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Figure S1. Protonatable sites in the side chain of the aspartic acid. There are four protonatable
sites that correspond to the anti- or syn- position with respect to each oxygen of the carboxyl
group. CPHMD method builds a residue with the four hydrogens, and only make one or none of
them effective according to the protonation state.
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Figure S2. Classification of the nine secondary structure regions (Cs, Pu, ap, B2, C79, ar, o, ar and
Crial) in the Ramachandran space by J. Rubio-Martinez et al.[1].
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Figure S3. Gibbs free energies in the Ramachandran space of the blocked Tyr: tripeptide. The
labelling indicates the residue, the simulation method (in the superscript) and the pH (only for
the CPHMD simulations). Both sets of dihedrals (¢1/{1 from the N-terminal amino acid; ¢2/{»2
from the C-terminal amino acid) are illustrated. Protonated forms are in the left (CMD; top -
CPHMD; bottom) and deprotonated ones in the right (CMD; top — CPHMD; bottom). Solid lines
indicate an increase of 0.6 kcal/mol of the energy values.
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Figure S4. Gibbs free energies in the Ramachandran space of the blocked Cys: tripeptide. The
labelling indicates the residue, the simulation method (in the superscript) and the pH (only for
the CPHMD simulations). Both sets of dihedrals (¢1/{1 from the N-terminal amino acid; ¢2/{»2
from the C-terminal amino acid) are illustrated. Protonated forms are in the left (CMD; top —
CPHMD; bottom) and deprotonated ones in the right (CMD; top — CPHMD; bottom). Solid lines
indicate an increase of 0.6 kcal/mol of the energy values.
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Figure S5. Gibbs free energies in the Ramachandran space of the blocked His: tripeptide. The
labelling indicates the residue, the simulation method (in the superscript) and the pH (only for
the CPHMD simulations). Both sets of dihedrals (¢1/{1 from the N-terminal amino acid; ¢2/{»2
from the C-terminal amino acid) are illustrated. Protonated forms are in the left (CMD; top -
CPHMD; bottom) and deprotonated ones in the right (CMD; top — CPHMD; bottom). Solid lines
indicate an increase of 0.6 kcal/mol of the energy values.
GLHCMD GLUCMD
12
9
o
£
o
3 <
0
12
9 =
£
o
3
0

-180 -90 0 90 180 -180 -90 0 90 180 -180 -90 0 90 180 -180 -90 0 90 180



Figure S6. Gibbs free energies in the Ramachandran space of the blocked Gluz tripeptide. The

labelling indicates the residue, the simulation method (in the superscript) and the pH (only for
the CPHMD simulations). Both sets of dihedrals (¢1/{1 from the N-terminal amino acid; ¢2/{»2
from the C-terminal amino acid) are illustrated. Protonated forms are in the left (CMD; top —
CPHMD; bottom) and deprotonated ones in the right (CMD; top — CPHMD; bottom). Solid lines

indicate an increase of 0.6 kcal/mol of the energy values.
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Figure S7. Energy distributions of the blocked Tyr: tripeptide. Global, inner, van der Waals and
electrostatics terms are illustrated. Dotted and dashed lines are CPHMD and CMD simulation

methods, respectively.
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Figure S8. Energy distributions of the blocked Cys: tripeptide. Global, inner, van der Waals and
electrostatics terms are illustrated. Dotted and dashed lines are CPHMD and CMD simulation
methods, respectively.



Population

Population

Population

Population

BACKBONE 1-4ELEC ENERGY

SIDECHAIN 1-4ELEC ENERGY

0.24 T T 0.5 T T T
,/\'\
~ i\
0.12 + //' \ 41 025 /f’ \ B
"/ .\\. /i \i\
0 A . L 0 L/ N !
100 120 140 160 -40 -30 -20 -10 0
BACKBONE ELECTROSTATIC ENERGY SIDECHAIN ELECTROSTATIC ENERGY
0.24 T T T 0.24 T T
0.12 |- N\ 1 o2t I\ -
/N i \
VA / \
/oA / N
/ \ / AN
0 | ! [N 1 0 z 1 A 1
-120 -100 -80 -60 -40 -20 0 20 40
E (kcal/mol) E (kcal/mol)
TYRCMD ------ TYRCPHMD pH L e

Figure S9. Energy distribution of the 1-4 and long-range electrostatics of the backbone and
sidechain atoms of the blocked Tyr: tripeptide. Dotted and dashed lines are CPHMD and CMD
simulation methods, respectively.
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Figure S10. Energy distribution of the 1-4 and long-range electrostatics of the backbone and
sidechain atoms of the blocked Tyr: tripeptide. Dotted and dashed lines are CPHMD and CMD
simulation methods, respectively.



