotﬂh? &t exf glaﬁf‘%ﬁleﬁi@%t i Vel hes Erciofore
neasur ed chg

t t
concent r at L omn o eé%d %16 gr es&epa POtgmgaESI YA I?uorgc mmgﬁe E%F(ﬁtﬁqﬁﬁ’t h) in
accor dance X‘\flltﬂgnttaﬁ&'l ﬁ?&‘f?ﬂttﬁgﬁﬁlto W&hd ﬁpﬁﬁ} bfane carner shch as cells or

pot ential - enS| trve uorochrone was not trea orm a

phase on wpl&rsrrp,fe?%zﬂ be€thS ﬁg%ﬂdﬁlo@ﬂm gﬂhggbﬂeh@aiﬁaﬁs%ve

| i posones but to adhere surface o her ent

subst r at glfHEdhr@ic Bh ashife& 6ifa ﬁb@tﬁﬁe sdh ds p@asti6s ldss, cid)Bad Elééﬁ'&tt@{aﬁ
found that even without the use of a nenbrane carrier such as cel ?’s

or |ipid dekpactsdgshehopessires, fluorescent intensity was enhanced in a
manner dependent on the concentration of the ionizing conpound (i.e.,
i oni c st r[@Ag6]h)Basdhbs tHisfindingthe gresenmisveinests niveased emmpgéssindluokdieent
fluorescent intensity of a potential-sensitive fluorochrone and the
pot ent i alinesigndtpandant antlie encadrativanfen addetionizmgcempoumt @rs idnjc strength)
[0017] Thus, in one node of the present invention, the inventors have
shown t hdn agcgnréalpp gddthe eonsnpena imreghadn excepbihet @potﬁmwémmsiltzwerf@mochrome
potential -sensitive f|luorochrome on a surface of a substrate in
sol ut i on,Wasdwt Hgatadhtq Wzﬁ W@d@émwm@bﬁ% cagien s draseatls eielipid lbilwred
changes i.n the fluoresc ten5|t he ential -sensitive

] G ol el

£l uorochrH’t‘?ﬁmH%Splé‘Hd‘ Aye it reptetaew great ?”é’ﬁ@%tﬁ s%gnéastws or

th b d th th t

T N %ﬁ@??svue??ﬁr%lﬁﬂ%gﬁ??s g v
1 DI

| posomegd ?%%qrg})ﬂ@ﬁﬁa e%%d(’afnf %lés’rehr%lg)? S|&:’/net n?tFI?Slt PoC regl%e §§¥use(§m @rein

may be ag%gaidje hén fh\é%@ﬁcén'ﬁ%ﬁor%f’th KL %l:%{mg&?a '?oﬂlpstwfi}gmgr This has

concer ne sui t abl e one may e se énnn

fol | owi ngnasiky bytveRRBER Rk SRLH@be ﬁe ﬂ%bﬁew&n iﬂté&%‘it?%*ﬂﬁ%ﬁﬁﬁnﬁ%ﬁhh% ng
ANEPPSs, ANRPE(Qs and RHs; cyani ne- oxonol - based

pot ent i alfhestsikdhy end 1hd PoRmiaOAsSN ﬂ'ﬂﬁdﬁitﬂ@c@h&%eﬁin fldofdscént iftbdsfyS .

D BAC s, and D SBAC s; and rhodam ne-derived potential -sensitive - 9

- {0017] Thus, in one mode of the present invention, the inventors have shown that by a
procedure comprising the steps of immobilizing a potential-sensitive fluorochrome on a
surface of a substrate in a solution, adding an ionizing compound to the solution and
measuring changes in the fluorescent intensity of the potential-sensitive fluorochrome
depending on the potential or ionic strength change, there can be provided a method that
measures the potential or ionic strength changes on the potential-sensitive fluorochrome even
in the absence of a membrane carrier such as cells or lipid bilayered liposomes.
[0018] The potential-sensitive fluorochrome as used herein may be any of the types that are
generally available in the art concerned and a suitable one may be selected from among the
following: styryl-based potential-sensitive fluorochromes comprising ANEPPSs, ANRPEQs

and RHs; cyanine- or oxonol-based potential-sensitive fluorochromes comprising DiSC’s,

DiOC’s, DIIC’s, DiBAC’s, and DiSBAC’s; and rhodamine-derived potential-sensitive



fl uorochrone such as Rh 123, TMRM and TMRE. In the present
invention, it is nore preferred to use styryl-based
potential -sensitive fluorochromes conprising ANEPPSs, ANRPEQs and
RHs, which are specifically exenplified by di-8-ANEPPS, di-4-ANEPPS,
RH 237, RH 1691, di-5-ASP, RH 160, RH 424, RH 795, di -4- ANEPPDHQ
ANNI NE-5, and ANNI NE-6, and a preferred potential -sensitive

e

compound T RGBT KhipdMRLE AR LU FUE® PRagRstruRg L& mok
compoun A SHfisr A |

that | o e e P A8 P et YRR it it BT tordu iy AERPSETC
of T ons. conEEe g R A T A B e R AT P A PORYS.

fluid, suyghoa%, RALEDS] S03-ASPREM 66 REEUHRIPIFOS! RONANG: HPRIHQCANNINEES

ion, hydroxyl 1on, and ammoniumion. In the present invention,

pot assi uning HININIE-G, S £ prepereddl [t iia]-SnsBRE ifliBt et dfid A8y BRYelbt&l §ah! Y
be used as a preferred ionizing conmpound. [0020] The surface of a

subst r at ensymghhas. pl astics or gl ass need not be given any speci al
treatnment; alternatively, it may be subjected to a surface treatnent

t hat al | 0819]orTheasyiziagkesipomddfo weddded td the phicafiswensitias fivorobleome
substrate's surface is subsequently treated at a suitable

concent r ammnbilided enpeubstritaburben i & selatién may be hny sbs(agay thal BAiZRM dwanges
less in the case of ANEPPS) for a suitable period of time (say, 15

i nut es ilpfotiprs) émdie selutinnEPPsiatamore sperifigalle iteapbe an ipnizitgenympauod dhat is
in the case, of ANEPPS), The treated surface of the substrate is .
washed wisPlshacarRasshPBIoRs Geynacs §) ybiokgic tipwg dtuid prrangntragedlylar fuid, such as
t hereby renove the,.potent.ial-sensitive f]uarochr t hat has not been
e 7 g R S S S M A

present inyention, . by using the above-describ t hod,.whi asures
Phe pot et 5 Brkd ikt Platiin R SRR opil R ru iR Bl 25

fl uorochr, Nt . Q. arrier such as cells or
lipid bi |t§é}garﬂé';b°|#g%gg%gfs}?&{%mﬁn‘é%é’?@ﬁﬁof the potential or ionic
strength g jrak = i 1ods f I - hat :
convent | JOORNI e oAb Sha AR Plaslidor A HETREIAATE fivilanf3fecial
lipid bi kayeiae JikRRAGORSIt ARG ubieeR Yo 25RARL 1R atntenk A SR R by I N
vitro. Hence, the present inventors adopted this nmethod for the

speci fi c aphdspasst cefls. Sk eBithe\@r tae, huREbstatesSsurfacd & subtdi@bntiotiéaled at a
enhance the change in fluorescent intensity of the

pot ent i alsuidarhs caricestrdtionaf agiotontial-sasitive fluoashous{say) 66 i at lasoin the case
facilitate the detection of this change in fluorescent intensity.

