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Cardiac Ryanodine Receptor (RyR2) are integral membrane proteins that function as Calcium-activated Calcium ion channels as well as a scaffold for a large number of signaling molecules that modulate the release of Calcium through the channel. The relative position of the RyR2 tetramers is therefore a critical determinant of their function. We have used transmission electron tomography to map the position of the tetramers in myocytes sections and have used tissue obtained from both rat and human hearts. Biochemical and physiological techniques were also used to correlate structure with function. Dual-tilt electron tomography produced en face views of both rat and human dyads, enabling a direct examination of RyR2 arrangement. Both species showed that tetramer packing was non-uniform containing a mix of checkerboard and side-by-side arrangements as well as isolated tetramers. We have shown that the tetramers’ arrangement depended on the Magnesium concentration and on their phosphorylation status; in low Magnesium and after phosphorylation RyR2s were positioned in largely checkerboard arrangements while in response to high Magnesium the tetramers were positioned largely side by side. These tetramer arrangements: side by side, mixed and checkerboard were associated with progressively increasing Calcium spark frequencies. We have also shown that FK506-binding proteins, a well-known regulators of RyR2, has a dramatic effect on tetramer arrangement. The correlation between tetramer arrangement and spark frequency suggests that tetramer rearrangement may be another mechanism whereby physiological processes operate and provides potential new mechanisms by which the activity of RYR2, the dyad and cardiac contractility may be regulated.

