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Supplemental Table 1.  Sodium channelopathies that are likely to increase possibility of resurgent 
currents. 

Mutation Location Syndrome Δhinf 
(mV) 

Persistent 
current 

Rate of 
inactivation 

References 

Nav1.1-L263V IS5 FHM +8 bigger slower (1) 
Nav1.1-T875M IIS5-S5 GEFS+ +7 bigger same (2) 

Nav1.1- R1648C IV-S4 SMEI -7 bigger slower (3) 
Nav1.1-R1648H IV-S4 GEFS+ -1.5 bigger Slower (2) 
Nav1.1-F1661S IV-S5 SMEI +12 bigger slower (3) 
Nav1.1-F1808L C-term ICEGTC -15 bigger same (4) 
Nav1.3-K354Q I-S5-SS1 linker epilepsy -4 bigger slower (5) 
Nav1.4-L266V IS5 PMC/CAM +12 same slower (6) 
Nav1.4-V445M IS6 PAM -3 bigger slower (7) 
Nav1.4-S804F IIS6 PAM +3 bigger slower (8) 

Nav1.4-R1132Q IIIS4-3 HypoPP -4 ND slower (9) 
Nav1.4-A1152D IIIS4S5 PMC +6 same slower (10) 
Nav1.4-A1156T IIIS4S5 PMC +5 ND slower (11) 
Nav1.4-G1306A III-IV linker PAM +5 same slower (12, 13) 
Nav1.4-G1306E III-IV linker PAM/PMC +12 bigger slower (12, 13) 
Nav1.4-T1313M III-IV linker PMC +3/+17 same slower (11, 14) 
Nav1.4-T1313A III-IV linker PMC +11 same slower (15) 
Nav1.4-L1433R IVS3 PMC +15 ND slower (11) 

Nav1.4-
R1448C/H/P/S 

IVS4-1 PMC -13 ND slower (11, 16-18) 
 

Nav1.4-F1473S IVS4S5 PAM +18 bigger slower (19) 
Nav1.4-F1705I C-term PMC +9 ND slower (20) 
Nav1.5-L619F I-II linker LQT3 +6 bigger same (21) 
Nav1.5-S941N II-III linker LQT3 0 bigger slower (22) 

Nav1.5-T1304M IIIS4 SIDS/LQT3 +11 bigger faster (23) 
Nav1.5-N1325S IIIS4-S5 LQT3 ND bigger ND (24) 
Nav1.5-S1333Y IIIS4-S5 SIDS/LQT3 +8 bigger slower (25) 
Nav1.5-F1473C III-IV linker LQT3 +9 bigger ND (26) 
Nav1.5-F1486L III-IV linker LQT3/SIDS +14 bigger slower (23) 
Nav1.5-ΔKPQ III-IV linker LQT3 -6 bigger mixed (27) 

Nav1.5-D1595H IVS3 DCAVA -7 bigger slower (28) 
Nav1.5-R1623Q IVS4 LQT3 0 bigger slower (29) 
Nav1.5-R1626P IVS4 LQT3 -7 bigger slower (22) 

Nav1.5-M1652R IVS4-S5 LQT3 +8 bigger slower (22) 
Nav1.5-F2004L C-term SIDS/LQT3 +5 bigger slower (23) 
Nav1.7-V1298F IIIS4-S5 PEPD +20 bigger slower (30) 
Nav17-V1299F IIIS4-S5 PEPD +21 bigger slower (30) 
Nav1.7-I1461T IIIS4-S5 PEPD +20 bigger slower (30, 31) 
Nav1.7-T1464I III-IV linker PEPD +19 bigger slower (30, 31) 

Nav1.7-M1627K IVS4-S5 PEPD +19 bigger slower (31, 32) 
 
Abbreviations: Δhinf: change in voltage-dependence of steady-state inactivation.  FHM: familial 
hemiplegic migraine; ICEGTC: intractable childhood epilepsy with generalized tonic-clonic seizures; 
SMEI: severe myoclonic epilepsy of infancy; GEFS+: generalized epilepsy with febrile seizures plus; 
HypoPP: hypokalemic periodic paralyis; PMC, paramyotonia congenital; PAM, potassium-aggravated 
myotonia; CAM, cold-aggravated myotonia; LQT3, long QT 3 syndrome;  SIDS, sudden infant death 
syndrome; DCAVA, dilated cardiomyopathy with atrial and ventricular arrhythmia; PEPD paroxysmal 
extreme pain disorder; hinf, fast inactivation; c-term, c-terminus.



 
 

Supplemental Table 2.  Transition rate expressions for Nav1.7 conductance simulations. 