Thus, i ncAANERAS)orkeswifableiperipd @f éinte (sayy éhmiontes intbe caeafit/OVISPREwea
shown that by using the above-described nethod, there can be provided

a met hod switabde feawsratigreeny, 20 SGHB therfase efANERBY). f Thestreates! furface eStbe pubstrate
intensity of the potentjal-sensitjve fluorochronme gnanely, a

subst ancés VAed & labke|agus s sehtion gt leastthrge Gimeg tostheeaby sermoysihe

lowers it) as well..as_a supstance that facilitates the detection of a
change | FOIRTBFESERRE TRrOEROMA TR AP, Poeh SOl R En CHD GG |1 ¢ ot o6
t he detectd f increased change of .fl uarescent intensity or
subst ancdOVF: A arhPaEnGr SHBF dteruimsanna s Bn Bt d
fl uoresc ' ' St at. i fi I t L
1 o eoCal A0 ok, BOTREh 0 T PESH S hor bR S s,
change i @Iu&d&ﬁ{}o%?ecﬁ%c h&%ﬁ&sdftaymgﬁlbﬂmg%ﬁﬁi %lﬂ‘:hf&% QB & ﬁrjﬁc_:l Eh%é&%ﬁo@%ss,
dependi ng on the potential or 1onic strength, conprising:
the measurement of the potential or ionic strength changes on the potential-sensitive
fluorochrome that was conventionally performed using a membrane carrier such as cells or

lipid bilayered liposomes became highly amenable to implementation in vitro. Hence, the

present inventors adopted this method for the specific purpose of screening for substances



[0023] (i) immobilizing a potential-sensitive fluorochronme on a
surface of a substrate in a solution, adding an ionizing conpound to
the solution, and neasuring changes in the fluorescent intensity of
the potential -sensitive fluorochrone depending on a potential or
ionic strength change to thereby nmeasurgpa reference value for the
potential or ionic strength on the potential-sensitive fluorochrone

R A i
fl uor OChrle%?OC%POIg % SB%StQHC%y % W%El@oa Héates&]e%%{ceuon (?fjtglsnc%an e in

i oni zi ng conpoun ance 1 on rrng

changes 'fﬂlo}ct% erit! 1ﬁ’t9ﬁs‘?§p eﬂltus lRGROREL I¥1f)9 oft tﬂg H{'&Erﬁ%@& 10(?] ecﬂﬁ !il{v'efft%rs have

fl uor ochr ome epen ing on a potentia IC stren

thereby RB&SHEt By LERE tN@iBb%e-fdQECﬁbQ@ Irfb%(ﬁlnfﬂe?é cdtbel eﬁ@‘hﬁe@ﬁ hﬁ:ﬂg)tdkbfon
the potenti al - sen5|t|ve | uorochrone in the absence of a membrane

carrier su@bniag feed é@s@ﬁc& ihed dodifle @R TRBrdscHR SAeRSy dr @k sdtertidi-kensitive
conmparing the reference value obtained in (i) with'the test value

obt ai ned fivordchigma(ithmeily, atsibstiildsalifsaRatices fiiGr@Sdehyin@sik6r a substance that
potential -sensitive fluorochrone as obtained in (ii) is higher than

t he fl uolesasiit) as weHns atsybsimce tha favdiitaien ti{el detamtion bf f ohangk it Hastesdenn
different concentrations of the ionizing conmpound added, the percent
i ncr ease litandity(ormslyensutistmen diat faciBatebthaidetedtiomor 1)1cnesse|d| chhege d¢fhan
the percent increase as obtained in (i), selecting the test substance
as a subdtuarrsecnt infensitydir foisabstans thid fecilitates Mamdpiecsion fof adeersaser change of
intensity of the potential-sensitive quorochrone dependi ng on the
pot ent i aIﬂUBFeSF%ﬁFTH%SEtﬂ%ngt h. [0026] The term"nodify [nodifies]"

sed her nrelation to..t rcent change of or.escent
"t enoi t g0 a SirEierarmegiskaly M F Riordeng %{egaﬁﬁf‘d?q@g&ﬁu{aﬁ@nw that
pot enti al

the per ﬁg}#‘r‘%ﬁqﬁ' e L B L T R mﬁayﬁafﬁeaﬁ%vghgaw“ﬁrgm
1 or 32h?‘gﬁeeqﬁl‘%é&&a‘fhéé%{e?ﬁ%f@?%@%ﬁ%‘%ﬁu Coflprk8% 12" Gt ect i on of an-
i ncr ease 33 SIP ﬁ&%ﬁﬁzﬁf‘g‘& SBLENSEAN R Bud?OdHo F%B% ce ofl! %%%Zt}até tha

t he conv nt| Scree thod whi ch used cells as rane
carrier, shlutidRSaddin fanUﬁi%mth:oﬂﬁbﬁﬁdﬂ(ﬂﬁc whiatibe ant %a&ﬁh@&aﬁ sURERr
screeni ng woul 'd act on protei ns such as ion channels present in the
cell's or flwetdscent Mtensitg ofitliesteritial-eemaivie dioydcdhForhd@epending on a potential or ionic
potential -sensitive fluorochrone. Unlike this conventional nethod,

t he abovstregsic chingd e threeshyimgpsuretahetbrafce tvhle foethe pbtehtiven iomo St@kﬁ%ﬂ’l on the
not use a nenbrane carrier such as cells or lipid bilayered

| i posonegotentialigensitivpiveiobhmemtedn $led asence of wbstrabrere cdreer dich es télis or lipid
interacts wth the potential-sensitive fluorochrome. [0028] The

