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Supplementary Figure 1.
Open dwell times of Kcv channels
Dwell time histograms from recordings at +120 mV for Kcvnts, Kcvs and chimeras/

mutants. All open dwell time histograms can be fitted with a single exponential.
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Supplementary Figure 2.

Only the exchange G77S in Kcvynrs results in the electrophysiological
phenotype of Kcvs.

To identify the relevant AA in TMD2 for gating we mutated all 4 candidates in Kcvnts
into the respective residue of Kcvs. (a) Characteristic single channel fluctuations of
the wt channels Kcvs and Kcvnrs as well as the Kevnrs mutants T62V, L68M, 175V
and G77S at +120 mV in planar DPhPC bilayers. (b) Mean single channel i/V
relations (£ sd) and (¢) mean open probabilities (+ sd) of Kcvnrs (open squares, n =
6), Kcevs (filled squares, n = 9), Kcvnts T62V (purple circles, n = 4), Kcvnts L68M (light
blue circles, n = 3), Kcvnts 175V (blue circles, n = 4) and Kevnts G77S (red circles, n
=5).
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Supplementary Figure 3.

AAs S76 and T79 in Kcvs do not contribute to the long lived closed time.
Characteristic single channel fluctuations of mutant Kcvs S76A (a) and Kcvs T79A (b)
at +/- 120 mV in planar lipid bilayers. (c) Mean single channel i/V relations (+ sd) and
(d) mean open probabilities (x sd) of Kcvnts (open squares), Kevs (filled squares),
Kcvs T79A (orange circles, n = 4) and Kcvs S76A F78A (blue circles, n = 3).

S3



a Kevg F78L b Kevg F78Y

soms LA MUUNL AU L =0 soms WYMo g -
— C - C
H d H
500 ms

nnnnn

c i[pA] d BP
15 o ..000 00000@.'
10 4 n?®l 0.8 4
gsee
5 4 ‘ 0.6 A
of S e Lllid1111]]
; , ; o ; g » V[mV] 13 | ]
180y 120 60 g °] 60 120 180 ‘ 'S L]
B ‘ g g ﬁ g% ; | % %
-10
i) r : : r : 1 V[mV]
180 -120 60 O 60 120 180
e f
25 20
20
15 |
z
S
10 |
5 |
0 ! ‘ . ‘
1 10 100 1000 10000 1 10 100 1000 10000
t. [ms] t, [ms]
g h
Po T,
O\ 10*
\ P
i e NN
/3 N 457 16 AR e
ol < ool T < @L< @ T
Pe 102 ’/- Pe a < 100 @ ca
10° N |
N4
o
Pe, T

Supplementary Figure 4.

The gating function of the aromatic side chain of F78 can be substituted by the
hydrophobic AA Leu but not by the aromatic side chain of Tyr.

Characteristic single channel fluctuations of mutant Kcvs F78L (a) and Kcvs F78Y (b)
at +/- 120 mV in planar lipid bilayers. (c) Mean single channel i/V relations (+ sd) and
(d) mean open probabilities (+ sd) of Kcvs (filled squares), Kcvs F78Y (orange circles,
n = 3) and Kcvs F78L (blue circles, n = 3). Exemplary closed dwell times at +120 mV
for Kcvs F78L (e) and Kcvs F78Y (f). The data in F can be fitted with two exponentials
while the data in E require a third exponential. (g) Probabilities (P) of the wt channel
and mutants for occupying the open state (O) and the closed states (C1-C3) and
mean lifetimes (in ms) of the open state (1,) and of the three closed states (t¢1-tc3)
(h). The probabilities of occupancy and mean lifetimes were calculated from three

independent 5 min recordings. The symbols in d, g and h correspond to those in c.
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Supplementary Figure 5.
Definition of distance-angle pairs of F77 in Kcvnts and Kcvs tetramers. The image

illustrates the geometric criteria with distance d and angle ¢ for characterizing -

stack geometries in Fig. 7.
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Supplementary Figure 6.

time/ ns

Demonstration of MD simulation stability for Kcvs (top) and Kcvnrs (bottom) models

as measured by the root mean square deviations (RMSD) for various protein

structure components with respect to the start of production runs.
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./ ms Tca/ ms T2/ ms T3/ ms Po Pc; Pc, Pcs
Kcvnrs 79.1+18.6 1.3+0.2 24.0+3.9 - 0.874 £0.073 0.008 +0.002 0.117 £0.075 0
Kevg 15.1+25 1.8+0.8 23.8+9.4 480 + 145 0.525 +0.101 0.047 £0.029 0.208 £ 0.095 0.220 £ 0.152
KCVS/NTS 63.5+28.4 1.1+0.5 47.6+12.2 - 0.704 £0.171 0.008 £ 0.003 0.252+£0.171 0
KCVNTS/S 154+6.4 21+11 17.0+3.4 1070 £ 118 0.227 £0.053 0.018 £0.011 0.109 £ 0.028 0.647 £0.028
Kevg S77G 79.7 £15.7 1.3+0.1 284+3.6 - 0.904 +0.029 0.012 £ 0.004 0.084 £ 0.031 0
Kevyrs G77S 11.2 +0.4 1.2+0.2 15.1+4.4 354 £220 0.540 £ 0.032 0.036 +0.007 0.245 +0.035 0.179 +0.074
Kcvs F78A 42.1+17.2 0.6+0.1 79+4.2 - 0.971+0.014 0.014 £ 0.005 0.015 +0.017 0
Kcvyrs G77S
63.7+60.1 13+0.5 27.8+16.5 - 0.926 £ 0.026 0.026 £0.010 0.051+£0.018 0
F78A
Kcvg F78L 21.8+139 1.7+0.6 13.5+5.0 983 +419 0.348 £0.126 0.017 £0.011 0.199+0.171 0.436 + 0.305
KCVS F78Y 56.4+6.0 1.9+0.2 16.9+2.1 - 0.922 +£0.012 0.025 £ 0.002 0.052 £0.013 0
Kevnrs F78L l(izii 1.3+0.2 27.3+3.8 - 0.916 +£0.024 0.008 £ 0.001 0.077 £0.024 0

Table S1

: Mean lifetimes and probabilities of occupancy of Kcvnts, Kecvs and
some selected mutants. The probabilities of occupancy P (xsd) and mean lifetimes
T (+sd) of the open state O and the three closed states C1, C2 and C3 were
calculated from three independent 5 min recordings at +120 mV.
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