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Signaling by Inositol 1,4,5-Trisphosphate Receptor and Mitochondria
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Abstract — Atrial myocytes have two functionally separate groups of ryanodine receptors (RyRs): those at the periphery

colocalized with L-type Ca®* channels (DHPRs) and those at the cell interior not associated with DHPRs. Ca 2* current (Ii,)
directly gates peripheral RyRs on action potential and the subsequent peripheral Ca 2* release propagates into the center
of atrial myocytes. The mechanisms that regulate the Ca2* propagation wave remain poorly understood. Using 2-D confocal
Ca*" imaging, we examined the role of inositol 1,4,5-trisphosphate receptor (IP 3R) and mitochondria on I ,-gated local Ca?*
signaling in rat atrial myocytes. Blockade of IP ;R by xestospongin C (XeC) partially suppressed the magnitudes of I ¢,-gated
central and peripheral Ca®" releases with no effect on I,. Mitochondrial staining revealed that mitochondria were aligned
with =2-um separations in the entire cytoplasm of ventricular and atrial myocytes. Membrane depolarization induced rapid

mitochondrial Ca®* rise and decay in the cell periphery with slower rise in the center, suggesting that mitochondria may

immediately uptake cytosolic Ca*, released from the peripheral SR on depolarization, and re-release the Ca ** into the cyto-
sol to activate neighboring central RyRs. Our data suggest that the activation of IP ;R and mitochondrial Ca?* handing on
action potential may serve as a cofactor for the Ca®* propagation from the DHPR-coupled RyRs to the DHPR-uncoupled
RyRs with large gaps between them.

Keywords [] atrial myocyte, Ca®' signaling, mitochondria, inositol 1,4,5-trisphosphate receptor
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Fig. 1- Effect of xestospongin C on atrial local Ca®* releases. (A)
Superimposed membrane currents elicited by the de-
polarizing pulse (upper trace) in the presence or abscence
of xestospongin C (XeC, 5 uM). (B) Superimposed peri-
pheral (PERD) and central (CEN) local Ca®?* transients,
measured from the confocal Ca?* images (240 Hz), on
depolarization in the control condition and after incubation
with XeC. (Inset) Image of pixel masks that were used to
measure peripheral (two domain in the cell border) and
central Ca?* signal of atrial cell area.
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Fig. 2 — Mitochondrial staining in rat ventricular myocyte. (A) Raw
cell image. (B) Confocal visualization of mitochondria in the
whole myocyte. (C) Magnified image from the boxed area
in panel (B).

Fig. 3 — Mitochondrial staining in rat atrial myocyte. (A) Raw cell
image. (B) Confocal visualization of mitochondria in the
whole myocyte. (C) Magnified image from the boxed area
in panel (B).
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Fig. 4 — Regular arrangement of mitochondria within the atrial
myocyte. (A) Lower trace indicates fluorescence intensity
measured by transverse line scanning (see the single
straight line). Mitochondria were aligned in a longitudinal
direction with 2-um interval throughout the cytoplasm
except nucleus. (B) Lower traces indicate fluorescence
intensities measured by longitudinal line scanning (see the
two straight lines). Note that the signal is denser around
the nucleus ("N"). In each 2-pm domain mitochondrial
signal was divided by double peaks.
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Fig. 5 — Effect of high K* pulse on mitochondrial Ca®" in rat atrial

myocyte. (A) Peripheral and central Ca®® transients
measured from 2-D Rhod-2 confocal fluorescence images
(30 Hz). (B) Expanded recording of Ca?* transients for the
time marked by the box in panel (A).
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