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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.

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.
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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 ps of simulation were used for equilibration.
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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.

Frame

Time in closed Time in open

. Loop .
Basin <E>fksT  5fR  En/KeT percentage . state (%) +Cl1  state (%) £C1 opening AAG (kIf/mol)
Ener; (%) Confarmation (95%) (95%)
0 -5.16 135 652 0.44 37.69 Closed
1 467 099  5.67 0.26 23.01 Open
2 -441 057 498  0.00 17.66 Closed
3 420 104 524 044 14.42 Open
4 -3.28 362 690 2.86 577 Open
Wr 5 -157 407 564 361 104 Open 5550734 4449709 0.5 257
& 0.79 530 451 5.02 0.13 Open
7 0.83 542 460 521 0.14 Closed
] 0.91 539 448 501 0.12 Open
9 2.70 506 237 5.01 0.01 Closed
Total 99,99
o -5.20 L0262z 0.00 39.18 Open
1 -464 147 611 0.35 2241 Open
2 -437 184 621 0.83 17.23 Closed
3 -382 096 473 0.35 9,35 Closed
4 -310 277 586 183 4,82 Open
Alpha 5 -271 388 658 300 328 Open 2731740 72640 E —2.44 7031
& -2.34 410 644 311 241 Open
7 -0.28 521 549 493 0.29 Open
8 -0.11 443 454 4,05 0.25 Open
9 0.11 546 535 5.10 0.23 Closed
Total 99,95
0 -495 058 553 0.00 23.73 Open
1 -470 046 516  0.09 18.41 Open
2 -438 131  5.69 0.90 13.43 Closed
3 -398 132 530 0.90 9.03 Closed
4 -383 270 653 193 7.72 Closed
5 -378 286 664 202 7.36 Open
& -3.36 293 630 2.30 4,86 Open
Beta 7 -320 220 540 168 414 Open 3018715 69.81 7)7%% —2.09251%
] -293 408  7.02 3.32 3.21 Open
9 -271 366 637 311 254 Open
10 -258 353 612 2.08 2.23 Open
11 -214 370  5.85 3.28 144 Open
12 -1.74 378 552 3.48 0.95 Open
13 -1.72 399 571 3.70 0.94 Open
Total 99.99
o 574 103 677 0.00 5351 Open
1 -4.97 232 7.29 L46 24.76 Rewverse Open
2 -4.13 L70 S5.84 120 10.75 Rewverse Open
3 -346 317 663 2.62 5.50 Open
Delta 4 -293 334 627 2.63 3.22 Open N/A 100.00 N/A
5 -1.88 415  6.03 3.77 112 Open
6 -1.85 412 597 3.60 113 Open
Total 290,99
0 -477 133 611 0.17 37.27 Open
1 -471 088 559 0,00 35,10 Open
2 -3.78 306 683 184 13,87 Open
Omicron 3 -3.49 312 661 211 10,35 Open 335755 9659710 -8.382 434
4 -219 312 531 2,27 283 Closed
5 -046 4,37 483 3.89 0,52 Closed
Total 99,94
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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 Ca
backbone of the (A) K417N and (B) E484K RBD mutants. Snapshots of the lowest energy structures for

selected basins are also shown.
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"Closed"

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 wf RBD. Hydrogen bonds, salt bridges and pi-pi interactions are shown in
blue, red and green, respectively.
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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.
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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.
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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.
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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.
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Figure S9. Secondary structure difference between closed and open conformations of wz, alpha, beta,
omicron and delta SARS-CoV-2 RBD simulated in water. Probability of coil, a-helix and B-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.
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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.

Hydrophobic atoms Hydrophilic atoms

Variant Protein SASA (nm?®) SASA (nm?) SASA (nm?)
Average +CI (95%) Average + CI (95%) Average + CI (95%)

WT

Average 107.72 X557 55.07 X503 52.62 1053

"Open” 109.08 7 552 551170 53.97 1005

"Closed" 105521552 53.68150; 5157 1504
Alpha

Average 108.16 * 394 55.13 ¥ 003 53.04 £ 993

"Open” 108.62 398 55.26 * 551 53.36 £ 001

"Closed” 102.99 £ 3957 52.69 T 004 50317%952
Beta

Average 108.10* 991 5495 %901 53.15%001

"Open” 10858 * 096 53.70 X304 5388 50:

"Closed" 10765558 56.32 1003 5133+9%
Delta

e 109.62 X 31 55.46 * 0 54.16+ 008

"Open” 109.58 £ 392 54.87 * 302 54.70 £ 052

"Reversed” 106.08* 57 53.65 1004 52.43 1003
Omicron

Average 11097 £ 392 56.84 1593 5413 *992

"Open” 110.83 1352 56.68 1003 54.16 1093

“Closed” 109.73 ¥ 57.07 7557 52.66 7503

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).

