S1 Appendix

The full model consists of fifteen variables:
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To non-dimensionalize the model, we first redefined the model variables with dimensionless

variables,
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Then we derived the following dimensionless version of the system:
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For every equation, the term in [ . ] is approximately of order O(1). The gating variable rates
are Ay, = Amy, = 100 s71 and Ap,, = 40 s71. These rates are estimated directly from dynamical
single channel data |1}2].

We chose T' = Qcyt/(Vasgrca fe). Based on numerical simulations of the model, typical concen-
tration scale for the ions are of orders Qcyr = 1 uM, Qaran = 10 puM, Qmiro = 0.1 pM, Q¢ = 103
UM, Qac = 10% uM, Qa4 = 10* uM, Qn = 102 M. A typical scale for mitochondrial membrane

potential is Q- = 10> mV. With these scales, the magnitudes of the right hand sides of the equations



Eq. (18) — Eq. (32) are:
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The model contains multiple timescales with the IPR gating variables evolving on the fastest
and 6’: on the slowest. Using the quasi-steady-state approximation, we assumed that the gating
variables reach their quasi-equilibria instantaneously. We note that this model reduction method is
not well established for systems with multiple timescales. However, we compared model simulations
of the full model with those of the reduced model, and confirmed that the dynamical characteristics
are preserved under the reduction. Thus, we find that the quasi-steady-state reduction was suitable

for our Ca2t model.
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