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Large-conductance calcium-activated potassium
(BK., or Maxi-K) channels

Ca2+
K+ :
A
Extracellular HH
Intracellular a2t oo 24
: e v Ca?*-permeable channels
BKCa Channels k+ V """"""""""""""""""""" Ca?

Endoplasmic Reticulum

Ca2*-release

, channels
Ca+

A class of K*-selective channels activated by intracellular Ca?*

with large (or big) single-channel conductances



BK., channels: subunits and assembly

a subunit (KCNMA1, Slowpokel (or Slol)) B subunit (KCNMB1 -4, 1 - 4)

™1 TM2

40— 210

20
7 100 00
V v
20

_40-

v £
RCK ;
domains > ‘

Science 329:182 (2010)



Dual activation of BK., channels: voltage and Ca’*

2 uM [Ca2+], — 10 uM [Ca?*],

140 mV
A20 mV
-100 mV o0 mV
— 60 mv 40 my
40 mV
' , r i %— |' r e
Un-injected Ca2+-free 2 uM [Ca?+] 10 uM [Ca?*];
1nA
100 ms



Physiological functions of BK., channel

* Nervous system

— Controlling excitability of neurons and influencing neurotransmitter
release; modulating synaptic efficacy

 Cardiovascular system
— Maintaining ‘vasomotor tone’

 Urinary system
— Relaxing urinary bladder smooth muscle

« Other systems: reproductive, gastrointestinal, immune, efc



BK., channel and micturition

Spinal Cord

Ureter

Bladder

Urethral
Sphincter

A

,'-I"rl.*ll-.'l'h,in-‘i\“‘I 4 1_ I

¥ |
F Fv—‘r'*,.i'rﬁl

r Phasic
Phasic | Tonic

"' A -"'*. ,".-Ll_-""l |

— ~ *ACh

A

Two different contractions of
bladder muscle

Physiological mechanism of
‘phasic contraction-relaxation’
4K

l _ Kcurrent
BK(Ca) = (STOC)

Ca?* channel

Pharmacol & Therapeutics. 110:103 (2006)

STOC (spontaneous transient outward current)
relaxing detrusor muscle during
filling phase’ !

. Therapeutic potential of BK., channel

activators against overactive bladder
and/or urinary incontinence!



However, we sti// do not have any BK., channel
activators that are therapeutically used or
proven to be clinically effective.

< " We have not been able to screen enough
compounds.

"Sucampo Pharmaceuticals, Inc. announced it has received approval of an sNDA
(supplemental New Drug Application) for Rescula® (unoprostone isopropyl ophthalmic
solution) 0.15% for the lowering of intraocular pressure (IOP) in patients with open-
angle glaucoma or ocular hypertension from the U.S. Food and Drug
Administration (FDA). ..... Rescula is a BK (Big Potassium) channel activator, which
is different from other IOP-lowering agents.

- News from AOA (American Optometric Association), 2013.1.17



Difficulties of assaying BK., channels in intact cells using
non-electrophysiological techniques

 Resting cytosolic [Ca?*] : ~100 nM

« KPP of BK., channel for intracellular Ca?* : >1 uM

1.0; T R
P SRR
0.8 G LR
» i
ED_E- 5 uM LF & 4 Y 500 nM [Ca?];
w ......................... : ..... s T .. ISLCLLLL .:
E 0.4 71 G et
fir < .
0.2 F F ks F
_Pf': : u L.r.'a":":" e :
0.0 e e (T -y sy
-150-100 -50 0 50 100 150

V (mV)

". Need to shift G-V curve significantly to the left in order to make
BKc, channels active under physiological V!

How? [Ci+]; 1! Then, any other ways?
Not very reliable for CBA!



Ca’*-dependent gating of Ca?*-activated K* channels:
‘gating ring’ of RCK octamers

MthK (Ca?*-activated)

1 338 230 336
e . < g

4 x (RCK),
(‘Gating ring’)
BKc, (Ca’*and voltage-activated)

(T He R — i Flexible .~

interface  Neuron 29:593 (2001);

] Kim, et al, J Biol Chem. Nature 417:515 (2002)
? ature .
4 x (RCK1:RCK2) ? 281:38573 (2006)

A structural model of ‘flexible interface’ between RCK1 and RCK2

How to test the structural

RCK1 model?
{ +K
-D83




Effects of ‘engineered’ charge-pairs on channel activation

RCK1

Glu420 Lys556 Glu>*4

Met?34 Asnd12 Gly?803 Lys806
0 240 mV RCK2

WT M934D N912K G803D N806K

140 mV

100 mV
60 mV |
f ! !

