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Supplementary Informations

Tables S1-S6: Total (Hartree) and relative (kJ/mol) H®y, H®%y9s and G°9g calculated at the
B3LYP/6-31G(d)// B3LYP/6-31G(d) and G3MP2B3 levels for the investigated conformers of
AAA, AAAH" and [AAA-H] (AAA= Gly, Ala, Val, Leu, Ile, Pro).

Figures S1-S6: B3LYP/6-31G(d) optimized geometries of the most stable conformers of
AAA, AAAH" and [AAA-H] (AAA= Gly, Ala, Val, Leu, Ile, Pro).
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Table S1. Relative energies (kJ/mol) calculated for neutral, protonated and deprotonated glycine conformers™™*.
Species B3LYP/6-31G(d) G3MP2B3 H%,  G3MP2B3 H’s G3MP2B3 G54
H®
Glyl 0 0 0 0
GlyIl 2.8 4.9 4.0 6.7
GlylIII 6.9 7.2 7.2 6.2
Glylv 8.0 4.7 4.5 5.5
GlyHI 0 0 0 0
GIyHII 21.3 18.5 194 17.1
GlyI-H 0 0 0 0

a) Total B3LYP/6-31G(d) H®;,, G3MP2B3 enthalpy H®, H%os and free energy G505 for the reference species
Glyl are -284., -284.066290 , -284.059608 and -284.09551 Hartree, respectively.

b) Total B3LYP/6-31G(d) H%, G3MP2B3 enthalpy H’), H,o5 and free energy G5 for the reference species
GlyHI are -284. , -284.401955 , -284.395330 and -284.431134 Hartree, respectively.

¢) Total B3LYP/6-31G(d) H°, G3MP2B3 enthalpy H’,, H%os and free energy G’ for the reference species
Glyl-H are -283.850794 , -283.521668, -283.515415 and -283.550125 Hartree, respectively.

Table S2. Relative energies (kJ/mol) calculated for neutral, protonated and deprotonated alanine conformers™"*.

Species B3LYP/6-31G(d) H%, G3MP2B3 H%y  G3MP2B3 H% G3MP2B3 G5
Alal 0 0 0 0
Alall,, 0.4 2.7 1.9 43
Alall, -1.3 3.8 2.8 5.8
AlalIl 6.1 6.3 6.2 4.5
AlalV, 8.1 4.8 4.6 5.7
AlalVy 6.7 4.4 42 5.1
AlaHI 0 0 0 0
AlaHII 17.4 15.8 16.2 15.1
Alal-H, 0 0 0 0
Alal-Hg -1.9 0.3 0.1 0.6

a) B3LYP/6-31G(d) H®), G3MP2B3 enthalpy HC, H%o and free energy G54 for reference species Alal are -
323.739642, -323.306690 , -323.298659 and -323.337793 in Hartree, respectively.

b) B3LYP/6-31G(d) H®,, G3MP2B3 enthalpy H®, H’%qg and free energy G5 for reference species AlaHI are -
324.103576, -323.647935 , -323.639932 and -323.679014 in Hartree, respectively.

¢) B3LYP/6-31G(d) H°,, G3MP2B3 enthalpy H®, H%ys and free energy G5 for reference species Alal-H, are
-323.168506, -322.763104 , -322.755457 and -322.793612 in Hartree, respectively.
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a,b,c

Species® B3LYP/6-31G(d) G3MP2B3 H%,  G3MP2B3 H’s G3MP2B3 G54
Val-Ig+ g: 2.8 2.7 2.7
Val-Ia 4.1 4.8 4.5 5.1
Val-Ig- 0 0 0 0
Val-Il,,g+ 55 7.9 7.2 6.7
Val-Ilzg+ 4.1 12.2 11.1 13.6
Val-II,a 1.6 4.5 3.5 6.1
Val-Ilza 1.7 8.5 7.4 10.4
Val-II,.g- 12 3.5 3.0 3.1
Val-Ilgg- 23 3.0 1.8 4.7
Val-IlIg+ 6.2 42 4.4 2.8
Val-IIla 8.8 9.0 8.8 9.0
Val-Illg- 6.2 6.4 6.4 5.5
Val-IVg-* 7.0 52 5.1 5.6
Val-IVgg+! 8.6 7.3 7.1 7.0
Val-IVga 8.5 4.6 7.4 8.1
Val-IV ,a 11.3 8.6 8.4 8.7
Val-HIg+ 5.6 6.7 6.5 7.1
Val-Hla 42 5.0 4.9 5.5
Val-Hlg- 0 0 0 0
Val-I-H, g+ 2.2 6.4 6.2 6.8
Val-I-Hgg+ 6.1 13.7 13.3 13.5
Val-I-H,a 25 4.0 3.9 43
Val-I-Hga 25 8.0 7.4 9.5
Val-I-H, g- 0 0 0 0
Val-I-Hpg- 3.6 5.5 5.6 5.5

