Ancient and modern anticonvulsants act synergistically in a KCNQ potassium

channel binding pocket
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Normalized Non-normalized Slope
KCNQ2/3 tail current Vo tail current Vos (m\F/J)
(mV) (mV)
Ctrl -419+0.3 -42.0+4.7 6.5+0.3
(n=5) (n=5) (n=5)
100 uM -41.0+£0.9 -40.1+1.9 51+0.9
3-ethyl-2-hydroxy | (n=5) (n =5) (n=5)
-2-cyclopenten-1-
one

Supplementary Table 1. Summary of Effects of 3-ethyl-2-hydroxy-2-cyclopenten-1-one on KCNQ2/3 channels.

Values indicate mean = SEM.
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Supplementary Figure 1. Effects of Glutaconic acid on KCNQ2/3 channels
Mean tail current versus prepulse voltage relationship for KCNQZ2/3 channels in the absence (black) and presence (purple)
of Glutaconic acid, n = 5.

B. Normalized tail current versus prepulse voltage relationships as in panel A, n = 5.

C. Dose response of KCNQ2/3 channels between -40 and +40 mV, n = 5. Error bars indicate SEM.

Normalized Non-normalized Slope
KCNQ2/3 tail current Vos | tail current Vos (m\'})

(mV) (mV)
Ctrl -36.9+17 -36.1+1.7 44+05

(n=5) (n=5) (n=5)
0.1uM 412+14 -404£15 44+37
Glutaconic Acid (n=5) (n=5) (n=5)
1uM 42717 -415+1.3 48+24
Glutaconic Acid (n=5) (n=5) (n=5)
10 uM -429+22 -42.1+3.8 54+23
Glutaconic Acid (n=5) (n=5) (n=5)
100 uM -40.7+£1.2 -40.8 £ 3.8 54+17
Glutaconic Acid (n=5) (n=5) (n=5)
500 uM -37.7+09 -385+54 6.8+09
Glutaconic Acid (n=5) (n =5) (n=5)

Supplementary Table 2. Summary of Effects of Glutaconic acid on KCNQ2/3 channels.

Values indicate mean + SEM.



Normalized

Non-normalized

KCNQ2/3 tail current Vg5 tail current Vo5 Slo\g;e
(mv) (mv) (mV)
Ctrl 41.8+09 -420+5.1 57+16
(n=5) (n =5) (n=5)
100 uM -41.8+09 -419+49 58+15
1-Heptene (n=5) (n =5) (n=5)

Supplementary Table 3. Summary of Effects of 1-Heptene on KCNQ2/3 channels.

Values indicate mean + SEM.
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Supplementary Figure 2. Effects of Isovaleric acid (IVA) on KCNQ2/3 channels

A. Mean tail current versus prepulse voltage relationship for KCNQ2/3 channels in the absence (black) and presence (blue)
of Isovaleric acid, n = 4.

B. Normalized tail current versus prepulse voltage relationships as in panel A, n = 4.

C. Dose response of KCNQZ2/3 channels between -40 and +40 mV, n = 4. Error bars indicate SEM.

T act, -40 mvV 1 deact, -80 mV Normalized Non-normalized Slope
KCNQ2/3 (ms) (ms) tail current Vos tail current Vos (m\?)
(mV) (mV)
Ctrl 621 + 95 146 £ 11 -39.5+0.8 -39.9+35 49+22
(n=4) (n=4) (n=4) (n=4) (n=4)
1uM IVA 494 £ 48 159+ 12 -438+1.9 -436+5.1 57+21
(n=4) (n=4) (n=4) (n=4) (n=4)
10 uM IVA 474 + 37 170+ 6 -45.1+22 -44.2+4.8 54+18
(n=4) (n=4) (n=4) (n=4) (n=4)
100 uM IVA 442 + 22 192+ 14 -46.8+1.8 -45.4 £ 4.7 54+11
(n=4) (n=4)* (n=4) (n=4) (n=4)
500 pM IVA 406 + 18 219+21 -50.1+24 -48.7+5.2 56+1.2
(n=4) (n=4)* (n=4)* (n=4) (n=2)
5mM IVA 414 + 23 241 +22 -51.2+21 -50.1+5.2 54+11
(n=4) (n=4)* (n =4) ** (n=4) (n=4)

Supplementary Table 4. Summary of Effects of IVA on KCNQ2/3 channels.

Statistics versus same channel in absence of IVA: **p=0.007, *p=0.01. Values indicate mean + SEM.
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Supplementary Figure 3. Effects of MTX on KCNQ2/3 channels
A. Mean tail current versus prepulse voltage relationship for KCNQ2/3 channels in the absence (black) and presence (red) of

B.
C.

MTX, n =5-9.

[MTX] (M)

Normalized tail current versus prepulse voltage relationships as in panel A, n = 5-9.
Dose response of KCNQ2/3 channels between -40 and +40 mV, n = 5-9. Error bars indicate SEM.

[MTX] (M)

T act, -40 mvV 1 deact, -80 mV Normalized Non-normalized Slope
KCNQ2/3 (ms) (ms) tail current Vs tail current Vg5 (m\?)
(mV) (mV)
Ctrl 691 + 54 222+24 -42.8+05 41748 73104
(n=9) (n=9) (n=9) (n=9) (n=9)
0.1 uM MTX 684 £ 55 236 £12 -47.8+0.5 -473+24 7504
(n=5) (n=5) (n=5)** (n=5) (n=5)
1uM MTX 611 + 46 227+ 20 -47.0+0.9 -44.4+49 74+0.6
(n=9) (n=9) (n =9) ** (n=9) (n=9)
3uM MTX 530 £ 37 259 +12 -50.7+1.0 -47.3+5.0 7908
(n=9)* (n=9) (n =9) *** (n=9) (n=9)
10 uM MTX 462 £ 34 2617 -56.2+1.3 -519+438 6.8+1.3
(n=9) ** (n=9) (n =9) **** (n=9) (n=9)
30 UM MTX 403 + 33 259 +18 -60.0+1.8 -549+49 8.0+18
(n=9) > (n=9) (n=9) (n=9) (n=9)
100 pM MTX 403+ 34 415+ 87 -57.1+£0.6 -56.6 £3.8 7.2%+05
(n=5) > (n=5) (n=5) (n=5) (n=5)

Supplementary Table 5. Summary of Effects of MTX on KCNQ2/3 channels.

