Involvement of calcium in pacemaker firing
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Pacemaler firing in the heart was initially considered to result from the coupleditgatif a series of
voltage-sensitie channels (voltage clock). The dis@py that ryanodine, a bloek of sarcoplasmic reticulum
(SR) C&" release, slowed or stopped pacemaker firing first suggested that intracelfilao@etuted to the
process (calcium clock). Ju & Allen (1998) suggested that @éeased from the SR was extruded from the cell
on the Na/Ca exchanger and that this process generated am iowrent that contributed to the pacearak
potential primarily during early diastoleLakatta and his group {(Mogradwa et al., 2004) focused on Ca
sparks, which occur only when theCaontent of the SR is high and therefore in late in diastole, anadesho
that the close localization of &€arelease sites and Na/Cechangers led to a component of inward current late
in diastole.

We haverecently discuered two other C&* pathways in pacemaker cells with potential roles irfCa
regulation and therefore firing rat®acemaler cells, like most cell types, possess a store-operated €arent
(Ju et al., 2007) which provides G4 influx, and presumably an inward current, whamethe store is
sufiiciently depleted of C4. Whether this current is turned on briefly at the end of each systole or whether it is
background current which reflects the tinveraged leel of Ca?* in the SR is currently unkmen. Whenthe
store is depleted and the store-operatetf @arrent is actiated, the effect on firing rate is &k/ to be compbe
because simultaneously the SR Qzlease will be reduced and therefore Na/Ca related current small whereas
the store-operated €acurrent will be turned on. Thus the net effect on firing rate is not welyitbbvious.

A second neel Ca?* pathway in pacemaker cells is provided by IP3 receptors which we recentiggho
to be present in the SR of pacemaker cells(ailt, 2011). Themain C&" release channel in cardiac SR is the
ryanodine receptor (RyR2) which is Ta@ensitve and actvated by the C# influx through the L-type CA
channels in the surface membrane. In contrast IP3 receptors (IP3 RBPdadd less frequent and aaied by
IP3 but not by C&. Nevatheless we ha sown that IP3 agonist and antagonists, increase or decrease the
firing rate, respeatély, and that these effects are absent in IP3 RRrHce (Juet al., 2011).

One challenge for these veb Ca?* pathways is to determine whether thenake a ontribution to the
normal firing rate and, if so, under what circumstances. The pharmacological and genetic tools for analysing
these contributions are imperfect, so an alterads to Lse mathematical modelling/Ve raveadded astore-
operated C& channel (Allenet al., 2012) to an existing pacemaker modgmtiaz et al., 2010) and eplored
the effects on firing rateWe havealso added IP3 receptors to the SR in the model areldeamonstrated he
their presence modulatesCaandling and pacemaker firing rate.
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