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Fig. S1 Independent ITC titrations in 0% (A), 10% (B), 20% (C), and 30% (D) methanol /water

(v/v) mixtures.
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Fig. S2 Fluorescence titrations in 0% and 30% methanol /water (v/v) mixtures.



Fig. S3 Partial charges and GAFF atom types of PAB.
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Fig. S4 Comparison of simulated (solid lines with symbols) and experimental>1>2 (dashed lines)
properties of water/methanol mixtures. (A) Density. (B) Static dielectric constant. The reference
values from the literature for TIP3P water>3 and GAFF methanol>* are also shown (magenta
squares). The static dielectric constant was obtained from the Neumann dipole fluctuation formula.>®
MD simulations of the binary mixtures were 100 ns in length.



Tab. S1 Overview of equilibrium MD simulations performed in this work. Independent simulations

were initiated with different random seeds for generating the initial atomic velocities according to a
Maxwell-Boltzmann distribution at 298 K.

system # independent duration (ns) # water # methanol # Nat # Cl~ box (nm)
simulations
Trypsin—-PAB complex
0% 3 500 11891 - 36 44 7.31
10% 1 200 0881 1011 33 41 7.33
20% 1 200 7666 1801 29 37 7.23
30% 3 500 6397 2338 26 34 7.21
Apo trypsin
0% 3 250 11891 - 36 43 7.30
10% 1 200 9881 1011 33 40 7.33
20% 1 200 7666 1801 29 36 7.23
30% 3 250 6397 2338 26 33 7.20
Free PAB
0% 1 200 11891 - 36 37 7.12
10% 1 200 9881 1011 33 34 7.15
20% 1 200 7666 1801 29 30 7.05
30% 1 200 6397 2338 26 27 7.03




Free Energy of Binding

According to the thermodynamic cycle shown in Figure S5, the absolute free energy of

binding, AGyng, is given as

AGYL = AGpp + AGES (S1)
AGH = —(AGH: + AG oy + AG™) + AGH™ (52)
AGiina = Ay + AGE (33)

where

o AGpy, is the free energy of binding a restrained ligand.
o AGE] is the free energy of restraining the ligand.
o AGg,, is the free energy of solvation of the ligand.

o AG™ is the free energy of releasing the ligand to the standard volume at 1 M concen-

tration (Vo = 1.66 nm?).

o AGY™M™ = LT In2 is the correction due to the two-fold rotational symmetry of the
ligand. This is necessary, because rotations around this axis are not sampled in the

complex (bound state), whereas they are sampled in the free (unbound) state.

o AGH is the correction due to the net-charged periodic system (see below).

AG™s is calculated analytically following the approach of Boresch and co-workers®”,
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Fig. S5 Thermodynamic cycle for ligand binding>®. The steps involved are (1) restraining the ligand
in the binding site (AGE}), (2) decoupling of the non-bonded interactions between the restrained
ligand and the environment (AGpy,), (3) analytical correction for releasing the restraints (AG**), (4)
solvating the ligand in the bulk (AGgly).
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AG™ = —kpT (

where one distance (rp), two angles (65 and 6g) and three torsions (¢a, ¢, ¢c) were
used to restrain PAB relative to the protein. Three atoms of Asp189 (C,, Cg, C,) and PAB

(C, Cy4, Cg) are involved (Figure S6). The equilibrium values of the above coordinates, as

r2sinf 4 sinfp

obtained from our simulations, are given in Table S2.

Asp 189

Fig. S6 Restraints used in the ligand binding free energy calculations.

Tab. S2 Average values of bond, angle, and dihedral coordinates (Figure S6) at various methanol

concentrations.

KTAKGAK03K¢AK¢BK¢C>
(2mkpT)?

System ra (nm) 0a(°) O8(°) oa(®) #B(°) éc(®)
X-ray 0.39 133.3 136.7 1389 125 -143.1
X-ray (minimized) 0.39 132.2 1369 141.7 154 -143.0
0% 0.39 133.8 136.3 149.3 3.0 -130.0

10% 0.39 133.3 135.0 148.9 6.3 -131.7

20% 0.39 133.1 134.3 150.2 5.7 -130.5

30% 0.39 134.2 133.1 148.2 4.8 -132.7




AG™ = —28.9kJmol™! results from the force constants of K,, = 4184 kJmol™' nm—2
Ky, = Ky, = 41.8 kJmol ™!, and K4, = Ky, = Ky = 41.8 kJmol™!, and the equilibrium

distances and angles listed above.

