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Figure S2. RBD open – closed dynamics over simulation time. RBD open – closed dynamics as determined 

by analysis of the conformational basins (Supplementary Table S1) recovered by PCA. Data shown for the 

five replicas for each variant tested. The first 3 µs of simulation were used for equilibration.  

 

Figure S1. ACE2 bound to glycosylated SARS-CoV-2 S protein. (A) ACE2 (White) bound to SARS-CoV-

2 S glycoprotein (blue). (B) Closeup of ACE2 bound RBD. RBM is rendered in red. Glycosylations are 

rendered in orange. 

 

Videos S1 to S5. RBD and RBM conformation dynamics for the wt, alpha, beta, delta and omicron variants. 

Trajectory samples recovered from the AA MD simulations of the wt, alpha, beta and delta RBD in water. 

The ridge region of the RBD is colored in red. Residues of interest are labelled at the start of the video. 

Renderization done with VMD, with the positions averaged over 5 consecutive frames. 



 
 

Table S1. Energy surface landscape analysis from 2D PCA of SARS-CoV-2 RBD conformational dynamics 

in water. Energy surface landscape analysis and defined basins for each of the tested RBD variants. Energy 

minima, frame percentage and loop conformation for each of the basins is also given. Overall analysis of 

“open” vs. “closed” conformation is also shown. 95 % Confidence intervals (CI) were calculated with 

bootstrap resampling from the frame percentages recovered from the individual simulation replicas. 

Representative structures can be seen in figures S8, S9, S10 and S11. 



 
 

 

 

 

 

  

Figure S3. Two-dimension principal component analysis (PCA) of SARS-CoV-2 RBD’s mutants 

conformational dynamics in water. Plots of the first two principal components determined from the Cα 

backbone of the (A) K417N and (B) E484K RBD mutants. Snapshots of the lowest energy structures for 

selected basins are also shown. 

 



 

 

  

Figure S4. Residue interaction networks (RINs) for the “open” and “closed” conformations of wt RBD. 

RINs determined using RIP-MD for the 5000 lowest energy conformations obtained for the most populated 

“open” and “closed” basins of wt RBD. Hydrogen bonds, salt bridges and pi-pi interactions are shown in 

blue, red and green, respectively. 

Figure S5. Residue interaction networks (RINs) for the “open” and “closed” conformations of the alpha 

variant RBD. RINs determined using RIP-MD for the 5000 lowest energy conformations obtained for the 

most populated “open” and “closed” basins of alpha RBD. Hydrogen bonds, salt bridges and pi-pi 

interactions are shown in blue, red and green, respectively. 



 

  

Figure S6. Residue interaction networks (RINs) for the “open” and “closed” conformations of the beta 

variant RBD. RINs determined using RIP-MD for the 5000 lowest energy conformations obtained for the 

most populated “open” and “closed” basins of beta RBD. Hydrogen bonds, salt bridges and pi-pi 

interactions are shown in blue, red and green, respectively. 

Figure S7. Residue interaction networks (RINs) for the “open” and “reversed” conformations of the delta 

variant RBD. RINs determined using RIP-MD for the 5000 lowest energy conformations obtained for 

“open” and “reversed” basins of delta RBD. Hydrogen bonds, salt bridges and pi-pi interactions are shown 

in blue, red and green, respectively. 



 

 

 

 

 

 

 

 

 

 

Figure S8. Residue interaction networks (RINs) for the “open” and “reversed” conformations of the 

omicron variant RBD. RINs determined using RIP-MD for the 5000 lowest energy conformations obtained 

for “open” and “reversed” basins of omicron RBD. Hydrogen bonds, salt bridges and pi-pi interactions are 

shown in blue, red and green, respectively. 



 

 

Figure S9. Secondary structure difference between closed and open conformations of wt, alpha, beta, 

omicron and delta SARS-CoV-2 RBD simulated in water. Probability of coil, α-helix and β-sheet secondary 

structures was obtained using the GROMACS tool gmx do_dssp(1) for all conformations (open, closed and 

reversed) of all four variants.  RBM residues are shown with an orange arrow.  



 

 

 

Table S3. Compilation of ACE2-RBD binding kinetics data from recent studies. Kinetic parameters of 

ACE2 binding to wt, alpha, beta, delta and omicron RBD/Spike variants data obtained from SPR and 

BLI(2,3,12,13,4–11). 

 . 

Table S2. Surface Accessible Surface Area (SASA) analysis of SARS-CoV-2 RBD in water. SASA values 

were calculated using the GROMACS tool gmx_sasa(1) for the whole trajectory (Entire trajectory) and for 

the two major conformations (“open”/“closed “ and “open”/”reversed”). Results were also divided in the 

contribution of hydrophobic atoms, which are the ones with charges [-0.2, 0.2], and hydrophilic, those 

outside of this range. 95 % Confidence intervals (CI) were calculated with bootstrap resampling. 



 
 

 

 

 

 

 

Figure S10. Snapshots representative of all wt RBD PCA basins. The structures corresponding to the free 

energy minima of all conformational basins are represented in blue, with the ridge region highlighted in 

red, together with structures sampled from the same basin (background, gray colored). 

 



 
 

 

 

 

 

Figure S11. Structures representative of all alpha RBD PCA basins. The structures corresponding to the 

free energy minima of all conformational basins are represented in blue, with the ridge region highlighted 

in red, together with structures sampled from the same basin (background, gray colored). 

 



 
 

 

 

 

 

Figure S12. Structures representative of all beta RBD PCA basins. The structures corresponding to the 

free energy minima of all conformational basins are represented in blue, with the ridge region highlighted 

in red, together with structures sampled from the same basin (background, gray colored). 



 
 

 

 

 

 

  

Figure S13. Structures representative of all delta RBD PCA basins. The structures corresponding to the 

free energy minima of all conformational basins are represented in blue, with the ridge region highlighted 

in red, together with structures sampled from the same basin (background, gray colored). 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

Figure S14. Structures representative of all omicron RBD PCA basins. The structures corresponding to the 

free energy minima of all conformational basins are represented in blue, with the ridge region highlighted 

in red, together with structures sampled from the same basin (background, gray colored). 

 



 

 

 

Figure S15. RBD Cα root-mean-square deviation (RMSD) moving average in solution. Data shown for the 

five replicas for each variant tested. Cα were fitted against the RBD X-ray structure from PDB ID: 6M0J.  

The moving average was calculated using the neighboring 50 frames. The first 3 µs of simulation were used 

for equilibration (blue dashed line) and the remaining frames were used for further PCA and RIN analysis. 

 



 
 

  

Figure S16. Representation of the RBD of the three Omicron lineages and their specific mutations. The 

RBD regions of all three lineages are shown side-by-side in blue. Specific mutations of lineages (A) BA.1 

[S371L, G446S, G496S], (B) BA.2 [S371F, T376A, D405N, R408S], (C) BA.3 [S371F, D405N, G446S] 

and (D) BA.4 and BA.5 [S371F, T376A, D405N, R408S, L452R, F486V] are shown in sticks and 

highlighted in red.   
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