Statistics versus same channel in absence of MTX: ****p<0.0001, ***p=0.0002, **p=0.001, *p=0.02. Values indicate mean + SEM.
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Supplementary Figure 4. Effects of 2-Mercaptophenol on KCNQ2/3 channels
A. Mean tail current versus prepulse voltage relationship for KCNQ2/3 channels in the absence (black) and presence (green)
of 2-Mercaptophenol, n = 4-6.
Normalized tail current versus prepulse voltage relationships as in panel A, n = 4-6.

Dose response of KCNQ2/3 channels between -40 and +40 mV, n = 4-6. Error bars indicate SEM.

B.
C.

"-80-60-40-20 0 20 40
Prepulse voltage (mV)

Normalized Non-normalized Slope
KCNQ2/3 tail current Vo5 | tail current Vs (m\[;)

(mV) (mV)
Ctrl -39.2+28 -37.1+£1.2 38%12

(n=6) (n=6) (n=6)
0.01 uMm -37.7+£15 -37.2+£3.7 74+1.6
2-Mercaptophenol (n =6) (n =6) (n =6)
0.1uM -43.4 £ 3.6 -40.9 £ 3.2 54+12
2-Mercaptophenol (n =6) (n =6) (n =6)
1uM -43.6+0.8 -432+26 64+09
2-Mercaptophenol (n =6) (n =6) (n =6)
10 uM -437+1.1 -432+28 74+11
2-Mercaptophenol (n =6) (n =6) (n =6)
100 pM -295+25 -345+4.6 50+12
2-Mercaptophenol (n=6)* (n =6) (n=6)
300 uM -198+14 -225+72 83+09
2-Mercaptophenol (n =4) *** (n=4) (n=4)

Supplementary Table 6. Summary of Effects of 2-Mercaptophenol on KCNQ2/3 channels.

Prepulse voltage (mV)

Statistics versus same channel in absence of 2-Mercaptophenol: *** p=0.004, * p=0.02. Values indicate mean + SEM.



® Control
O Ole, Ole, Oleamide

5 ~ 5 g 5 . 5 5
< 4 ! E 3 4 't
£ 3 g 3 § 3 Z 3 Z 3
e, g 5 g g
] 3 2 3 2 3 2 3 2
° 9 e Ctrl = 1 ® Ctrl 3 1 e Ctrl = 1 ® Ctrl = 1 ® Ctrl
g © 0.1uM 2 N O 1uM o 0 10 uM s o © 100 uM s o O 500 uM
-80-60-40-20 0 20 40 -80-60-40-20 0 20 40 -80-60-40-20 0 20 40 -80-60-40-20 0 20 40 -80-60-40-20 0 20 40
Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV)
1.0 1.0 1.0 1.0 1.0
0.8 0.8 0.8 x 0.8 0.8
x ] ]
g o6 g 06 g 06 E 0.6 £ 06
S 04 S 04 g o4 3 04 S04
0.2 e Ctrl 0.2 ® Ctrl 0.2 e Ctrl 0.2 ® Ctrl 0.2 ® Ctrl
00 © 0.1 uM 00 O 1M 00 O 10 M o © 100 uM 0.0 O 500 uM
7-80-60-40-20 0 20 40 7-80-60-40-20 0 20 40 "-80-60-40-20 0 20 40 7-80-60-40-20 0 20 40 7.80-60-40-20 0 20 40
Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV)
2.0 2.0 20 2.0 2.0 2.0
S_15 ; 315 & 15 % 15 S_15 S_15
§E ' 1 I 2 EE ' "_ﬁ_.b/e’*‘*o EE ~ o é% ) o—e—0—0—7g-0 EE ’ ——0—b—5D %E ’ .
5510 5510{0 f BS10{ o2 T2  SEno 5E10{ 2 5E10f o0
=3 T T % =& ©° =8 o?
£ 05 £ 05 £ 05 £ 05 £ 05 2 05
0.0 0. 0.0 - 0.0 - 0.0 0.0
1091071010104 102 10810710610 10410 104107101010+ 10 10-$1071010°10410 1010710610104 102 10107 106105104 102
[Oleamide] (M) [Oleamide] (M) [Oleamide] (M) [Oleamide] (M) [Oleamide] (M) [Oleamide] (M)

Supplementary Figure 5. Effects of Oleamide on KCNQ2/3 channels

A. Mean tail current versus prepulse voltage relationship for KCNQ2/3 channels in the absence (black) and presence (pink)
of Oleamide, n = 8-16.

B. Normalized tail current versus prepulse voltage relationships as in panel A, n = 8-16.

C. Dose response of KCNQ2/3 channels between -40 and +40 mV, n = 8-16. Error bars indicate SEM.

Normalized Non-normalized Slope
KCNQ2/3 tail current Vg5 tail current Vo5 (m\[})

(mV) (mV)
Ctrl -41.5+0.6 -41.7+3.1 71+08

(n=16) (n=16) (n=16)
0.1uM -41.8 +0.6 -41.9+4.8 6.5+0.9
Oleamide (n=8) (n=8) (n=8)
1uM -41.5+0.8 -41.6+4.3 6.7+1.1
Oleamide (n=8) (n=8) (n=8)
10 uM -39.2+0.8 -39.4+48 7.0+0.8
Oleamide (n=8) (n=8) (n=8)
100 pM -41.5+0.8 -419+35 6.6 £0.8
Oleamide (n=9) (n=9) (n=9)
500 uM -379+0.8 -376%21 6.7+0.6
Oleamide (n=8) (n=8) (n=8)

Supplementary Table 7. Summary of Effects of Oleamide on KCNQ2/3 channels.

