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(Development of high throughput screening system for the discovery of new compounds acting on ion channels by

use of slow response voltage-sensitive fluorescence dyes)
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(Yuji Imaizumi)
gobooooooooo
ooogo

[ Summary ]

High Throughput Screening (HTS) is getting a new massive wave in drug discovery
by pharmaceutical industries. Although ion channels are attractive targets for
therapeutic manipulation, assays of drugs acting on them do not always fit to HTS. It
has been widely accepted that Ca* activated K* (K_,) channels play the central roles
in the negative feed back mechanism to regulate Ca?* influx through voltage-dependent
Ca*" channels in excitable cells. Opening of K, channels may enhance cellular
protective mechanisms under pathophysiological circumstances. The usefulness of
slow response voltage-sensitive fluorescence dye such as DIBAC,(3), an oxonol anion,
for the assay of K, channel openers in the scope of HTS was evaluated in heterologous
expression system in which BK channel, one of three classes of K, channels, was
stably expressed. Using this screening system, some new terpenoid compounds having
BK channel opening action were actually discovered from natural products and their
derivatives. Further possible application of newly developed voltage-sensitive dyes
and novel technologies to improve drastically HTS system for the discovery of seed
compounds acting on specific ion channels is also discussed.
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Potentiometric Probes

Structure Charge Name Ex(nm) Em(nm)
Slow Response
DIBAC4(3) 493 516
Oxonol Anionic DIBAC4(5) 590 616
DISBAC2(3) 535 560
Carbocyanine Cationic DiSC3(5) 651 675
SYTO Cationic SYT042 433 460
SYTO62 652 676
Fast Response
Cationic or di-4-ANEPPS 496 705
Styryl Zwitterionic di-8-ANEPPS 519 719
RH414 532 716

Table 1. List of voltage-sensitive fluorescence dyes
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Fig.1 Chemical structures of large conductance Ca?* activated K* channel
activators (BK channel openers).
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Fig.2 A schematic diagram of the procedure to prepare the high throughput
screening system to survey compounds acting on large conductance
Ca?* activated K* (BK) channel a or g subunit. To examine whether
test compounds act on voltage-dependent Ca?* channel would not

be sequentially performed in HTS system, because the probability
of functional expression of the channel may be lower.
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Fig.3 Calibration of the relative fluorescence of DIBAC,(3) against clamp
potentials. (A) Changes in relative fluorescence intensity (F/F,) were
measured in standard solution at depolarization voltage steps in the
range of =80 and +10 mV under voltage-clamp (solid line) in
HEKBKa stained with 200 nmol/l DIBAC,(3). V.C. and C.C. indicate
voltage-clamp and current clamp, respectively. The F/F, in not
voltage-clamped cells was shown in the same time course by broken
line. Single cells were selected for the recording based on cell
capacitance (<30 pF). At the end of the procedure, FK was measured
under current-clamp mode in 140 mmol/l K* solution as indicated by
horizontal bar. (B) Transmitted images of cells and a pipette and
fluorescence images of cells, which were voltage clamped or not
clamped. The cell attached by the pipette was voltage clamped. F
intensity in the voltage-clamped cell depended on the clamp
potentials, but that in non-clamped cell did not. The relationships
between F/F, and clamp potentials and non-clamped cell are shown
in “A”. (C) The relationship between F/F, and corresponding clamp
potentials. The solid line represents the theoretical fit to the data
points using the Boltzmann equation (n=5). F/F=1.1-0.7/
{1+exp[(E+31)/17.8]},where E is the membrane potential(abscissa).
Closed triangle (n=5) and closed circle (n=5) represent the results
in 140mmol/l K* solution and the standard solution under current-
clamp mode, respectively. Reference 16) with the permission from
Japanese Pharmacological Society.

0 Slow response voltage-sensitive dye 0 000000000
0oooooo300o000o0ooooO0onomHEK2930
00000000000000000000000000000
00000 Ca*0000000000BKOODODODOOOOO
00000000 000000000000000000000
DiBAC4(3)DDDDDDDDDDDDDDDDDDDDDDDD
00000000 Ca 000000000 Fura2000000
goobobooobooboobooog

A HEK HEKBK of
10mv a
1m|n
electrode 20mV
10 umol/l ACh 1mm
S B
a 10 E b E
(0] (0]
g w8
DIiBAC,(3) -15 % %
> >
___10umoll ACh_ ___10umol/ACh
800 800
5 600 5 600
Fura2 ®© ©
0, 400 o 400
200 200
0 0
0 1 2 3 0 12 3 4
time (min) time (min)

Fig.4 Effects of acetylcholine (ACh) on membrane potentials (MPs) and
[Ca?];in native HEK and HEKBKa in a layer. (A) Effects of ACh on
MPs measured with microelectrodes. (B) Effects of ACh on MPs (a,
b) and [Ca?], (c,d) were simultaneously measured with DIBAC,(3)
and Fura 2, respectively. Reference 16) with the permission from
Japanese Pharmacological Society.
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Calcium Screening Kit

00o00doo0onooooooooooooomogooooooog
Calcium Screening Kit (Fluo 3, trial version)
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e)d g)d normalassay O KitO OO OO OoOoOooooOooO

ooo340nmO 380nmOO000000000O0OO0O0O0OO0O 1set goog CS05
00000000000@)D0000000000 A0DO0OO0OO Calcium Screening Kit (Fluo 3, typeA)
2,000 assays OO0OO CS06
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2,000 assays 0OQO0OO CSO07
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Iset 0OOOO CS02
g 2.5 Calcium Screening Kit (Fura 2, typeA)
§ 2 /. \_\ Kit type A . 2.,000 gssays oooo CS03
Q15 Kit type B Calcium Screening Kit (Fura 2, typeB)
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