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Free energy differences between initial and final states can be computed using Eq.1 below :

AGap = /:B dX <8V;§;A)>A (1)

A

where V(r, \) is the potential energy of the system as a function of the coordinate vector r, and X is a switching-on
parameter allowing to go from state A to state B by changing its value from A4 to Ap.

The A-dependence of the potential in bonded interaction is linear while non-bonded interaction can be described
with linear dependence or with Soft-core interaction. It should be noted that in our simulations we are analyzing only
small molecules, so we are only interested in turning off the inter-molecular interactions such as Lennard-Jones and
Coulomb potentials. We used the standard linear interpolation shown in Eq.2

V=>01-\NVA4+AVE
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=

However, near off-states i.e. for values of A equal to 0 and 1 large numerical fluctuations are sometimes recorded

leading to clashes between decoupling atoms, thereby preventing a smooth derivative of the potential in Eq.2. A core
sotftening (Eq.3) interacting potential was used to circumvent this issue

b 2

V:soft—core(r) = (1 - )‘)VA(TA) + )‘VB(TB)
ra = (@RGP + r6)1/6 (3)
rp = (aR% (1 — AP +10)1/°
where A and p are respectively the soft-core and the soft-core power parameters, and R is the interaction radius,

which is equal to the ratio between the Lennard-Jones parameters o;;.

S1. SUPPLEMENTARY TABLES

TABLE SI: The correspondence between the 20 amino acids and their neutral analog equivalent.

Character Amino acid Short name Single letter Equivalent
Hydrophobic Alanine ALA A Methane
Hydrophobic Valine VAL A\ Propane
Hydrophobic Isoleucine ILE I Butane
Hydrophobic Leucine LEU L Isobutane
Hydrophobic ~ Methionine MET M Methyl-ethylsulfide
Hydrophobic Glycine GLY G Hydrogen
Hydrophobic Phenylalanine PHE F Toluene
Hydrophobic Tyrosine TYR Y 4-Methylphenol
Hydrophobic  Tryptophan TRP \WY% 3-Methylindole
Polar Serine SER S Methanol
Polar Asparagine ASN N Acetamide
Polar Glutamine GLN Q Propionamide
Polar Cysteine CYS C Methanethiol
Polar Threonine THR T Ethanol
Polar Histidine HIS H Methylimidazole
Polar Lysine LYS K n-Butylamine
Polar Arginine ARG R n-Propylguanidine
Polar Aspartic acid ASP D Acetic Acid
Polar Glutamic acid GLU E Propionic Acid
- Proline PRO P -




Hydrophobic This work, 25°C  Ref® RefP Ref.®
Methane(Ala) 8.47+0.12 9.20 8.12 8.12
Propane(Val) 6.93 + 0.50 10.70  8.33  8.33
Butane (Ile) 7.11+£1.83 10.70 9.00 9.00
Isobutane (Leu) 724+1.34 10.40 9.54  9.55
Methyl-ethylsulfide (Met) —0.80 + 1.69 —6.19 —14.52 —6.20
3-methylindole (Trp) —29.09 £ 2.34 —12.30 —24.60 —24.62
4-methylphenol (Tyr) —33.79£3.04 —22.40 —25.56 —25.58
Toluene (Phe) —7.624+1.12 —-3.40 —-3.18 —3.18

Polar

This work, 25°C  Ref.® Ref.P Ref.°
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TABLE SlI: Solvation free energies (kJ mol~!) for hydrophobic and polar amino acid side chain analogs in water HyO.

Methanol (Ser) —21.92+£0.21 —14.10 —21.17 —21.19
Ethanol (Thr) —-2141+£035 —13.70 —20.42 —20.43
Acetamide (Asn) —41.75+0.95 —18.80 —40.50 —40.53
Propionamide (Gln) —44.97+1.41 18.70 —38.25 —39.27
Methanethiol (Cys) —8.70 £+ 2.88 550 —5.19 —5.28
Methylimidazole (His) —3216£1.74  —27.40 —42.97 —43.00
n-butylamine (Lys) —18.11+1.31 —15.50 — —39.86
n-propylguanidine (Arg) —50.05+1.47 —30.10 — —83.40
Acetic acid (Asp) —28.98 +£0.50 —18.20 — —45.85
Propionic acid (Glu) —31.55+0.88 —16.20 — —42.87

*Villa & Mark (2002), 20°C
> Chang et al. (2007), 25°C
¢ Radzicka & Wolfenden (1988), 20°C

TABLE SllI: Solvation free energies (kJmol~!) for hydrophobic and polar amino acid side chain analogs in
cyclohexane cCgHys.