a) Total B3LYP/6-31G(d) H®;, G3MP2B3 enthalpy HC, H’%g and free energy G4 for the reference species

Val-Ig- are -402.366851, -401.782527 ,-401.771807 and -401.817082 Hartree, respectively.

b) B3LYP/6-31G(d) H®;, G3MP2B3 enthalpy H®%, H%os and free energy G5 for reference species Val-IHg- are
-402.7350683, -402.128723 , -402.117943 and -402.163613 in Hartree, respectively.

c¢) Total B3LYP/6-31G(d) H®,, G3MP2B3 enthalpy H®%, H%os and free energy G5 for the reference species
Val-I-Hg- are -401.799526, -401.242019 , -401.231698 and -401.276263 Hartree, respectively.

d) Tentatives of geometry optimization of conformers Val-IV,g- and Val-1V ,g+ lead to the corresponding
conformers Val-I.
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Table S4. Relative energies (kJ/mol) calculated for neutral, protonated and deprotonated leucine conformers™”.

Species B3LYP/6-31G(d) H°%, G3MP2B3 H’, G3MP2B3 H’s G3MP2B3 G’
Leulg+g+ 0 0 0 0
Leulg+a 53 7.1 7.2 6.1
Leulg+g- 8.0 8.6 8.4 9.3
Leulag+ 8.7 8.1 7.8 9.0
Leulaa 3.6 2.0 1.8 32
Leulag- 11.9
Leulg-g+ 9.6
Leulg-a 6.5 5.1 4.8 6.5
Leulg-g- 17.1
Leull,g+g+ leullgg+g+
Leullzg+g+ -0.7 43 3.2 6.3
Leull g+a leullgg+a
Leullzg+a 43 10.8 9.9 11.5
Leull,g+g- leullpg+g-
Leullgg+g- 7.1 13.2 12.1 14.6
Leull ag+ 9.5
Leullgag+ Leullgaa
Leull,aa 1.1 2.9 1.9 53
Leullzaa 2.5 8.5 7.6 9.2
Leull ag- 11.4
Leullgag- 15.5
Leull,g-g+ 7.6
Leullgg-g+ 6.8 9.2 7.9 12.1
Leull,g-a Leullgg-a
Leullgg-a 3.5 6.5 5.0 10.7
Leull,g-g- 14.7
Leullpg-g- 15.2
Leulllg+g+ 6.1 5.7 5.7 43
Leulllg+a 11.0
Leulllg+g- 13.6
Leulllag+ 11.5
Leulllaa 6.9
Leulllag- 14.6
Leulllg-g+ 15.9
Leulllg-a 11.1
Leulllg-g- 22.1
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LeulVyg+g+? 8.5 5.6 5.4 6.3
LeulVgg+a! 15.5
LeuIVgaa’ 8.8 5.5 5.2 7.1
LeuHIg+g+ 0 0 0 0
LeuHIg+a 2.5 2.1 1.7 34
LeuHIg+g- 4.0 3.9 33 5.7
LeuHIag+ 14.1
LeuHlIaa 5.0 4.7 4.6 5.5
LeuHIag- 16.8
LeuHIg-g+ 3.6 24 1.7 5.1
LeuHIg-a 4.5 3.9 33 6.7
LeuHIg-g- 10.7
Leul-H,g+g+ 4.1 1.7 2.4 -0.9
Leul-Hpg+g+ 4.5 33 3.8 0.6
Leul-H,aa 0 0 0 0
Leul-Hgaa 32 4.2 4.6 2.9
Leul-H,g+a 6.1 8.1 8.7 5.7
Leul-Hpg+a 34 7.3 73 6.6
Leul-H,g-a 3.7 43 43 4.1
Leul-Hgg-a 6.8 5.7 5.6 6.1
Leul-H,g-g+ 8.4 54 5.5 5.1
Leul-Hpg-g+ 7.9 6.5 6.4 6.8

