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MATERIALS AND METHODS

Preparation of hexamer models. Molecular models of possible growth units of
thermolysin crystals were isolated from the hexagonal crystal structures (PDB ID: 3DNZ). The
thermolysin crystal belongs to space group P6122 with unit cell parameters a=b =92.535 A, c =
128.628 A, 0. = B = 90.00°, y = 120.00°. Using PyMOL program [S1], the appropriate symmetry
operators were applied to reconstruct a fragment of the protein crystal lattice and the coordinates
of 4 hexamers (A-D) were obtained. The calcium and zinc ions associated with thermolysin (4
calcium ions and 1 zinc ion per protein molecule), were retained in the structure, and crystalline

water was removed.

Calculation of the amino acid residues ionization states at pH 6.0 for thermolysin, (in
accordance with the pH values of corresponding crystallization solutions) was performed using
PROPKA server (Version 2.0.0 [S2]). The residues THR 49, SER 53, ASN 89, MET 120, TYR
157, SER 161 in 3DNZ PDB file exist in the crystal in two conformations with the same

occupancy factors (0.5) but only one conformation was retained.

Molecular dynamics protocol. The calculations were performed via the GROMACS
software package version 2021 [S3]. Molecular dynamics was modeled in the Amber ff99SB-

ILDN field [S4], since it contains accurate torsion potentials.

Each hexamer was placed in the center of a cubic simulation box and three-dimensional
periodic boundary conditions were applied. The dimensions of the boxes were set in such a way
that the minimum distance between their facet and any protein atom was 1 nm. To fill the boxes
with an explicit solvent, a 4-site water model designed to use Ewald summation methods

(TIP4P-Ew [S5]) was chosen. In order to reproduce the crystallization conditions (solution with
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the precipitant), water molecules were replaced by ammonium and sulfate ions so that the salt
concentration in the box was 0.75M. Since there were no parameters for NHs* and SO4" ions in
the ff99SB-ILDN force field, the 3D structures of ammonium were taken from PDBeChem
(code: NH4) while the sulfate 3D structure was obtained from the PLMD (Peptide Ligand
Molecular Dynamics) python module and converted from .mol2 to .pdb format using the
Antechamber algorithm [S6]. The total charge of each box was neutralized by adding a
negligible number of chloride ions as it is required to use the PME algorithm for calculating
long-range electrostatic interactions.

Before each start of the productive MD calculations, the energy of the systems was
minimized by the steepest descent method (50,000 steps) until the force acting on any atom
became less than 1000 kJ/(M-nm™?2) so that atomic overlaps existed in the crystal structures and
produced by the addition of water were eliminated. Then, the boxed were thermostated for 100
ps by the modified Berendsen (V-rescale) method [S7] in NVT-ensemble and barostated for 100
ps by the Parrinello-Raman algorithm [S8] in NPT-ensemble.

The productive MD simulation was carried out in an isothermal-isobaric ensemble using
the V-rescale thermostat (T = 293 K) and a Parinello-Raman barostat (P = 1 atm) again.
Integration was performed using a standard leap-frog algorithm [S9] with the integration time
step set at 2 fs. Noncovalent interactions were taken into account only for atoms located within a
radius of 1 nm. The long-range electrostatic interactions were processed by the smooth particle
mesh Ewald (PME) summation method [S10] with cubic interpolation and grid spacing in
Fourier space of 0.16 nm. The bonds lengths of the hexamers were constrained using the LINCS
algorithm [S11]. Each of the calculated trajectories lasts 100 ns. Other parameters of the

productive MD simulations are listed in Table S1.

Before the trajectory analysis, the gmx trjconv command with the —pbc nojump flag was
run to check whether atoms jump across the box and put them back so that all molecules remain
whole. The reference protein structure for the structural alignment of the trajectories was taken
from the file with the atomic positions being after equilibration. Molecules’ trajectories were
fitted to the reference ones by performing the command gmx trjconv with the —fit rot+trans.
RMSF, RMSD and R, were computed by using the commands gmx rmsf, gmx rms and gmx

gyrate, respectively.
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Table S1. General run parameters of the productive MD simulations.

Parameter Value
integrator md
nsteps 50000000
dt 0.002
constraint_algorithm lincs
constraints h-bonds
lincs_iter 1
lincs_order 4
cutoff-scheme Verlet
ns_type grid
nstlist 10
rcoulomb 1.0
rvdw 1.0
coulombtype PME
pme_order 4
fourierspacing 0.16
tcoupl V-rescale
tc-grps Protein Non-Protein
tau t 0.1
pcoupl Parrinello-Rahman
pcoupltype isotropic
tau p 2.0
ref p 1.0
pbc Xyz
DispCorr EnerPres
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