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MODEL EQUATIONS

The presented mathematical model is a set of ordinary differential equations that were
implemented to the Matlab™ (The MathWorks) environment of technical programming.
Simulation results were obtained by numerically integrating the model equations with a stiff
ordinary differential equation solver method (ode15s).

Except for the novel Ca* dynamics as well as the new features and modifications
described in the Methods section, the model equations are as in Nygren et al. [1] (see
Tables 5-18 in the original ref.). Initial values for the differential variables are listed in Table
S1.

Fluxes are in 1 nl volume. Note that cytosol compartments are 1, 2, 3, 4 and ss (subspace)
and SR compartments are 1, 2, 3 and 4. The Ca®" fluxes between SR and cytosol are as
numbered in compartments 1-3, but Ca®* flux from SR 4 goes to subspace (see Figure 1).

Ca** fluxes between SR and cytosol in compartments x =1, 2, 3and ss (1, 2, 3and 4
for SR).
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Cca®' buffers, x = 1,2,3 and 4
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For the simulation of Ca®* in bulk cytosol the general equation
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Similarly, for the simulation of Ca®* in SR the general equation
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is approximated with radial symmetry to following ODESs:
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Sarcolemmal ion currents

The SL ion currents were mostly formulated as in the previously published model of
human atrial AP [1]. All the major modifications and novel features of the model are
described below. Minor adjustments of parameter values are listed in Table S1. ly, lsus, lks,
lkr, Inab @Nd Inax Were implemented as in [1].

Ca®' current
The Icz was formulated as
Icar = Geardfeaf1f2(V — ECa,app) (44)

The time-constant for gate f; was fitted to the same data as previously [1,2]. However, as
shown in Figure S1A, it was adjusted to have larger values in the membrane voltage range
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of -40 and -10 mV; an approach that has been used in other models as well [3]. This
modification of the Ica. formulation was necessary to reduce the overly large tendency of
the model to produce early after-depolarizations due to re-activation of Ica .. The steady-
state curve for the Ca**-dependent inactivation gate was formulated as

1

fca,°o =1-

The time-constant for f.4 -~ Was adopted from [4]; see Figure S1B, upper panel. As shown
in the lower panel of Figure S1B, this formulation reproduces qualitatively the result that
blocking intracellular Ca®* release decreases the rate of L-type calcium channel
inactivation significantly in human atrial myocytes [5]. The channel conductance, gca., was
adjusted to 25.3125 nS to reproduce a -12 pA/pF peak current [6,7,8] (Figure S1C) and
proper Ca" intrusion via L-type Ca** channels [5]. See Results for further details.

Hyperpolarization-activated inward K* current

The hyperpolarization-activated inward current (I¢) was not included in the SL currents of
the original Nygren model. Recent experiments indicate that it could have a significant role
in atrial myocytes [9,10,11,12], so it was added according to a previously published
formulation [12]. The curves for steady-state activation and time-constant were fitted to
experimental data [12], as shown in Figure S2. The current equations were implemented
according to the formulation of Zorn-Pauly et al. [12] (see Chapter 2.3 for equations in the
original ref).

MODEL VARIANTS

To compare the role of SR Ca?* dynamics in the modulation of action potential duration
(APD) to other recently suggested mechanisms, we implemented two additional variants of
the myocyte model that included:

(1) a subsarcolemmal Na* compartment and

(2) an updated scheme of K* currents (I, and lsys).

The description of the subsarcolemmal ‘fuzzy’ space for Na* corresponds to the recent in
vitro findings from ventricular myocytes [13,14,15,16]. The Na" diffusion coefficient and
buffering capacity were set according to the estimates of Despa et al. [15] and Grandi et
al. [17], respectively. The size of the subsarcolemmal ‘fuzzy’ space is the same as the
corresponding Ca®* compartment. The area accessible for diffusion between junctional
and cytosolic compartments, the distance between centers of junctional and cytosolic



compartment, and the Na" diffusion flux between the junctional and cytosolic compartment
are calculated as for Ca* in equations (16—18).

The K" ion currents (I, and lsys) were updated according to a recently published human
atrial model of Maleckar et al. [18]. The implemented is based on the description in the
appendix of the original publication.

In both model variants, #1 and #2, the maximum conductance of inwardly rectifying K*
current (gk1) was decreased by 4% and 10%, respectively, to adjust APDgy at 1Hz pacing
to a comparable level.

Simulation protocols

As suggested originally by Hund et al. [19], we implemented a conservative stimulation
scheme, in which the stimulus current is carried by K* ions. In pacing experiments, the
normal stimulus was a rectangular current pulse that was repeated according to the pacing
frequency.

In quiescent experiments, one stimulus pulse was applied at the beginning of the
simulation and the myocyte was then left undisturbed for a time period that was required
for the model to reach a steady-state.
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