a) Total B3LYP/6-31G(d) H®;, G3MP2B3 enthalpy HC, H’%g and free energy G4 for reference species
Leulg+g+ are: -441.680569, -441.018820 , -441.006717 and -441.056100 Hartree, respectively.

b) Total B3LYP/6-31G(d) H%,, G3MP2B3 enthalpy H®, H%os and free energy G5 for reference species
LeuHIg+g+ are: -442.04913328, -441.365309 , -441.353185 and -441.402486 Hartree, respectively.

c) Total B3LYP/6-31G(d) H®y,, G3MP2B3 enthalpy H®%, H%os and free energy G505 for reference species Leul-
Hjaa are: -441.113766, -440.478066 , -440.466561 and -440.513862 Hartree, respectively.

d) Tentatives of geometry optimization of conformers LeulV ,xx lead to the corresponding conformers Leulxx
(only xx=aa, g+g+ and g+a were considered since the relative energies of the other conformers are expected to
be higher than 10 kJ/mol in view of the relative energies of the corresponding Leulxx C-N rotamers).

Table S5. Relative energies (kJ/mol) calculated for neutral, protonated and deprotonated isoleucine
conformers™”.

Species B3LYP/6-31G(d) G3MP2B3 H' G3MP2B3 H%ys  G3MP2B3 G554
H°,

Tlelg+g+ 7.0 43 43 4.6

llelg+a 4.5 2.7 2.5 2.9

Tlelg+g- 11.0

Tlelag+ 15.7

Ilelaa 6.3 4.8 44 5.6
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Ilelag- 55 34 2.8 5.2
Ilelg-g+ 11.6
Ilelg-a 24 0 0 0
Ilelg-g- 5.8 3.6 33 4.7
Ilell,g+g+ 10.1
Tellzg+g+ 9.2
Hell,g+a 8.6
Hlellgg+a 7.6 13.9 12.5 15.8
Tlell g+g- 15.5
Nellpg+g- 14.2
Ilellag+ 14.1
Hlellgag+ 15.7
Ilell,aa 3.6 4.6 34 6.9
Ilellzaa 32 8.1 6.8 10.6
Ilell ag- 2.3 34 2.0 6.3
IlelIzag- 3.5 7.4 6.2 9.0
Hell g-g+ llellgg-g+
Hellpgg-g+ 8.9
Hlell g-a Ilellgg-a
Hellgzg-a 0 2.2 1.2 4.0
Hell,g-g- Ilellpg-g-
Ilellzg-g- 22 3.7 2.2 7.4
Helllg+g+ 7.0 6.3 6.2 52
Ilelllg+a 8.2 4.3 43 3.5
Helllg+g- 11.0
Ilelllag+ 15.7
IlelIlaa 11.2
Helllag- 9.6
Hlelllg-g+ 18.3
Hlelllg-a 8.4 6.0 59 54
Helllg-g- 10.0
Tle-1V ,g-a’ Ile-Ig-a
Ile-1Vgg-a 9.5 5.7 5.5 6.2
Ile-IV,g+a 20.8 17.6 17.0 17.1
Ile-IVpgt+a 11.7 7.6 7.7 6.7
Ile-1V 5ag- 14.3 8.4 8.3 7.4
Ile-I'Vgag- 10.7 7.1 6.6 8.9
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lleHIg+g+ 7.7 8.5 8.2 8.2
IleHIg+a 6.8 7.5 7.5 7.3
lleHIg+g- 12.4
IleHIg-g+ 4.8 4.4 4.0 5.4
IleHIg-a 0.0 0 0 0
IleHIg-g- 3.1 3.8 3.1 5.5
IleHIag+ 17.6
IleHIaa 4.7 5.8 5.8 5.7
IleHIag- 3.6 39 3.9 4.0
Ilel-H,g-a 0 0 0 0
Ilel-Hpg-a 6.3 52 52 4.9
Ilel-H,g+a 2.4 6.0 6.1 53
IleI-HB,g+a 7.5 14.7 14.7 13.0
Ilel-H,a g- -2.5 0.8 0.2 2.9
Ilel-Hga g- 2.5 53 4.7 7.3