Comparison of AG3! obtained from BAR, TI, and MBAR

Tab. S3 AG2! from BAR. The standard deviation (from the three independent sets of simulations) is
indicated in brackets. Units are kJ mol .

System runl run2 run3 AGH
0%  272.0 2088 2694 2704 (1.8)
10% 279.3 2749 280.0 278.1(2.3)
20%  288.9 285.9 283.8 286.2 (2.1)
30% 287.7 2959 295.6 293.1 (3.7)

Tab. S4 AG3! from TI. The standard deviation (from the three independent sets of simulations) is
indicated in brackets. Units are kJ mol ™.

System runl T1un2 TUN3 AGE
0%  272.0 2679 268.1 269.3 (1.9
10% 2784 2755 280.9 278.3 (2.2
20%  288.6 286.0 283.1 285.9 (2.2
30%  288.3 2954 295.8 293.2 (3.4

Tab. S5 AG2! from MBAR. The standard deviation (from the three independent sets of simulations)
is indicated in brackets. Units are kJ mol ™.

System runl run2 run3 AGE]
0%  272.0 267.9 268.1 269.3 (1.
10% 2753 272.6 2783 275.4 (2.
20%  286.0 286.2 284.1 285.4 (0.

(2.

30%  292.0 296.5 299.0 295.8

10
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Free Energy Corrections for Charged Periodic Systems
Corrections to Free Energy of Binding

The following, we briefly summarize the corrections for charged periodic systems, as outlined
by Rocklin and co-workers®®. We adopt the nomenclature from the original article.

The free energy directly obtained from the MD simulations under periodic boundary
conditions (PBC), AGY,, suffers from finite-size effects, i.e., includes a box-size dependent
contribution that needs to be corrected. According to Rocklin et al., this correction involves
two parts, an analytical correction (ANA) and a discrete solvent correction (DSC) specific

to the explicit-solvent MD approach.

AGying =AG™ (L) + AAG ana(L) + AAGpsc(L) (S5a)

AAGANA(L) =AAGNpr(L) + AAGysy (L) + AAGrip(L) + AAGEyp(L) (S5b)

Here,
e L is the length of the box vector.

e AAGNgr(L) corrects for net charge interactions due to PBC,

Eos [(Qp+Qp)* —QF
AAG =— S6
NET 8o i ) (S6)
where {5 = -2.837 is the cubic lattice-sum integration constant, and Qp and Qq, are

the net charges of the protein and ligand, respectively.

e AAGysy(L) corrects the under solvation due to net charges,

12



AAGysy = — (1 - ;) AAGNET, (S7)
s

where €g is the static dielectric constant of the solvent. For the water/methanol mix-

tures, we used the eg of the mixture (Figure S4).

AAGRgp(L) accounts for the fact that protein and ligand are not point charges (ob-

tained from a non-periodic Poisson-Boltzmann calculation),

[(Ip + I1)(Qp + QL) — IpQp]
L3 ’

AAGRrp = (S8)
where Ip and Iy, are the residual integrated potential (RIP) of protein and ligand,
respectively. Since counterions were used in the MD simulations, Qp = 0 was used for

calculating AAGRgp.

The RIPs for the protein (Ip) and the ligand (Iy,) were calculated using the protocol and
scripts provided by Rocklin and co-workers®? using the Adaptive-Poisson-Boltzmann-
Software (APBS).51% The solute dielectric constant was set to 1 and solvent dielectric
constant varied from 97 (pure water) to 63 (30% methanol), see Fig. S4. The grid
spacing and length were 0.05 nm and 12.8 nm, respectively. The solvent probe radius
was 0.14 nm. No ions were used in the PB calculations. Multiple Debye-Hiickel
boundary conditions were used. Other APBS options were set to the recommended
values (quartic B-spline discretization (spl4), harmonic averaging (spl4), surface density

4000 points/nm?). The calculations were carried out for 500 snapshots taken from the

13



MD simulations for each solvent mixture.

e AAGpgc corrects for the discrete nature of the solvent,

AAGpsc = AAGpss + AAGpsr(L) (S9)
V.
AAGDSF — _AAGDSIﬁ (810)
VspsQL
AA =" 11
GDSI 6€0MS (S )

where AAGpg; is an infinite-system discrete solvent correction term, ~s is the quadrupole-
moment trace of the solvent model, V. the excluded volume of the solute, and Mg and

ps are the molecular mass and density of the solvent, respectively. For TIP3P water,

AAGpgr is —74.1kJ mol~!.

