Supplementary Fig.1

SKA-111 in Kca3.1 SKA-111 in Kca2.2
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Docking model of K¢.3.1 and Kc¢.2.2 CaM-BD/CaM complexes with SKA-111. In the Kca3.1
model the amino group of the benzothiazole ring system of SKA-111 forms hydrogen bonds with
M51 and E54 in calmodulin. E54 is further stabilized by an extensive hydrogen bond network with
R362, E295 and N300 in the Kca3.1 channel model, which we hypothesized to be responsible for
the 100-fold Kca3.1 selectivity of SKA-111. In the Kca2.2 model, however, SKA-111 forms only
hydrogen bonds with M51 and E54. Due to the shorter length of the N474 side chain in Kca2.2
E54 is not stabilized by additional hydrogen bonds. The CaM-BD is shown in light green; CaM is
colored pink.

The eight 2-aminobenzothiazoles shown below, which all display some degree of selectivity for
Kca3.1 over Kca2 channels, converged on similar binding poses as SKA-111 with an extensive
hydrogen bond network centered around R362 in the Kca3.1 model and hydrogen bonds between
the -NH2 group and M51 and E54 in CaM in both the Kca3.1 and the Kca2.2 model.

NH, NH, NH, NH, NH; NH;
N=( N=( s N=( N=( N=( N=( N=
s s N s s S

5 |5 o5 of |of o |oF |oF

SKA-31 SKA-44 SKA-45 SKA-72 SKA-73 | SKA-107 | SKA-117 | SKA-120




Supplementary Fig.2

Chemical structures of the 168 virtually designed and docked compounds.
Highlighted compounds were synthesized and tested.
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Supplementary Fig.3

QPatch screening of activator compounds on Kcs3.1 and Kca2.2 channels with 250 nM of free Ca?* in the
internal solution.

Sweep plot

© 5. SKA-126 10 uM
ks 9. SKA-31 10 uM
8. SKA-31 10 uM

4500

4000

- |zZ0
3500 : 10
: 4. SKA-126 10 uM
2000 5
Screening of SKA-126 " 6. Saline
on Kca3.1 )
15 1s00] | %
: ‘ “0 £1. Saline

1000| .

-lso © 3. Saline
0. Break-in

a -70
-0
-500
' a0
-1000
. 100
1500
. 110
-2000
. : - 120
[i 50 100 150 200 250
Time [rms]
Displayed liquid periods: Exp 355.1.2 (SKA-126), [4]SKA-128 [10.0uM]  Exp 355.1.3 (SkA-1 26, [8]5KA-31 [10.00M]
Exp 3551 2 (SKA-1 26), [0]Break-in  Exp 3561 2 (S41 26), (5514126 [10.00M]  Exp 356.1.2 (SKA-126), [10]Saline
Exp 355.1.2 (SkA-126), [1]5aline Exp 355.1.2 (SkA-126), [8]Saline Exp 355.1.2 (SKA-126), [11]5aline

Exp 355.1.2 (SKaA-126), [7]Saline
Exp 355.1.2 (SKA-126), [ISaline_ Exp 355.1.2 (SkaA-126), [B]SKKA-31 [10.0um]

Gt-plot
Saline Saline Saline SkA-126  SkA-126  Saline Saline SkA-31 SkA-31 Saline  Saline
Break-in [10.0uM]  [10.0M] [10.0pt]  [10.0pk
3 3 3 5 3 . 3 L 9. SK&31 10[uM
wn o |9 SKA26110 M | g skal31 1M |- |- -
‘ ‘ ‘ : ‘ 4 BKA-126 10 uM |: i % o
. . . : . 6.....l . - e !
Ll |
sonf et g e R
- » |
| ®gs®
wl | B A L
T ) 1 R B E e I L I e O N T
6, Saline
§ o e |
g
jlzun -------------------------------------------------------
o
[
R I A 1 RIS S N
. . . . . . L]
1on ,j,,O.,Br,eaksi,n X N R 1
. e :
o™ 1. saling |3. sal ’r
b aline|: aline o
h o ' ' '
anl i a® ...‘...1-!'.'.".'....." g ™
Lo e LINIE S
',‘..' : : : :
U';""""T"" ) - i - r----"--"- B ) el B Bl il i Bl Bl Pl R - Bl Dl el el e -r il B il el Bt
700 800 a00 1000 1100 1200 1300 1400 1500 1600 1700

Sweep Time [s]
I Evp 35513 (3KA-126) @ G_L(CH) |

Raw current traces (top) and plot of current slope (measured between - 85 and - 65 mV) versus time for K¢,
activation (bottom). SKA-31 was used as the positive control. Saline or drugs were perfused during the first 15
sec of each so-called liquid period.



