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Figure S1. Mutation sites of S protein for omicron variant. Trimeric RBDs in each chain are indicated in pink 

and ACE2 in red. Yellow, blue, and green colors indicate other domains except for RBD in each chain of S 

protein. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S2. The standard deviation for distance between V503 residues in each chain depending on MD 

trajectories in the one-open-complex form (7A94). (a) Wild type and (b)-(i) variants. (b) double (c) triple (d) 

B.1620 (e) delta (f) alpha (g) delta_E484Q (h) mu and (i) omicron. The X axis denotes trajectory (ps) and the 

Y axis denotes standard deviation for distance (nm). Blue color indicates the standard deviation between AB 

and BC chain, orange indicates that between AB and AC chain, gray indicates that between AC and BC chain, 

and yellow indicates that among A,B, and C chain. 

 

 

 

 

 



 

Figure S3. The standard deviation for distance between V503 residues in each chain depending on MD 

trajectories in the two-open-complex form (7A97) (a) Wild type and (b)-(i) variants. (b) double (c) triple (d) 

B.1620 (e) delta (f) alpha (g) delta_E484Q (h) mu and (i) omicron. The X axis denotes trajectory (ps) and the 

Y axis denotes standard deviation for distance (nm). Blue color indicates the standard deviation between AB 

and BC chain, orange indicates that between AB and AC chain, gray indicates that between AC and BC chain, 

and yellow indicates that among A,B, and C chain. 

 

 

 

 

 

 



 

Figure S4. The standard deviation for distance between V503 residues in each chain depending on MD 

trajectories in the three-open-complex form (7A98). (a) Wild type and (b)-(i) variants. (b) double (c) triple 

(d) B.1620 (e) delta (f) alpha (g) delta_E484Q (h) mu and (i) omicron. The X axis denotes trajectory (ps) and 

the Y axis denotes standard deviation for distance (nm). Blue color indicates the standard deviation between 

AB and BC chain, orange indicates that between AB and AC chain, gray indicates that between AC and BC 

chain, and yellow indicates that among A,B, and C chain. 

 

 

 



 

Figure S5. The standard deviation for distance between N501 residues in each chain depending on MD 

trajectories in the one-open-complex form (7A94). (a) Wild type and (b)-(i) variants. (b) double (c) triple (d) 

B.1620 (e) delta (f) alpha (g) delta_E484Q (h) mu and (i) omicron. The X axis denotes trajectory (ps) and the 

Y axis denotes standard deviation for distance (nm). Blue color indicates the standard deviation between AB 

and BC chain, orange indicates that between AB and AC chain, gray indicates that between AC and BC chain, 

and yellow indicates that among A,B, and C chain. 

 

 

 

 

 

 



 

Figure S6. The standard deviation for distance between N501 residues in each chain depending on MD 

trajectories in the two-open-complex form (7A97). (a) Wild type and (b)-(i) variants. (b) double (c) triple (d) 

B.1620 (e) delta (f) alpha (g) delta_E484Q (h) mu and (i) omicron. The X axis denotes trajectory (ps) and the 

Y axis denotes standard deviation for distance (nm). Blue color indicates the standard deviation between AB 

and BC chain, orange indicates that between AB and AC chain, gray indicates that between AC and BC chain, 

and yellow indicates that among A,B, and C chain. 

 

 

 

 

 

 

 



 

Figure S7. The standard deviation for distance between N501 residues in each chain depending on MD 

trajectories in the three-open-complex form (7A98). (a) Wild type and (b)-(i) variants. (b) double (c) triple 

(d) B.1620 (e) delta (f) alpha (g) delta_E484Q (h) mu and (i) omicron. The X axis denotes trajectory (ps) and 

the Y axis denotes standard deviation for distance (nm). Blue color indicates the standard deviation between 

AB and BC chain, orange indicates that between AB and AC chain, gray indicates that between AC and BC 

chain, and yellow indicates that among A,B, and C chain. 