For the water/methanol mixtures, AAGpgc can be estimated using the following re-

lation,

AAGpsc = fuAAGpsr v + fwAAGpsiw + AAGpsp(L) (S12)

Ve |78
AAGpsp(L) = _fMAGDSI,ME - fWAGDSI,Wﬁ (S13)

where fyw and fy; are molar fractions of water and methanol respectively. For methanol,
in the orientational disorder limit (ODL), ~s is approximately 0.0062 e nm? (with
respect to the center of mass of methanol). Using this value and ps = 807.6 kg m™>

for methanol, AAGpgyy is —27.5kJmol™!. The AAGpgr(L) values of the protein in

14



the solvent mixtures are listed below.

AAGpgr(L) for methanol /water mixtures. The excluded volume of the protein is about 42.0 nm?.

System fw  fu  AAGpgr(L) (kJ mol ™)

0% 1.00 - 8.0
10% 091 0.09 7.5
20%  0.81 0.19 7.3
30%  0.63 0.37 6.9

e Adding AAGgmp(L) to the analytical correction makes it exact for a special case of a

single point charge in a spherical cavity,

1

— i
€s

F?

2
AAGpyp = ——— 267 ( (S14)

8meg 45 ) [(QP * QL)2 B Q?D}

where Ry, is the effective radius of the ligand within the protein-ligand complex, eval-
uated from the residual integrated potential of the ligand (Ir). AAGEyp is ignored
in the current context, as it depends on inverse sixth power of box-size and is thus

smaller than 0.4 kJ/mol for the boxes used in (L > 7 nm).

Tab. S6 Corrections to AG%}}J. Uncertainties are indicated in brackets. Units are kJ mol™!.

System AAGNET AAGUSV AAGRIP AAGDSF AAGDSI AG%&COH

0% 27.6 274 9.0 (0.2) 8.0 741 -56.9 (0.2)
10% 27.5 272 106 (0.3) 75 69.9  -51.5 (0.3)
20% 28.0 276 126(0.3) 73 652 -44.9 (0.3)
30% 28.0 276 146 (0.3) 6.9 615  -39.6 (0.3)

15



Corrections to Free Energy of Solvation

Tab. S7 Corrections to AGgy. Units are kJ mol ™.

System AAGNET AAGUSV AAGRIP AAGDSF AAGDSI AGerr

solv

0% 27.6 -27.4 -0.01 0.1 -74.1 -73.8
10% 27.5 -27.2 -0.01 0.1 -69.9 -69.5
20% 28.0 -27.6 -0.01 0.1 -65.2 -64.7
30% 28.0 -27.6 -0.01 0.1 -61.5 -61.0

Comparison of AG,,, obtained from TI, BAR, and MBAR

Tab. S8 Comparison of AGg, obtained from BAR, Tl, and MBAR. The AGLA is the average of
two independent sets of simulations. Uncertainties are indicated in brackets. Units are kJ mol~!.

System AGE=Y AGET AGaor
BAR TI MBAR BAR TI MBAR
0%  -1955 (0.1) -195.7 (0.1) -1955 (0.1) -73.8 -269.3 (0.1) -269.5 (0.1) -269.3 (0.
10%  -203.9 (0.2) -204.9 (0.3) -203.9 (0.4) -69.5 -273.4(0.2) -274.4 (0.3) -273.4 (0
20%  -210.8 (0.3) -210.9 (0.3) -210.8 (0.3) -64.7 -275.5(0.3) -275.6 (0.3) -275.5 (0.
30%  -215.6 (0.3) -215.9 (0.1) -215.8 (0.1) -61.0 -276.6 (0.3) -276.9 (0.1) -276.8 (0

Comparison of AGy;,q obtained from BAR, TI, and MBAR

The correction scheme described above corresponds to a process of binding a ligand from
vacuum to the binding site. However, in the thermodynamic cycle (Figure S5), the reaction
proceeds in the opposite direction. Thus, the signs of the corrections described in Table S6
have to be reversed. The final correction, AG{EY, = —(—AGH“" + AGLT), is given in

solv

Table S9.
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Tab. S9 Final correction for the entire binding cycle, AG{o™, = —(—AG%I}JCOH + AGET), calculated

solv
from Tabs. S6 and S7. Uncertainties are indicated in brackets. Units are kJ mol™!.

