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Figure S1. Classification of the nine secondary structure regions (Cs, P, ap, B2, C7%9, ar,
o’, ar and C7*) in the Ramachandran space by J. Rubio-Martinez et al. [1].
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Figure S2. Ramachandran maps of the capped Glu: tripeptide. Titles indicate the
residues, the simulation method in the superscripts and the pH value in the subscripts.
Each simulation conditions have two energy maps according to the set of backbone
dihedral angles of the N-terminal (¢1/y1) or the C-terminal amino acid (@2/y2). Solid lines
indicate an increase of 0.6 kcal/mol in the energy map.
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Figure S3. Populations of the conformational regions (P, ar, C’eq, Cs and ar) in the
Ramachandran maps of each amino acid of the capped Glu: tripeptide. Labels indicate
the residues, the simulation method in the superscripts and the pH value in the subscripts.
Net charge of the tripeptide is below (q). Striped or solid box style are protonated or
deprotonated states, respectively.
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Figure S4. Ramachandran maps of the capped His: tripeptide. Titles indicate the residues,
the simulation method in the superscripts and the pH value in the subscripts. Each
simulation conditions have two energy maps according to the set of backbone dihedral
angles of the N-terminal (¢1/y1) or the C-terminal amino acid (@2/y2). Solid lines indicate
an increase of 0.6 kcal/mol in the energy map.
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Figure S5. Populations of the conformational regions (P, ar, C’eq, Cs and or) in the
Ramachandran maps of each amino acid of the capped His: tripeptide. Labels indicate the
residues, the simulation method in the superscripts and the pH value in the subscripts.
Net charge of the tripeptide is below (q). Striped or solid box style are protonated or
deprotonated states, respectively.
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Figure S6. Ramachandran maps of the capped Lys: tripeptide. Titles indicate the
residues, the simulation method in the superscripts and the pH value in the subscripts.
Each simulation conditions have two energy maps according to the set of backbone
dihedral angles of the N-terminal (¢1/y1) or the C-terminal amino acid (@2/y2). Solid lines
indicate an increase of 0.6 kcal/mol in the energy map.
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Figure S7. Ramachandran maps of the capped Tyr: tripeptide. Titles indicate the residues,
the simulation method in the superscripts and the pH value in the subscripts. Each
simulation conditions have two energy maps according to the set of backbone dihedral
angles of the N-terminal (¢1/y1) or the C-terminal amino acid (¢2/y2). Solid lines indicate
an increase of 0.6 kcal/mol in the energy map.
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Figure S8. Ramachandran maps of the capped Cys: tripeptide. Titles indicate the
residues, the simulation method in the superscripts and the pH value in the subscripts.
Each simulation conditions have two energy maps according to the set of backbone
dihedral angles of the N-terminal (¢1/y1) or the C-terminal amino acid (@2/y2). Solid lines
indicate an increase of 0.6 kcal/mol in the energy map.
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Figure S9. Populations of the conformational regions (Pu, ar, C’eq, Cs and ar) in the
Ramachandran maps of each amino acid of the capped Lys: tripeptide. Labels indicate
the residues, the simulation method in the superscripts and the pH value in the subscripts.
Net charge of the tripeptide is below (q). Striped or solid box style are protonated or
deprotonated states, respectively.
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Figure S10. Populations of the conformational regions (P, or, C’eq, Cs and ar) in the
Ramachandran maps of each amino acid of the capped Tyr: tripeptide. Labels indicate
the residues, the simulation method in the superscripts and the pH value in the subscripts.
Net charge of the tripeptide is below (q). Striped or solid box style are protonated or
deprotonated states, respectively.
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Figure S11. Populations of the conformational regions (P, or, C’eq, Cs and ar) in the
Ramachandran maps of each amino acid of the capped Cys: tripeptide. Labels indicate
the residues, the simulation method in the superscripts and the pH value in the subscripts.
Net charge of the tripeptide is below (q). Striped or solid box style are protonated or
deprotonated states, respectively.
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Figure S12. Energy distributions of the capped Asp: tripeptide without solvent
molecules. Dotted and dashed lines are cpHMD and cMD simulations, respectively.
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Figure S13. Energy distribution of the 1-4 and long-range electrostatics capped Asp2
tripeptide divided in backbone and side chain atoms. Dotted and dashed lines are cpHMD
and cMD simulation methods, respectively.
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Figure S14. Energy distributions of the capped Glu: tripeptide without solvent molecules.
Dotted and dashed lines are cpHMD and ¢cMD simulations, respectively.
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Figure S15. Energy distribution of the 1-4 and long-range electrostatics capped Gluz
tripeptide divided in backbone and side chain atoms. Dotted and dashed lines are cpHMD
and cMD simulation methods, respectively.