Population Population Population Population Population

Population

TOTAL ENERGY

POTENTIAL ENERGY

0.12 T T T 0.12 T T
l”_\\ ) ,/,"."\\
0.06 |- 4 0.06 [ SR | s i
0 _’1/ ) 0 /[// \\\*~ . _
10 -30 -15 0
BOND ENERGY
0.12 T T T 0.24 T T T
0.06 | /2NN 1 o2} .
o — 0
20 60 0 20
0.24 0.24
0.12 | 4 o012} -
0 0
40 80 20 40
1-4VDW ENERGY
0'24 T T T 0‘5 T T T
0.12 | . ‘ 4 o.2s 4
L /N FA
/ R ! \
Y Y /N
0 ! [ X i 1 0 = 1
60 100 140 180 220 2 5 8 11 14
VDWAALS ENERGY ELECTROSTATIC ENERGY
0.5 T T T 0.12 T T T
0.25 | 4 0.06} : .
," \ ' ' FAN
0 2z 0 1 N ] / O
-14 2 240 -180 -120 -60
GENERALIZED-BORN ENERGY E (keal/mol)
0.24 . , :
HIPCMD ------ HIECMD -----
012 L i HIPCPHMD pH 1 - HIPCPHMD pH 12
' g H|DCMD ,,,,,,
. N\ l i
240 -180 -120 -60 0
E (kcal/mol)

Figure S11. Energy distributions of the blocked His: tripeptide. Global, inner, van der Waals and
electrostatics terms are illustrated. Dotted and dashed lines are CPHMD and CMD simulation
methods, respectively.
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Figure S12. Energy distribution of the 1-4 and long-range electrostatics of the backbone and
sidechain atoms of the blocked His: tripeptide. Dotted and dashed lines are CPHMD and CMD
simulation methods, respectively. Labels 6- and e-STATE refer to the partial charges used for the
computation of the side chain electrostatic energies.



Population Population Population Population Population

Population

TOTAL ENERGY POTENTIAL ENERGY

0.12 T T T 0.12 T T T
0.06 4 0.06 | _
0 Rd 1 N 0 s I 1
-140 -110 -80 -50 20 -160 -135 -110 -60
KINETIC ENERGY BOND ENERGY
0.12 T T T T 0.24 T T T
0.06 4 o012} .
L 0
50 60 0 20
T 024 T T T
4 o012} -
! 0 S el
40 50 10 40 50
1-4ELEC ENERGY 1-4VDW ENERGY
024 T T T 05 T T T T
012 | 1 o025t TN 1
0 0 e .
0 160 2 4 6 8 10 12
ELECTROSTATIC ENERGY
0.5 0.12 ; .
0.25 | 4 0.06} A .
0 L=z 1 0 1 S /’, 1 el
-10 -8 -6 -4 2 0 -180 -100 -60
GENERALIZED-BORN ENERGY E (keal/mol)
024 T T T T
GLHCMD ------ GLUCMD ------
012 L | GLACPHMD ppy 7 oo GL4CPHMD pH 12
0 /I K | 1 1
-250 -200 -150 -100 0

E (kcal/mol)

Figure S13. Energy distributions of the blocked Gluz tripeptide. Global, inner, van der Waals and
electrostatics terms are illustrated. Dotted and dashed lines are CPHMD and CMD simulation
methods, respectively.
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Figure S14. Energy distribution of the 1-4 and long-range electrostatics of the backbone and
sidechain atoms of the blocked Glu: tripeptide. Dotted and dashed lines are CPHMD and CMD
simulation methods, respectively.
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Figure S15. Gibbs free energies in the sidechain-orientation space of the blocked Lys: tripeptide.
The labelling indicates the residue, the simulation method (in the superscript) and the pH (only
for the CPHMD simulations). Four sets of dihedral angles are used in this plot, using the 0
dihedral angle (CE1-CA-CA-CEl) in conjunction with the phi (¢) or psi () of each monomer
(¢1/¢1 from N-terminal amino acid; ¢2/{2 from the C-terminal amino acid). Protonated forms are
in the left and deprotonated ones in the right. Solid lines indicate an increase of 0.6 kcal/mol of

