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Abstract
Ryanodine receptor (RyR) channels are required for release of calcium from intracellular stores,
aprocess essential for many cellular functions including excitation-contraction (EC) coupling in skeletal
and cardiac muscle, and hormone and neurotransmitter release. They are the largest ion channels,
comprised of the four identical -565 kDa channel-forming protomers, as well as regulatory subunits,
enzymes and their respective targeting/anchoring proteins, in a macromolecular complex that exceeds
three million daltons. We have obtained high-resolution cryo-electron microscopy (Cryo-EM)
reconstructions from highly purified rabbit skeletal muscle RyR1 in the open and closed states. Our data
reveal that RyRs are members of the six transmembrane family of ion channels and show a mechanism
for channel gating suggesting that calcium binding facilitates mechanical coupling of conformational
changes in the cytosolic region to opening of the channel gate. In heart failure and myopathies, the RyR
channel is excessively phosphorylated, oxidized and nitrosylated and depleted of the RyR-stabilizing
protein calstabin (FK506 binding protein 12/12.6). This remodeling of the RyR channel complex results in
an intracellular SR Ca2+ leak and impaired contractility and defective learning and memory. A novel class
of RyR-stabilizing drugs, Rycals, which reduce Ca2+ leak by stabilizing the RyR channels due to
preservation of the RyR-calstabin interaction, have recently been shown to improve contractile function
in both heart and skeletal muscle and to have anti-arrhythmic activity in animal models of atrial
fibrillation. This opens up a novel therapeutic strategy for the treatment of contractile failure in
disorders of cardiac and skeletal muscles.
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Research
Dr. Marks' identification of the mechanism of action of rapamycin's inhibition of vascular smooth muscle
proliferation and migration lead to the development of the first drug-eluting stent (coated with
rapamycin) for treatment of coronary artery disease. This substantially reduced the incidence of in-stent
restenosis. In 2014, Dr. Marks reported the high-resolution structure of the mammalian type 1
ryanodine receptor/calcium release channel (required for excitation-contraction coupling in skeletal
muscle) which he had cloned and worked on since 1989.
His research has contributed to new understandings of fundamental mechanisms that control muscle
contraction, heart function, lymphocyte activation, and cognitive function. He discovered that "leaky"
intracellular calcium release channels (ryanodine receptors) contribute to heart failure, fatal cardiac
arrhythmias, impaired exercise capacity in muscular dystrophy, post-traumatic stress disorder (PTSD)
and Alzheimer's disease. Dr. Marks discovered a new class of small molecules (Rycals), developed in his
laboratory, that target leaky ryanodine receptor channels and effectively treat cardiac arrhythmias,
heart failure, muscular dystrophy and prevent stress induced cognitive dysfunction and symptoms of
Alzheimer's disease in pre-clinical studies. Rycals are now in Phase II clinical trials for the treatment of
heart failure and cardiac arrhythmias, and entering clinical trials for the treatment of Duchenne
Muscular Dystrophy.