TOTAL ENERGY

BOND ENERGY

0.12 T T T . 0.24 . .
j =
k=] —m
=1 / ~
2 0.06 | 4 oa2f / .
o /"\ rd .
o PN Vs \‘\
o / \ / S
0 1 VAN ! 0 T 1 S -
0 100 150 200 250 0 5 10 15 20
ANGLE ENERGY DIHEDRAL ENERGY
0.24 T T 0.24 T T
| =
°
s 0.12 |- — 0.12 =
a2 T LT, :
o P ™.
[=% j:‘ ~ S, .
0 T e LRSS — 0
40 50 60 70 10 50
14ELEC ENERGY
0.24 T T 0.5 :
[=4
=]
®
2 012 , 4 o025} R
[=% i ¢y
o i I
o ! FEY
0 L. o I h AN 0 1
50 100 150 200 0 2 4 6 8 10
VDWAALS ENERGY ELECTROSTATIC ENERGY
05 1 1 1 1 012 I 1 1
c
°
w .
2 025 4 0.06 .
o Yo\
oo N
0 0 Lo ek AN Ay §
-14 -4 -250 =200 -150 -100 =50
E (kcal/mol) E (kcal/mol)
HIPCMD ------ HIECMD ------
HIPCPHMD pyM% ............ . HIPE;::IEPHH § s
HID HIP pH12 E

Figure S16. Energy distributions of the capped His: tripeptide without solvent molecules.
Dotted and dashed lines are cpHMD and ¢cMD simulations, respectively. “HIP®PHMP,y,
5 and “HIP**"™D 15 7 are the energy distributions calculated using partial charges fixed
on the d and € protonation state.
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Figure S17. Energy distribution of the 1-4 and long-range electrostatics capped His2
tripeptide divided in backbone and side chain atoms. Dotted and dashed lines are cpHMD
and ¢cMD simulation methods, respectively. “HIPP"™P 15 § and “HIPP"™P 15 £ are
the energy distributions calculated using partial charges fixed on the é and & protonation
state.
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Figure S18. Energy distributions of the capped Lys: tripeptide without solvent molecules.
Dotted and dashed lines are cpHMD and cMD simulations, respectively.
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Figure S19. Energy distributions of the capped Tyr: tripeptide without solvent molecules.
Dotted and dashed lines are cpHMD and cMD simulations, respectively.
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Figure S20. Energy distributions of the capped Cys: tripeptide without solvent molecules.
Dotted and dashed lines are cpHMD and cMD simulations, respectively.
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Figure S21. Energy distribution of the 1-4 and long-range electrostatics capped Lys2
tripeptide divided in backbone and side chain atoms. Dotted and dashed lines are cpHMD

and cMD simulation methods, respectively.
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Figure S22. Energy distribution of the 1-4 and long-range electrostatics capped Tyr2
tripeptide divided in backbone and side chain atoms. Dotted and dashed lines are cpHMD

and cMD simulation methods, respectively.
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Figure S23. Energy distribution of the 1-4 and long-range electrostatics capped Cys:
tripeptide divided in backbone and side chain atoms. Dotted and dashed lines are cpHMD
and cMD simulation methods, respectively.
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Figure S24. 2D-RMSD of the six first representative conformations of DAsD peptide in
protonated form (DAsDMPasy and DAsDPHMP ;). RMSD is calculated using the Cq
atoms of the peptides.
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Figure S25. 2D-RMSD of the six first representative conformations of DAsD peptide in
the deprotonated form (DAsDMPasp and DAsDPMP110). RMSD is calculated using the
Cq atoms of the peptides.
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respectively. Dotted and dashed lines are cpHMD and cMD simulation methods,
respectively.
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Figure S27. 2D-RMSD of the six first representative conformations of A4D2A4 peptide
in protonated form (A4D2As™MPasn and A4D2A4P"™DP ;). RMSD is calculated using the
Cq atoms of the peptides.
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Figure S28. 2D-RMSD of the six first representative conformations of A4D2A4 peptide
in the deprotonated form (AsD2A4™Pasp and A4D2AsP"™P h10). RMSD is calculated
using the Cq atoms of the peptides.
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