Cardiac SR Ca?* release channels and adrenergic stimulation
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Adrenegic stimulation of the heartwolves phosphorylation of myguintracellular C&" handling proteins
including the ryanodine receptor €arelease channels (RyRs) in the SR. It is known that RyRs can be
phosphorylated at three serine residues at 2808, 2814 and 2030&HBé(s, 2008) and that phosphorylation
of RyRsvia PKA causes an increase in RyR activity cardiomyocytesveva, little is known about he
phosphorylation of RyRs alters their regulation by intracellulaf* Gand our aim was toxelore this
physiologically important question.

In our periments, RyRs were isolated from rat hearts, which had been rapidlyetgrperfused with
Krebs luffer in a Langendofiapparatus. One group of hearts was perfused withmdl/l isoproterenol§1- and
B2-adrenegic agonist) and the other group without (control) and immediately snap frozen in ligincbhder
to capture their state of phosphorylation. SR vesicles containing RyRs were isolated from the heart tissues a:
previously described for sheep heart {eaet al., 1995). The bffers used for RyR isolation also contained 20
mmol/l NaF to preent dephosphorylation of RyRs by endogenous phosphatases. This approach allowed the
RyRs to be phosphorylated by theypiological signalling processes resulting from adrenergic stimulation of
cardiomyogtes. RyRs were incorporated into artificial planar lipid bilayers and their activity was measured
using single channel recording in the presence of a range of luminal and cytoplasijid/f€stern Blots were
used to determine RyR phosphorylation state.

Adrenegic stimulation of rat hearts caused an increase in heart rate frarh@#846@35 (n=6) which
was austained for 1 min prior to freezing. This stimulation caused an increase in phosphorylation at S2808
without ary change at S2814 and S2030. The activity of RyRs from isoproterenol stimulated hearts (ISO RyRs,
n=25) was 3-fold higher than control RyRs (n=24) at diastolic’f{C6100 nmol/l) but was not significantly
different at systolic [C&] (>1 umol/l). At diastolic [C&"], addition of Protein Phosphatasel (PP1, 5 min)
reduced the activity of ISO RyRs by @&.6% (n=4) and control RyRs by #20% (n=4) but this treatment
had no effect at systolic [€§. ISO RyRs displayed a 100-fold channel-to-channel variation in activity which
was lamger than, and encompassed, the range of activity seen for control RyRs and PP1 treated RyRs. A
subpopulation of ISO RyRs (13 of 25) were typical of control RyRs hearts and ametited subpopulation (8
of 25), had 10-fold higher opening rates.

The effects of adrenergic stimulation on RyR2julation by cytoplasmic and luminal €awere
accurately fitted by a model based on a tetrameric RyR structure with f6use@msing mechanisms on each
suhlunit (Laver, 2007; Laver & Honen, 2008). Phosphorylation did not alter the ion bindifigitds for these
sites. Ratherit increased channel opening rate and decreased the channel closing rate associated with Ca
binding to the cytoplasmic and luminal aetion sites.

The results indicate that: 1) Adrenergic stimulation causes a rapid increase in phosphorylation at S2808;
2) which increases RyR2 adty during diastole but not during systole; 3) RyRsvglarge channel-to-channel
variations in activity most likly as a result of varying degrees of phosphorylation at S2808; and 4) girener
stimulation increases the proportion of phosphorylated RyRs in the SR. The increase in RyiB2wvaltti
contritute to an increase in the frequgraf the SR C&" uptale-release cycle which in turn generates the
increased heart rate seen durirgreise and stress.
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