present bHyEeblROSAH®Ad a nunber of substances as exanpl es of the

test substance referred to in step (ii) of the above-described nethaod

and check&¥4lo (]é)e@m‘?blh%iéﬁ a@@%ﬁl%&%ﬁ%a Flgorephmgmeeon syarface gf @glézsmate ina

intensit ntial-sensitive f ochropes or facilitate
dot sct | onoldiioR BiRagB iPREDREPMOPHLIELE Gok et ffsuring
t hey foun t hat

i 11 er entheneds tn e P BiERER BiF i 5 s g s tfﬁu%%fbwgﬁ @e%épdlﬂg ona
potenti ab{)\%ﬁ{ﬁ'otr'leﬁﬁc gﬁ%}?gﬁ}ﬁ% ébg? 3Surt LYY Ol ?ﬁ tﬁe ten aﬂ or tl(i}uc

reveal ed vitamn |on or enhanC|ng

of pot enEt‘r?‘l%ﬁSﬁ'ﬁi o¥éntfal- %\Q{sor E{R]han BESChAIEE 8tﬁe ??steﬂcé/ (')ftaalmaﬁbﬁn@'agmter sucfh as

chol estero ave a actlio Cl ng t uorescent 1 ntensi
the pot epéisadrifePeisiendd lfijodemes! u- ones.

[0025] (iii) comparing the reference value obtained in (i} with the test value obtained in (ii)
and, if the fluorescent intensity of the potential-sensitive fluorochrome as obtained in (ii) is

higher than the fluorescent intensity as obtained in (i) or if for at least two different



[ 0029] This screening nethod, which adopts an experinental system
that does not use a nenbrane carrier such as cells or lipid bilayered
| i posones, is capable of picking up a - 12 - change in fluorescent
intensity that is based on the direct interaction between the
potential -sensitive fluorochrome and thgitest substance. So it becane
clear that vitamn E and chol esterol, rather being assisted by the

i f th nb .t.h b ' ial, had.a,di . .
Setion ortopreiEpa e Rnidiad eebeoi e RO REc D oreb ey i RRniepsiy
i . : . . ‘l ' .
sons U1 1) AP ARRR: el 82U LA GECBB g e,
E and Ch%hﬁﬁ&?tfegi's 1a.shf)sthlfteq}?a?%éd?ﬁ%g?%}rrchllntr%éﬁe Jflﬂﬁ%gésg‘%ﬁ inte silgrufdhe

fromvitamn E derivatives and c vati ves but als rom

l'i posol ullogentiat-§exitidd Mudrd AFIntidpandiBs oY dhd Y&tentB6Pioak Bihyhat ed
hydr oxyt ol uene, trolox, catechin and astaxanthin, conpounds descri bed

in known [OOE@nﬂflieﬁtg:lﬁief‘ﬁodifﬁgH@dIﬁé‘ﬁ” a§ udddU@rdie SeRIEn t&/He pe@nt dRABe of
pp. 65-138 and Toxi col ogy, Vol. 180, 2002, pp. 151-167), "and

deri vat i famréshertdéntndifQd b potentiahsershise fhbrabr@eanddpgndiap of thaipsediac or ionic
that affects the fluorescent intensity and the potenti al -dependent
change i rstiehgtbmeycefedr to eithensnhapcing qydoeningihe percenttchurgd dflioteosshr knrtke
that is to forma solid phase nay be added to a solution, which is

t hen tr eguesgnbipverionne suhstinde that pifadcestibey 8uorgsgenpintaneity of e gotential-
tested this screening nethod to check for the relationship between

t he conceResiidtg Bepreghrome apd g sbshance pnt dacilitais therletacken pf arinsreapyinthe

or enhancjng acti.on in can ction Xﬁth fluorescent intensity. As the
result, t SEH ARfeRRtars @gﬁFﬁkﬁ?-mhen used at concentrations of 500

1liMto 5 1d enh h i tivity.of ia -sensitive .
{1 or ochdHEn® TiHie a0 Sptiaalatfaetitac i ihichasBF hifvas e B aDeng corcer,
intensity, The: | al sq.f t _cholesterol . wh d_at
concent r S dEicbPEBHrin? bR0LL I bR B Rt Eh P o B R G Bl such
i ntensi tyef, éﬂﬁﬁgp&@‘%ﬂt% URGRAL b %gulg'i 619&&’&&25@2?&9&3\%141 Hﬁe'sﬂ}ﬁenttﬂﬁ

sensitivity or escent I ntensit nhanci ng ances

obt ai ned ¢bysiti e RROMEoMES EnliRE this 688 LRSI PRINA0he LPSv LGSR creening

i nventors have further shown that changes in activity potentia

occur i n ndetRsed thk Ffvgexﬁfim%ﬁtiaﬁ bbes Mt _ui;ePaQ-'nféﬁiHraJQQ:rah‘i/a@@u&ﬁﬁs‘i@eﬂ%ﬁ’ﬁ%ﬁﬁ?s
or a single ES cell- or iPS-cell derived cardionyocyte or in certain

areas of bildgdred HpeHoate ayit Bpossiblehe sereasibubstandettRat Mgy interacts with the

sensitivities than possible in the conventional nethod. Specifically,

t he i nvempptntalkzustish fworcch@inet he activity potential of cultured

cardionyocgtes can be neasured with higher sensitivity than possible

in the cdAVat iThaagresent ingentors added a number of substances as examples of the test
substance referred to in step (ii) of the above-described method and checked to see if each
substance would enhance the fluorescent intensity of potential-sensitive fluorochromes or
facilitate the detection of a change in their fluorescent intensity. As a result, they found that
two substances, vitamin E and cholesterol, having different characteristics enhanced the
fluorescent intensity of potential-sensitive fluorochromes. A close study of this action
revealed that vitamin E had an action for enhancing the sensitivity of potential-sensitive
fluorochromes whereas both vitamin E and cholesterol have an action for enhancing the
fluorescent intensity of the potential-dependent fluorochromes.

