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Explicit Solvent Simulations of Lactose

Explicit solvent molecular dynamics simulations of lactose in presence of the different amino
acids were performed with the objective to extract the free energy of transfer values to then
use in the implicit solvent simulations. For this purpose, the software Gromacs 2018.6' was
used.

Lactose was modelled using the ADD force field for carbohydrates,? in combination with
the CHARMM TIP3P water model,? and the CHARMM36m force field* for amino acids,
whenever present.

A scheme of the explicit solvent simulations performed for lactose in this work, with the
corresponding box size, temperature and duration, is listed in Table S1.

Table S1: List of the simulations performed in this work.

Sim. type solute lactose conc. box size T duration
# mol /L nm K ns
1 - 1 8x8x8 300 60
2 capped amino acids 1 8§x8x8 300 60
3 NAG,A 1 8§x8x8 300 60

In sim. type 1, lactose at 1 mol/L was simulated in absence of cosolutes. For sim. type 2,
all the 20 naturally occurring amino acids, in their capped form (i.e., acetylated N-terminus
and amidated C-terminus), were simulated in 1 M lactose. Also the N-acetyl glycinamide
series (NAG,A) was simulated (sim. type 3 in Table S1). NAG,A corresponds to a series of
molecules with a varying number x of glycine residues linked by a peptide bond and whose
termini are blocked by an acetyl (N-terminus) and an amide (C-terminus) moiety. The
NAG_,A series considered comprised the variants with 3 (NAG3A), 4 (NAG4A), 5 (NAG;A)
or 8 (NAGgA) glycine units. In all cases, the box was cubic with ~ 8 nm side length. For
simulations type 2 and 3 the box included 25 amino acid/NAG,A molecules. For charged
residues, Na™ or Cl~ ions were added to reach neutrality.

In all cases, the cut-off radius for both Coulombic (calculated using the PME method®)
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and Lennard-Jones interactions was set to 1.2 nm, and periodic boundary conditions were
used. Each box was first energy minimized with the steepest descent algorithm, and then
equilibrated for 1 ns at 1 bar and 300 K in the NPT ensemble, using Berendsen pressure (3 ps
relaxation time) and temperature (0.5 ps relaxation time) coupling.® The simulations were
then run at 300 K and 1 bar in the NPT ensemble, controlling temperature and pressure with
the Nosé-Hoover thermostat™ (0.5 ps relaxation time) and Parrinello-Rahman barostat?
(3 ps relaxation time), respectively. A 2 fs time-step was used, and configurations were
saved every 2 ps. The Lincs algorithm was employed for constraining all bonds, !* while the
SETTLE algorithm was used to keep the water molecules rigid.!* The last 40 ns were used

for the analyses.

Kirkwood-Buff integrals

Kirkwood-Buff integrals (KBIs)'®'® G,; are used to describe the solvation behavior of com-
ponent j around a reference particle ¢, and are defined as spherical integrals of the radial
distribution function g;;(r) over the distance r between 4 and j.

The Kirkwood-Buff integrals were calculated in this work as follows,

Gij = 47r/0 (gij(r) — 1)r?dr (1)

where R is a value at which convergence is reached (generally, the running KBIs converged
for values of R comprised between 1.0 and 1.4 nm). To correct for finite size effects, the

f.14 was applied.

correction suggested in Re
A value of G;; < 1 indicates exclusion, while G;; > 1 indicates accumulation of component
7 around the reference 1.
Here, we computed the KBIs for amino acid-lactose (Gy3) and amino acid-water (G12)

interaction. We then obtained the values v; = G53— G5 for each amino acid ¢, and computed

the side chain contributions by subtracting the value for glycine vy,
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V¢ =Y — Voly (2)

We also obtained a value 7% for the backbone by simulating the N-acetyl glycinamide

bb or sc

series NAG_A in presence of lactose, as described in Ref.?2 The ~ values can then be

converted to gy . (c) values using the following equation,

_RTC,ybb or SC
tr c) = 3
gbb or sc( ) 1 _ C(G13 _ G33) ( )

where R is the universal gas constant, and G153 and G33 are the water-lactose and lactose-
lactose Kirkwood-Buff integrals, respectively.
The values of gf; _..(c) obtained in this way for lactose, and those computed for HPSCD

in previous work,!® are listed in Table S2.
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Table S2: Free energy of transfer values g
solvent simulations.

(¢) and ¢/7(c) used in the implicit

g (c) kJ mol™" 10.7 % w/w lactose 10.7 % w/w HPSCD!

Ala 0.098 -0.268
Arg 0.265 -0.294
Asn -0.016 -0.180
Asp 0.475 0.381
Cys -0.180 -0.453
Gln 0.142 -0.374
Glu 0.470 0.275
Gly 0 0
His 0.127 -0.278
Ile 0.072 -0.898
Leu 0.005 -0.769
Lys 0.355 0.091
Met -0.036 -1.054
Phe -0.017 -1.117
Pro 0.027 -0.426
Ser 0.028 -0.096
Thr -0.025 -0.198
Trp -0.516 -1.440
Tyr -0.313 -1.305
Val 0.081 -0.374
backbone 0.016 -0.146

! obtained from our computational work in explicit solvent '
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