Values indicate mean + SEM.
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Supplementary Figure 6. Effects of palmitic acid on KCNQ2/3 channels
A. Mean tail current versus prepulse voltage relationship for KCNQ2/3 channels in the absence (black) and presence (red) of

palmitic acid, n = 5.
B.
C.

Normalized tail current versus prepulse voltage relationships as in panel A, n = 5.
Dose response of KCNQZ2/3 channels between -40 and +40 mV, n = 5. Error bars indicate SEM.

Normalized Non-normalized Slope
KCNQ2/3 tail current Vos | tail current Vos (m\';)

(mV) (mV)
Ctrl -40.7+19 -39.9+3.1 79+21

(n=5) (n =5) (n=5)
0.1uM -443+1.7 -43.6£5.0 79+17
Palmitic Acid (n=5) (n=5) (n=5)
1uM -46.6+1.7 -456 £5.5 74+17
Palmitic Acid (n=5) (n=5) (n=5)
3uM -465+1.1 -451+5.4 71+11
Palmitic Acid (n=5) (n=5) (n=5)
10 uM -449+0.9 -43.1+49 6.8+£0.9
Palmitic Acid (n=5) (n=5) (n=5)
30 uM -443+14 -435+4.9 70+11
Palmitic Acid (n=5) (n =5) (n=5)

Supplementary Table 8. Summary of Effects of Palmitic acid on KCNQ2/3 channels.

Statistics versus same channel in absence of Palmitic acid: **p=0.007, *p=0.01. Values indicate mean + SEM.



Normalized Non-normalized Slope
KCNQ2/3 tail current Vg5 tail current Vo5 (mv)
(mV) (mV)
Ctrl -375+15 -38.2+5.8 6.7+1.9
(n=5) (n =5) (n=5)
100 uM -39.9+0.9 -39.9+3.0 42+0.9
Sorbic Acid (n=5) (n =5) (n=5)

Values indicate mean + SEM.

Supplementary Table 9. Summary of Effects of Sorbic acid on KCNQ2/3 channels.

T act, -60 mvV T act, -40 mvV T act, -20 mvV
KCNQ2/3 (ms) (ms) (ms)
Ctrl 1726 £ 200 802 + 69 276 £ 24
(n=9) (n =9) (n =9)
30 UM MTX 835+ 51 397 + 26 205+ 6
(n =9) ** (n =9) ** (n =9) **

Supplementary Table 10. Summary of effects of MTX on KCNQ2/3 channel activation kinetics.

Statistics versus same channel in absence of 30 pM MTX: **p=0.002.

KCNQ2/3 T deact, -120 mV | 7 deact, -110 mV| t deact, -100 mV| t deact, -90 mV | t deact, -80 mV
(ms) (ms) (ms) (ms) (ms)

Ctrl 21+£1.0 30+£1.3 42+19 58+2.7 81+26
(n=5) (n=5) (n=5) (n=5) (n=5)

30 uM MTX 36+£1.2 53+35 77+£6.2 105+4.2 143 +£ 39
(n=5) (n=5) (n=5) (n=5) (n=5)

Supplementary Table 11. Summary of effects of MTX on KCNQ2/3 channel deactivation kinetics.

Statistics versus same channel in absence of 30 pM MTX: ****p<0.0001, ***p=0.0003, **p=0.002.
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Supplementary Figure 7. Effects of MTX on KCNQ2 channels
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A. Mean tail current versus prepulse voltage relationship for KCNQ2 channels in the absence (black) and presence (red) of

B.
C.

MTX, n = 5-10.

Normalized tail current versus prepulse voltage relationships as in panel A, n = 5-10.
Dose response of KCNQ2 channels between -40 and +40 mV, n = 5-10. Error bars indicate SEM.

T act, -40 mV

1 deact, -80 mV

Normalized

Non-normalized

KCNQ2 (ms) (ms) tail current Vs tail current Vo5 (5r|:\r;§3
(mV) (mV)

Ctrl 647 £ 47 390 £53 -445+14 -44.0 £ 3.9 75+031
(n=10) (n=10) (n =10) (n=10) (n =10)

0.1 uM MTX 538+ 20 294 +10 -50.0 £ 0.35 -50.0+ 0.4 7.4+0.23
(n=5) (n =5) (n=5)** (n=5) (n=5)

1uM MTX 490 +23 271+11 -51.4 £ 0.46 -51.7+£20 74+031
(n=5)* (n =5) (n =5) *=*=* (n=5) (n=5)

3 uM MTX 417 £ 25 237+12 -549+041 -521+£25 7.3+0.33
(n =B) **=* (n=5)* (n =B) **=*= (n=5) (n=5)

10 uM MTX 341+£22 199 +£11 -61.2£0.87 -61.7+2.7 7010
(n :5) Fkkk (n :5) K%k (FI :5) Fkkk (FI :5) *% (n :5)

30 uM MTX 301+£19 173+ 10 -685+15 -68.7 2.7 74+0.6
(n :5) Fkkk (n :5) K%k (FI :5) Fkkk (FI :5) *kk (n :5)

100 pM MTX 353+22 190+8 -66.0 £2.7 -66.2£2.7 81+12
(n :5) Fkk (n :5) K%k (FI :5) Fkkk (FI :5) *kk (n :5)

Supplementary Table 12. Summary of Effects of MTX on KCNQ2 channels.

Statistics versus same channel in absence of MTX: ****p<0.0001, ***p=0.0009, **p=0.005, *p=0.01. Values indicate mean = SEM.
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Supplementary Figure 8. Effects of MTX on KCNQ3* channels
A. Mean tail current versus prepulse voltage relationship for KCNQ3* channels in the absence (black) and presence (red) of

oOw

MTX, n=5.

[MTX] (M)

MTX] (M)

Normalized tail current versus prepulse voltage relationships as in panel A, n = 5.
Dose response of KCNQ3* channels between -40 and +40 mV, n = 5. Error bars indicate SEM.