 

 

 

 

 

 

 



Table S1. Summary of distance and SD between N501 residues (nm). The values were measured in the final 

trajectory (10 ns). 

PDB Variant Type A-B A-C B-C 

S.D. 

(A-B) & 

(A-C) 

S.D. 

(A-B) & 

(B-C) 

S.D. 

(A-C) & 

(B-C) 

S.D. 

(A-B-C) 

7A94 

(one-

open 

complex 

form) 

Wild 3.33 2.91 0.43 0.30 2.05 1.75 1.57 

D614G/E484K 3.55 2.54 0.64 0.72 2.06 1.35 1.48 

D614G/E484K/N440K 3.10 2.57 0.85 0.38 1.59 1.21 1.18 

B.1.620 2.90 2.60 0.77 0.21 1.51 1.51 1.15 

Delta 2.63 2.51 0.56 0.09 1.47 1.38 1.17 

England 3.63 2.27 0.60 0.96 2.14 1.18 1.52 

Delta (+E484Q) 3.33 2.77 0.62 0.39 1.92 1.52 1.43 

Mu 3.73 2.41 0.80 0.93 2.07 1.14 1.47 

Omicron 3.57 2.85  1.16  0.51  1.71  1.19  1.24  

7A97 

(two-

open 

complex 

form) 

Wild 13.93 3.10 11.08 7.66 2.02 5.64 4.66 

D614G/E484K 11.26 3.31 7.33 5.63 2.78 2.85 3.98 

D614G/E484K/N440K 9.97 3.37 6.32 4.67 2.58 2.08 3.31 

B.1.620 10.13 4.27 5.55 4.14 3.24 3.24 3.08 

Delta 11.29 3.49 7.87 5.52 2.42 3.09 3.91 

England 10.65 3.69 6.60 4.92 2.87 2.05 3.50 

Delta (+E484Q) 10.56 3.47 7.21 5.02 2.37 2.65 3.55 

Mu 8.59 3.37 4.36 3.69 2.99 0.70 2.77 

Omicron 8.99 3.02  6.57  4.22  1.71  2.50  3.00  



7A98 

(three-

open 

complex 

form) 

Wild 8.04 10.29 9.56 1.59 1.07 0.52 1.15 

D614G/E484K 8.74 10.20 9.60 1.03 0.60 0.43 0.73 

D614G/E484K/N440K 8.62 9.44 9.53 0.58 0.64 0.06 0.50 

B.1.620 9.75 9.03 10.62 0.51 0.62 0.62 0.80 

Delta 8.88 9.52 9.68 0.46 0.57 0.11 0.43 

England 9.32 9.86 10.62 0.38 0.92 0.54 0.65 

Delta (+E484Q) 10.04 9.39 9.55 0.46 0.35 0.11 0.34 

Mu 10.04 10.62 9.36 0.41 0.48 0.90 0.63 

Omicron 9.71 8.98  9.69  0.52  0.02  0.50  0.42  

 

 





 

Figure S8. MM/PBSA results for A–D (1) and B–E (2) depending on the MD trajectories in the two-open-

complex form (7A97). (a) Wild type and (b)-(i) variants. (b) double (c) triple (d) B.1620 (e) delta (f) alpha (g) 

delta_E484Q (h) mu and (i) omicron. The X axis denotes trajectory (ps), and the Y axis denotes the MM/PBSA 

energy value (kJ/mol). Blue color indicates van der Waals energy between S protein and ACE2 , orange color 

indicates electrostatic energy, and gray color indicates total energy. 

 



 



 



 

Figure S9. MM/PBSA for A–D (1), B–E (2), and C–F (3) depending on the MD trajectories in the three-open-

complex form (7A98). (a) Wild type and (b)-(i) variants. (b) double (c) triple (d) B.1620 (e) delta (f) alpha (g) 

delta_E484Q (h) mu and (i) omicron. The X axis denotes trajectory (ps), and the Y axis denotes MM/PBSA 

energy value (kJ/mol). Blue color indicates van der Waals energy between S protein and ACE2, orange color 

indicates electrostatic energy.  


