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Analysis of experimental data for the purpose of model development

Possible effects of the heterozygous p.lle1166Thr mutation in CACNALC gene on the cardiac
action potential were simulated using the dynamic Luo-Rudy model' with subsequent
adjustments as implemented by Faber and Rudy (LR2).2* The use of this model permits direct
comparison of the effects of p.llel166Thr mutation with those due to the “classic" TS
heterozygous p.Gly406Arg mutation in exon 8A,°> which had been simulated using the same
version of LR2 model.

This model describes the maximal calcium channel conductance Gmax(V) with the constant field
(Goldman-Katz) expression:*®
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where P is channel permeability for Ca2*, zc, is valence, V is transmembrane voltage, yj and
Yo are internal mobility for Calt, [Ca]j and [Ca]q are internal and external concentrations of

Ca2*, and F, R, and T have their usual physical meaning.

In our simulations, the original calcium current model in LR2 cellular model served as the
description of WT calcium channels. In order to describe the behavior of the p.lle1166Thr
mutant calcium channels, the original model was modified to obtain good agreement with the
voltage-clamp data.

In order to estimate relative changes of the maximal conductance and activation kinetics of the
calcium current due to p.lle1166Thr mutation in CACNALC gene, we re-analyzed experimental
data. First, we adjusted the position of current-voltage (I-V) curves on voltage axis by
subtracting the tip (junctional) potential. Tip potential was estimated to be 21.6 mV using
Clampex/Tools/Junction Potential calculator for the given composition of our bath and pipette
solutions. Second, we found the best estimate for the total channel permeability (Pcg) by fitting

the declining portion of the experimentally obtained I-V curves between +10 and +40 mV with
the theoretical constant filed expression. The fit was obtained under the assumption that [Ca]j =
0.24 puM, as estimated by the Ca-EGTA Calculator,” i.e. that the reversal potential for
CaZ*remains the same for both WT and Ile1166 Thr mutant CACNALC channel. Other values in

the constant field expression were the same as in the original model equations.* The best fit
curves together with the experimentally obtained I-V curves are shown on the Figure S1.
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Figure S1. Current-voltage relationship for Icg. CACNALC-WT (circles) and 11e1166Thr

missense mutation (squares), as shown on panel B of Figure 3 in the main paper, but shifted by
21.6 mV towards more negative potentials. The best fit maximal channel conductance curves for
WT (long dash line) and for 1le1166Thr mutant (short dashed line) calcium current.

The following values for the channel permeability were obtained: Pca-wWT = 0.42-104 cm/s;
PCa-11166T = 0.14-10-4 cm/s, i.e. 1le1166 Thr mutation resulted in 67% decrease in the calcium

channel permeability.

Next, the steady-state activation/deactivation curves were constructed by dividing the
experimentally obtained current-voltage relations by the corresponding best fit maximal
conductance curves. The resulting steady-state activation/deactivation curves are presented on
Figure S2. These curves were than fitted with the standard Boltzman expression in the form:
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where V is the potential of half-activation and kq is the slope factor. This analysis indicates that
11e1166 Thr mutation resulted in the significant shift of the half-activation potential by —14.1 mV
towards more negative potentials (from 7.3 mV to —6.8 mV) and in the steeper activation slope
(from 9.3 mV to 7.7 mV, i.e. by 20%).
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Figure S2. The steady-state activation/deactivation curves (d.(V), circles — WT channels,
squares - 11e1166Thr channels) that were obtained by dividing experimentally recorded current-
voltage relations by the best fit maximal conductance curves. Solid lines represent the best fit
obtained with the standard Boltzmann expression.

Results of this analysis — the 67% decrease in maximal channel conductance (current density),
negative shift of the steady-state activation/deactivation curve by -14.1 mV, and the steeper slope
of this curve by 17% — were used to modify the calcium channel description in the Luo-Rudy
cellular model to simulate action potential changes due to the heterozygous (50%/50%)
expression of the 1le1166Thr mutation.

See the main paper for the description of the simulation results.
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Additional simulation results
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Figure S3. Calcium current traces simulated in voltage-clamp conditions using the same
protocol as was employed experimentally. Panel A: WT calcium current. Panel B: 1le1166Thr
mutant calcium current. Note that Luo-Rudy model simulates ionic currents and action potentials

assuming that the temperature is 370C that explains faster inactivation of the current as
compared with that recorded experimentally (220C-240C),
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Figure S4. Panel A shows simulated current-voltage relations for the peak calcium current
(symbols) together with the best linear maximal conductance fit (lines) to the declining portion
of the curves to mimic analysis of experimental data described in the main paper. Panel B shows
steady-state activation curves obtained by dividing the data points shown on panel A by the best
fit linear maximal conductance Black — WT I . Red — Ile1 166Thr mutant Icg) .
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