Regulation of human RYR2 by intracellular Ca®* and Mg?*
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Heart failure is a compkedisorder thah imolves changes in €& handling protein expression, €a
homeostasis, and tissue remodelling. Thé*G@alease channel (RyR2) acties and modulates heart function
by controlling the C& release from SR. RyR2 is controlled by foufefiént C&*/Mg?*-dependent mechanisms
(Laver & Honen, 2008). Release of £drom the SR is stimulated by €aactvation of RyR2 as a result of
C&* binding to either theytoplasmic side (A-site, in the case of?Caflux through voltage-dependent L-type
channels) or luminal side of the channel (L-site, in the case ofvBfvad). In addition, there are twCa?*
inactivation sites (I1 and 12) located on its cytoplasmic face. Intracellulg Mg mmol/l) inhibits RyRs and
acts as a ‘brake’ for Garelease. In diastole, Mgis a competitie antagonist for C& at the A- and L-sites and
also inactvates RyR2via the I1-site, which has similar affinity for both £aand Mg+ (Laver, Baynes &
Dulhunty, 1997). During systole, Mg inhibition occurs mainly via the 11-site (ker, Baynes & Dulhunty
1997). This model is used here as a fraork in which to understand hoCa?* and Md¢* regulate RyR2 in
human heart and koit may differ from that of established animal models such as sheep and rat hearts.

RyR2 was isolated fromafling human (Emery Dreifuss Muscular DystrgpWith cardiomyopati,
ischemic cardiomyopayh and dilated cardiomyopathy), noaifing human, rat and sheep heart muscle as
described previously for sheep RyRs\{&raet al., 1995). Humartissues were obtained with appabfrom the
Ethics Committee, while animal tissues obtained with agbfoom the Animal Care and Ethics Committee of
the Unversity of Newcastle Australia. Channeting was measured by single channel recording in the presence
of ATP (2 mmol/l) and arying concentrations of €aand Mg*. Initially, we mmpared the activity of RyRs
from four non-failing human hearts in bilayerperiments using 100 nmol/l €ain the cytoplasm (diastolic
[C&?"]), and 0.1 mmol/l C& in the lumen. Under these conditions, RyRs from all heartseshsimilar gting
activity. RyRs from filing hearts were significantly higher in activity compared to hg&itart. Western blots
of RyR2 shaved higher phosphorylation at PS2808 and PS2814 in failing hearts, consistent with the proposal
that in failing hearts, RyR2 activity is increased due to hyperphosphorylation as a result of upregulation of
CaMKIl and PKA (Marxet al., 2000).

Regulation by intracellular Ga and Mg* from human RyR2 was also compared to that seen an tw
commonly used animal models for RyR function, rat and sheegoitd that cytoplasmic Gadependence of
RyRs R from sheep, rat, and human showed similar bell-shaped responses to cytopla&migtiCaalf-
actvating concentrations (K of 1-3 pmol/l C&* and half-inhibiting concentration (Kof [ mmol/l (cat
binding to the A and I1-site, respeely). All species were similarly inhibited by cytoplasmic Mgn the
presence of 100 nmol/l €ain the cytoplasm (diastolic [4). However, & high oytoplasmic C&*, RyR2 from
rat was 10-fold more sensit © cytoplasmic Md@* than sheep and human. RyRs from the three species could
be actvated by luminal C&. RyRs showed a single, hyperbolic dependence on lumirfdl W@ith maximum
opening rate of 2/s, 4/s, and 18 for rat, sheep, and human, redgetiuman hearts were 10-fold more
sensitve © luminal C&* than those from rat and sheep, corresponding to tRé &fnity of the L-site.
However, human RyR2 is 4-5 fold less sengitito luminal Mg* at low luminal [C&*] in comparison to rat and
sheep. These differences in th@ukation between human, sheep and rat RyRs may reflect differences in
excitation-contraction coupling in species with very different basal heart rates.
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