System  AGH ™" AGET  AGET

solv

0%  -56.9 (0.2) -73.8 16.9 (0.2)
10%  -51.5 (0.3) -69.5 18.0 (0.3)
20%  -44.9 (0.3) -64.7 19.8 (0.3)
30%  -39.6 (0.3) -61.0 21.4 (0.3)

Tab. S10 Results from BAR. AG™ is —28.9kJmol~!. AGY™™ js —1 7kJmol~!. Uncertainties are
indicated in brackets. Units are kJ mol ™.

System AGERY AGE] AGEY AGE AGhping
0%  -1955 (0.1) 2704 (1.8) -47.7 (1.8) 16.9 (0.2) -30.8 (L.8)
10%  -203.7 (0.2) 278.1 (2.3) -47.2 (2.3) 18.0 (0.3) -29.2 (2.3)
20%  -210.8 (0.3) 286.2 (2.1) -48.2(2.1) 19.8 (0.3) -28.4 (2.1)
30%  -215.6 (0.3) 293.1 (3.7) -50.3 (3.7) 21.4 (0.3) -28.9 (3.7)

Tab. S11 Results from TI. AG™ is —28.9kJmol~1. AG¥Y™™ js —1.7kJmol~!. Uncertainties are
indicated in brackets. Units are kJ mol ™.

System  AGRY AGY AGHEY, AGE™, AGing
0%  -195.7 (0.1) 269.3 (1.9) -46.4 (1.9) 16.9 (0.2) -29.5 (1.9)
10%  -204.9 (0.2) 2783 (2.2) -46.2 (2.2) 18.0 (0.3) -28.2 (2.2)
20%  -210.9 (0.3) 285.9 (2.2) -47.8 (2.2) 19.8 (0.3) -27.9 (2.2)
30%  -215.9 (0.3) 293.2 (3.4) -50.1 (3.4) 21.4(0.3) -28.7 (3.4)

Tab. S12 Results from MBAR. AG™S is —28.9kJmol~!. AGY™™ js 1 7kJmol~!. Uncertainties
are indicated in brackets. Units are kJ mol ™.

System  AGH™Y AGE] AGHEY AGE™ AGping
0%  -195.5 (0.1) 269.3 (1.9) -46.6 (1.9) 16.9 (0.2) -29.7 (1.9)
10%  -203.9 (0.4) 275.4 (2.3) -44.3 (2.3) 18.0 (0.3) -26.2 (2.3)
20%  -210.8 (0.3) 285.4 (0.9) -47.4 (0.9) 19.8 (0.3) -27.6 (1.0)
30%  -215.8 (0.1) 295.8 (2.9) -52.8 (2.9) 21.4 (0.3) -31.4 (2.9)
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Tab. S13 Thermodynamics of PAB binding to trypsin in Tris Buffer. Uncertainties are indicated in
brackets. Units are kJ mol ™.

System  AGuping AHypina -“TASpina  AAGpina AAHping -TAASping

0% 205 (0.2) -285 (0.2) -1.0(0.3) - - -

10%  -27.9 (0.3) -29.8 (0.4) +1.9 (0.1)  +16 1.3 +2.9
20%  -27.4(0.3) -34.1(0.5) +6.7(0.5)  +2.1 5.6 +7.7
30%  -25.7 (0.5) -37.3 (1.0) +11.6 (0.8)  +3.6 8.8 +12.6

