T frontiers

Supplementary Material

Deciphering in silico the role of mutated Navl.1 sodium channels in enhancing trigeminal
nociception in familial hemiplegic migraine type 3

Alina Suleimanova, Max Talanov, Arn M J M van den Maagdenberg and Rashid Giniatullin

A L263V4 B L1670W 4 (o L1649Q 4
g 1.04 1.0 1.0
g
o
205 0.5 0.5
I
8
E
g 0 T T T T T T 0 T T T T T 0 T T T T T
-120 -80 -40 0 -120 -80 -40 0 -120 -80 -40 0
recovery voltage, mV recovery voltage, mV recovery voltage, mV
D Q1478K 4 E R1648H | o
recovery from slow inactivation
£1.0 1.01 for:
E —— model WT
805 0.5 —— model mutation
g MW TN e experiment
o
E
8 0 T T T 1 T 1 0 T T T T ! 1
-120 -80 -40 0 -120 -80 -40 0

recovery voltage, mV recovery voltage, mV

Supplementary Figure 1.The comparison of voltage dependence of recovery from slow inactivation
of Navl.l WT and gain-of-function mutants L263V(A), L1670W(B), L1649Q(C), Q1478K(D),
R1648H(E). We compared mutations with WT which are presented in the same paper from where we
used experimental data for the mutation. Kahlig et al. (2008) for the L263V mutation, Dhifallah et al.
(2018) for the L1670W mutation, Cestele et al. (2008) for the L1649Q mutation, Cestele et al. (2013)
for the Q1478K mutation, Kahlig et al. (2006) for the R1648H mutation, and Mantegazza et al. (2005)
for the M145T mutation.
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Supplementary Figure 2. The comparison of tau fast as a function of voltage of Nay1.1 WT and gain-
of-function mutants L263V(A), L1670W(B), L1649Q(C), Q1478K(D), R1648H(E). We compared
mutations with WT which are presented in the same paper from where we used experimental data for
the mutation. Kahlig et al. (2008) for the L263V mutation, Dhifallah et al. (2018) for the L1670W
mutation, Cestele et al. (2008) for the L1649Q mutation, Cestele et al. (2013) for the Q1478K mutation,
Kahlig et al. (2006) for the R1648H mutation, and Mantegazza et al. (2005) for the M145T mutation.



Supplementary Figure 3. The comparison of simulated sodium Navl.l current with
experimental results. (A) The normalized to peak current of Nav1l.1 WT and experimentally recorded
(Kahlig et al. 2008) sodium current of Nav1.1 WT (dotted line). (B) The normalized current of L263V
compared with experimentally recorded (Kahlig et al. 2008) sodium current of L263V (dotted line).
All currents were evoked by a voltage step to -10mV. To extract experimental data we traced graph
from paper in Adobe Illustrator, then, we put vectorized curve above simulated current according to
time scale.
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Supplementary Figure 4. The dependence of a single spike probability from concentration of
ATP or 5-HT and the role of ATP hydrolysis and 5-HT uptake. (A) The dependence of ATP
concentration with partial hydrolysis and single spike probability for Nay1.1 WT and mutant L263V.
(B) The dependence of ATP concentration without hydrolysis and single spike probability for Nay1.1
WT and mutant L263V. (C) The voltage changes of the Nay1.1 WT and mutant L263V expressing
fibers activated with 0.6 uM ATP without hydrolysis with partial hydrolysis. (D) The dependency of
5-HT concentration with uptake and single spike probability for Nay1.1 WT and mutant L263V. (E)
The dependency of 5-HT concentration without uptake and single spike probability for Nav1l.1 WT
and mutant L263V. (F) The voltage of the Nay1.1 WT and mutant L263V fibers with 0.6 uM 5-HT
application with uptake. (G) Firing of the Nay1.1 WT and mutant L263V fibers activated by two ATP
release events with partial hydrolysis and (H) without hydrolysis. (I) Firing of the WT and mutant
L263V fibers activated by two 5-HT release events with uptake and (J) without uptake.
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Supplementary Figure 5. The dependence of repetitive firing from ATP or 5-HT concentration.
(A) The dependence of ATP concentration with partial hydrolysis and the number of spikes. (B) The
dependency of 5-HT concentration with uptake and the number of spikes. (C) The membrane potential
(inmV) of Nav1.1 WT and mutant L263V fibers with 2 uM ATP and (D) 10 uM ATP application. (E)
The membrane potential (in mV) of the Nayv1.1 WT and mutant L263V fibers with application of 2 uM
5-HT and (F) 10 uM 5-HT.
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Supplementary Figure 6. The modeling of action of ATP and 5-HT on the whole trigeminal nerve
(left) composed by five Aé- and five C-fibers and 10 insensitive to ATP and 5-HT fibers. The
firing activity of Na,1.1 WT (Aa) and mutant L263V (Ab) nerve induced by 100 uM ATP. The firing
activity of Na,1.1 WT (Ba) and mutant L263V (Bb) nerve induced by 2 uM 5-HT.

