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Fig. S1 Time evolution for surface accessible solvent area (SASA), number of hydrogen
bonds (#Hbonds), and intermolecular interaction energy (Intermolecular Energy).
“SASA” is measured in A% “#Hbonds” corresponds to the sum of all hydrogen bonds
between the peptide and H-2DP receptor in each simulation frame. “Intermolecular
Energy” is measured in kcal/mol as the sum of electrostatic and Lennard-Jones terms. In
all panels, structure properties were plotted as function of simulation time in nanosecond

(ns).




Fig. S2 Results for job submitted to FlexPepDock webserver. (A) Resulting models
obtained from refinement of coarse starting model. Each model is represented in different
colors. (B) Best-ranked pose, the structure with the lowest energy used as the initial
structure for WTMetaD simulation.



The stability of the peptide initial molecular structure

A minimization-equilibration cycle was performed to prevent the introduction of artifacts
from an unstable starting structure obtained from Rosetta FlexPepDock and to ensure that
the positions of peptide initial molecular configuration are reasonable. This step was used
to validate whether the peptide structure is conformationally stable. Fig. S3 plots the
calculated peptide backbone RMSD (root mean square deviation) to assess its stability
within the H-2 DP receptor. Calculated RMSD converges to an average value of 1.85 A,
meaning the system was equilibrated before the production simulation.
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Fig. S3 The stability of the peptide initial molecular structure. Peptide backbone RMSD
versus simulation time during minimization-equilibration cycle. RMSD is measured in A
and simulation time in nanosecond (ns).



Table S1 Persistence of H-bond interactions during WTMetaD simulation.

Peptide residue H-2D" residue % SER P7 HSE 155 0.71
GLN P1 TYR7 0.01 LYS P8 TRP 73 0.13
GLN P1 GLU 58 0.04 LYS P8 SER 150 0.19
GLN P1 TYR 59 1.51 LYS P8 GLY 151 0.21
GLN P1 ARG 62 1.54 LYS P8 HSE 155 0.08
GLN P1 GLU 63 12.09 PHE P9 LYZ 66 0.01
GLN P1 LYZ 66 2.69 PHE P9 GLN 72 0.54
GLN P1 TYR 159 4,78 PHE P9 TRP 73 0.41
GLN P1 GLU 163 0.04 PHE P9 VAL 76 0.21
GLN P1 TRP 167 7.29 PHE P9 HSE 155 0.01
GLN P1 TYR 171 0.13 PHE P9 ALA 158 0.02
TYR P2 TYR7 0.52 PHE P9 GLU 163 0.02
TYR P2 GLU 9 8.18 ILE P10 GLN 72 0.06
TYR P2 SER 24 0.01 ILE P10 VAL 76 0.03
TYR P2 GLU 63 5.38 ILE P10 ARG 79 0.01
TYR P2 LYZ 66 4.06 ILE P10 LYS 146 0.05
TYR P2 GLN 70 1.38 ILE P10 HSE 155 0.01
TYR P2 TRP 73 0.02 GLY P11 LYS 146 0.04
TYR P2 GLN 97 1.43 GLY P11 SER 150 0.02
TYR P2 SER 99 0.69 ILE P12 ARG 62 0.03
TYR P2 HSE 155 0.15 ILE P12 GLY 69 0.05
TYR P2 TYR 156 0.33 ILE P12 GLN 72 0.19
TYR P2 TYR 159 8.14 ILE P12 TRP 73 1.17
TYR P2 GLU 163 0.03 ILE P12 VAL 76 0.02
TYR P2 TRP 167 0.01 ILE P12 ALA 152 0.08