[0029] This screening method, which adopts an experimental system that does not use a

membrane carrier such as cells or lipid bilayered liposomes, is capable of picking up a



met hod by the procedure of bringing a potential-sensitive
fluorochrone into contact with cardi onyocytes being cultured in a
culture nedium adding vitamn E and/or cholesterol to the culture
medi um and neasuring changes in the fluorescent intensity of the
potential -sensitive fluorochrone dependijng on a potential or ionic
strength change. [0033] To neasure the activity potential of

di h f h.
e cubj ocringsy iG-S RERS p RS he oPofe R oTFAG Bl Shaihe Poftta-
and_car d's%@iﬁ&é’ﬁﬁémaﬁr%n% o &4 stht%&’c?ers%er Hmte%[e%r thEPv‘t inddgf ent

culture rum a -sensitrv UOI’OC rone 1s SO as to

stain th

added at %élﬁﬁé%#{lf"é%*%ﬁhéﬁéﬁg%o%d BEgetofine ?ﬂﬂ‘ﬁ%?%fiéﬁhw%ﬁ%ﬁﬁm&mml
or chol esfa@aQirctRactBR oSBEp 6t@1ﬂ?ﬂ%@ﬂ@tﬂe‘ HudRbcH:H8Y tcnﬁﬁérelB? eHBE&Re itS sensitivity
conbi nation. [0034] For fluorescence assay, any type o | uor escent

M cr oscofsr mﬁiunmglb@s i @dll aits AeoREdentRiRRIted may be applied in
the present invention and a typical exanple is |IX71 (OLYMPUS

Cor por at i1[0030] IIn atittieiofxiarvidvesf thegiofetids@divithikTilE afll ¥YGPE4Teron igie eadyiton)
was used as a fluorescent mcroscope and conbined with a suitable

| i ght sowxpectsimilarSumdtions nat ordy fromyvitaanp H GriviviidS a@d cholesteiod dyrivativesibut
LED assenbly (OLYMPUS Corporation). For the purposes of capturing

f1 uor esceitro fromadipesolublagntigridands mglwdinigaterivataves shiett asdngylated iy dwaglobuent,
anal ysis software for inmaging and nunerical cal culations that can be
used in tiFdoXcategltinaag ﬁ@axmnb@mand%@esmqu kppwssacumene(n.g. oAdvamcs
t he Exanmpl es that foll ow, ystem(Bral nvision Inc.) wa

used. [oowmgrﬁsseﬁf%é’@h?é il%%ﬁaPPsﬁS b Togeingh Vohah3, Wb 131167,
not only i 9 t he saxg)gq53 n?ntal system that does not involve the use of

a menbr a8 SEHYAYES B§EH0Tas cell s or lipid bil ayered | i posones but

carrier JUBHIAE B R0B} sy .6?”%’E e AT e i RResfin on S g e
to enhance, e 5054 Khinke9] oRORERLL ﬁlkeraﬁySabéatgrﬁmi-kaﬁﬁﬂf%fﬁu%?&%mme that i

wher eas a erol are

fluores cqmorhm &1 Oéﬁés@fna}r e 2BALLBL s%lu‘t%ﬁ”&hfch‘f@th@:ﬁ Hekog BY Apthod

depending on th entia lonic strength change.” Thus; it

been showasdiibad abJS\\Q: pl‘lﬁﬁﬁgicnt MVeRbisABstéPihidNcREhHR BethOY R chdBt RREnd or
nmeasuring changes in the fluorescent intensity of a

pot ent i alrelagmisship bedwtdiihe eohdentratistepRritinty 206y dhoRseedl@nd kiadir Rhsitiging or

strength change, which conprises adding - 14 - an ionizing conpound

t o the petknicimy actiensn tonrectidruwitb floeseent mtasity e Asahgetwnthal foond that

ionic strength change and al so adding vitam n E and/or chol esterol to

enhance tvitempoEcwhémusedrat cenventrajione ng500 pNategewn cotld enhance the sensitivity of

potential -sensitive fluorochrone.
potential-sensitive fluorochromes while at the same time enhancing their fluorescent
intensity, The inventors also found that cholesterol, when used at concentrations of 500 pM
to 5 uM, could enhance the fluorescent intensity of the potential-sensitive fluorochromes.
[0032] Using the sensitivity or fluorescent intensity enhancing substances thus obtained by
the above-described screening method, the present inventors have further shown that changes
in activity potential that occur in a population of ES cell- or iPS-cell derived cardiomyocytes
or a single ES cell- or iPS-cell derived cardiomyocyte or in certain areas of such
cardiomyocytes can be measured with higher sensitivities than possible in the conventional

method. Specifically, the inventors have shown that the activity potential of cultured

cardiomyocytes can be measured with higher sensitivity than possible in the conventional



EXAMPLES [0036] The present invention is described in greater detai
by referring to the follow ng Exanples. It should, however, be noted
that those Exanples are illustrations of the present invention and
are by no neans intended to limt the sanme. [0037] Exanple 1:
Construction of a nethod for neasuring-fiBuorescent intensity and

pot enti al - dependent change in fluorescent intensity using

potenti al - LELve orochrones that. forned sol i.d phase o .
Clibet 1t LT b EDbCREQE YRR o Rl SR TR Bt R dt win
formng g I . i L4 ve, §d:

sur faces ToQ o BAE R IR ol A R AR pd P ORI BB L Bierol o

net hod f Qpe PRASE KA/ K&d Héé@ﬁrﬁ%cﬁﬁﬁ%és% ?ﬁbsf.ilﬁdr@s%cﬂfi{l%gﬁgno the p%tﬁntial-

potential -sensitive fluorochrones and the potenti al ent anges

in their sfahéiﬁf@ﬂ@&ﬂ&hrbﬂz%@l@ﬁéﬂd}fnf dDDBSEnthl RRIGE tAdnpRedahid. Ve
fl uorochrone (D 8- ANEPPS or Di 4- ANEPPS, both avail able ffom

| nvi t r ogef0P33jasTamnysdrd the activdypointial obéutdivnydcvEdkIBABE 626l 4/§bstrate such
(Sigma- Al drich Corporation, St. Louis, Mssouri, USA) containing

fetal bowspiaster amgl{sSA-ibictsicb ang esitablenestmentfan psotingpAll adheasioni andl

concentration of 10% and the m xture was passed through a 0.22 p.m

syri nge foardiemygdvitds|arperbgsctédiiosidbénasiatultare. U he adhgrempaltareanedium, a

potential -sensitive fluorochrone solution. [0039] A 1 nlL portion of

t hi s fl udotaripbspasifise flagrpshromy ie addedofo as 1@ sBinctlye phltred cellsuintl itemdn Eh

(BD, New Jersey, USA) and a 3.5 cmglass bottomdish (I WAKI, Asahi

G ass Co.andfor gholestempl/is alspadded at qogpentptiansl 200 M de Stdalmibir cage, vitgman E

for 15 m nuges. TEe treat e{ﬁj@éur f ces We&{}e washed at. | east three tines

wi th the BERYCYEILFIRYRCHEHRLERPHBUAHIVE BRYE EpLe ipreambmatigny not

contain otenti al -sensitive fluor rome and that it had, been .