[MTX] {M)

T act, -40 mvV 1 deact, -80 mV Normalized Non-normalized Slope
KCNQ3* (ms) (ms) tail current Vs tail current Vg5 (m\?)
(mV) (mV)
Ctrl 686 + 124 37370 -53.6+2.3 -53.1+85 n.d.
(n=5) (n=5) (n=5) (n=5)
1uM MTX 552 + 98 290 £ 51 -56.4+1.6 -56.1+4.2 n.d.
(n=5) (n=5) (n=5) (n=5)
3uM MTX 489 + 55 263 =29 -573x14 -574+53 n.d.
(n=5) (n=5) (n=5) (n=5)
10 uM MTX 421 +26 244 £ 17 -595+1.0 -595+4.2 n.d.
(n=5) (n=5) (n=5) (n=5)
30 UM MTX 388+20 24018 -62.3+1.2 -62.1+3.9 n.d.
(n=5) (n=5) (n=5)* (n=5)
100 pM MTX 403 + 36 269 £ 30 -66.2+2.1 -65.2+3.9 n.d.
(n=5) (n=5) (n =5) ** (n =5)

Supplementary Table 13. Summary of Effects of MTX on KCNQ3* channels.

Statistics versus same channel in absence of MTX: **p=0.005, *p=0.01. Values indicate mean + SEM. n.d., not determined.
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Supplementary Figure 9. Effects of MTX on KCNQ4 channels
A. Mean tail current versus prepulse voltage relationship for KCNQ4 channels in the absence (black) and presence (red) of

MTX, n=5.

B. Normalized tail current versus prepulse voltage relationships as in panel A, n = 5.
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[MTX] (M)

C. Dose response of KCNQ4 channels between -40 and +40 mV, n = 5. Error bars indicate SEM.

107 10 10% 104
MTX] {M)

T act, -40 mvV T deact, -80 mV Normalized Non-normalized Slope

KCNQ4 (ms) (ms) tail current Vs tail current Vg5 (m\rl))

(mV) (mV)

Ctrl 1015 £ 75 1185 + 258 -1565+13 -154+£6.5 126+1.2
(n=5) (n=5) (n=5) (n=5) (n=5)

0.1 uM MTX 941 £ 52 924 + 223 -17.0+16 -171+8.1 141+16
(n=5) (n=5) (n=5) (n=5) (n =5)

1uM MTX 878 £ 78 891 +234 -181+19 -18.1+9.0 150+1.9
(n=5) (n=5) (n=5) (n=5) (n =5)

3uM MTX 851+ 70 861 + 240 -201+1.3 -205+9.8 156+1.9
(n=5) (n=5) (n=5)* (n=5) (n =5)

10 uM MTX 847+ 94 906 + 293 -256+1.9 -253+9.7 159+19
(n=5) (n=5) (n=5) ** (n=5) (n =5)

30 uM MTX 865 + 108 905 + 283 -32.1+19 -329+97 144+18
(n=5) (n=5) (n =5) *** (n=5) (n=5)

100 uM MTX 1092 £ 170 1197 + 446 -315+13 -31.3+94 16.4+3.2
(n=5) (n=5) (n =B) ***= (n=5) (n=5)

Supplementary Table 14. Summary of Effects of MTX on KCNQ4 channels.

Statistics versus same channel in absence of MTX: ****p<0.0001, ***p=0.0009, **p=0.005, *p=0.01. Values indicate mean + SEM.
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Supplementary Figure 10. Effects of MTX on KCNQ5 channels

A. Mean tail current versus prepulse voltage relationship for KCNQS5 channels in the absence (black) and presence (red) of
MTX, n=5.

B. Normalized tail current versus prepulse voltage relationships as in panel A, n = 5.

C. Dose response of KCNQ5 channels between -40 and +40 mV, n = 5. Error bars indicate SEM.

Normalized Non-normalized Slope
KCNQ5 tail current Vo5 tail current Vos (m\e)
(mV) (mV)
Ctrl -424+16 -41.9+1.0 72+0.8
(n=5) (n =5) (n=5)
1 UM MTX -499+21 -49.3+1.2 83+21
(n=5)* (n=5)** (n=5)
3 UM MTX -511+23 -51.7+1.8 85+21
(n=5)* (n=5)** (n=5)
10 pM MTX -51.5+3.2 -51.9+0.8 8.6+29
(n=5)* (n=5) **** (n=5)
30 uM MTX -55.6 +£3.8 -55.9+0.8 8.8+3.6
(n=5)* (n=5) **** (n=5)
100 pM MTX -716+2.1 -71.1+26 n.d.
(n :5) *kKkk (n :5) kK

Supplementary Table 15. Summary of Effects of MTX on KCNQ5 channels.

Statistics versus same channel in absence of MTX: ****p<0.0001, **p=0.005, *p=0.01. Values indicate mean + SEM. n.d., not determined.
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Supplementary Figure 11. Effects of MTX on W236L-Q2/Q3 channels

A. Mean tail current versus prepulse voltage relationship for W236L-Q2/Q3 channels in the absence (black) and presence
(red) of MTX, n = 3.

B. Normalized tail current versus prepulse voltage relationships as in panel A, n = 3.

C. Dose response of W236L-Q2/Q3 channels between -40 and +40 mV, n = 3. Error bars indicate SEM.

Normalized Non-normalized Slope
W236L-Q2/Q3 | tail current Vos | tail current Vos (m\‘})
(mV) (mV)
Ctrl -524+1.3 -51.2+25 6.0+ 0.7
(n=3) (n=3) (n=3)
1uM MTX -57.1+0.9 -55.7+1.9 6.0+ 0.7
(n=3) (n=3) (n=3)
3uM MTX -57.8+1.3 -55.4+2.1 39+22
(n=3) (n=3) (n=3)
10 uM MTX -58.1+0.9 -57.3+2.7 6.2+0.7
(n=3) (n=3) (n=3)
30 UM MTX -624+1.3 -61.9+3.9 6.6+0.9
(n=3) (n=3) (n=3)
100 pM MTX -71.4+45 -67.9+7.7 6.8+1.2
(n=3) (n=3) (n=3)

Supplementary Table 16. Summary of Effects of MTX on W236L-Q2/Q3 channels.