Hydrophobic This work, 25°C Ref® RefP Ref®
Methane(Ala) 0.60 £ 0.11 08+06 1.05 054
Propane(Val) —8.39+0.25 —6.7£0.9 —-6.61 —8.58
Butane (Ile) —11.60 +0.89 —13+1.5 —9.91 —11.59
Isobutane (Leu) —11.23 +£0.86 -98+15 —-9.16 —11.05
Methyl-ethylsulfide (Met) —15.77 £0.61 —14.4+1.3 —14.52 —16.02
3-methylindole (Trp) —36.55+2.37 —35.9+2.8 —38.12 —34.35
4-methylphenol (Tyr) —24.38+£0.77 —28.3+1.2 —22.68 —24.98
Toluene (Phe) —21.27+1.65 —2524+1.0 —19.71 —15.65

Polar

This work, 25°C

Ref.* RefP Ref®

Methanol (Ser) —4.73+0.13

Ethanol (Thr) ~7.89 £ 0.20

Acetamide (Asn) —12.57+0.41
Propionamide (Gln) —15.32+0.63
Methanethiol (Cys) —8.55+0.18

Methylimidazole (His) —19.34 +1.03
n-butylamine (Lys) —13.71 +£0.55
n-propylguanidine (Arg) —17.74 £+ 2.08
Acetic acid (Asp) —14.22+0.18
Propionic acid (Glu) —19.13 £ 0.55

—35+£09 -322 —-6.94
—7.8+£08 —6.57 —9.66
—14.3+£1.0 —13.68 —12.72
—19.3+£0.9 —16.82 —16.07
—79+£0.8 —8.95 —10.54
—21.1+£1.0 —19.04 —23.47

—16.8 £ 1.8 — —16.61

—24+1.38 — —20.92
—15.6+1.1 — =933
—186+1.1 — —14.35

aVilla & Mark (2002), 20°C
P Chang et al. (2007), 25°C
¢ Radzicka & Wolfenden (1988), 20°C
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TABLE SIV: Solvation free energies (kJmol™!) for hydrophobic and polar amino acid side chain analogs in ethanol
EtOH. Note that here and below, results from Damodaran & Song (1986) are those from Nozaki & Tanford (1971)
estrapolated at higher temperatures, and are included here for completeness.

Hydrophobic This work, 25°C  Ref.* Ref.” Ref.”
Methane(Ala) 2.79+0.17 592 475  5.05
Propane(Val) —4.79£0.71 2.03 050 1.13
Butane (Ile) —6.23 £0.76 — —4.46 -1.33
Isobutane (Leu) —9.24 +0.47 0.01 0.40 3.03
Methyl-ethylsulfide (Met) —12.52 4+ 1.01 — —12.93 —-11.54
3-methylindole (Trp) —33.43£1.43 —33.77 —40.27 —

4-methylphenol (Tyr) —43.01 £0.95 35.20 —36.38 —37.21
Toluene (Phe) —18.07 £ 0.68 —13.98 —15.15 —14.19
Polar This work, 25°C  Ref® RefP Ref.®
Methanol (Ser) —23.56 £0.37  —19.54 —20.67 —20.97
Ethanol (Thr) —25.56 £ 0.20 — —19.97 -21.94
Acetamide (Asn) —44.24 £+ 0.58 — —39.86 —39.86
Propionamide (Gln) —48.46 £+ 0.42 — —38.28 —38.28
Methanethiol (Cys) —15.64 £ 0.41 — —11.28 —
Methylimidazole (His) —32.294+0.57 —44.02 —45.45 —
n-butylamine (Lys) —21.83 £1.80 — —24.70 —
n-propylguanidine (Arg) —42.24 +1.18 — —48.06 —