war med uga%f%ﬂﬁ?’vf‘ér h{.\ﬂrgp%etgf,c ASSAY; ANy éYP&rR% FGSCEt microscope t1t1at ean be used in the

potenti al - I1] & r. '%gnot form Qlid,ph

potent' b aialhly Bl WRLATINATR ol oS MBSO

SErum - (OLYMPUS Corporation). In the Examples that follow, IX71 (OLYMPUS Corporation) was
used as a fluorescent microscope and combined with a suitable light source unit such as a
mercury lamp (OLYMPUS Corporation) or an LED assembly (OLYMPUS Corporation).
For the purposes of capturing fluorescent images, imaging and numerical calculations, any
models of analysis software for imaging and numerical calculations that can be used in the art
concerned may be applied in the present invention. In the Examples that follow, the
MiCAMO2 system (Brainvision Inc.) was used.
[0035] The foregoing results, taken together, have shown that not only in the experimental
system that does not involve the use of a membrane carrier such as cells or lipid bilayered
liposomes but also in the conventional experimental system which uses a membrane carrier
such as cells or lipid bilayered liposomes, vitamin E is able to enhance the sensitivity of
potential-sensitive fluorochromes whereas both vitamin E and cholesterol are able to enhance
fluorescent intensity of the potential—sensitive fluorochromes depending on the potential or
ionic strength change. Thus, it has been shown that the present inveﬁtiou can provide a novel

method for measuring changes in the fluorescent intensity of a potential-sensitive

fluorochrome depending on the potential or ionic strength change, which comprises adding



- 15 - supplenented with 50 p. M of M- TBAP (Cal bi ochem Merck KG&A,
Dar mst adt, Germany) and 992 ttM of Trol ox (Wako Pure Chem cal

I ndustries, Ltd., Osaka, Japan) and fluorescent signals were captured
using the fluorescent mcroscopic system | X71 (A ynpus Corporation,
Tokyo, Japan) and a nercury |anp (O ynmpysg -Corporation, Tokyo, Japan)
or an LED light source (A yrrpus Cor porati on, Tokyo, Japan), followed
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intensityetAMPIER surface of each di sh (where the
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sanpl ed at three fferent points on the dish and a standard

devi at i oExuaplde tleshouhictolewt) bweted b bhosoOExdniesanplgtratioisesishd présent
The data were plotted to give graphs for the fluorescent intensity
and t he dimamg¢en and htelyrmements intehdaistptlyni( fleGamit) . [ 0042] In FIG 1,

(a) refers to the case where Di 8- ANEPPS forned a solid phase on the
surface df03He Hxample p) oftz ad orvease & el .
solid phase on the surface of the pI astic d| sh and (c) the case
wher e Di @OERLE adant ghang flyorspeeabintensity asiag petgatalsengitive Huerechromes

Pl concentratl on of the added
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sol uti on;ob4sr ea{)étaﬁualacmm&wﬁahe@memsl&mlmweﬁpiedaoupaﬁhﬁble
fl uorochrome solution to give final concentrations of 0,

and 20 monT heviteien) what aiixelinby apRithpsM0NEVISHDSERUVBASE medi@m (Slgma-Aldrlch
treatments, neasurenents and processing as descri bed above are

pl otted (ﬂor}gm‘alpﬂm S¢.FLGRis,2Yissp@lAAFA ) confdifing Zetal(yvirshsenan ($eFA &isscientes,
t he case where Di 8- ANEPPS was used in anounts of 10 RM and 10012M and
(b) the danexd KansadscUSAg et afinaleoRichadtiomal1(fs and the mixtwrntvas phsstd thpoagh a
and 100 RM_ Fromthese results, it became clear that changes in the
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t he added ionizing compound (potassium chloride).
tluorochrome solution.

[0039] A 1 mL portion of this fluorochrome was added to each of a 3.5 cm plastic culture
dish (BD, New Jersey, USA) and a 3.5 cm glass bottom dish (IWAKI, Asahi Glass Co., Ltd.,
Tokyo, Japan), followed by surface treatment at 20 °C for 15 minutes. The treated surfaces
were washed at least three times with the same solution as described above excepted that it
did not contain any potential-sensitive fluorochrome and that it had been warmed up to 37°C,
thereby removing any part of the potential-sensitive fluorochrome that did not form a solid
phase.

[0040] The medium was replaced by MEM-BASE conaining 10% fetal bovine serum



[ 0045] Exanple 2: Screenin_g for enhancers of florescent intensity
and potenti al -dependent percent change in fluorescent intensity
(sensitivity) using a potential-sensitive fluorochrone that fornmed a
solid phase on a substrate surface Described in this Exanple
are the screening nethod for finding outjssubstances that would
enhance the fluorescent intensity of the potential-sensitive
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t he potassiumchloride solution to give final concentrations of 0, 5,
10, 15 arf60&] mhlordeheo pesidetpdteamitial cHaapes igtlenputedial-yedsitiviel flaorcthtdmie t he
vitam n E added group ("VE 18.75 p.M'), the chol esterol added group
(" Cho 18.sahitibnM potadshen ¢hibade splitien whoiddst ¢o dic fandedirgnesgiution to give final
("doubl e"), and the control group ("di-8"). [0047] In FIG 3, (a)
shows t heonecatratient ofd), 9et0,d6 and@0pele divtlowirgnbain stahding aBectbaaddition of
intensity and (b) shows the neasured val ues of fluorescent intensity;
in each getasHum ghigrides thedluopescens Antersitydresm phe wifage oy Gcpdishpwhoggdhe
added), the vitam n E added group, the chol esterql added group, .and
the vit arPPFFnEahSeBFF&V%QPB‘POGPT%W@p Rfeap. was mazsured. [l AWpreperat Bensiy dor
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chol est efpkndigy@1Ghy, action for enhancing the fluorescent intensity

of the potential-sensitive fluorochrone. In addition, the conbined
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the increase of fluorescent intensity but also exhibited the vitamn

E deri veduSsrsifithe plagicadith, §b) the cadehehdpe DeNANEPESfagintd ¥ €olid ptaseehtrme
(i.e., enhancing its fluorescing sensitivity or the

pot ent i alsudapafdenplagpér dighntaind (Grilyjecasa whenoD#s ARRPPSfoens] 4 solid phlassen the
results denonstrate the great superiority of the nethod disclosed

her ei n asutfigs ofdle glasssdishe efrofipthesaussitltsnid dscankeatleandlrt dhaefiernssent ihtensity
fluorescent intensities of potential-sensitive fluorochrones and/or
subst anc éicreasgd inprgpertion 4 Bgsenemdraipn ehihic aidefbisairinggomnouad (RotashiaAy e

in quoreﬁcent jntensity. . )
chloride) independently of what material the substrate was made of (glass or plastic) or what

was the type of the potential-sensitive fluorochrome used.