 

Transition For Nav1.7 For Nav1.7-I1461T 
α01 3*15.5/(1+exp((v-5)/(-12.08)))  unchanged 
β01 35.2/(1+exp((v+72.7)/16.7))  unchanged 
α02 2*15.5/(1+exp((v-5)/(-12.08)))  unchanged 
β02 2 * (35.2/(1+exp((v+72.7)/16.7)))  unchanged 
α03 15.5/(1+exp((v-5)/(-12.08)))  unchanged 
β03 3 * (35.2/(1+exp((v+72.7)/16.7)))  unchanged 
α11 3*15.5/(1+exp((v-5)/(-12.08)))  unchanged 
β11 35.2/(1+exp((v+72.7)/16.7))  unchanged 
α12 2*15.5/(1+exp((v-5)/(-12.08)))  unchanged 
β12 2 * (35.2/(1+exp((v+72.7)/16.7)))  unchanged 
α13 15.5/(1+exp((v-5)/(-12.08)))  unchanged 
β13 3 * (35.2/(1+exp((v+72.7)/16.7)))  unchanged 
αi1 -.00283+2.003/(1+exp((v+5.5266)/(-12.702)))  unchanged 
βi1 0.38685/(1+exp((v+122.35)/15.29)) 0.741/(1+exp((v+135.69)/21.44)) 
αi2 -.00283+2.003/(1+exp((v+5.5266)/(-12.702))) 1.669/(1+exp((v+10.43)/(-9.24))) 
βi2 0.38685/(1+exp((v+122.35)/15.29)) 0.741/(1+exp((v+135.69)/21.44)) 
αi3 -.00283+2.003/(1+exp((v+5.5266)/(-12.702))) 1.669/(1+exp((v+10.43)/(-9.24))) 
βi3 0.38685/(1+exp((v+122.35)/15.29)) 0.741/(1+exp((v+135.69)/21.44)) 
αi4 -.00283+2.003/(1+exp((v+5.5266)/(-12.702))) 1.05/(1+exp((v+10.43)/(-9.24))) 
βi4 0.38685/(1+exp((v+122.35)/15.29)) 0.9632/(1+exp((v+135.69)/21.44)) 
   
αOB 1.1*exp(v/1e12)  unchanged 
βOB 0.0135*exp(v/-25)  unchanged 

Transitions are as diagramed in Figure 3A.  Values are in ms-1.  
 
 



Supplemental Table 3.  Transition rate expressions for Nav1.5 conductance models. 

Transition For Nav1.5 For Nav1.5-F1486L 
α01 -3*0.32*(v+47.13)/(exp(-0.1*(v+47.13))-1)  unchanged 
β01 0.08 * exp(-(v)/11)  unchanged 
α02 -2*0.32*(v+47.13)/(exp(-0.1*(v+47.13))-1)  unchanged 
β02 2 * (0.08 * exp(-(v)/11))  unchanged 
α03 -0.32*(v+47.13)/(exp(-0.1*(v+47.13))-1)  unchanged 
β03 3 * (0.08 * exp(-(v)/11))  unchanged 
α11 -3*0.32*(v+47.13)/(exp(-0.1*(v+47.13))-1)  unchanged 
β11 0.08 * exp(-(v)/11)  unchanged 
α12 -2*0.32*(v+47.13)/(exp(-0.1*(v+47.13))-1)  unchanged 
β12 2 * (0.08 * exp(-(v)/11))  unchanged 
α13 -0.32*(v+47.13)/(exp(-0.1*(v+47.13))-1)  unchanged 
β13 3 * (0.08 * exp(-(v)/11))  unchanged 
αi1 (1/(0.13*(1+(exp(-1*(v+10.66)/11.1))))) 1/(0.26*(1+(exp(-1*(v+10.66)/11.1)))) 
βi1 (0.135*exp(-0.147*(v+80))) unchanged 
αi2 (1/(0.13*(1+(exp(-1*(v+10.66)/11.1))))) 1/(0.26*(1+(exp(-1*(v+10.66)/11.1)))) 
βi2 (0.135*exp(-0.147*(v+80))) unchanged 
αi3 (1/(0.13*(1+(exp(-1*(v+10.66)/11.1))))) 1/(0.26*(1+(exp(-1*(v+10.66)/11.1)))) 
βi3 (0.135*exp(-0.147*(v+80))) unchanged 
αi4 (1/(0.13*(1+(exp(-1*(v+10.66)/11.1))))) 1/(0.26*(1+(exp(-1*(v+10.66)/11.1)))) 
βi4 (0.135*exp(-0.147*(v+80))) 0.001 
   
αOB 2.5*exp(v/1e12)  unchanged 
βOB 0.02*exp(v/-25)  unchanged 
 
Transitions are as diagramed in Figure 3A.  Values are in ms-1.  
 
 
 

 



Supplemental Table 4.  Comparison of peak current amplitudes in cells with and without resurgent 

currents. 

