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Cardiac SR C&" release channels and adrenergic stimulation

D.R. Laver,! J. Li,* N.A. Beard,? A.F. Dulhunty? and D.F. van Helden, School of Biomedical Sciences and
Pharmacy, University of Newcastle and HMRI, Callaghan, NSW 2308, Australia and 2John Curtin School of
Medical Research, Australian National University, Canberra, ACT 0200, Australia.

Adrenegic stimulation of the heartwnlves phosphorylation of mgrintracellular 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 cardiomyocytesvada, little is known about ho
phosphorylation of RyRs alters their regulation by intracellulaf*Gand our aim was to explore this
physiologically important question.

In our experiments, RyRs were isolated from rat hearts, which had been rapidiedeperfused with
Krebs luffer in a Langendofiapparatus. One group of hearts was perfused witndl/l isoproterenol§1- and
B2-adrenegic agonist) and the other group without (control) and immediately snap frozen in ligiincbhder
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 approaed e
RyRs to be phosphorylated by theypiological signalling processes resulting from adrenergic stimulation of
cardiomyogtes. RyRs were incorporated into artificial planar lipid bilayers and theiuitpottas measured
using single channel recording in the presence of a range of luminaJtapthsmic [C&"]. Western 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 diastoli¢*Jqda00 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-chanmgiation 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 aestited subpopulation (8
of 25), had 10-fold higher opening rates.

The effects of adrenergic stimulation on RyR2 regulation ypptasmic and luminal Ga were
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 binding affinities 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) Adregir stimulation causes a rapid increase in phosphorylation at S2808;
2) which increases RyR2 activity during diastole but not during systole; 3) RyRRdatje channel-to-channel
variations in activity most likely as a result of varyinggdees of phosphorylation at S2808; and 4) adginer
stimulation increases the proportion of phosphorylated RyRs in the SR. The increase in RyR2 activity will
contritute to an increase in the frequgraf the SR C&" uptale-release cycle which in turn generates the
increased heart rate seen durimgreise and stress.
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Cardiac ischemic stress: C&" and sex scenarios
J.R. Bell and L.M.D. Delbridge, Cardiac Phenomics, University of Melbourne, VIC 3010, Australia.

Important sg differences exist in cardrascular heart disease, and much of thifed#ntial is cardiac
specific. Pre-menopausabmen are protected from ischemic heart disease compared with age-matched men,
but prevalence increases steadily post-menopause. There is growargreess of thextent to which cardiac
function can be influenced byxsend se& hormones, haever the fundamental mechanisms responsible for
these se differences are not well understood. Female and male cardiomyocytes exhibit markiedgntdif
calcium (C&*) handling characteristics which reflect the influences of endogeneels t&f se steroids on
myogyte C&* transport mechanisms. Experimental studiesvstiat, compared with males, female myies
operate on a relagly low Ca&* cycling load, with C&" entry through L-type channels reduced and
sarcoplasmic reticulum €hcycling davnregulated. Overall, diastolic and systolicC@aperational leels are
higher in male myocytes — with endogenous estrogen and testosterone playing recigudatdryeroles in
maintaining this difference. €ais a major causat factor in mawg of the pathologies associated with
ischemia/reperfusion, including apmthmogenesis, contractile dysfunction and multiple forms of cardioptgoc
death. C&' overload triggers hypercontracture and eatts calpain, leading to sarcolemmal rupture and a loss
of cell integrity. It also promotes mitochondrial €aloading, causing the mitochondrial permeability transition
pore to open. Subsequent mitochondrial swelling leadgttzlerome c release and caspase-mediated apoptosis.
With more seere ischemic insults, an uncoupling of the mitochondria deplei€slévels and necrotic injury
occurs. Evidence suggests®Calso triggers autophaghough whether this is responsible for ischemia-induced
autophagy is yet to be resolved. Limiting?C#oading in ischemia/reperfusion substantially imeso post-
ischemic outcomes. The extent of?Caverload is partly mediated by the actions of@ealmodulin-dependent
protein kinase (CaMKIl). Responsi © fluctuations in C&, CaMKIl functionally modulates manion
channels and transporters within the cardiorgt@cHence, an initial rise in €alevels during ischemia
activates CaMKII, augmenting Caentry and increasing intracellular £aMale only studies ha $own that
inhibiting CaMKII during ischemia/reperfusion reduces’Caverload and attenuates apoptotic and necrotic
cardiomyogte death. W hypothesized that the lower operationalds of C&* in female cardiomyocytes may
limit the influence of CaMKIl in ischemia/reperfusion injury and mediate the cardioprotecfandeaf to
female hearts. Whaverecently shown CaMKIIl-mediated injury in simulated ischemia/reperfusion is attenuated
in female myocytes. CaMKII inhibition (KN93) maellly enhanced male myocyte sweliafter a simulated
ischemic gent, but had only marginal fefcts on the more resilient female myocytes. Further studies will discern
the fundamental mechanisms of thig géferential and he it may be modulated in complalisease settings
(cardiac hypertroph diabetes).
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Cardiomyopathies: When is C&* the culprit?
M. Ward, Department of Physiology, FMHS, University of Auckland, Auckland 1142, New Zealand..