[0043] In addition, in order to determine the concentration range over which the potential-
sensitive fluorochrome worked effectively, 10 uM or 100 uM of Di8-ANEPPS or RH237
(both available from Invitrogen) was applied to the surface of a 3.5 cm plastic culture dish
and treated as described above to prepare a potential-sensitive fluorochrome solution;
thereafter, a potassium chloride solution was added to the fluorochrome solution to give final

concentrations of 0, 5, 10, 15 and 20 mM. The data obtained by performing subsequent



[ 0050] Furthernore, in order to determne the practically effective
concentration ranges of cholesterol and vitamn E, 5 pM 18.7 1.1.1\4
or 500 itMof vitamn E or 18.8 pMor 2381A4 of chol esterol was added
to 100 p, M of Di 8-ANEPPS in solution; each of the solutions was
applied to the surface of a 3.5 cm pl astjigc culture dish and a KC1
solution was then added to the fluorochrone solutions to give final
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action for increasing the percent change in fluorescent intensity

even whenpofassicarhkmidenti on was as low as 5 pM [0052] Exanple 3:
Activity potential neasurenents of cardi omyocytes derived from hunman
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sensitivity), as well as the methods of identifying the substances having the respective

actions.

[0046] In accordance with the procedure described in Example 1, a solution of Di8-
ANEPPS (100 uM) was prepared as a solution of potential-sensitive fluorochrome, to which
75 uM of vitamin E (Wako Pure Chemical Industries, Itd.) or 75 uM of cholesterol (Wako
Pure Chemical Industries, Ltd.) or a combination thereof was added. The potential-
dependent quantitative change in fluorescent intensity and the potential-dependent
fluorescent intensity were assayed as in Example 1 by using the method of adding the
potassium chloride solution to give final concentrations of 0, 5, 10, 15 and 20 mM; the results
are shown graphically in FIG. 3 for the vitamin E added group (“VE 18.75 uM™), the
cholesterol added group (“Cho 18.75 uM”), the vitamin E + cholesterol added group
(“double™), and the control group (“di-8").

[0047] In FIG. 3, (a) shows the measured values of the percent change in fluorescent
intensity and (b) shows the measured values of fluorescent intensity; in each graph, 4 refers
to the control group (only Di8-ANEPPS was added), m the vitamin E added group, A the

cholesterol added group, and e the vitamin E + cholestero] added group.



[ 0054] These human stemcells were allowed to remain undifferentiated
by culture with the aid of nouse enbryonic fibroblasts (MEF) that had
been rendered inactive for proliferation by treatnent with mtomycin
C. To prepare the MEF cells, the fetus of an I CR nouse at day 14 of
gestation (CLEA Japan, Inc.) was beheadqd_and di senmbowel ed and
thereafter disintegrated into discrete cells by the nethod descri bed

in VWO 20 2377. [00 Th I nedi. FLl2/ 1: 1) .
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(Wor t hi ngt on "Bi ochemi cal Corporati on, w Jersey, USA.) [0056]

SubsequerRIGy 3(b) sh@vdlethat it epan it ' addEEhdléstatol lngre alidddgyionifer Ghensiseihkes,
cell masses (enbryoi d bodies, EB) were obtained on a nesh having a
por e si zdlunfesdéht tintamsityrod yhaysotentpisenséivieriimnochrahe nircelditionn teesmbied use
differentiation, 50-1000 enbryonic stemcells per EB were cultured as
enbr yoi d dadthmin B andchatdternbmotadhehasian dlditiverdftzct i thh ifoneSe PEDHMCscent
GLASS CO., LTD., Chiba, Japan; sterilized Petri dish) for a total of

15-30 daystensity tut glse pxhibitqdthe wijemin Bidesivedsanpitizing action fosthy pasential-sensitive
bodi es caontaini ng cardi omyocytes. [0057] The cardi onyqcytes were
di si nt egrBORFIERME (C%(?wﬁé%“ﬁk?&flgd'&%‘iqfﬁ%&‘g %Y BY) oihg potemtial-dependent percent
Specifically, .t enbryoi d body _was treated with col |l agenase . an
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Activity potential neasurenents on thesé cardi onyocytes were made in

the absernogsmf ruithé@midie,Bin Rk ¢@¢teeiiRE Be prhdlicallP effe @%RbhEBRhSon fales of
cultured cell's were treated with a potential -sensitive fluorochrone
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tenporal change in fluorescent intensity was neasured. This treatnent

enabl ed abolestsiol masn addedaotliD0 iy opDIEANEHPS idaoiuvied, dach of theSbhugibes wed |
as well as part of a single cell (FIG 5.)
applied to the surface of a 3.5 cm plastic culture dish and a KCl solution was then added to
the fluorochrome solutions to give final concentrations of 0, 10, 20, 30, 40 and 50 mM; the
results of subsequent treatments and data processing are plotted on graphs (FIG. 4).
[0051] As it turned out, cholesterol enhanced the fluorescent intensity in a dose-dependent
manner whereas vitamin E, being not dose-dependent in terms of either fluorescent intensity
or percent change in fluorescent intensity, increased the fluorescent intensity by about 1.5
times and the percent change in fluorescent intensity by about 3 times as long as its
concentration was within the range of 18.7 uM to 500 uM. It also became clear that vitamin
E had an action for increasing the percent change in fluorescent intensity even when its

concentration was as low as 5 M.