Screening of SKA-126

on Kca2.2

Sweep plot

Cl1 40
BOO| © - - oA
20
20
LTI S e i - IE I ICIE I
10
A00F 5 - - N - - - - - e R I YR e i T A L F SR
10
L e R el S e e e P o AR Y LI T S e a1 SR o0
' =
z . . ) .
s R Rl P ~Saline
5 . . 1 7 ' Lan
5
o
. -0
roof oo IR e T T R
&
o ERRREEE - e it e ENE RS R oo
Fen
. i ) . .
00 ;- - EERRR E R R R LT R Lan
-1o0
11 e | A
L1110
N K L N ] - 120
0 a0 100 150 200 250
Time [m=]
Displayed liguid periods: Exp 356.1.3 (SlA-126), [4]5KA-126 [10.0pM] Exp 35613 (S5KA-126), [9]5kKA-31 [10.0pM)]
Exp 256.1.2 (SKA-1268), [D]Break-in Exp 3566.1.2 (SKKA-126), [8]SKKA-126 10.0pM] Exp 256.1.2 (SKA-126), [10]Saline
Exp 35613 (51K4-126), [1]5aline Exp 356.1.3 (SlkA-126), [A]5aline Exp 356.1.3 (5KA-126), [11]5aline
Exp 356.1.3 (SKA-126), [2]Saline Exp 356.1.3 (SKA-126), [F]Saline
Exp 356.1.3 (5KA-126), [3]5aline Exp 356.1.3 (5kA-126), [8]5KA-31 [10.0uM]
Gtplot
Saline Saline Saline SkA-126 Ska-126 Saline Saline Skn-31 Ska-31 Saline  Saline
Break-in [10.0pm] [10.0pM] [10.0uM] [10.0ph]
. . . . . | ® .
11 S N i B SIS S I I N S - - P ] T A EE IS A 4 S Y
; 9, 31 {0|uM
-] M S ([ L o I Y AR K P I o ) SIS S B I [ ] M EEE
' . .
% I R ) A U 1 N 0 R S 1 T T 0 R O S I 1 I A T A O e
; 8.SKA31 10 uM | |
. . [y . i
: ea®® | :
7 £ e e e e A - R
! ) ®
sonf -l A - -
. . ®
= . ' . e |
s} Lo ! S I RIS IS I [ A ) SR o S -
5 . . [ ]
© | [} .
. . [
B | e e o L SCICIEIEIE S I I IEICICR o o ) B LN ) I | E I BTN S X IR IO S e B B e E e -
. . ® |
1.5 ‘ P L2
Lol e S B RTINS IS I ISR Al o SR R N B R B =
. . . » [ ]
; 4. SKA-126 10|uM -
LT e e N e B | e R [ N 7 Salipel R L
5 1113, satine| :B-|SKA-126 10 i ¢
of |1- Saling : el e | e
s0op| |- - 1 112.salinel = R o R B R A T B [, o R o A AR
| i - d i [ N ' - ' [
eole ... LN ] ( e .
ool ! 00T, 00, ‘ @ “3" o | 6- Paline
L] . L}
[ L e .| |].-® ] ~L -8 O N e )
|00 ana 1000 1100 1200 1300 1400 1500 1600 1700

Sweep Time [s]

Exp 356.1.3 (9Ka-126) @ G_L(CHD)

9. SKA-31 10 uM

8. SKA-31 10 uM

Voltage [miv]

1. Saline
3. Saline
7. Saline
6. Saline

4. SKA-126 10 uM
5. SKA-126 10 uM

Raw current traces (top) and plot of current slope (measured between - 85 and - 65 mV) versus time for Kca
activation (bottom). SKA-31 was used as the positive control.
Note: Kca2.2 currents are smaller than Kca3.1 currents and show some rectification at positive potentials.



Supplementary Fig.4

VDW interactions Hydrogen bonds

SKA-111 in Kca3.1 open state 2 (pdb id: 6¢cno)

The channel is shown in gray and the CaM N-lobe in yellow. Hydrogen bonds are shown in black,
van der Waals interactions are visualized in purple. SKA-111 forms one hydrogen bond with M51
(right) and makes 12 van der Waals contacts with residues in the S4sA helix and the CaM N-lobe
(left).

Overlay of the Rosetta docking models of SKA111 in open state 1 (yellow and light grey) and
open state 2 (orange and sky blue). SKA-111 is shown in dark grey in open state 1 and in light
blue in open state 2.



Supplementary Fig.5

SKA-31 (left) and SKA-121 (right) in KCa3.1 open state 1 (pdb id: 6cnn)

The channel is shown in gray and the CaM N-lobe in yellow. Hydrogen bonds are
shown in black, van der Waals interactions are visualized in purple. For clarity, not all
side chains of CaM residues within contact range of ligand are explicitly shown.



Supplementary Fig.6

SKA-111in WT

Rosetta ligand docking models of the top 50 lowest energy-binding poses of SKA-111 in the
interface between the CaM N-lobe (yellow: WT, green: S372R) and the S4sA helix (light gray) of
wild type KCa3.1 and the S372R Kca3.1 mutant. Molecular docking shows that SKA-111
converged well in wild type Kca3.1 but not in the S372R KCa3.1 mutant channel.