The coordinated contraction and relaxation of the heart that allows it to function as a pump arises from
transient changes in the concentration of*Gaithin the myocytes. Influx of Ga during the cardiac action
potential triggers release from the intracellular>’Catore (the sarcoplasmic reticulum, or SR), rapidly
increasing the cytosolic [€§ [110-fold. C&* then actiates cross-bridge cycling, and force production, by
binding to the regulatory sites on troponin C. Relaxation takes place when &ipri@arns again to resting
levels as it is remeed from the cytosol by tw principle transport mechanisms: re-upahto the SR by the
C&*-ATPase (SERCA2a); and transport across the sarcolemma (SL) by ‘it@eNa@xchanger (NCX). Gien
the ley le of C&* in the mechanical activity of the heart, it is not surprising th&t @és-handling is often
implicated in cardiomyopathies where force production is compromisedeMdo mary other changes also
occur in heartsen route to failure, such as extracellular matrix remodelling and increased [3-agicener
stimulation. The impact of these changes on a beat-to-beat basis remains partiealarly since most studies
only examine force and €aduring steady-state, or single beat responses. In this, stedyilised an animal
model of lypertensie failure to gain insights into €ahomeostasis in the reemy from non-steady-state
interventions in isolated left ventricular preparations.

Measurements of isometric force and 2ft}f'slwere made at 37°C in lefewntricular trabeculae fronailing
spontaneously ypertensie rat (SHR) hearts, and their normoteesWMistar-Kyoto (WKY) controls. At 1Hz,
peak stress was reduced in SHR (#4254 mN mm? versus 22.5+ 6.7 mN mn¥ for WKY), although the C&
transients were bigger (peak fC]@O.GOi 0.08 uM versus 0.38+ 0.03 uM for WKY) with a slower decay of
fluorescence (time constant 0.188.005 sversus 0.093+ 0.002 s for WKY). Wo experimental protocols were
used to potentiate force as a probe of dynamf¢ €gling: (i) an interval of 30s rest, and (ii) a 30s train of
paired-pulses, and the recirculation fraction (RF) calculated fonvescto steady-state. No differenceasv
found between rat strains for RF calculated from either peak force?drathough the RF as dependent on
potentiation protocol. Since SR upgals dower in SHR, the lack of change in RF must be due to a parallel
decrease in trans-sarcolemmafCextrusion. This viev was supported by a slower decay offeak-induced
C&* transients in SHR trabeculae. Confocal analysis\bfriee wall showed t-tubules were distorted in SHR
myocytes, with reduced intensity of SERCA2a and NCX labelling in comparison to WKY.
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Defining the roles of C&" entry in endothelin-1 and thromboxane A receptor mediated vascular
contractile responses

Y.Y. Chan, N. Scrimgeour, G.Y. Rychkov and D.P. WiIson , Discipline of Physiology, School of Medical Sciences,
University of Adelaide, SA 5000, Australia.

Introduction: C&* is an important mediator of vascular contractilithich can enter the cytosol through
voltage-gated L- and Tchannels and intracellular SR Laelease. Upon depletion of the SR?Catore,
Ca&*-release actated C&* (CRAC) channels, which are composed of plasma membrane bound Orail and SR-
bound STIM1, form functional channels, aliog store refilling. Although endothelin-1 (ET-1) and
thromboxane A are both potent vasoconstrictors implicated in varicascular disease states, ythreediate
Cé&* entry and vasoconstrlctlon through uniquely different mechanisms.

Aim and Method: To identify the role of IP3 receptors, CRA L- and T-channels in ET-1 and
thromboxane A-mediated vasoconstriction. Using amvitro rat artery model, functional vascular myograph
coupled with patch clamp analysis were used to identify theatioti and inhibition of C& entry pathvays
mediated by agonists and pharmacological inhibitors of ion channels, redpecti

Results: Brief sequestration of extracellular €aising EGR (5mM) revealed that approximately 20%
ET-1-mediated vasoconstrictionvisived IP3-mediated SR €a(p<0.05; n=4). Bllowing SR C&* depletion
using gclopiazonic acid (10mM) (a SERCA pump inhibitor) and 2-aminoethyl diphenyl borate (100mM)
(which is knavn to block IP3 receptors, CRAchannels and potentially non-selgetiation channels),ascular
contractility was abrogted (P<0.05; n=4), indicating a role for both IP3 receptors andQCB¥annels.
Blocking extracellular C& entry using combined L-f&hannel blockers, mibefradil (1mMp<0.05; n=7) and
efonidipine (0.021mM) ¢<0.05; n=13) attenuated approximately 65% ET-1-mediated vasoconstriction in the
microvasculature (Balkt al,, 2009). Patch clamp analysis ofJl, - has reealed that in addition to blocking L-
and TFchannels, both mibefradil and efonidipine also inhibited CR#annels. In contrast, thromboxane
A_,-mediated vasoconstriction only voived C&" entry through L-channels and RhoA-Rho kinase
Ca2+ independent sensitization and does natlire IP3 receptors, T or CRAchannels.

Conclusion: In the microwasculature, ET-1 mediates €aentry via L, T, IP3 receptors and CFRA
channels. Ircontrast to the traditional L-type €achannel blockers, the more recentlweleped combined
L-/T-channel blockers may prole additional benefit through blockade of GRAhannels, which may
effectively enable clinical modulation of SR Eaelease.
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