Statistics versus same channel in absence of MTX: **p=0.004, *p=0.03. Values indicate mean + SEM.
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Supplementary Figure 12. Effects of MTX on Q2/W265L-Q3 channels
A. Mean tail current versus prepulse voltage relationship for Q2/W265L-Q3 channels in the absence (black) and presence
(red) of MTX, n = 3.
Normalized tail current versus prepulse voltage relationships as in panel A, n = 3.
Dose response of Q2/W265L-Q3 channels between -40 and +40 mV, n = 3. Error bars indicate SEM.

B.
C.

Normalized Non-normalized Slope
Q2/W265L-Q3 tail current Vo5 tail current Vo5 (m\[})
(mV) (mV)
Ctrl -435+2.7 -475+10.9 79+17
(n=3) (n=3) (n=3)
1uM MTX -457+29 -51.3+11.3 7917
(n=3) (n=3) (n=3)
3 UM MTX -492+2.6 -52.7+£10.5 79118
(n=3) (n=3) (n=3)
10 yM MTX -518+24 -54.0+9.7 76114
(n=3) (n=3) (n=3)
30 UM MTX -56.3+2.2 -58.0£8.3 74116
(n=3) (n=3) (n=3)
100 pM MTX -61.8+2.2 -63.7+£11.2 6.6 2.1
(n=3) (n=3) (n=3)

Supplementary Table 17. Summary of Effects of MTX on Q2/W265L-Q3 channels.

Statistics versus same channel in absence of MTX: **p=0.004, *p=0.03. Values indicate mean + SEM.



A

O

tail current (uA)

GIGmax

Fold Change

@ Control
O MTX
4 _ 4 _ 4 _ 4 4
3 i e I, & I
= £ r €
2 g2 g 2 g2 E 2
3 3 3 3
1 = 1 e Ctrl = 1 =1 ® Ctrl 7z 1
0 ® O 3iM £ ‘ 2 © 304M T o
-120 -80 40 0 40 -120 80 -40 0 40 -120 -80 40 0 40 -120 80 40 0 40 -120 80 -40 0 40
Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV)
1.0 1.0 1.0 1.0 P
0.8 0.8 0.8 s 0.8
> x
S 06 g o6 E 06 E 06
9 g4 S 04 & 04 & 04
e Ctl © a2 ® Ctrl 02 * Cirl 02 ® Ctrl 0.2 ® Ctrl
o o 1M 0‘0 O 3uM 0'0 O 10 uM 00 © 30 uM U'O © 100 uM
120 -80 -40 0 40 120 -80 -40 0 40 120 -80 40 0 40 120 80 40 0 40 120 80 40 O 40
Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV) Prepulse voltage (mV)
N 2.0 2.0 2.0 2.0 2.0
% 15 §_ 15 8 15 & 15 5 15
g2 & Y %E'WH g% G0 §= - o o g% . eos 5T . > o,
= - B510{ To10{ e 5E10] " ‘ 5510 &7 ¢ 5E10{ o7 ?
®4 5 o7 zd 2° 28 =¥
£ os £ o5 g o5 £ o0s £ o5
0+ 04 0.0+ 04 0. 00
107 105 108 104 107 108 108 10+ 07 10% 0% 10+ 107 108 105 104 107 105 10 104 107 0% 10% 104
[MTX] (M) [MT] (M) [MTX] (M) [MTX] (M) MTX] (M) [MTX] ()

Supplementary Figure 13. Effects of MTX on W236L-Q2/W265L-Q3 channels
A. Mean tail current versus prepulse voltage relationship for W236L-Q2/W265L-Q3 channels in the absence (black) and

presence (red) of MTX, n = 5.

B.
C.

Normalized tail current versus prepulse voltage relationships as in panel A, n = 5.

Dose response of W236L-Q2/W265L-Q3 channels between -40 and +40 mV, n = 5. Error bars indicate SEM.

Normalized Non-normalized
wgggtggl tail current Vs tail current Vos (Sijé)\p/))e
(mV) (mV)
Ctrl -59.0+0.2 -58.7+ 3.4 55+04
(n=5) (n =5) (n=5)
1uM MTX -62.8+0.4 -625+34 59+05
(n=5) (n=5) (n=5)
3 UM MTX -64.1+0.9 -63.6 +3.7 6.3+0.9
(n=5) (n =5) (n=5)
10 pM MTX -67.3+0.9 -66.3+3.9 6.4+0.6
(n=5) (n=5) (n=5)
30 UM MTX -719+09 -70.6 +3.7 6.3+0.5
(n=5) (n=5) (n=5)
100 uM MTX -773+14 -74.4+3.9 59+18
(n=5) (n =5) (n=5)

Supplementary Table 18. Summary of Effects of MTX on KCNQ2-W236L/KCNQ3-W265L channels.

Statistics versus same channel in absence of MTX: **p=0.004, *p=0.03. Values indicate mean + SEM.



Normalized Non-normalized

KCNQ2/3 tail current Vos | tail current Vos
(mV) (mV)

Ctrl 477116 -47.8+4.0
(n=6) (n=6)

100 pM GABOB -59.7+1.8 -60.8+45

30 uM MTX (n =6) **=* (n =6)

Supplementary Table 19. Summary of effects of GABOB on MTX sensitivity of KCNQ2/3 channels.

Statistics versus same channel in absence of 100 uM GABOB and 30 pM MTX: ***p=0.0007.

Normalized Non-normalized

wgggtggl tail current Vos | tail current Vos
(mV) (mV)

Ctrl -51.9+3.2 -53.4+0.8
(n=9) (n=9)

100 uM 2-MP -51.0+4.2 -53.8+1.7
(n=9) (n=9)

Supplementary Table 20. Summary of effects of 2-mercaptophenol on KCNQ2-W236L/KCNQ3-W265L channels.