[0052] Example 3: Activity potential measurements of cardiomyocytes derived from human




[0059] FIG 5(a) shows the result of nmeasurenents on isolated hunman
ES cell derived cardionyocytes in the absence of vitam n E and
cholesterol; FIG 5(b) shows the activity potential acquired from an
i sol ated human ES cell|l derived cardi omyocyte; and FIG 5(c) shows the
activity potential acquired froman isqligted human i PS cell derived
cardi onyocyte. [0060] As it turned out, activity potential waveforns

t hat had en, i ssible tq detect fromsingle ES cell derived
cardi owmiﬁ%—éﬁéé%e of vitam n E or chol esterol becane
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met hod for nmeasuring changes 1nt
pot ent i algjg@pmieldidifudel Uor ochrome dependi ng on a potenti aI or ionic
strength change, which conprises adding an ionizing compound to a
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strength change and al so adding vitamn and/ or chol esterol to
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potential -sensitive fluorochrome. 2. The nethod according to claim

1, wher eiCen5@GRMsordd tRho Natiotd MBiorekouree Psxett)ei Hilesn imHoded phuripotent stem
conbi nation with 50012M - 51.1, M of cholesterol. 3. The nethod

accor di ngello(iB akhs) Weoe otpingth &roei the theatey borilSi Gdll-Resnsich andkApplication,
fluorochrone is selected fromthe group consisting of anellated
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ANNI NE- 5’14%%6&%1‘1\&L%A Japan, Inc.) was beheaded and disemboweled and thereafter
disintegrated into discrete cells by the method described in WO 2006/022377.
[0055] The culture medium was F12/DMEM (1 : 1) (Sigma-Aldrich Corporation; Product
No. D6421) which was supplemented with 20% KO-SERUM (GIBCO, Life Technologies
Foundation, Maryland, USA), 1.6 mM L-glutamine, 0.1 mM nonessential amino acids
(MEM), 0.1 mM B-mercaptoethanol (2ME; Sigma-Aldrich Corporation), 100 IU/ml
penicillin, 100 pg/ml streptomycin sulfate, and 10 ng/ml recombinant human basic fibroblast
growth factor (bFGF; PeproTech Inc., New Jersey, USA.) For subculturing, embryonic stem
cell colonies were separated at 37 °C by 10-min treatment with 0.1% type III collagenase
(Worthington Biochemical Corporation, New Jersey, USA.)
[0056] Subsequently, in order to separate MEF from the embryonic stem cells, cell masses
(embryoid bodies, EB) were obtained on a mesh having a pore size of 40 um. They were
pure embryonic stem cell masses. For differentiation, 50-1000 embryonic stem cells per EB
were cultured as embryoid bodies on a cell non-adherent bacterial dish (AGC TECHNO
GLASS CO., LTD., Chiba, Japan; sterilized Petri dish) for a total of 15-30 days until they



5. The method according to any one of clainms 1-4, wherein the

. oni zing conpound is selected fromthe group consisting of potassium
chloride, calciumchloride, and sodiumchloride. 6. A nmethod for
measuring the activity potential of cultured cardi onyocytes, which
conprises bringing a potential-sensitivggfluorochrome into contact

wi th cardi onyocytes being cultured in a culture nedium adding
vitamn E and/gor cholesterol to the culture nedjum and neasuring
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potential -sensitive fluorochrones conprising BEBI @, and styryl

heni cyani[A@58]asediviigipetential memnenteantseorf thessraaotiomyesytcompe insidagn the absence

ANEPPSs, ANRPEQs and RHs.
of vitamin E and cholesterol. In other experiments, the cultured cells were treated with a
potential-sensitive fluorochrome and 18.75 uM of vitamin E and/or 18.75 uM of cholesterol
and then the temporal change in fluorescent intensity was measured. This treatment enabled
acquisition of activity potentials derived from a single cell as well as part of a single cell
(FIG. 5.}
[0059] FIG. 5(a) shows the result of measurements on isolated human ES cell derived
cardiomyocytes in the absence of vitamin E and cholesterol; FIG. 5(b) shows the activity
potential acquired from an isolated human ES cell derived cardiomyocyte; and FIG. 5(c)
shows the activity potential acquired from an isolated human iPS cell derived cardiomyocyte.
[0060] As it turned out, activity potential waveforms that had been impossible to detect
from single ES cell derived cardiomyocytes in the absence of vitamin E or cholesterol
became observable upon addition of these substances. It also became clear that vitamin E
and cholesterol which had the action for sensitizing or enhancing the potential-sensitive

fluorochrome in the absence of cells as the membrane carrier could also exhibit the same

action even when cells were used as the membrane carrier.



10. The met hod according to claim9, wherein the potential-sensitive
fluorochrone is selected fromthe group consisting of di-8-ANEPPS,

di - 4- ANEPPS, RH 237, RH 1691, di-5- ASP, RH 160, RH 421, RH 795,

di - 4- ANEPPDHQ, ANNI NE-5, and ANNINE-6. 11. A nethod for neasuring
potential or ionic strength changes on _agpotential -sensitive
fluorochrone in the absence of a nenbrane carrier, which conprises

I mobi | 1 zing a potential -sensitive fluorqQchrone on a surface of a
substrate in a solution, adding an ioﬁ?fﬂﬁﬁ;conpound to the solution
to confer a potential or ionic strength change, and neasuri ng changes
in the fluorescent intensity of the potential-sensitive fluorochrone
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fl uorochrones “conpri sing ANNI NEs, biary em cyani ne-

potenti a!m%ﬁggﬁ ichhVR dnld UNoEBIHRNBGNER Bt Rk REoIBMR R erhBflethy pdtential or ionic
hem cyani ne-based potential -sensitive fluorochronmes conpri sing

ANEPPSs, sAbiitEQRargRthnRhs poteddal-sthativefibgdc@eser ding to claim 13,
wherein the potential -sensitive fluorochrone is selected fromthe

group corki sti rtheafietlod BzcAMNERPHS, claiim 1-vANEERS00 R 2 3 1M BfvilRih, E diusbd
ASP, RH 160, RH 421, RH 795, di-4- ANEPPDHQ ANNI NE-5, and ANNI NE- 6.

15. The rmeithtmoadomceranadiompitagionmythdii® o - Sl eV g clidlesteroll4, wherein t he

i oni zi ng conpound is selected fromthe group consi sting of potassium
chl ori de,3-cal cilhe\me¢ihod peterdingtp clainpp or 2, wherein the potential-sensitive fluorochrome

is selected from the group consisting of anellated hemicyanine-based potential-sensitive
fluorochromes comprising ANNINES, biaryl hemicyanine-based potential-sensitive
fluorochromes comprising BNBIQs, and styryl hemicyanine-based potential-sensitive
fluorochromes comprising ANEPPSs, ANRPEQs and RHs.

4. The method according to claim 3, wherein the potential-sensitive fluorochrome is
selected from the group consisting of di-8-ANEPPS, di-4-ANEPPS, RH-237, RH-1691, di-5-
ASP, RH-160, RH-421, RH-795, di-4-ANEPPDHQ, ANNINE-5, and ANNINE-6.

5. The method according to any one of claims 1-4, wherein the ionizing compound is
selected from the group consisting of potassium chloride, calcium chlit)ride, and sodium
chloride.

