

1- 3D structural analysis supplemental methods
The experimental and predicted 3D structures were prepared and analyzed with Chimera (e.g., adding missing amino acid side chains and hydrogen atoms, short energy minimization, visualization) (1) (2) and PyMol (e.g., interactive structural analysis, relative solvent-accessibility, figures’ generation) (PyMOL Molecular Graphics System, Schrödinger, LLC, USA). Protein stability predictions were computed with the DUET server. (3)

The human endothelial nitric oxide synthase (eNOS) protein contains several domains, the oxygenase module, a calmodulin-binding linker module and the reductase module. The mutated residue, C648, is located in the reductase module for which no human experimental 3D structures are available. An accurate homology model could however be built using the SWISS-MODEL web-server (4) for this domain using as structural template the corresponding domain of the rat neuronal nitric oxide synthase (PDB ID: 1tll). (5) The experimental 3D structure of the human oxygenase module was downloaded from the RCSB Protein Data Bank (6), PDB ID: 3nos (7) while the entire human model was downloaded from the AlphaFold Protein Structure Database.(8)  

The cryo-electron microscopy structures of the human sGCα1β1 heterodimer in different functional states (9) were downloaded from the RCSB Protein Data Bank. The bent conformation (PDB ID: 6jt1) is considered to represent the inactive state while the NO-activated state (PDB ID: 6jt2) is in an extended conformation. 

2- 3D structural analysis, supplemental data and discussion
eNOS and p.C648R variant
C648 is located in the reductase module of NOS3 (Figure 3 B and C). There is no experimental structure for the human protein but it was possible to build a high quality comparative model as the sequence identify between the human sequence and structural template was above 57%. C648 is fully buried and surrounded by hydrophobic and aromatic residues (Figure 3 D). It is known that disease-causing missense mutations most often involve highly conserved and buried residues.(10)  Here, there is no space in this region of the protein to accommodate a long arginine side chain (Figure 3 E). This substitution is expected to be destabilizing and should perturb proper folding of this region of the protein. 

sGC alpha1 subunit and p.R593H variant
The cryo-electron microscopy structures of the human sGCα1β1 heterodimer in different functional states have been reported.(9) The transducer module bridges the nitric oxide sensor module and the catalytic module (Figure 3 G and H). Binding of NO to the sensor module triggers structural rearrangements within this module together with changes in the transducer and catalytic modules. It is expected that the protein evolves from a bent conformation (inactive, Figure 3G) to a more extended structure (active, Figure 3H) upon interaction with NO. Such high plasticity is indeed necessary for the sGC activity. In a recent structural study, it was proposed that the molecular mechanisms involved during activation were likely to be very complex and the authors mentioned that in fact the transducer module could act as an allosteric structural coupler between the sensor module and the catalytic module to allow the bi-directional flow of information within the protein.(9) R593 in both structures is buried, fully conserved in the sequence (Figure 3A) and involved in a salt-bridge network (all these residues are strictly conserved and buried, Figures 3 I and J). The stability of a salt bridge depends on the environment, the pH, and the distance and geometric orientation between the involved residues. Salt bridges can be located on the protein surface, and in this case their contribution to protein stability is in general relatively weak, or they can be found buried within the hydrophobic interior of the folded protein. Studies on different protein families have found that buried salt-bridges are more likely to be conserved, functionally relevant than surface exposed ones (11) (12) and that they tend to stabilize a protein by about 2-3 kcal/mol.(13) The p.R593H substitution, on the inactive sGC form, would seem to induce local structural changes mainly due to perturbed electrostatic interactions and the mutation is predicted to be destabilizing (destruction of the R593-E526 salt-bridge in the -subunit and perturbed ionic bonds between the -subunit and -subunit). Although histidine can form salt-bridges, the shape, length, pKa, and flexibility of the side chain cannot reproduce the wild-type R residue in this region of sGC. The arginine to histidine substitution in the NO-activated sGC structure should induce similar problems (local structural changes and destabilization) and in addition impede the interactions between the R593 of the -subunit and the R539 of the -subunit that seems critical for the proposer orientation of the amino acid side chains involved in the salt bridge network. Further, because R593 of the -subunit forms a salt-bridge with E526 (-subunit) and with E473 (-subunit) and that this E473 has polar contacts with the GTP substrate, it is possible that the p.R593H perturbs the binding of the GTP substrate or even affect structural changes to allow the proper formation of the GTP binding pocket. In fact, the region directly surrounding R593 is known to play different roles with regard to the activity of sGC. The substitution p.C595Y in the -subunit severely impair sGC activity (14) while the p.C595S mutation dramatically increases the basal activity of the protein.(15) A serine at position 595 should be tolerated in this region of sGC while a bulky tyrosine will create steric clashes and local structural changes. In fact, residues 595 with the nearby E526 have been suggested already to play a key role at the interface between the - and -subunits, they are located in a region that undergoes major conformational changes during activation and it has even been proposed that a tyrosine at position 595 could damage the nearby GTP-binding pocket and prevent conformational changes in the active site. (16) (17) None of these previous studies discussed the striking buried salt-bridge network that we report here. We propose that the p.R593H substitution could have similar functional role than the p.C595Y mutation, it should induce local structural changes and be destabilizing, it should perturb the dimer interface of the catalytic module and possibly alter the binding of GTP and/or impede the necessary conformational changes that are required to form the proper GTP binding site. Because R593 is next the transducer module and near the interface of the catalytic module and next to the substrate binding site, it is likely that the p.R593H substitution impacts the 3D structure in this region, the dynamics of the protein and its stability and thus affect the flow of information along the transducer module between the sensor module and the catalytic module.
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