Wwr Alpha Beta Delta Omicron
Reference  "UUPK rochnique Ko (M's") Kogls") KaliM)  Kon(M's") Karfs™) KalM) Kon(M's") Karls™) Ko(oM) Kon(M's") Kerfs) KalnM) Kon(M's™) Keg(s') KalnM)
McCallum etal. 20217 RED SPR 7.70x10° 670x10° 78 750x10° 120x10° 15 - - 500x10° 430x10° 63 - - -
Tianetal 2021 ° RED SPR 250%10° 210x10° 83 750x10° 037x10° 05 6.40 x10° 030x10° 05 - -
Lafieoer etal 2021° RBD SPR 450%10° 780107 A7 570x10° 130x10° 24 7E0x10° 430x10° 58
Supasa etal 20217 RBD SPR 3g@x10° 292x10° 751 538 x10° 685x10° 107 - - - - - -
Wirnsberger etal 2021°  RBD SPR 6.86 x10° 11.0x10” 162 436x10° 159x10° 372 6.86x 10° 442x10° 65 10.1x10° 8.23x10° 861
de Souza stal. 20217 RBD SPR 0.90%10° 916x10° 103 130x10° 185x10° 12 120%10° 39.4x10° 33 - - - - - -
Lanetal2022° RBD SPR 124x10° 735x10° 59 - - - - - - - = = 173x10° 486x10° 28
Dejniratis si etsl. 2022 RBD SPR 7.00%x10° 510x%10° 7.3 110x10° 160x10° 1§ 130%10° 400%0° 3.2 120%10° 580x10° 4.9 B20x10° G640x10° T&
Mengetal 2022 © RED BLI 1.40%x10° 140x10% 127 - - - - - = 590x10° 1.10x10° 190 1.10%10° 470x10° 44
Junker etal. 2022 " RBD BLI 1.26 x10° 1.72x10% 1.26 - - - - - - 1.24x10° 1.19x10° 0.96 1.85x10° 1.45x10% 0.78
de Souzastal. 20217 Spike SPR 0.09%10° 580x10° 64 010x10° 170x10° 04 0.30x10° 300x10° 0.3 - - - - - =
Saille etal 2021 © Spike BLI 1.40x10° 709x%10° 5.06 - - - - - - 151%10° 401%x10° 265
Yangetal 2021 © Spike BLI 3.43x10° 106x10° 31 386x10° 525x10° 136 7.32x10° 179x10° 025 430x10° 1.71x10° 039
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Basin 0: -5.16 Basin 1: -4.67 Basin 2: -4.41 Basin 3: -4.20

Basin 4: -3.28 Basin 5: -1.57 Basin 6: 0.79 Basin 7: 0.83

Basin 8: 0.91

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).
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Basin 0: -5.20 Basin 1: -4.64 Basin 2: -4.37 Basin 3: -3.82

Basin 7: -0.28

Basin 8: -0.11

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).
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Basin 0: -4.95 Basin 1: -4.70 Basin 2: -4.38 Basin 3: -3.98

Basin 8: -2.93

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).
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Basin 0: -5.74 Basin 1: -4.97 Basin 2: -4.13 Basin 3: -3.46

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).
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Basin 0: -4.77 Basin 1: -4.71 Basin 2: -3.78 Basin 3: -3.49

Basin 5: -0.46

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).
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Figure S15. RBD Ca root-mean-square deviation (RMSD) moving average in solution. Data shown for the
five replicas for each variant tested. Ca 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 ps of simulation were used
for equilibration (blue dashed line) and the remaining frames were used for further PCA and RIN analysis.
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BA.4 and

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, [452R, F486V] are shown in sticks and
highlighted in red.
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