Acetic acid (Asp) —33.72£0.62 —26.87 —29.94 —29.76
Propionic acid (Glu) —37.71+0.42 —25.51 —29.08 —28.90

* Nozaki & Tanford (1971), 25.10°C
> Damodaran & Song (1986), 37°C
¢ Tanford (1962), 20°C

TABLE SV: Classic SPT estimates of the Gibbs energy change, AGj, associated with the creation in water HoO,
cyclohexane cCgH1o and ethanol EtOH of a spherical cavity suitable to host methane, propane, toluene and
methanol, at 28° and 1 atm; estimates of the solute-solvent interaction energy, consisting of a van der Waals

contribution (assumed to be solvent-independent) and a H-bond contribution. A comparison between the AGq + E,
values and the experimental AG is shown in the last two columns (no optimization has been performed). For each
solute, the first line refers to water HoO, the second to cyclohexane cCgHyo, and the third to ethanol EtOH. Units

are (kJmol™1).

AGy E, AGo+E., AG
Methane(ALA) ¢ = 3.70 A 22.9 -15.0 7.9 8.3
16.0 -15.0 1.0 0.8
17.7 -15.0 2.7 1.6
Propane(VAL) o = 5.06 A 38.7 -31.0 7.7 8.2
25.7 -31.0 -53  -7.6
29.0 -31.0  -2.0  -5.2
Toluene(PHE)o = 5.64 A 46.7 -50.0  -3.3  -3.7
30.6 -50.0 -19.4  -18.7
34.7 -50.0  -15.3  -14.2
Methanol(SER)o = 3.83 A 24.2 -45.0 -20.8 -21.4
16.8 -22.0 -52  -53
18.7 -39.0  -20.3 -21.0




amino acid side chain analogs in water H2O.

This work, 25°C Baldwin (2014), 25°C
Hydrophobic AG AH —TAS AG AH —TAS
Methane(Ala) 8.47£0.12 —3.14+1.55 11.61£1.55 8.29 —-2.61 4.61
Propane(Val) 6.93+0.50 —11.174+9.09 18.10+9.25|8.21(8.21) —5.02(—4.83) 6.98(6.79)
Butane (Ile) 711+£1.83 —28.28+£5.66 35.39+6.52 8.75 —5.66 7.75
Isobutane (Leu) 7.24+1.34 —9.46 £8.56 16.69 £ 8.30 9.71 —5.23 7.55
Methyl-ethylsulfide (Met)| —0.80 +1.69 —24.04 &+ 14.04 23.23 + 12.94 —— —— ——
3-methylindole (Trp) —29.09 £2.34 —88.50 £ 23.89 59.41 + 24.22 —— —— ——
4-methylphenol (Tyr) —33.79£3.04 —104.73 £13.86 70.93 £ 11.17 —— —— ——
Toluene (Phe) —7.62+1.12 —53.44+£756 45.83+7.73 —— —— ——
Polar AG AH —TAS AG AH —TAS
Methanol (Ser) —21.92+£0.21 —42.73+1.38 20.824+1.43 —— —— ——
Ethanol (Thr) —21.41£0.35 —43.56+5.82 22.14+£6.08 —— —— ——
Acetamide (Asn) —41.754+£0.95 —69.62+7.73 27.87+7.19 —— —— ——
Propionamide (Gln) —4497+£1.41 —71.56 £ 15.02 26.57 £ 15.64 —— —— ——
Methanethiol (Cys) —8.70£2.88 —25.67£5.21 16.97 +£5.30 —— —— ——
Methylimidazole (His) —3216£1.74 —63.02£8.18 30.86 £9.45 —— —— ——
n-butylamine (Lys) —18.114+1.31 —47.43+£9.80 29.32+8.88 —— —— ——
n-propylguanidine (Arg) |—50.05 £+ 1.47 —124.34 4 26.07 74.29 4+ 24.94 —— —— ——
Acetic acid (Asp) —28.98+£0.50 —52.89 £8.53 24.59£8.28 —— —— ——
Propionic acid (Glu) —31.55+0.88 —56.98 £ 16.34 25.43 + 16.84 —— —— ——

polar amino acid side chain analogs in cyclohexane cCgHjs.