ILE P3 LYS 66 1.29 ILE P12 HSE 155 0.04
ILE P3 GLN 70 0.05 ILE P12 TYR 156 0.07
ILE P3 TRP 73 0.01 THR P13 TRP 73 1.31
ILE P3 GLU 154 0.01 THR P13 VAL 76 0.39
ILE P3 HSE 155 1.21 THR P13 SER 77 0.06
ILE P3 TYR 156 0.53 THR P13 ASN 80 0.09
ILE P3 ALA 158 0.28 THR P13 LYS 146 0.03
ILE P3 TYR 159 1.17 THR P13 TRP 147 1.22
ILE P3 GLU 163 0.17 GLU P14 TRP 73 0.03
LYS P4 GLN 65 0.01 GLU P14 SER 77 2.23
LYS P4 LYZ 66 0.59 GLU P14 ASN 80 2.51
LYS P4 HSE 155 0.02 GLU P14 TYR 84 0.29
LYS P4 GLU 163 3.24 GLU P14 TYR 123 1.07
LYS P4 GLU 166 0.79 GLU P14 THR 143 0.32
ALA P5 ARG 62 0.04 GLU P14 LYS 146 7.81
ALA P5 LYZ 66 0.01 GLU P14 TRP 147 1.89
ALA P5 GLN 70 0.14 GLU P14 SER 150 2.64
ALA P5 TRP 73 0.01 Total % 100
ALA P5 HSE 155 0.31
ASN P6 ARG 62 0.26
ASN P6 LYZ 66 0.25
ASN P6 GLU 154 0.04
ASN P6 HSE 155 2.58
ASN P6 ALA 158 0.04
SER P7 GLU 58 0.03
SER P7 ARG 62 0.05
SER P7 GLN 72 0.03
SER P7 TRP 73 0.05
SER P7 SER 150 0.02
SER P7 GLU 154 0.02




Table S2 FlexPepDock top 10 models

Description Total score (*) | RmsBB (A)
Top 1 -108.304 6.932
Top 2 -107.106 2.151
Top 3 -106.810 4.392
Top 4 -104.485 3.509
Top 5 -104.362 2.407
Top 6 -103.209 2.832
Top 7 -100.851 5.914
Top 8 -100.680 3.442
Top 9 -100.406 3.908
Top 10 -100.189 5.865

ALA P14 TYR 84 7.11
ALA P14 THR 143 9.19
ALA P14 LYS 146 6.98

(*) The models obtained from FlexPepDock were ranked according to Rosetta energy
score.



Table S3 Selected H-bond interaction persistence during WTMetaD for ALA mutation in
the peptide’s position P14.

Peptide residue H-2DP residue % (*)
GLN P1 GLU 163 3.59
GLN P1 TRP 167 4.15
TYR P2 GLU 9 3.30
TYR P2 GLU 63 3.73
ILE P3 HSE 155 2.14
ILE P10 SER 150 2.07
ILE P12 TRP 73 3.17

THR P13 TRP 147 6.42
ALA P14 SER 77 6.60
ALA P14 ASN 80 5.16
ALA P14 TYR 84 7.11
ALA P14 THR 143 9.19
ALA P14 LYS 146 6.98

(*) Considering only persistence corresponding to the percentage of the total number of H-bond interactions
greater than 2 %.



Table S4 Selected H-bond interaction persistence during WTMetaD for GLY mutation in
the peptide’s position P14.

Peptide residue H-2DP residue % (*)
GLN P1 TYR 59 2.95
GLN P1 GLU 63 11.57
GLN P1 TYR 159 2.85
GLN P1 TRP 167 5.41
TYR P2 GLU 9 3.26
TYR P2 LYS 66 2.37
TYR P2 GLN 70 2.22
TYR P2 HSE 155 2.47
TYR P2 TYR 159 5.40
TYR P2 GLU 163 2.21
LYS P4 GLU 163 10.19
LYS P4 GLU 166 3.90
LYS P8 HSE 155 2.01
THR 13 TRP 147 2.09
GLY P14 ASN 80 2.30
GLY P14 THR 143 2.73
GLY P14 LYS 146 2.23

(*) Considering only persistence corresponding to the percentage of the total number of H-bond interactions
greater than 2 %.