Alternative approach to calculate free energy of binding

To independently check and validate our above results, we carried out additional sets of free
energy simulations that do not require net charge corrections to the free energy. Figure S8
shows the alternative thermodynamic cycle. It involves three sets of simulations (instead of
two in the previous approach): trypsin—ligand complex plus an extra uncharged ligand in
the same simulation box (placed in the bulk solvent), only trypsin-ligand complex, and only
ligand. The electrostatic contribution to the free energy is determined in a charge-neutral
box by simultaneously introducing the electrostatic interactions of the ligand in the bulk
solvent (PAB is kept at a distance of ca. 3.5 nm from the center of the protein by applying
harmonic restraining potentials with force constant 1000 kJ/mol/nm? to the ligand heavy
atoms), while its counterpart in the binding pocket is being electrostatically decoupled. The
AGE now includes the electrostatic contribution of both binding and solvation. The van

der Waals contribution to the binding free energy, AGHW, is calculated separately using a

GvdW

single uncharged ligand in the binding pocket, whereas the solvation contribution, AGY,

is done as before with a single ligand in a box (Figure S8).

Asz’nd — _(A res +AG€Z€C+AGvdW +AGvdW +AGres) +AGsymm <S15>

solv

18



Fig. S8 Alternative thermodynamic cycle for binding. AG%}EC includes the electrostatic contribution to
AGrsolv-

AGH®

w._,.%.___) + -m@

AGEHW

W

oL .

Two independent sets of free energy simulations were performed for every solvent. Each
A-point (29 for electrostatics, 40 for van der Waals) was sampled for either 10 ns (PAB in
binding pocket) or 5 ns (PAB in bulk solvent). The cumulative sampling time of these free

energy simulations is &~ 6us. The results are summarized in Table S14.

Tab. S14 AGyng from the alternative approach (Figure S8). AG™ is —28.9kJmol~!. AGI® is ~ 3
kJ mol™!. Uncertainties are indicated in brackets. Units are kJ mol™!.

Sys. AG%ﬁC AG‘F/,%W AGVdW AGbind

solv
runl run2 avg. runl run2 avg. runl run?2 avg.

0% 80 83.1 815 (1.5) -280 -26.1 -27.1(09) -01 -03 -02(0.1) -29.9
10% 83.3 859 84.6(1.3) -25.6 -27.2 -26.4 (0.8) -58 -5.7 -5.7(0.1) -28.2
20% 87.1 87.7 87.4(0.3) -232 -23.6 -23.4(0.2) -10.1 -10.0 -10.0 (0.1) -29.8
30% 83.0 87.0 85.0(2.0) -225 -23.8 -23.1(0.7) -125 -12.7 -12.6 (0.1) -25.2

19
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Fig. S12 Representative structures of closed (magenta and green) and open (light grey) states of
Trp215. The open state is observed in the x-ray crystal structure of the complex (PDB: 3PTB).
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Tab. S15 Average number of hydrogen bonds formed by PAB in the binding pocket with protein and
solvent. Also shown are hydrogen bonds of free PAB in bulk. Uncertainties are indicated in brackets.

System Binding Pocket Bulk
Protein Water Methanol Water Methanol
0% 3.12 (0.07) 2.71 (0.06) — 6.10 (0.01) -
10%  3.21 (0.09) 2.46 (0.07) 0.01 (0.01) 5.51 (0.01) 0.58 (0.01)
20%  2.89 (0.11) 2.70 (0.08) 0.19 (0.01) 4.90 (0.02) 1.17 (0.02)
30%  3.29 (0.04) 2.33 (0.04) 0.24 (0.01) 4.43 (0.02) 1.60 (0.02)

Tab. S16 Average number of hydrogen bonds between PAB and residues in the binding site. WAT is
the bound crystal water. Uncertainties are indicated in brackets.

System  Asp189 Gly219 Ser190 Ser195 WAT
0% 2.04 (0.02) 0.78 (0.20) 0.16 (0.05) 0.10 (0.01) 0.77 (0.06)
10%  1.99 (0.03) 0.76 (0.08) 0.16 (0.06) 0.19 (0.05) 0.75 (0.06)
20%  2.06 (0.01) 0.59 (0.23) 0.13 (0.11) 0.10 (0.03) 0.81 (0.14)
30%  2.04 (0.02) 0.87 (0.07) 0.19 (0.05) 0.11 (0.02) 0.74 (0.07)

PAB-Water PAB-Methanol
I I I I I I
A — 0% B 10%
sk 10% | 20% |
20% — 30%
— 30%
. 1.0 %‘,
S
05| 4+ -
0.0 1 1 1 1 1 1
0 1 2 1 2 3

3 0
r (nm)

Fig. S13 Radial distribution functions from simulations of PAB free in solution. (A) PAB-water, (B)
PAB-methanol.