5nA

100 ms Kim et al, Biophys J. 94:446 (2008)



G803D/N806K double mutant: a 'hyperactive’ BK-, channel

BKCa channel

GAPDH

(g]
-
@
=
=

LIGLRNLV

WT G803D/N806K

0.8

max

0.6

0.4

G/G

0.2

200
-80

A20 mV 0.0-
o 5 nA 50 0 50 100 150 200
100 nM [Ca2*], J

o Voltage (mV)




A parallel shift in V;,, vs. [Ca?*]; curve: changes in
intrinsic open-closed equilibrium

WT G803D/N806K
1.0 NN 1.0 W
| £ ‘ A @
s 081 %08 i o
1 (= | e
08 0.6 A (O o6 A o .,l'..‘—
Boe & I b, - 5 S~ A 2 -
(D 0'4. - Q (D ot b 8 ”
0.2/ 2 = _},p 0.2 { ‘. oF
0. OM'H'MH g 0.0 !‘!""‘".- :
50 0 50 100 150 200 50 0 50 100 150 200
Voltage (mV) Voltage (mV)
200 k1¢[Ca] k2¢[Ca] k3¢ [Ca] knc [Ca]
_ o os— Cq 2 Cn
o kote g k-zc K_3c
o 80y ] k1o[Ca] IV k;,[Ca] kgo[Ca] kno Ca]
0 o 0 =— 01 — 0, ——=0 On
50 . k—10 kK—20 k_30
-100 T os 1 4 Voltage-dependent allosteric model of BK¢, channel

[Ca”], (uM)



Potentiation of G803D/N806K mutant by a BK., activator

Vehicle

& E

WT

10 uM CTBIC

JSnA

50 ms

,_5.0.

Voltage (mV)

050 100 150 200

COOH

4-chloro-7-(trifluoromethyl)-
10AH-benzofuro(3,2- blindole
-1-carboxylic acid (CTBIC)

Ha et al Mol Pharmacol 69:1007
(2006); Lee et al. Mol Pharmacol.
82:143 (2012)

G803D/N806K
Vehicle 10 uM CTBIC
——
f—
I
J 5 nA
50 ms
1.0 ° ;|~
éo.s .o‘.. o
O os : P
G 0.4 ’4—.'
0.2- .’ .,
0.0 meetBmmansn”

T G

0 50 100 150 200
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A cell-based platform for BK., channel using
FluxOR™ assay

!
’

TI* Dye

TI*
TI+
TI+
=~ =@

@~ =0
TI* @~ =@
@@

Q== =0

@ =0

111
dlill

Loading fluorescence dye
O
Treating ‘stimulus buffer’

O
Opening of channels

O
TI* influx and binding to
fluorescence dye

24
Fluorescence emission

FluxOR™ assay for voltage-gated K* channels (Life Technologies Co.)



Robust fluorescence signals obtained from G803D/N806K
mutant channel: FluxOR™ assay

Microplate reader
(Synergy H1, BioTek) ® CTBIC

@ DMSO

1 Stimulation

S 2.2-
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X 204 l

1.8 4

1.6 4
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10] egtedeteatnd

0.8 1 ' 1 ' 1 1 ' 1 ' 1 ' 1 ' 1
0 50 100 150 200 250 300 350
Time(s)



The hyperactive BK., channel activated by CTBIC
at resting [Ca?*].
Parental cell WT
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Lee et al, J Biotechnol 167:41 (2013); PCT filed



RFU
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Screening for new BK., channel activators:

natural compound library from KRICT
"KRICT (Korea Research Institute of Chemical Technology)

RFU

— .
50 100 150 200 250 300
Time(s)

794 KRICT compounds

|

23 activator candidates

b

Top 6 selected!

RFU

(Unpublished observations)



Electrophysiological validation of an activator candidate
for BK., channel

Vehicle 10 uM KRICT#1

JZnA

20 ms

20 ms

60 ¢

~ -50 mV

Vi (MV)

Vehicle 10 uM KRICT#1

Voltage (mV)

(Unpublished observations)



Effects of KRICT#1 on gating kinetics of BK., channel
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RFU

Can we also screen the inhibitors for BK., channel?

p < 0.01

o L
57 oy
S

794 KRICT compounds

}

65 inhibitor candidates

!

Top 6 selected!
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v Inhibitor activities st/// need to be confirmed!



Structure-activity relationship (SAR) studies for the
natural derivatives of KRICT#1 using cell-based assay

KCRICT#1 FlexStation 3™
L (Molecular Devices)

19 natural derivatives

lSAR

1 activator and 4 inhibitors candidates

2.0

RFU

0O 20 40 60 80 100 120 140 160 180 200
Time (s)

(Unpublished observations)
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Summary

« A double mutation allows BK-, channel to be activated under physiological
voltage ranges at resting [Ca?*]..

« Using the 'hyperactive’ channel mutant, a cell-based assay was established for
BK., channel.

+ A fluorogenic assay platform orignially developed for K,, channel was
successfully applied for BK., channel cell-based assay.

- Utility of the new BK., channel assay platform was validated by obtaining
novel natural compounds altering the channel activity.

» BK., channels can now be subjected to library screenings with reasonably
high throughputs.

« We are currently searching chemical libraries (eg, Prestwich®) to obtain new
sets of BK., channel modulators.
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