Identifying long distance communication networks in the SARS-CoV2 S-protein

and motifs in a transmembrane protein database.
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— Summary

1. Corona virus spike protein S is a large homo-trimeric protein anchored in the membrane of the virion particle. Protein S binds to angiotensin-converting-enzyme 2, ACE2, of
the host cell, followed by proteolysis of the spike protein, drastic protein conformational change with exposure of the fusion peptide of the virus, and entry of the virion into
the host cell. We have developed a methodology that relies upon graph and centrality analyses, to identify and characterize large H-bond clusters in protein structures.

2. pH sensing by proteins is a fundamental reaction that typically involves chemical binding and unbinding of protons at titratable amino acid residue sidechains. The
mechanisms by which proteins sense pH are poorly described, particularly whether groups that titrate at physiological pH, such as carboxylate and imidazole groups, function
as pH sensors only when found in specific sequence and structure motifs. Here we address this question by employing data science approaches. We established a large hand-
curated dataset of three-dimensional structures of membrane proteins, and a subset of representative protein structures solved at high resolution.
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We find that, in the closed conformation, the three protomers of protein S bring the same contribution to an
extensive central network of H-bonds and contribute symmetrically to a relatively large H-bond cluster at the
receptor binding domain, and to a cluster near a protease cleavage site. Markedly different H-bonding at
these three clusters in open and pre-fusion conformations suggest dynamic H-bond clusters could facilitate
structural plasticity and selection of a protein S protomer for binding to the host receptor, and proteolytic

cleavage.
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