24



Fig. S14 Spatial density map of water in the S1 pocket region for the trypsin-PAB complex in (A)
10% and (B) 20% water/methanol. Only those regions where the number density of water molecules
is equal to or greater than the bulk density are shown.
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Fig. S15 Spatial density map of water in the S1 pocket region of apo trypsin in (A) pure water, (B)
10% methanol, (C) 20% methanol, (D) and 30% water/methanol. Only those regions where the
number density of water molecules is equal to or greater than the bulk density are shown.
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Tab. S17 Interaction energies of PAB with binding site residues from 3 independent 500 ns
simulations in pure water. SOL indicates all water molecules including the crystallographic water
molecule WAT. Uncertainties are shown in brackets.

Residue Average runl run2 rund
(kJ/mol)  (kJ/mol)  (kJ/mol)  (kJ/mol)

Ala221 3.1 (0.0) 3.0 3.1 3.1
Asn223 0.0 (0.0) 0.0 0.0 0.0
Asp102 -0.1 (0.0) -0.1 -0.1 -0.1
Aspl189  -119.1 (0.1) -118.9 -119.1 -1194
Asp194 -1.4 (0.0) -1.3 -1.4 -14
Cys191 -17.9 (0.1) -18.2 -17.6 -17.9
Cys220 -4.2 (0.2) -3.8 -4.7 -4.1
GIn192 -9.5 (0.2) -94 -10.0 -9.2
Gln221 0.2 (0.0) 0.1 0.2 0.2
Glu186 0.0 (0.0) 0.0 0.0 0.0
Gly187 0.0 (0.0) 0.0 0.0 0.0
Gly188 0.0 (0.0) -0.0 -0.0 -0.0
Gly193 -0.3 (0.0) -0.3 -0.3 -0.3
Gly196 0.0 (0.0) 0.0 0.0 0.0
Gly216 -7.9 (0.7) -7.1 -9.6 -6.9
Gly219 -13.1 (5.0) -4.9 -25.1 -9.2
Gly226 1.7 (0.1) 1.7 2.0 1.5
His57 -2.1 (0.1) -2.0 -2.3 -2.0
Leul85 0.0 (0.0) 0.0 0.0 0.0
Lys188 -0.1 (0.0) -0.1 -0.1 -0.1
Lys222 0.0 (0.0) -0.0 -0.0 -0.0
Lys224 -3.2 (0.3) -3.6 -2.5 -3.5
Lys230 0.0 (0.0) 0.0 0.0 0.0
Pro225 -2.8 (0.6) -3.8 -1.4 -3.1
Ser190 -27.7 (1.4) -29.9 -24.3 -28.9
Ser195 -2.4 (0.6) -1.2 -3.9 -2.2
Ser214 -6.3 (0.2) -6.5 -6.4 -5.9
Ser217 -1.8 (0.2) -1.6 -2.2 -1.6
Thr229 0.0 (0.0) -0.0 -0.0 -0.0
Trp215 -14.4 (0.3) -14.5 -15.1 -13.7
Tyr228 -1.7 (0.1) -1.9 -1.7 -1.5
Val227 -2.7 (0.1) -2.7 -2.8 -2.5
SOL -88.7 (3.5) -94.7 -80.4 -91.1
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Tab. S18 Interaction energies of PAB with binding site residues from 3 independent 500 ns
simulations in 30% methanol. SOL indicates all water molecules including the crystallographic water
molecule WAT; MTL all methanol molecules. Uncertainties are shown in brackets.