Normalized Non-normalized

KCNQ2/3 tail current Vos | tail current Vos
(mV) (mV)

Ctrl -405+0.7 -41.1+3.0
(n=9) (n=9)

100 uM 2-MP -51.8+1.7 -52.0+4.7

30 UM MTX (n =9) **=** (n =9) **=**

Supplementary Table 21. Summary of effects of 2-mercaptophenol on MTX sensitivity of KCNQ2/3 channels.

Statistics versus same channel in absence of 100 uM 2-mercaptophenol and 30 uM MTX: ****p<0.0001.
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Supplementary Figure 14. Effects of Isovaleric acid on KCNQ2 channels
A. Mean tail current versus prepulse voltage relationship for KCNQ2 channels in the absence (black) and presence (blue) of

Isovaleric acid,

n =4-6.

B. Normalized tail current versus prepulse voltage relationships as in panel A, n = 4-6.
C. Dose response of KCNQ?2 channels between -40 and +40 mV, n = 4-6. Error bars indicate SEM.

Normalized Non-normalized Slope
KCNQ2 tail current Vo5 tail current Vos (m\l})
(mV) (mV)
Ctrl -43.7+0.6 -43.6+4.0 55+0.6
(n=6) (n =6) (n=6)
0.1 uM IVA -46.6 £0.9 -459+3.1 55+0.9
(n=4)* (n=4) (n=4)
1uM IVA -485+13 -49.3+6.9 7.0+0.8
(n=4)* (n=4) (n=4)
10 uM IVA -501+1.2 -50.7+6.5 6.9+0.8
(n=4) ** (n=4) (n=4)
100 uM IVA -526+1.8 -522+56 78+1.8
(n=4)* (n=4) (n=4)
500 uM IVA -504+15 50421 6.6+0.9
(n=4)* (n=4) (n=4)
5mM IVA -499+14 -495+14 6.3+0.8
(n=4)* (n=4) (n=4)

Supplementary Table 22. Summary of Effects of IVA on KCNQ2 channels.

Statistics versus same channel in absence of IVA: **p=0.006, *p=0.04. Values indicate mean + SEM.
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Supplementary Figure 15. Effects of Isovaleric acid on KCNQ3* channels
Mean tail current versus prepulse voltage relationship for KCNQ3* channels in the absence (black) and presence (blue) of

Isovaleric acid, n = 4.
B. Normalized tail current versus prepulse voltage relationships as in panel A, n = 4.
C. Dose response of KCNQ3* channels between -40 and +40 mV, n = 4. Error bars indicate SEM.

Normalized Non-normalized Slope
KCNQ3* tail current Vo5 tail current Vos (m\l})
(mV) (mV)
Ctrl -49.2+2.2 -50.6 £1.6 n.d.
(n=4) (n=4)
1uM IVA -53.1+21 -53.9+1.3 n.d.
(n=4) (n=4)
10 uM IVA -55.8+2.2 -55.6 +£1.5 n.d.
(n=4) (n=4)
100 uM IVA -53.9+22 -54.8 £ 0.9 n.d.
(n=4) (n=4)
500 uM IVA -526+21 -53.3£1.7 n.d.
(n=4) (n=4)
5 mM IVA -51.0+£23 -51.7+£15 n.d.
(n=4) (n=4)

Supplementary Table 23. Summary of Effects of IVA on KCNQ3* channels.

Statistics versus same channel in absence of IVA: **p=0.007, *p=0.01. Values indicate mean + SEM. n.d., not determined.
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Supplementary Figure 16. Effects of Isovaleric acid on KCNQ4 channels
A. Mean tail current versus prepulse voltage relationship for KCNQ4 channels in the absence (black) and presence (blue) of
Isovaleric acid, n = 4.
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Normalized tail current versus prepulse voltage relationships as in panel A, n = 4.
Dose response of KCNQ4 channels between -40 and +40 mV, n = 4. Error bars indicate SEM.

Normalized Non-normalized Slope
KCNQ4 tail current Vo5 tail current Vo5 (m\[;)
(mV) (mV)
Ctrl -4.3+22 -6.9+8.2 141+20
(n=4) (n=4) (n=4)
1uM IVA -6.2+1.4 -6.7+9.1 146+14
(n=4) (n=4) (n=4)
10 uM IVA -7.2+16 -9.1+104 16.2+15
(n=4) (n=4) (n=4)
100 uM IVA -75+18 -102+£11.1 153+1.8
(n=4) (n=4) (n=4)
500 uM IVA -7.5%£57 -7.8+11.9 16.2+1.6
(n=4) (n=4) (n=4)
5 mM IVA -6.1+2.1 -9.3+12.1 156+1.9
(n=4) (n=4) (n=4)

Supplementary Table 24. Summary of Effects of IVA on KCNQ4 channels.

Values indicate mean + SEM.
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Supplementary Figure 17. Effects of Isovaleric acid on KCNQ5 channels

A. Mean tail current versus prepulse voltage relationship for KCNQ5 channels in the absence (black) and presence (blue) of
Isovaleric acid, n = 4.

B. Normalized tail current versus prepulse voltage relationships as in panel A, n = 4.

C. Dose response of KCNQ5 channels between -40 and +40 mV, n = 4. Error bars indicate SEM.

Normalized Non-normalized Slope
KCNQ5 tail current Vg5 tail current Vo5 (m\[;)
(mV) (mV)
Ctrl -43.7+24 -42.2+3.8 71124
(n=4) (n=4) (n=4)
1uM IVA 424 +1.7 -415+1.9 6.8+21
(n=4) (n=4) (n=4)
10 uM IVA -43.8+ 1.7 -41.8+1.6 6.9+1.7
(n=4) (n=4) (n=4)
100 uM IVA -434+14 -41.6+2.1 6.7+15
(n=4) (n=4) (n=4)
500 uM IVA -446+1.8 -42.9+ 2.7 6.9+1.6
(n=4) (n=4) (n=4)
5 mM IVA -46.3+2.1 -44.6 £ 3.2 73+1.6
(n=4) (n=4) (n=4)

Supplementary Table 25. Summary of Effects of IVA on KCNQ5 channels.