the energy values.
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Figure S16. Gibbs free energies in the sidechain-orientation space of the blocked Tyr: tripeptide.
The labelling indicates the residue, the simulation method (in the superscript) and the pH (only
for the CPHMD simulations). Four sets of dihedral angles are used in this plot, using the 0
dihedral angle (CE1-CA-CA-CEl) in conjunction with the phi (¢) or psi () of each monomer
(¢1/¢1 from N-terminal amino acid; ¢2/{2 from the C-terminal amino acid). Protonated forms are
in the left and deprotonated ones in the right. Solid lines indicate an increase of 0.6 kcal/mol of
the energy values.
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Figure S17. Gibbs free energies in the sidechain-orientation space of the blocked Cys: tripeptide.
The labelling indicates the residue, the simulation method (in the superscript) and the pH (only
for the CPHMD simulations). Four sets of dihedral angles are used in this plot, using the 0
dihedral angle (CE1-CA-CA-CEl) in conjunction with the phi (¢) or psi () of each monomer
(¢1/¢1 from N-terminal amino acid; ¢2/{2 from the C-terminal amino acid). Protonated forms are
in the left and deprotonated ones in the right. Solid lines indicate an increase of 0.6 kcal/mol of

the energy values.
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Figure S18. Gibbs free energies in the sidechain-orientation space of the blocked Glu: tripeptide.
The labelling indicates the residue, the simulation method (in the superscript) and the pH (only
for the CPHMD simulations). Four sets of dihedral angles are used in this plot, using the 0
dihedral angle (CE1-CA-CA-CEl) in conjunction with the phi (¢) or psi () of each monomer
(¢1/¢1 from N-terminal amino acid; ¢2/{2 from the C-terminal amino acid). Protonated forms are
in the left and deprotonated ones in the right. Solid lines indicate an increase of 0.6 kcal/mol of

the energy values.
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Figure S19. Gibbs free energies in the sidechain-orientation space of the blocked Asp: tripeptide.
The labelling indicates the residue, the simulation method (in the superscript) and the pH (only
for the CPHMD simulations). Four sets of dihedral angles are used in this plot, using the 0
dihedral angle (CE1-CA-CA-CEl) in conjunction with the phi (¢) or psi () of each monomer
(¢1/¢1 from N-terminal amino acid; ¢2/{2 from the C-terminal amino acid). Protonated forms are
in the left and deprotonated ones in the right. Solid lines indicate an increase of 0.6 kcal/mol of

the energy values.
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Figure S20. Distribution of the atomic distance between the atoms of the side chain selected for

the construction of the 6 dihedral angle.
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Table S1. Partial charges of the protonated and deprotonated forms of the Glu and Asp amino

acids in CMD and CPHMD simulations. pH(X) and p-(X) refers to the partial charges used in the

CPHMD method while other labels correspond to the CMD residues. Both Glu and Asp amino

acids have four protonated states: the syn- (P-sOx) and anti- (P-aOx) position on the two oxygens

(O1 or O2) of the carboxyl group.
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Table S2. Partial charges of the protonated and deprotonated forms of the Glu and Asp amino

acids in CMD and CPHMD simulations. pH(X) and p-(X) refers to the partial charges used in the



CPHMD method while other labels correspond to the CMD residues. The histidine amino acid
has two states in the neutral form: the - (pH12- €) and &- (pH12-) state.

System Atomic distance Dihedral angle
LYScmp 11.89 +1.90
LYSCPHMD, 11.87 £1.90
LYS LYNoD 11.30 + 2.34 NZ-NZ NZ-CA-CA-NZ
LYSCPHMD 11.39 +2.22
CMD
TYR YR 10.13 +3.02 OH-OH OH-CA-CA-OH
TYRCPHMD; 10.07 £ 2.96
CYScmp 6.71+1.24
CYSCPHMD; 6.68 +1.23
CYS CYMOD 704+ 0.71 SG-SG SG-CA-CA-SG
CYSCPHMD, 7.08 +0.91
HIPcMD 9.10 £ 1.60
HIPcPHMD, 9.12 +1.58 CEL-CA-CA
HIP HIECMD 7.63 £2.02 CE1-CE1 'CE 1' ]
HIDMD 8.49 +2.04
HIPcPHMD, 8.42 +2.07
GLHcmD 8.34 +1.31
GL4CPHMD, 8.75+1.15
GLU GLUGD 893 +1.17 CD-CD CD-CA-CA-CD
GLA4CPHMD, 8.79+1.10
ASHcMD 6.95 + 0.89
AS4CPHMD, 7.05+0.74
ASP ASDOVD 700+ 0.81 CG-CG CG-CA-CACG
AS4CPHMDy, 7.06 +0.57

Table S3. Averages and standard deviations of the interatomic distance using the selected atoms
at the extreme of the side chains. The construction of the © angle for each amino acid is also

indicated.
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