Residue Average runl run2 rund
(kJ/mol)  (kJ/mol)  (kJ/mol)  (kJ/mol)

Ala221 3.1 (0.0) 3.0 3.1 3.2
Asn223 0.0 (0.0) 0.0 0.0 0.0
Asp102 -0.1 (0.0) -0.1 -0.1 -0.1
Aspl89  -117.3 (0.3) -117.9 -116.7 -117.2
Asp194 -1.4 (0.0) -14 -1.4 -1.3
Cys191 -17.5 (0.1) -17.4 -17.4 -17.6
Cys220 -5.0 (0.1) -5.0 -4.9 -5.2
GIn192 -9.9 (0.3) -10.4 -10.2 -9.1
Gln221 0.3 (0.0) 0.3 0.3 0.3
Glu186 0.0 (0.0) 0.0 0.0 0.0
Gly187 0.0 (0.0) 0.0 0.0 0.0
Gly188 0.0 (0.0) 0.0 0.0 0.0
Gly193 -0.4 (0.0) -0.4 -0.4 -0.3
Gly196 0.0 (0.0) 0.0 0.0 0.0
Gly216 -10.9 (0.7) -9.3 -11.5 -11.9
Gly219 -32.4 (1.4) -29.8 -31.9 -35.5
Gly226 1.8 (0.2) 2.2 2.0 1.2
His57 -2.2 (0.0) -2.1 -2.2 -2.2
Leul85 0.0 (0.0) 0.0 0.0 0.0
Lys188 -0.1 (0.0) -0.1 -0.1 -0.1
Lys222 0.0 (0.0) -0.0 -0.0 -0.0
Lys224 -1.9 (0.0) -1.9 -2.0 -1.8
Lys230 0.0 (0.0) 0.0 0.0 0.0
Pro225 -0.5 (0.2) -0.9 -0.3 -0.3
Ser190 -25.0 (1.9) -20.5 -26.6 -27.9
Ser195 0.1 (0.3) 0.1 -0.6 0.7
Ser214 -9.1 (0.3) -9.1 -8.4 -9.7
Ser217 -2.3 (0.2) -1.9 -2.5 -2.5
Thr229 0.0 (0.0) 0.0 0.0 0.0
Trp215 -16.8 (0.2) -17.1 -16.9 -16.3
Tyr228 -1.9 (0.2) -2.1 -1.5 -2.1
Val227 -3.1 (0.0) -3.1 -3.0 -3.1
SOL -69.3 (0.9) -71.2 -69.3 -67.5
MTL -13.6 (0.1) -13.6 -13.7 -13.4
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Fig. S16 Representative MD trajectories for 0% (A, C) and 30% (B, D) methanol. The Gly219-PAB
interaction energy (top panel) correlates with the ¢ backbone dihedral angle of Gly219 (lower panel).
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Tab. S19 Protein—protein interaction energies from independent MD simulations. The interaction
energies were calculated between all amino acids listed in Table S17/S18, and between these residues

and the rest of the protein. Uncertainties are indicated in brackets.

System Average runl run2 run3
(kJ/mol)  (kJ/mol) (kJ/mol) (kJ/mol)

Complex
0% -14369.0 (11.3)  -14364.2  -14390.5 -14352.2
30% -14406.7 (19.8)  -14368.9  -14415.1  -14436.0

Apo

0%  -14347.3 (8.0)  -14352.4  -14358.0  -14331.6
30% -14342.7 (20.8)  -14384.1 -14319.0 -14325.1

Tab. S20 Protein — solvent interaction energies from independent MD simulations. As before, only
the interactions of binding site residues with the solvent were considered. Uncertainties are indicated

in brackets.
System Average runl run2 run3
(kJ/mol)  (kJ/mol) (kJ/mol) (kJ/mol)
Complex
0% -2228.3 (3.5) -2223.8 -2225.9 -2235.1
30%  -2297.6 (13.8) -2322.2 -2274.3 -2296.3
Apo
0%  -2387.9 (14.4) -2416.6 -2373.9 -2373.2
30%  -2492.8 ( 0.1) -2492.9 -2492.6 -2492.8
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Fig. S17 Configurational entropy (S°°f) of complex calculated from three independent simulations
using the quasi-harmonic approximation as formulated by Schlitter>1. All Ca atoms used to construct
the covariance matrix of particle fluctuations. In pure water, S converges to a value of 6843.3
(26.7) J K~ mol~". In 30% methanol, S¢1f is 6852.3 (81.2) J K~ 'mol .
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Tab. S21 Examples of tightly bound water molecules in x-ray crystal structures of

trypsin-benzamidine complexes. Distances and angles between the ligand, WAT, and Val227 are listed.

PDB entry of the structure used in this paper is shown in bold.