Statistics versus same channel in absence of IVA: ***p<0.0001, ***p=0.0009, **p=0.005, *p=0.01. Values indicate mean + SEM.
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Supplementary Figure 18. Effects of Isovaleric acid on KCNA1 channels
A. Averaged KCNAL1 traces in the absence (black) and presence (blue) of Isovaleric acid (500 uM), n = 6.
B. Mean tail current versus prepulse voltage as in panel A, n = 6.
C. Normalized tail current versus prepulse voltage relationships as in panel A, n = 6.

Normalized Non-normalized Slope
KCNQ2/3 tail current Vo5 tail current Vos (mv)
(mV) (mV)
Ctrl -35.3+15 -375+24 6.8+1.3
(n =6) (n =6) (n=6)
500 uM IVA -389+1.1 -37.8+3.2 69+1.1
(n =6) (n =6) (n=6)

Supplementary Table 26. Summary of Effects of Isovaleric acid on KCNA1 channels.

Values indicate mean + SEM.
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Supplementary Figure 19. Effects of Isovaleric acid on W236L-Q2/W265L-Q3 channels

A. Mean tail current versus prepulse voltage relationship for W236L-Q2/W265L-Q3 channels in the absence (black) and
presence (green) of Isovaleric acid, n = 3-6.

B. Normalized tail current versus prepulse voltage relationships as in panel A, n = 3-6.

C. Dose response of W236L-Q2/W265L-Q3 channels between -40 and +40 mV, n = 3-6. Error bars indicate SEM.

Normalized Non-normalized
wgggtggl tail current Vs tail current Vos (Sijé)\p/))e
(mV) (mV)
Ctrl -56.0+1.9 -55.9+8.3 88+16
(n =6) (n =6) (n=6)
1uM IVA -576+1.1 -556.8+ 7.5 6.3+14
(n=6) (n=6) (n=6)
10 uM IVA -55.7+1.7 -53.7+7.4 49+16
(n =6) (n =6) (n=6)
100 uM IVA -56.5+2.0 -53.7+7.7 47+24
(n=6) (n=6) (n=6)
500 uM IVA -546+1.8 -51.1+6.1 56+14
(n=4) (n=4) (n=4)
5mM IVA -56.3+3.7 -51.9+84 35+35
(n=3) (n=3) (n=3)

Supplementary Table 27. Summary of Effects of IVA on W236L-Q2/W265L-Q3 channels.

Values indicate mean + SEM.



MTX ECs, (UM) IVA ECg (UM)
KCNQ2 6.4+0.21 0.34+0.6
(n =5-10) (n =4-6)
KCNQ3* 131015 0515
(n=5) (n =5)
KCNQ4 20.2+0.9 16.2 +0.3
(n=5) (n=4)
KCNQ5 67.1+0.27 1939 +4.7
(n=5) (n=4)
KCNQ2/3 11.5+0.2 228+0.4
(n=5-9) (n=4)
W236L-Q2/Q3 27+06 n.d.
(n=3)
Q2/W265L-Q3 70+£0.6 n.d.
(n=3)
W236L-Q2/ n.d. n.d.
W265L-Q3

Supplementary Table 28. ECs, (UM) values calculated from dose responses.

Values indicate mean = SEM. n.d., not determined.

MTX Vo5
ECx (UM)
KCNQ2/3 40+02
(n =5-9)
W236L-02/Q3 | 37.3%02
(n=5)
Q2/W265L-Q3 13.7+£0.3
(n=5)
W236L-Q2/ 149+0.1
W265L-Q3 (n =6)

Supplementary Table 29. MTX ECsy (UM) values calculated from shift in Vgs.

Values indicate mean + SEM. IVA values not calculated because double mutant eliminates sensitivity.

Normalized Non-normalized
KCNQ2 tail current Vos | tail current Vos
(mV) (mV)
Ctrl -35.7+14 -335+45
(n =5) (n =5)
100 uM IVA -41.2+1.3 -39.9+35
100 uM GABOB (n=5)* (n =5)

Supplementary Table 30. Summary of effects of GABOB on IVA sensitivity of KCNQ2 channels.

Statistics versus same channel in absence of 100 uM GABOB and 100 uM IVA: *p=0.05.



Normalized Non-normalized

KCNQ2/3 tail current Vg5 tail current Vo5
(mV) (mV)

Ctrl -41.2+0.6 -40.2+29
(n=5) (n =5)

30 pM MTX -63.9+15 -60.3+2.8

500 UM IVA (n =5) **** (n=5) **

Supplementary Table 31. Summary of Effects of MTX and IVA on KCNQ2/3 channels.

Statistics versus same channel in absence of MTX and IVA: ****p<0.0001, **p=0.001

T act, -60 mV T act, -40 mvV T act, -20 mvV
KCNQ2/3 (ms) (ms) (ms)
Ctrl 1305 + 149 665 + 48 248 £ 16

(n =8) (n =8) (n =8)
Cocktail 752 £ 59 384 £ 53 188 £ 12

(n =8) ** (n =8) ** (n=8) *

Supplementary Table 32. Summary of effects of cocktail on KCNQ2/3 channel activation kinetics.

Statistics versus same channel in absence of cocktail: **p=0.007, *p=0.01.

KCNQ2/3 t deact, -120 mV | 7 deact, -110 mV| t deact, -100 mV| t deact, -90 mV | t deact, -80 mV
(ms) (ms) (ms) (ms) (ms)

Ctrl 13+1.0 18+1.0 25+1.0 36+1.6 52+3.4
(n=5) (n=5) (n=5) (n=5) (n=5)

Cocktail 27+23 38+34 54 +5.0 7+£7.1 92+47
(n :5) *% (n :5) *% (n :5) *% (n :5) *% (n :5) Fkk

Supplementary Table 33. Summary of effects of cocktail on KCNQ2/3 channel deactivation kinetics.

