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ATP-conductive channel and ATP release:Regulation by

arachidonic acid and activation in ischemic
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Mouse mammary C127 cells responded to hypotonic stimulation with activation
of the volume-dependent ATP-conductive large-conductance (VDACL) anion channel
and massive release of ATP. Arachidonic acid down-regulated both VDACL currents
and swelling-induced ATP release in the physiological concentration range with the
K, value of 4 - 6 uM. The former effect observed in the whole-cell or excised patch-
clamp mode was more prominent than the latter effect observed in intact cells. The
arachidonate effects were direct and not mediated by downstream metabolic products,
as evidenced by their insensitivity to inhibitors of arachidonate-metabolizing
oxygenases and by the mimicking effect of cis-unsaturated fatty acids, which are not
substrates for oxygenases. A membrane-impermeable arachidonate analog, arachidonyl
coenzyme A, was effective only when applied from the cytosolic side of membrane
patches, suggesting that the binding site is localized intracellularly. Non-charged
arachidonate analogs as well as trans-unsaturated and saturated fatty acids had no
effect on VDACL currents and ATP release, indicating the importance of
arachidonate’s negative charges and a specific hydrocarbon chain conformation in the
inhibitory effect. VDACL anion channels were inhibited by arachidonic acid in two
different ways: channel shutdown (K, of 4 - 5 uM) and reduced unitary conductance
(K;of 13 — 14 uM) without affecting voltage dependence of open probability. ATP4-
conducting inward currents measured in the presence of 100 mM ATP in the bath were
also reversibly inhibited by arachidonic acid. Thus, he concludes that swelling-
induced ATP release and its putative pathway, the VDACL anion channel, are under a
negative control by intracellular arachidonic acid signaling in mammary C127 cells.

From neonatal rat cardiomyocytes in primary culture, ATP was found to be
massively released by hypotonic stress or chemical ischemia produced by application
of metabolic inhibitors. The release of ATP both in ischemic and hypotonic conditions
was time-dependent and displayed an initial peak followed by a sustained phase as
detected by a luciferine/luciferase ATP assay method. The local concentration of ATP
near the cell surface during hypotonic or ischemic stimulation was found to exceed
micromolar levels estimated by a biosensor technique. In the cell-attached
configuration of patch-clamp, either hypotonic or ischemic stimulation activated an
anion channel of large conductance after a lag period of 5-8 min. The currents
displayed voltage- and time-dependent inactivation at potentials larger than +20 mV.
The single-channel conductance was app. 400 pS, with a linear current-voltage
relationship. The channel was anion-selective and exhibited ATP permeability with
Porp/Pcy of ~ 0.1. The maxi-Cl channel activity and swelling-induced ATP release
were both inhibited by NPPB, SITS, Gd*', and arachidonic acid, but not by

glibenclamide. The biophysical as well as phramacological profiles of large-
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conductance channels in cardiomyocytes were essentially identical to those of VDACL
channel in C127 cells.

Both massive release of ATP and activation of large-conductance anion channel
were observed also when cardiomyocytes were subjected to hypoxia. In this
experimental condition, in addition to the full-amplitude of VDACL unitary curreht,
cell-attached patches contained single-channel events with unitary conductance of
app. half of large-conductance channel size (~250-200 pS). Voltage dependency, anion
selectivity and ATP permeability of this half-sized channel event were similar to
these parameters of full-sized VDACL channel event. He concludes that this smaller
amplitude represents a sub-state of fully open VDACL channel. The sub-state channel
activity was predominant in the cell-attached patch mode (especially in hypoxic
conditions) than in the inside-out mode. Thus, it is concluded that ATP is released
from cardiomyocytes in response to pathophysiological situations, like cell swelling
and ischemia or hypoxia, and the VDACL channel serves as the conductive pathway

for ATP release from cardiomyocytes.
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