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 Background: Prokaryotic voltage-gated sodium channels (Navs) and eukaryotic voltage-gated 

calcium channels (Cavs) are the members of the same superfamily. Bacterial Navs are homotetramers 

with a selectivity filter formed by four segments given form a P-loop of each monomer. In contrast, 

eukaryotic Cavs are pseudotetramers with four asymmetric but homologous P-loops and probably evolved 

from prokaryotic Navs by two rounds of duplication. Nevertheless, selectivity filters of bacterial Navs and 

eukaryotic Cavs are very similar, and surprisingly, they have identical E/E/E/E high-field-strength (HFS) 

site. Since HFS site was considered to be responsible for ion selectivity, the mechanism of different 

Na/Ca discrimination of these channels is still unclear. 

 From a comparison of the new cryo-EM structure of mammalian Cav1.1 channel with X-ray 

structure of bacterial Nav, it is clear that backbone positions of Glu residues of HFS sites are identical in 

these two channels but the side chains have different geometries. However, it is unclear whether these 

side chain structures are just a distinct conformers from the same ensemble, or their difference is 

functional and defines dissimilar channel selectivity. 

 Methods: In order to explore conformational motions of the HFS site residues we conducted 

molecular dynamics simulations of NavMs channel (PDB: 5BZB) and Cav1.1 channel (PDB: 6BYO) in 

the same conditions with single ion coordinated in the selectivity filter. 

 Results: We found that carboxylate groups of Glu residues of HFS site coordinate partially 

hydrated cation in the pore lumen, as was demonstrated before. A closer look shows that during ion 

coordination Glu side chains notably alter their conformations from symmetric geometry of X-ray NavMs 

structure towards asymmetric one observed for Cav1.1 with cryo-EM. 

 Conclusion: Each published channel structure captures only one Glu side chain geometry in HFS 

site, while it is thought that these groups sample multiple conformation when ion path through the pore. 

Results of our simulations suggest that side chains of E/E/E/E HFS sites of NavMs and Cav1.1 channels 

are flexible and may adopt similar conformations when coordinate the same cation. 
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