6. A method for measuring the activity potential of cultured cardiomyocytes, which
comprises bringing a potential-sensitive fluorochrome into contact with cardiomyocytes
being cultured in a culture medium, adding vitamin E and/or cholesterol to the culture
medium, and measuring changes in fluorescent intensity of the potential-sensitive
fluorochrome depending on a potential or ionic strength change.

7. The method according to claim 6, wherein the cultured cardiomyocytes are primary
cultured cardiomyocytes, embryonic stem cell derived cardiomyocytes, a single embryonic

stem cell derived cardiomyocyte, induced pluripotent stem cell (iPS cell} derived



sodi um chl oride. 16. A nethod for selecting a substance that nodifies
the percent change in the fluorescent intensity of a

potential -sensitive fluorochronme depending on the potential or ionic
strength, conprising: (i) inmobilizing a potential -sensitive
fluorochronme on a surface of a substrateji.n a solution, adding an

i oni zi ng conpound to the solution, and neasuring a change in the
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carrier; (ti1) conparing the reference value obtained in (i)
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concentration of the ionizing conpound, the fluorescent intensity of
t he pot erftioadchsemess commisingIANGPRSeeNBREEQbtad REE. in (ii) is higher
than the fluorescent intensity as obtained in (i) or if for at |east
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percent increase in fluorescent intensity as obtained in (ii) is )
hi gher t ¥&l§cted droge theasioun eRISIHES Oﬁél-%b‘fl\ﬁ'%l’ri’e% di-4-ANEPPS R A3 7nBH 191, di-5-
test substan upst anc at Lfies rcent chap f the
1 uor escer bR ko0 RRE7%b e ASER EbRD, AN E ol AN E s
dependi ng,.on th t ial or.iaonic.strength 17.T€e met hod accqrdin
Co ol ai mio, wePEoREMeaSring ROIPLRLE SOk ratal A RetSong podRpal senditive
change Ofﬂutorl)c?c frérh'g iélet%lg %Béen%:ﬁ%? A ﬁ'{c%trz%fe Glifr ROhER tcb%%fi?e%r}%rﬁdb\ﬁ?zing a
fl uor ochrome dependi ng on € potential orionrc strengthis
sel ected ‘potential-sensitive fluorochrome on a surface of a substrate in a solution, adding an ionizing
compound to the solution to confer a potential or jonic strength change, and measuring
changes in the fluorescent intensity of the potential-sensitive fluorochrome depending on a
potential or ionic strength change.
12. The method according to claim 11, wherein the substrate is plastic or glass.
13. The method according to claim 11 or 12, wherein the potential-sensitive
fluorochrome is selected from the group consisting of anellated hemicyanine-based potential-
sensitive fluorochromes comprising ANNINES, biaryl hemicyanine-based potential-sensitive
fluorochromes comprising BNBIQs, and styryl hemicyanine-based potential-sensitive
fluorochromes comprising ANEPPSs, ANRPEQs and RHs.
14. The method according to claim 13, wherein the potential-sensitive fluorochrome is
selected from the group consisting of di-8-ANEPPS, di-4-ANEPPS, RH-237, RH-1691, di-5-
ASP, RH-160, RH-421, RH-795, di-4-ANEPPDHQ, ANNINE-5, and ANNINE-6.

15. The method according to any one of claims 11 to 14, wherein the ionizing

compound is selected from the group consisting of potassium chloride, calctum chloride, and



18. The nethod according to claim 17, wherein the test substance
selected is vitamn E or cholesterol. 19. The nethod according to any
one of clains 16 to 18, wherein the substrate is plastic - 23 - or
glass. 20. The nethod according to any one of clains 16 to 19,
wherein the potential -sensitive fluorochpane is selected fromthe
group consi sting of anellated hem cyani ne-based potenti al -sensitive
quorochroge %ﬁ |sing ANNI NEs, bi aryl hem cyani ne- based

pot enti al® Eﬁ%F 8°f | uor ochr omes conpri si ng BNBI Qs, and styryl
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(i) immobilizing a potential-sensitive fluorochrome on a surface of a substrate in a -
solution, adding an ionizing compound to the solution, and measuring a change in the
fluorescent intensity of the potential-sensitive fluorochrome depending on a potential or ionic
strength change to thereby measure a reference value for the potential or ionic strength on the
potential-sensitive fluorochrome in the absence of a membrane carrier;

(ii) immobilizing a potentiéi-sensitive fluorochrome on a surface of a substrate in a
solution, adding an ionizing compound and a test substance to the solution, and measuring
changes in the fluorescent intensity of the potential-sensitive fluorochrome depending on a
potential or ionic strength change to thereby measure a test value for the potential or ionic
strength on the potential-sensitive fluorochrome in the absence of a membrane carrier;

(iii) comparing the reference value obtained in (i) with the test value obtained in (ii)
and, if at the same concentration of the ionizing compound, the fluorescent intensity of the
potential-sensitive fluorochrome as obtained in (ii) is higher than the fluorescent intensity as
obtained in (i} or if for at least two different concentrations of the ionizing compound added,
the percent increase in fluorescent intensity as obtained in (ii) is higher than the percent
increase as obtained in (i), selecting the test substance as a substance that modifies a percent
change of the fluorescent intensity of the potential-sensitive fluorochrome depending on the
potential or ionic strength.

17. The method according to claim 16, wherein the test substance that enhances a
percent change of the fluorescent intensity of the potential-sensitive fluorochrome depending
on the potential or ionic strength is selected.

18. The method according to claim 17, wherein the test substance selected is vitamin E
or cholesterol.

19. The method according to any one of claims 16 to 18, wherein the substrate is plastic



22. The nmethod according to any one of clains 16 to 21, wherein the
Il oni zing conpound is selected fromthe group consisting of potassium
chl oride, calciumchloride, and sodi um chl ori de.

-23.

or glass.

20. The method according to any one of claims 16 to 19, wherein the potential-sensitive
fluorochrome is selected from the group consisting of anellated hemicyanine-based potential-
sensitive fluorochromes comprising ANNINES, biaryl hemicyanine-based potential-sensitive
fluorochromes comprising BNBIQs, and styryl hemicyanine-based potential-sensitive
fluorochromes comprising ANEPPSs, ANRPEQs and RHs.

21. The method according to claim 20, wherein the potential-sensitive fluorochrome is
selected from the group consisting of di-8-ANEPPS, di-4-ANEPPS, RH-237, RH-1691, di-5-
ASP, RH-160, RH-421, RH-795, di-4-ANEPPDHQ, ANNINE-5, and ANNINE-6.

22. The method according to any one of claims 16 to 21, wherein the ionizing
compound is selected from the group consisting of potassium chloride, calcium chloride, and

sodium chloride.



