
 
 

  

Ryanodine receptors (RyRs) are ion channels residing in sarcoplasmic 
reticulum or endoplasmic reticulum membranes. They couple action 
potential excitation with contraction of muscles, in the process known as 
excitation-contraction coupling (EC-coupling), by releasing calcium from 
the intracellular calcium stores. While the function of RyRs has been 
primarily characterized in muscle contraction, these receptors are 
expressed in many cell types including neuronal, smooth muscles, 
endothelial and pancreatic cells, where exact involvement of RyRs in 
calcium homeostasis is less well understood. More than 800 mutations in 
RyRs have been linked to human diseases, rendering RyRs important drug 
targets. Modern rational drug design is based on high-resolution 
structures of drug target proteins in complex with regulators. With recent 
advances in single particle cryo-EM, determination of the structures of 
membrane proteins has significantly accelerated. Membrane proteins 
evolved to be embedded and function in a lipid bilayer and the importance 
of lipids closely interacting with the transmembrane region for protein 
structure, function and stability has been demonstrated for multiple 
important ion channels.  
 
The objective of the PhD project was to determine the high-resolution 
structure of cardiac RyR (RyR2) using single particle cryo-EM. In my PhD 
work, I first developed a purification strategy for RyR1, reconstituted the 
ion channel into lipid nanodiscs and performed biochemical and structural 
characterization of RyR1 in a lipid environment. The structure of 
reconstituted RyR1 was determined under two conditions that revealed 
an open channel conformation in the lipid environment. Comparison to 
published RyR1 structures determined in detergents combined with 
additional biochemical assays revealed the effect of lipid mimetics on the 
open probability of the channel. The purified RyR1 was used for the 
generation of RyR specific nanobodies that were used to develop a novel 
nanobody-based purification of bovine cardiac RyR isoform, RyR2, in lipid 
nanodiscs. This fast and reproducible purification with small amounts of 
starting material has allowed preparation of cryo-EM samples. The 
intermediate resolution structures of RyR2 were determined with and 
without the accessory protein FKBP12.6 using cryo-EM. These results pave 
the way towards structural characterization of RyR2 in complex with 
small-molecule modulators towards developing efficient drugs targeting 
the cardiac arrhythmia disorders CPVT1 and ARVD2, which are an 
important cause of sudden cardiac death in young people.  
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