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Luminal gating of SR Ca21 release

A crucial element in modeling EC coupling is the mechanism
by which luminal Ca21 controls SR release. In the Shiferaw
model, it was assumed that the amount of SRCa21 release is a
phenomenological nonlinear function of the SR Ca21 load
which becomes steep for high loads (8). The origin of this
nonlinear relationship, however, is not well understood.
Calcium release from the SR is regulated by the ryanodine
receptors (RyRs), which open upon a rise in the local cytosolic
Ca21 concentration (14). There is a growing body of experi-
mental evidence showing that luminal Ca21 regulates the
sensitivity of the RyRs by the interaction of auxiliary pro-
teins (triadin-1/junctin, T/J) with the luminal Ca21 buffer



the equations and model parameters is given in the Appendix.
In Elementary Ca21 Release Unit Structure we describe the
intracellular compartments and the various currents in our
model. In Cell Architecture we briefly describe the geometry
of ventricular myocytes, which we use to realistically im-
plement our spatially extended model. Finally, in the sub-
sections Luminal Gating and Luminal Buffering we present a
new mathematical formulation of CSQN-mediated luminal
gating and buffering that takes into account the transition from
monomeric to dimeric forms of CSQN with increasing lu-
minal free Ca21 concentration.

Elementary Ca21 release unit structure

Excitation-contraction coupling, the process bywhich cardiac
myocytes transform the membrane depolarization signal into
cell contraction, is a complex process that spans multiple
scales (44,45). Calcium ions (Ca21) enter the cell upon
membrane depolarization, triggering discrete Ca21 release
events at the elementaryCRUs of the SR, an intracellular store
whose primary function is the sequestration and release of
intracellular Ca21. These Ca21 sparks (46,47) are highly lo-
calized in space (;1mm) and time (;20ms). The SR is a sac-
like structure which forms a spatially dense network of
interconnected tubules and cisternae. The SR tubular network
is usually referred to as network SR (NSR),while the cisternae
are referred to as junctional SR (JSR). These cisternae are
localized in close proximity to the T-tubules, cell membrane











of CSQN-bound channels increases. These channels have a
lower open probability, and therefore the spark terminates
shortly thereafter. Subsequently, the JSR refills, and eventu-
ally the luminal Ca21 concentration becomes high enough
