This work, 25°C|Abraham (1979,1982), 25°C
Hydrophobic AG AH —TAS| AG AH —TAS
Methane(Ala) 0.60+0.11 —-3.38+£137 3.98+1.36 0.8 —0.9 1.7
Propane(Val) —8.39+0.25 —14.22+4.31 5.84 £4.18| —7.6 —13.9 6.29
Butane (Ile) —11.60£0.89 —21.31+2.25 9.71+266|-11.1 —— ——
Isobutane (Leu) —11.234+0.86 —18.88+£9.48  7.62+9.12| —9.7 —— ——
Methyl-ethylsulfide (Met)|—15.77 + 0.61 24.59 £6.73 —40.37+7.24| —— —— ——
3-methylindole (Trp) —36.55 £ 2.37 14.60 £9.40 —51.16 +£8.67| —— —— ——
4-methylphenol (Tyr) —24.38 £0.77 —58.46 £19.00 34.08 £19.35| —— —— -
Toluene (Phe) —21.27+£1.65 —45.74 £12.23 24.47 +13.06| —— —— ——
Polar AG AH —-TAS| AG AH —TAS
Methanol (Ser) —4.73+£0.13 —-11.83+0.74 710£0.73| —— —— ——
Ethanol (Thr) —7.89+0.20 —15.00£2.78 7.11 4+ 2.86 - ——
Acetamide (Asn) —1257+0.41 -20.88+218 830+198 —— —— ——
Propionamide (Gln) —15.324+0.63 —25.10+£5.02 9.78+4.93| —— —— ——
Methanethiol (Cys) —8.55+0.18 —17.85+1.08 9.30+1.30| —— —— ——
Methylimidazole (His) —19.34 £1.03 —30.98 +£12.85 11.64 £13.74| —— —— ——
n-butylamine (Lys) —-13.71£0.55 —-25.71+9.33 12.00£9.27| —— —— ——
n-propylguanidine (Arg) |—17.74 4+2.08 —54.12+15.35 36.38 £14.06| —— —— ——
Acetic acid (Asp) —14.22 £0.18 —-26.42+3.00 12.20£3.00f —— —— ——
Propionic acid (Glu) —19.134+0.55 —30.74+£3.26 11.61+3.59| —— —— ——
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TABLE SVI: Enthalpic and entropic contributions to the solvation free energies (kJmol™!) for hydrophobic and polar

TABLE SVII: Enthalpic and entropic contributions to the solvation free energies (kJmol~!) for hydrophobic and
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TABLE SVIII: Enthalpic and entropic contributions to the solvation free energies (kJ mol~!) for hydrophobic and
polar amino acid side chain analogs in ethanol EtOH.

This work, 25°C|Abraham (1979,1982), 25°C
Hydrophobic AG AH —TAS| AG AH —TAS
Methane(Ala) 2.79+0.17 —-043+150 3.22+143| 1.6 -2.1 3.7
Propane(Val) —4.79+0.71 —-16.444+5.15 11.65+5.19|-5.2 —12.4 7.22
Butane (Ile) —6.23+£0.76 —17.25+10.92 11.02 £ 11.10|—-8.1 —17.7 9.6
Isobutane (Leu) —9.24+£0.47 —-16.86+6.96 7.62+7.16|/—6.9 —16.1 9.21
Methyl-ethylsulfide (Met)|—12.52+1.01 —25.82+9.72 13.31+9.65| —— —— ——
3-methylindole (Trp) —33.43 £1.43 —56.80 £ 22.95 23.37 £ 23.62| —— —— ——
4-methylphenol (Tyr) —43.01£0.95 —-90.35+9.04 47.34+£9.08 —— —— ——
Toluene (Phe) —18.07 £ 0.68 —28.56 +13.07 10.49 £13.08| —— —— ——
Polar AG AH —TAS| AG AH —TAS
Methanol (Ser) —23.64 £0.37 —43.22+3.87 19.62+3.69| —— —— ——
Ethanol (Thr) —25.56 £0.20 —47.06£2.70 21.50+2.76| —— —— ——
Acetamide (Asn) —44.24£0.58 —-70.71+£7.82 2647778 —— —— ——
Propionamide (Gln) —48.46 +0.42 —84.15 £ 16.67 35.69 £16.98| —— —— ——
Methanethiol (Cys) —15.64+0.41 —31.89+4.51 16.25+4.67| —— —— ——
Methylimidazole (His) —32.29£0.57 —-54.20£8.45 21.91+£857| —— —— ——
n-butylamine (Lys) —21.83£1.80 —37.84 +£12.64 16.01 £11.80| —— —— ——
n-propylguanidine (Arg) - —+—- -——*—-— ——x—-——| ——  —= ——
Acetic acid (Asp) —33.72£0.62 —58.71+£5.25 24.99+524| —— —— ——
Propionic acid (Glu) —37.70+£0.42 —68.60+£7.06 30.90+6.95| —— —— ——

