
Coupling the Electrical and Calcium Signaling in a Heart Cell
UMBC REU Site: Interdisciplinary Program in High Performance Computing
Kallista Angeloff1, Carlos Barajas2, Alexander D. Middleton3, Uchenna Osia4,

RA: Jonathan S. Graf4, Faculty mentor: Matthias K. Gobbert4, Client: Zana Coulibaly5
1University of Washington, 2Olivet College, 3Winthrop University, 4UMBC, 5University of California, Davis

The rhythm of the heartbeat is governed
by the collective contraction of individ-
ual heart cells, regulated by the chemi-
cal concentration of calcium ions in each
cell’s cytosol. To model these calcium
concentrations in a heart cell fully re-
quires the coupling of three intercon-
nected systems:

Our work 2©, 3©, 4© extends an ear-
lier implementation 1© to complete the
model and to couple all three systems
fully. The initial simulations reported
here compare one-way coupling 1© to
two-way coupling 1©– 2© of the electri-
cal and calcium systems.

Problem

The mathematical model of the full cell
is given by a system of eight time-
dependent partial differential equations
in the three-dimensional cell domain:
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The vital calcium release units (CRUs),
through which calcium is injected into
the cytosol from the store, are dis-
tributed in an approximately regular net
throughout the cell, modeled as a lattice
of 15 × 15 × 31 = 6,975 point sources
throughout the interior of the domain.

Model

For one-way coupling 1©, the calcium
concentration repeatedly reaches high
levels throughout the cell, before de-
creasing to low levels permanently.

Snapshots of open CRUs throughout cell

Snapshots of calcium concentration isosurfaces

Line scan Voltage vs. t

The voltage is unaffected by the fluctu-
ations in calcium concentration. This is
not physiologically realistic.

Coupling Electrical→ Calcium

For two-way coupling 1©– 2©, we demon-
strate the electrical effect of the previ-
ous calcium release patterns by linking
the calcium system back to the electri-
cal system via the current generated by
calcium efflux.
A parameter study of the coupling
strength ω in 2© shows that as the effect
of calcium concentration on the voltage
increases, the formerly periodic behav-
ior of the voltage is destabilized by the
sharp fluctuations in current caused by
the calcium oscillations.
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Coupling Electrical↔ Calcium

• Our extended model completes the
links between the electrical, calcium,
and mechanical systems; initial sim-
ulations study coupling between the
electrical and calcium systems.

• A parameter study of the coupling
strength indicates that the feedback
and feedforward between electrical ex-
citation and calcium signaling influ-
ence the shape of the voltage to phys-
iologically realistic levels.
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