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Supplementary Fig. 1: Acid activation of mOTOP1 channel. a Representative current 

traces evoked in HEK293T cells expressing mOTOP1 and untransfected HEK293T 

cells under different acidic pH OTOP1 extracellular solutions. b Plot of currents (ΔI; 

mean ± SEM) versus pH (6.5–4.5) in HEK293T cells expressing mOTOP1 channels 

(black dots, n = 11) and untransfected (gray dots, n = 10), with membrane potential held 

at 0 mV, mean ± SEM. Source data are provided as a Source Data file. 

  



 

Supplementary Fig. 2: Current duration activated by alkali in HEK293T cells 

expressing mOTOP1 channels. a-e Representative alkali-induced currents with long-

term alkali (pH 8.0-10.0) application at a holding potential of 0 mV. f Demonstration 

of the duration (from alkali-activated current generation to current holding constant) 

of outward current under long-term alkali (pH 8.0-10.0) application with different pH 

extracellular solutions (individual data point, mean ± SEM). pH 8.0: 99.055 ± 9.629 s, 

n = 10; pH 8.5: 120.468 ± 12.486 s, n = 8; pH 9.0: 110.077 ± 19.623 s, n = 6; pH 9.5: 

101.671± 12.685 s, n = 9; pH 10.0: 109.737 ± 14.635 s, n = 8. One-way ANOVA, 

Dunnett's multiple comparisons test. There is no significant difference compared to 

pH 8.0. pH 8.5 vs. pH 8.0, p = 0.6961; pH 9.0 vs. pH 8.0, p = 0.9789; pH 9.5 vs. pH 

8.0, p = 0.9998; pH 10.0 vs. pH 8.0, p = 0.9735. Source data are provided as a Source 

Data file. 

  

  



 

 

Supplementary Fig. 3: Changes in Erev of mOTOP1 currents during long-term alkali 

application. a I-V curves of mOTOP1 channels were recorded at every one second 

interval in the alkaline extracellular solution. Vm was held at −120 mV and ramped to 

+120 mV, 1 V/s. b Change in Erev as a function of time for OTOP1. Data are presented 

as mean ± SEM. 1 s: −117.323 ± 2.044 mV, n = 6; 2 s: −105.470 ± 2.250 mV, n = 6; 3 

s: −98.095 ± 2.372 mV, n = 6, 4 s: −92.628 ± 2.402 mV, n = 6. c-d Comparison of the 

measured magnitude of currents at Vm = 0 mV predicted if the initial current decays 

due to a change in driving force for H+ efflux. I(x) = I1s *(Vm-Erev(x))/(Vm-Erev(1s)), where 

x is a time point between 2 and 4 s after the onset of the stimulus. The measured current 

magnitudes were lower than the predicted calculated from the change in driving force. 

n = 6. Data are presented as mean ± SEM in (c). Source data are provided as a Source 

Data file. 

  



 

Supplementary Fig. 4: Alkali -induced current density of mOTOP1 channel correlates 

with its expression level. a Alkali -induced current density of mOTOP1 channel co-

expressed with point mutants mK221A. Two-way ANOVA, Dunnett's multiple 

comparisons test, mean ± SEM. pH 8.0: mOTOP1 (n = 9) vs. mOTOP1:mK221A 1:1 

(n = 10), p = 0.8530, mOTOP1 vs. mOTOP1:mK221A 1:1.5 (n = 8), p = 0.5996; pH 

9.0: mOTOP1 (n = 9) vs. mOTOP1:mK221A 1:1 (n = 10), p = 0.0728, mOTOP1 vs. 

mOTOP1:mK221A 1:1.5 (n = 8), p = 0.0008. b Inhibition efficiency of 1 mM Zn2+ on 

alkali-induced currents in mOTOP1 channels co-expressed with the point mutant 

mK221A. Two-way ANOVA, Dunnett's multiple comparisons test, mean ± SEM. pH 

8.0: n = 7 for mOTOP1 and mOTOP1:mK221A 1:1.5, n = 6 for mOTOP1:mK221A 1:1; 

pH 9.0: n = 7 for mOTOP1 and mOTOP1:mK221A 1:1, n = 5 for mOTOP1:mK221A 

1:1.5. There is no significant difference. Source data are provided as a Source Data file. 

  



 

Supplementary Fig. 5: mOTOP1 channels are virtually impermeable to calcium ions 

when activated by alkali. a-d Calcium ions were chelated intracellularly with EGTA, 

NMDG+ in the extracellular solution was replaced with gradient concentrations of Ca2+ 

to measure the permeability of mOTOP1 channels to calcium ions. e HEK293T cells 

expressing mOTOP1 channels are barely permeable to calcium ions at different 

extracellular calcium ion concentrations. Data are presented as mean ± SEM. A: 5 mM 

Ca2+, n = 4; B: 12mM Ca2+, n = 8; C: 42 mM Ca2+, n = 6; D: 62mM Ca2+, n = 6. One-

way ANOVA, Dunnett's multiple comparisons test. 12 mM Ca2+ vs. 5 mM Ca2+: p = 

0.9965, 42 mM Ca2+ vs. 5 mM Ca2+: p = 0.4110, 62 mM Ca2+ vs. 5 mM Ca2+: p = 

0.5940. Source data are provided as a Source Data file. 

  



 

Supplementary Fig. 6: Key residues K221 and R554 in mOTOP1 are critical for alkali 

activation. a Top view of mOTOP1 structure (left), predicted by AlphaFold. Local view 

of K221 and R554, key residues of alkali-OTOP1 interactions (right). b Sequence 

alignment of mOTOP1 and zebrafish OTOP1 (zfOTOP1). Key residue associated with 

alkali binding is shown in orange. Cylinders above sequence indicate S11 and S12 

transmembrane domains in OTOP1 structure. 

 

  



 

Supplementary Fig. 7: Alkali activation of naturally occurring mutations (tilted and 

mergulhador) of mOTOP1 channel. a Representative traces of currents evoked in 

HEK293T cells expressing mOTOP1, tlt (mA151E), mlh (mL408Q), and untransfected 

under different alkaline pH OTOP1 extracellular solutions. b Current amplitudes under 

different pH solutions in experiments of A, for tlt (n = 8), mlh (n = 4), and untrans (n = 

5). Two-way ANOVA, Dunnett's multiple comparisons test, mean ± SEM. c Current 

magnitudes recorded under variable alkali concentrations were normalized to 

Capacitance to control for different cells, for tlt (n = 8), mlh (n = 4), and mOTOP1 (n = 

4). Two-way ANOVA, Dunnett’s multiple comparisons test, mean ± SEM. * p < 0.05, 

** p < 0.01, *** p < 0.001, **** p < 0.0001. Exact p-values: b: **p = 0.0077, **p = 

0.0029; c: *p = 0.0298, *p = 0.0418, **p = 0.0067, *p = 0.0117, ***p = 0.0002, ***p 

= 0.0006. Source data are provided as a Source Data file. 

 

  



 

Supplementary Fig. 8: Inhibition efficiency of Zn2+ at different voltages. The 

inhibition efficiency of Zn2+ on mOTOP1 was not dramatically changed upon different 

stimulating voltages. One-way ANOVA, Dunnett's multiple comparisons test, n = 3 for 

40 mV, 20 mV, and -40 mV, n = 4 for 0 mV and -20 mV. There is no significant 

difference compared to the inhibition rate at 0 mV. Source data are provided as a Source 

Data file. 

 

 