a) Total B3LYP/6-31G(d) H%, G3MP2B3 enthalpy H’, H,5 and free energy G, for reference species Ilelg-a
are: -441. 679798 (for Ilellg-a), -441.018097 , -441.005933 and -441.055026 Hartree, respectively.

b) Total B3LYP/6-31G(d) H%, G3MP2B3 enthalpy H’, H’qs and free energy G",o5 for reference species
IleHIg-a are: -442.048557, -441.365870 , -441.353732 and -441.402613 Hartree, respectively.

¢) Total B3LYP/6-31G(d) H%, G3MP2B3 enthalpy H’), Hs and free energy G5 for reference species Ilel-
H,g-a are: -441.112350, -440.477772 , -440.466128 and -440.513909 Hartree, respectively.

d) converges on the [leIBxxx conformer.

Table S6. Relative energies (kJ/mol) calculated for neutral, protonated and deprotonated proline conformers™.

Species B3LYP/6-31G(d) G3MP2B3 H%,  G3MP2B3 H's G3MP2B3
H° Gs
ProlI*E(endo-C4) 0 0 0 0
Proll E,(exo-C4) 2.7 3.0 32 1.6
ProlV*E(endo-C4) 6.4 5.3 6.1 3.5
ProlV*E(endo-C5) 6.2 5.3 6.3 24
ProHE (endo-C4) 0 0 0 0
ProH E(exo-C4) 2.0 2.6 2.9 2.0
Proll-H*E (endo-C4) 0 0 0 0
Proll-H *E(endo-C5) 49 42 4.4 3.4
ProlI-H 'E(endo-N) 30.0 23.7 24.4 22.4

a) Total B3LYP/6-31G(d) H%, G3MP2B3 enthalpy H’, H’,5 and free energy G,o5 for reference species
Prollendo are: -401. 008800, -400.581392 , -400.573053 and -400.613686 Hartree, respectively.
b) Total B3LYP/6-31G(d) H®,, G3MP2B3 enthalpy HOO, HCg and free energy G54 for reference species
ProHIendo are: -401.371706, -400.937781 , -400.929238 and -400.970206 Hartree, respectively.

¢) Total B3LYP/6-31G(d) H%, G3MP2B3 enthalpy H’%, Hos and free energy G5 for reference species Proll-
H'E are: -400.585949, -400.039890 , -400.031691 and -400.072029 Hartree, respectively.
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Glyl Glyll

GlylIIl Glylv

GlyHI Gly-H

Figure S1. Most stable conformers of neutral, protonated and deprotonated glycine.
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Ala-H A Ala-HB

Figure S2. Most stable conformers of neutral, protonated and deprotonated alanine.
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Vallg- Vallg+

Vallllg+ Valllag-

Valllgg-
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ValHIg- ValHIa

¢

Val Hag- Val Hpa

Figure S3. Most stable conformers of neutral, protonated and deprotonated valine.
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Leulg+g+ Leulaa

Leullpg+g+ Leull aa

Leulllg+g+
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LeuHIg+g+ LeuHIg+a

Leu-H Ag+g+ Leu-HBg+g+

Leu-H aa

Figure S4. Mosts stable conformers of neutral, protonated and deprotonated leucine.
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Ilelg-a Ilelg+a
Ilellgg-a Hlelllg+a

IleHIg-a IleHIag-
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N

Ile-Hag-a Ile-Haag-

Figure S5. Most stable conformers of neutral, protonated and deprotonated isoleucine.



Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is (c) The Owner Societies 2010
Aliphatic aminoacids 17 Supplementary

Proll'E ProlIE,

ProlV*'E ProlV’E

ProH'E ProHE,
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Pro-H*E Pro-H°E

Figure S6. Most stable conformations of neutral, protonated and deprotonated proline.
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