Statistics versus same channel in absence of cocktail: ***p=0.0003, **p=0.002.

Normalized Non-normalized Slope (mV)
KCNQ2/3 tail current Vo5 tail current Vo5
(mV) (mv)
Ctrl -48.0+0.7 476+22 75+0.8
(n=31) (n=31) (n=31)
10 pM Retigabine | -61.4+1.1 -61.8+48 6.7+1.1
(n =9) **** (n=9) * (n=9)
10 pM Retigabine | -79.8+0.9 -79.8+0.9 75+12
500 UM IVA (n =6) *xx (n =6) *xx+ (n=6)
10 uM Retigabine | -104.6 + 1.5 -100.9+59 73x12
30 UM MTX (n =6) ***=* (n =6) **=* (n =6)
10 uM Retigabine | n.d. n.d. n.d.
30 UM MTX (n=8) (n=8) (n=8)
500 UM IVA

Supplementary Table 34. Summary of Effects of MTX, IVA and retigabine combinations on KCNQ2/3 channels.

Statistics versus same channel in absence of MTX and IVA: ****p<0.0001, ***p=0.0003, *p=0.02. Values indicate mean

+ SEM. n.d., not determined.




Normalized Non-normalized

KCNQ2/3 tail current Vg5 tail current Vo5
(mV) (mV)

Ctrl -38.7+0.7 -37.9+22
(n=13) (n=13)

1 uM Retigabine | -41.9+0.7 -41.7+2.3
(n=8)* (n=8)

1 uM Retigabine | -54.3+1.6 -49.8+4.7

1 uM MTX (n =8) **** (n=8)*

1pM IVA

1 uM Retigabine | -57.8+0.9 -55.9+35

10 pM MTX (n =) *xx (n =8) ***

10 uM IVA

Supplementary Table 35. Summary of Effects of low-dose retigabine, MTX and IVA on KCNQ2/3 channels.

Statistics versus same channel in absence of retigabine, MTX and IVA: ****p<0.0001, ***p=0.0009, **p=0.004, *p=0.05.

Values indicate mean + SEM.

Normalized Non-normalized

KCNQ2 tail current Vo5 tail current Vos
(mV) (mV)

Ctrl -46.5+0.7 -46.5+5.9
(n=7) (n=7)

1 pM Retigabine | -51.7 £0.7 -51.6+6.6
(n=7) (n =7) **=*

1 pM Retigabine | -56.1+0.6 -56.4+54

1 UM MTX (n=7) (n =7) xxw*

1 UM IVA

1 pM Retigabine | -63.7 +0.7 -64.1+6.0

10 UM MTX (n=7) (n =7) xxw*

10 UM IVA

10 pM Retigabine | n.d. n.d.

30 UM MTX

500 UM IVA

Supplementary Table 36. Summary of Effects of retigabine, MTX and IVA on KCNQ2 channels.

Statistics versus same channel in absence of retigabine, MTX and IVA: ****p<0.0001, ***p=0.0002.

Normalized Non-normalized

KCNQ3* tail current Vo5 tail current Vos
(mV) (mV)

Ctrl -50.8+2.1 -53.5+8.6
(n=11) (n=11)

1 uM Retigabine | -61.9+2.2 -63.9+7.7
(n=11) ** (n=11)

1 uM Retigabine | -744+24 -76.5+8.0

1 UM MTX (N =11) *xs* (n=11)

1 UM IVA

1 uM Retigabine | -91.4+26 -91.6+87

10 UM MTX (n =11) **** (n =11) **

10 UM IVA

10 pM Retigabine | n.d. n.d.

30 UM MTX

500 UM IVA

Supplementary Table 37. Summary of Effects of retigabine, MTX and IVA on KCNQ3* channels.

Statistics versus same channel in absence of retigabine, MTX and IVA: ****p<0.0001, **p=0.005.




Supplementary Table 38. Summary of Effects of retigabine, MTX and IVA on KCNQ4 channels.

Statistics versus same channel in absence of retigabine, MTX and IVA: ****p<0.0001, **p=0.004, *p=0.05.

Normalized Non-normalized
KCNQ4 tail current Vo5 tail current Vo5
(mV) (mv)
Ctrl -7.1+15 -7.2+105
(n =6) (n =6)
1 uM Retigabine | -9.7+1.1 -102+75
(n =6) (n =6)
1 uM Retigabine | -12.8+1.1 -13.2+64
1 pM MTX (n=6)* (n =6)
1M IVA
1 uM Retigabine | -17.4+1.7 -18.6 5.6
10 pM MTX (n =6) ** (n =6)
10 uM IVA
10 uM Retigabine | -39.8 £3.0 -37.3+3.2
30 uM MTX (n =6) **** (n=6)*
500 uM IVA

Normalized Non-normalized

KCNQ5 tail current Vo5 tail current Vos
(mV) (mV)

Ctrl -41.7+09 -40.3+24
(n=10) (n =10)

1 pM Retigabine | -46.0+0.9 -458+28
(n =6) ** (n=6)

1 pM Retigabine | -49.5+05 -49.1+24

1 UM MTX (n =6) ***=* (n=6) *

1M IVA

1 uM Retigabine | -54.6 £0.6 -53.2+28

10 M MTX (n =6) **=*=* (n =6) **

10 uM IVA

10 uM Retigabine | -61.4+0.9 -60.6 +2.8

30 UM MTX (n =4) ***= (n =4) **=*

500 uM IVA

Supplementary Table 39. Summary of Effects of retigabine, MTX and IVA on KCNQ5 channels.

Statistics versus same channel in absence of retigabine, MTX and IVA: ****p<0.0001, ***p=0.0009, **p=0.004,
*p=0.05.