TABLE SIX: Enthalpic and entropic contributions to the transfer free energies (kJ mol~!) from water HoO to
cyclohexane cCgH1o for hydrophobic and polar amino acid side chain analogs.

This work, 25°C

Wolfenden (2015), 25°C

Abraham (1979,1982), 25°C

Hydrophobic AAG AAH —TAAS| AAG AAH —-TAAS| AAG AAH —TAAS
Methane(Ala) —7.87+0.23 —0.24+£2.92 —7.634+2.91|-12.02 10.68 —22.69| —7.50 10.00 —-17.5
Propane(Val) —15.32+0.75 —3.05+13.40 —12.26+13.44|—-23.28 6.20 —29.48|—15.80 7.10 —22.29
Butane (Ile) —18.71 £ 2.72 6.97+791 —25.684+9.18|—-24.16 4.31 —2847[—19.80 —— ——
Isobutane (Leu) —18.47+2.20 —10.42+18.04 —-8.03+£17.42|—-24.16 2.51 —26.67|—19.40 —— ——
Methyl-ethylsulfide (Met)|—14.97 +2.30 48.63 £20.77 —66.60+20.18|—-10.89 3.35 —14.24 - —— —_—
3-methylindole (Trp) —7.46 +4.71 103.1 +£33.29 —110.57 4+ 32.89|—10.42 —0.54 —9.88 - —— ——
4-methylphenol (Tyr) 9.41 £3.81 46.27 +£32.86 —36.85+ 30.52 1.76 18.21 —16.45 - —— —_
Toluene (Phe) —13.65 £ 2.77 7.70£19.79 —21.36 £20.79|—15.04 —1.05 —13.98 —_ - ——
Polar AAG AAH —TAAS| AAG AAH —-TAAS| AAG AAH —TAAS
Methanol (Ser) 17.19 £0.34 30.91+2.12 —13.71+£2.16] 16.08 26.00 —9.92 - - ——
Ethanol (Thr) 13.52 £ 0.55 28.56 +8.60 —15.03+£8.94| 10.42 28.14 —17.71 —_ —— ——
Acetamide (Asn) 29.18 = 1.36 48.74+9.91 —19.57+£9.17| 27.80 29.89 —2.14 _ - ——
Propionamide (Gln) 29.65 +2.04 46.46 +20.04 —16.79 +20.54| 23.19 36.80 —13.61 - —— ——
Methanethiol (Cys) 0.15 £+ 3.06 7.72£6.29 —7.67+6.6| —8.71 13.06 —21.77 - —— ——
Methylimidazole (His) 12.82 £2.77 32.04 £21.03 —19.22+£23.19| 19.89 48.53 —28.64 - —— ——
n-butylamine (Lys) 440+1.86 21.724+19.13 —17.324+18.15 1.55 22.23 —20.68 —  —— ——
n-propylguanidine (Arg) 32.31+£3.55 70.22+41.42 —37.91+39.00] 24.62 57.53 —32.91 - = ——
Acetic acid (Asp) 14.76 £0.68 26.47+11.53 —12.394+11.28| 18.71 34.92 —16.16 - == ——
Propionic acid (Glu) 12,42 £1.61 26.24+19.59 —13.82+20.41| 12.85 43.43 30.48 _ == ——




EtOH for hydrophobic and polar amino acid side chain analogs.