PDB id Resid of WAT Nl/N2Lig — OWAT Nva1227 — OWAT Nl/NQ

— YWAT — NVa1227

Lig
(nm) (nm) ()
1BTY 268 0.29 0.35 93.7
1C5P 325 0.31 0.34 90.8
1CEH 732 0.32 0.36 84.4
1DPO 325 0.30 0.36 88.1
1H4W 2115 0.31 0.34 90.9
1HJ8 2216 0.29 0.35 88.5
1J16 502 0.29 0.35 89.1
1L2E 309 0.31 0.36 87.2
10SS 292 0.29 0.34 88.5
1SOR 254 0.30 0.35 88.7
1S6H 317 0.30 0.36 87.8
1TIO 289 0.31 0.36 92.7
1V2L 613 0.29 0.35 88.6
1XUF 268 0.29 0.36 96.2
2BLW 2286 0.30 0.35 88.3
2EEK 535 0.31 0.35 90.0
3PTB 416 0.31 0.34 89.8
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Free energy of tying up a water molecule in the binding site
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Fig. S18 Thermodynamic cycle of tying up the crystallographic WAT molecule from bulk to the
binding site cavity in the trypsin-PAB complex. AGwaTbind = —(AG1 + AG2 + AG™).

Tab. S22 Average WAT-PAB and PAB-Val227 distances as well as PAB-WAT-Val227 angle.

System  Nlpap — Owar (nm) Nyaoer — Owar (nm) Nlpag — Owar — Nvaer (°)

0% 0.32 (0.02) 0.34 (0.01) 90.2 (2.0)
10% 0.31 (0.01) 0.34 (0.01) 90.4 (0.8)
20% 0.33 (0.02) 0.34 (0.01) 89.3 (2.7)
30% 0.32 (0.01) 0.34 (0.01) 88.2 (0.6)

The crystal water molecule (WAT) that bridges between PAB and Val227 stays bound
in the binding site over the entire simulation at all methanol concentrations (Table S22). To
preserve this bound state during the free energy simulations, a harmonic restraint potential

energy function was applied to the oxygen atom of WAT. The force constant of the restraint
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was obtained from the equilibrium simulations, following the approach suggested in the

literatureS12.

AGTes == kBT In (Vng/‘/b) (S16)
3/2
Viig = (QW]“BT) (S17)
kres
k" = 3kgT /(o) (S18)

where AG™ is the correction due to the restraint (Table S23), Vj is the standard volume
of water, Vi, is the volume available to the ligand, and k™ is the force constant obtained
from the atomic fluctuations or of WAT in the bound state. Unlike for the ligand, no
symmetry correction AG®™™ needs to be applied in this case, since the restraining potential
on the water oxygen atom does not prevent rotations around its Cy-axis, and these rotations

indeed occur on the 5 ns time scale sampled at each A-point.

Tab. S23 Free energy contributions due to restraints and standard volume. The standard volume is
calculated from our simulation boxes. The corresponding standard concentration is ca. 55 M for pure
water and accordingly lower for the water/methanol mixtures.

System dr (nm) k™ (kJ/mol/nm?) V, (nm?®) AG™ (kJ/mol)

0% 0.059 2106.6 0.0294 -9.5
10% 0.058 2164.5 0.0357 -10.1
20% 0.061 1958.8 0.0440 -10.2
30% 0.057 2263.8 0.0522 -11.2
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Tab. S24 The enthalpy (AHwaTbind) Of tying up a water molecule in the binding site is calculated
using the relation: AHwaTbind = (Eprot-waT + EpaB-waT + Esovent-waT) — Ebuik- Uncertainties are
indicated in brackets. Units are kJ mol ™.

System Ecomplex—WAT Ebuik AHwaTbind
Eprot—war  EpaB—war  Esolvent—waT Total

0% 385 (0.2) -342(0.8) -0.6 (0.1) -73.3 (0.9) -40.1 (0.1) -33.2 (0.9)

10%  -39.7 (0.2) -32.5(0.3) -0.5(0.1) -72.7 (0.5) -43.0 (0.1) -29.7 (0.5)

20% -36.2 (0.1) -28.4(0.2) -0.2(0.1) -648(0.2) -46.0 (0.1) -18.8 (0.2)

30%  -37.6 (0.1) -26.6 (0.5) -0.3 (0.1) -64.5 (0.5) -48.4 (0.1) -16.1 (0.5)
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