Construct Resurgent current1 

(% of peak current) 

Peak amplitude without 
resurgent current (nA) 

Peak amplitude with 
resurgent current (nA) 

Nav1.7r 1.0 ± 0.5 

n=5 (of 21) 

23.3 ± 3.7 

n = 16 

59.5 ± 8.3 * 

n = 5 

Nav1.7r-I1461T 2.0 ± 0.1  

n=20 (of 30) 

34.9 ± 6.0 

n = 10 

52.7 ± 8.5 

n = 20 

Nav1.5 0.6 ± 0.1  

n=9 (of 18) 

43.9 ± 10.5 

n = 9 

55.1 ± 6.5 

n = 9 

Nav1.5-F1486L 2.0 ± 0.4  

n=8 (of 17) 

28.8 ± 7.9 

n = 9 

55.8 ± 6.0 * 

n = 8 

Nav1.4r None detected 

(out of 11) 

30.9 ± 5.1 

n = 11 

  

n = 0 

Nav1.4r-R1448P 4.2 ± 0.6  

n=13 (of 20) 

10.3 ± 1.5 

n = 7 

40.2 ± 4.9 * 

n = 13 

Nav1.6r 2.4 ± 0.3 

n=9 (of 14) 

29.6 ± 3.1 

n = 6 

43.8 ± 9.6 

n = 8 

Nav1.6r-I1477T 15.3 ± 3.4  

n=7 (of 14) 

18.0 ± 3.5 

n = 7 

22.7 ± 2.2 

n = 7 

1Resurgent sodium current amplitude data are duplicated from Table 1 for comparison purposes.  In the 
far right column, * indicates significant difference when comparing the peak transient current amplitude 
observed in cells that exhibited resurgent current to the peak transient current amplitude observed in 
cells that did not exhibit resurgent currents for each channel construct (p < 0.05). 



 
 
Supplemental Figure 1.  (A) Representative TTX-resistant currents recorded from a cultured adult rat 
DRG neuron in the presence of 500 nM TTX.  Currents were elicited with voltage steps ranging from -
80 to +40 mV in 10 mV increments.  These currents show the kinetic properties typical of Nav1.8 
currents.  (B) Representative currents recorded from a cultured adult rat DRG neuron transfected with 
Nav1.8-shRNA but no recombinant VGSC construct.  Scale is the same as in (A) for comparison.  In 
the presence of TTX, very little sodium current is elicited.  This demonstrates the Nav1.8-shRNA 
transfection combined with application of 500 nM TTX effectively blocks the majority of endogenous 
voltage-gated sodium currents in cultured DRG neurons.  (C) Steady-state inactivation curves for 
endogenous Nav1.8 currents (filled circles) recorded from the same neuron used in (A), a transfected 
neuron expressing recombinant Nav1.5r current without evidence of Nav1.8 contamination (closed 
squares) and a transfected neuron expressing recombinant Nav1.5r current with ~20% contamination 
by endogenous Nav1.8 currents (open triangles).  Nav1.8 contamination is evidenced by the biphasic 
voltage-dependence of steady-state inactivation.  Recordings were done in the presence of 500 nM 
TTX and recombinant Nav1.5r was co-transfected with Nav1.8-shRNA.   (D) Resurgent currents are not 
detected in control neurons in the presence of 500 nM TTX.  Currents are recorded from the same 
neuron used in (A) and are magnified 30x relative to the peak current elicited with a test pulse to -10 
mV.  (E) Resurgent currents are not detected in neurons transfected with Nav1.8-shRNA but no 
recombinant VGSC construct in the presence of 500 nM TTX.  Currents are recorded from the same 
neuron used in (B) and are shown on the same scale as in (D) for comparison.  
 



 
 
 
Supplemental Figure 2.  Quantification of resurgent current amplitude.  Sodium currents recorded from 
two different neurons expressing Nav1.6r currents are shown.  Currents were elicited with a 20 ms 
pulse to +30 mV followed by a 100 ms pulse to -40 mV from a holding potential of -100 mV.  Rapid tail 
currents can be seen in the recordings from both neurons.  In addition, robust resurgent current, with 
slower onset and decay than the tail currents, can be seen in the recording shown in (B).  The 
amplitude of the resurgent current is measured relative to the baseline obtained at the holding potential.  
Tail currents are not included in the measurement of resurgent current amplitudes through judicious 
use of the measurement cursors in the analysis program. 



 

 
Supplemental Figure 3.  Resurgent current amplitude is not well correlated with peak current amplitude.  
Resurgent current amplitude, expressed as a percent of peak current amplitude, is plotted versus the 
peak current amplitude for all 71 cells that exhibited detectable resurgent currents, regardless of 
channel construct.  The solid line, determined using linear regression analysis, indicates that there is a 
slight negative correlation between resurgent current amplitude and peak current amplitude.  However, 
this correlation is not strong, as indicated by the coefficient of correlation (r = -0.3).  Furthermore, the 
negative slope of the fit is largely dictated by the Nav1.6r-I1477T data points; this channel exhibited 
large resurgent current amplitudes, but only moderate (<35 nA) peak current amplitudes.   If the 
Nav1.6r-I1477T data points are excluded, there is virtually no correlation between peak current 
amplitude and the relative amplitude of the observed resurgent currents.
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