To simulate the whole nerve activity, we additionally developed the model of C-fiber since these fibers,
like AS ones, are also responding to ATP and 5-HT. The model of C-fiber has diameter 0.25 pm and
two P2X3 or 5-HT3 receptors (Sokolova et al., 2006; Corradi et al., 2009) in each compartment (0.25
pum x 250 pm). The membrane capacitance was 1 puF/cm2. We activated receptors applying 1 uM ATP
with partial hydrolysis and 2 uM 5-HT with uptake. These concentrations are close to EC50 of P2X3
and 5-HT3 receptors (Supplementary Table 1). For C-fiber model the following set of ion channel was
used: Navl.7 and Navl.8 (Ho and O’Leary, 2011; Zhang et al., 2013; Balbi et al., 2017) with
conductances 0.1 S/cm? and 0.2 S/cm?, respectively, the densities were based on the axon model of C-
fiber by Tigerholm et al. (2014) (for Nay1.7 is 106.64 mS/cm?, for Nay1.8 is 242.71mS/cm?), A-type
current (Gasparini et al., 2004): Kv1 with g = 0.02 S/cm?, Kv2 with g = 0.04 S/cm?, Kv4 with g = 0.02
Slcm?, calcium-activated potassium channel KCa with g = 0.001 S/cm? (Mandge and Manchanda,
2018), and potassium delayed rectifier KDR with g = 0.01 S/cm? (Tigerholm et al., 2014). Details of
the model we reported previously (Suleimanova et al., 2020)



Supplementary Table 1

Morphological and functional properties of Ad-fiber

Parameter Value Reference

Fiber diameter 5 um (West et al., 2015)
Node diameter 2 um (Mclntyre et al., 2002)
Capacitance 2 uF/cm? (Mclntyre et al., 2002)
Leakage conductance 0.007 S/cm? (Mclintyre et al., 2002)
EC50 of P2X3 1.5 uM (Sokolova et al., 2006)
EC50 of 5-HT3 27+£05uM (Corradi et al., 2009)

maximum conductance density of sodium channels

Navl.1 0.35- 0.5 S/cm? Model based on channel properties
experimentally recorded by Kahlig et
al. (2008)

Nay1.6 0.35 - 0.5 S/cm? Model by Zheng et al. (2019)

Nay1.7 0.3 S/cm? Model by Tigerholm et al. (2013)

Nav1.8 0.05 S/cm? Model by Balbi et al. (2017)

Conductance fitted taking into account channel density (Mclintyre et al., 2002) mRNA level (Ho
and O’Leary, 2011), contribution to Ina (Zhang et al., 2013; Pinto et al., 2008), and firing (Cestele
et al., 2008; Cestele et al., 2013).

maximum conductance density of potassium channels

Kvl 0.04 S/cm? Model by Zheng et al., (2019)
conductance fitted based on channel

Kv3 0.04 S/cm? density (Zemel et al., 2018; Chien et
al., 2007; Mclintyre et al., 2002).

Kv4 0.025 S/cm?

Kca 0.001S/cm? Model by Mandge and Manchanda

(2018).
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