This work, 25°C

Abraham (1979,1982), 25°C

Hydrophobic AAG AAH —TAAS| AAG AAH —TAAS
Methane(Ala) —5.68 £0.29 2.71+£3.05 —-839+£298] —6.70 8.8 —15.50
Propane(Val) —11.72+1.21 —-5.274+14.24 —6.45+14.44|-13.40 8.6 —21.97
Butane (Ile) —13.34 £2.59 11.03+16.58 —24.37 +17.62|—-16.80 5.9 —22.69
Isobutane (Leu) —16.48 £1.81 —-7.40+15.52 —9.07+15.46/—-16.60 5.8 —22.39
Methyl-ethylsulfide (Met)|—11.72 +2.70 —1.78 £23.76 —9.92 4+ 22.59 - == ——
3-methylindole (Trp) —4.34£3.77 31.70 £46.84 —36.04 £ 47.84 - —= ——
4-methylphenol (Tyr) —9.22+3.99 14.38 £22.90 —23.59 £+ 20.25 - —— ——
Toluene (Phe) —10.45+1.80 24.88 £20.63 —35.34 +20.81 —_—  —— ——
Polar AAG AAH —TAAS| AAG AAH —TAAS
Methanol (Ser) “175+058 —031+525 —146£5.12] —— —— —
Ethanol (Thr) —3.87+£0.55 —347+852 —0.39+8.84 - —— ——
Acetamide (Asn) —2.60+1.53 —1.43+15.55 —1.17+14.96 - - ——
Propionamide (Gln) —3.17+1.83 —20.90 £31.69 17.75 £ 35.62 —_ - ——
Methanethiol (Cys) —6.95+3.29 —-496+9.72 —-1.994+9.97 - - ——
Methylimidazole (His) —0.05 £ 2.31 8.24 +16.63 —8.26 £ 18.02 - —— ——
n-butylamine (Lys) —-3.75£3.11 9.72 £22.44 —13.47 £ 20.68 - == ——
n-propylguanidine (Arg) - —+—- ——+—- - —x—— - - ——
Acetic acid (Asp) —4.74+1.12 —-593+£13.78  0.51 £ 13.58 —_ - ——
Propionic acid (Glu) —6.16 £ 1.30 —10.47 £23.40  4.31 £ 23.79 —_— - ——
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TABLE SX: Enthalpic and entropic contributions to the transfer free energies kJ mol=!) from water HoO to ethanol
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SUPPLEMENTARY FIGURES
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GLUTAMIC ADIC
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FIG. SI: (a) Hydrophobic amino acids. (b) Polar amino acids.
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FIG. SllI: Trend of the free energy of cavity creation in the three liquids versus the radius of the spherical cavity,
calculated by means of classic SPT at 28°C and 1 atm; black line refers to water HyO, blue line refers to ethanol
EtOH , and red line refers to cyclohexane cCgHyo.
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FIG. SlII: Tlustrative case of the decoupling process for Methanol, SER in cyclohexane, cC6H12. Blue histograms
show the free energy difference between two consecutive lambda points while red ones display the integral i.e. the
cumulative free energy change as a function of lambda. While throughout the work 21 lambda points were used, in
this particular case the plot is displayed for 45 lambda points.
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FIG. SIV: Change in the entropic term —TAAS as a function of the change in the entropic part AAH in the case of
(a) water to cyclohexane; (b) water to ethanol . In the case of water to cyclohexane, results from Wolfenden et al
are also included. Units are in kJ mol™1).
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FIG. SV: Time-based number of hydrogen bonds change for 3-methylindole in water, HoO (left panel) and in

S12

ethanol, EtOH (right panel) at three different temperatures 280, 290 and 300 K upon moving from the top to the
bottom, respectively. Insets are representative snapshots. Hydrogen bonds are computed using gmx hbond tool of

Gromacs package implying that both faces of the phenyl rings are potentially involved in the geometric
consideration for Hbond existence.
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