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1. Protein Preparation - Docking Calculations. Structure of 3 was built with Schrodinger 2017-1
platform ! and minimized by the conjugate gradient method using the MMFF94 force field 2 and
a distance-dependent dielectric constant of 4.0 until a convergence threshold of 0.0001 kJ mol-! A-!
was reached. The PDB ID 2L0J was used to model mutant M2TMC (22-62) apo proteins and the
"protein preparation” tool of Maestro was applied. N- and C-termini of the PDB ID 2L0J was
capped by acetyl and methylamino groups. After applying the protein preparation module of
Maestro, 13 all hydrogens of the protein complex were minimized with the AMBER* force field
by means of Maestro/Macromodel 9.6 using a distance-dependent dielectric constant of 4.0. The
molecular mechanics minimizations were performed with a conjugate gradient (CG) method and
a threshold value of 0.0001 k] A-! mol-'as the convergence criterion. Mutant M2TMC-S31N
protein was obtained by manual mutation of S31 to N31. Similarly, the five double-mutant apo
proteins  M2TMC-S3IN/V27A, M2TMC-S31N/V27F, M2TMC-S31N/I32N, M2TMC-
S31N/G34E, M2TMC-S31N/R45H protein were obtained by applying the S31N mutation and
additionally mutation V27 to A, V27 to F, 132 to N, G34 to E, R45 to H respectively.* MD
simulations of the five mutant proteins M2TMC-S31N/V27A, M2TMC-S31N/V27F, M2TMC-
S31IN/I32N, M2TMC-S31N/G34E, M2TMC-S31N/R45H in hydrated POPC for 300 ns produced
well equilibrated apo proteins.

The simulated M2TMC-S31N apo protein was superimposed with M2TM (19-49) S31N
in complex with M2WJ332 (2) PDB ID 2LYO0 5 which after deletion of M2TM (19-49) S31N
resulted in complex of M2-S31N with M2WJ332 (2). The structure of the protein M2-S31N and
ligand M2WJ332 (2) were saved separately and were used for the subsequent docking calculations
of ligand 3 to M2TMC-S31N with GOLD 5.2, ¢ using the GoldScore scoring function. ? The region

of interest used by GOLD was defined to contain the atoms that were within ~15 A of 3 binding
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site in the structure. For all the calculations with GOLD 5.2 default values were used, apart from
the “allow early termination” that was not applied. Ligand 3 was submitted to 150 genetic
algorithm runs. Ten docking poses were produced which were visually inspected using the UCSF
Chimera package and Schrodinger Maestro 2017-1. I8 Finally, the docking pose with the best
GoldScore score was used for the subsequent MD simulations.

The five double-mutant complexes M2TMC-S31IN/V27A, M2TMC-S31IN/V27F,
M2TMC-S31N/I32N, M2TMC-S31N /G34E, M2TMC-S31N/R45H protein with M2WJ332 (2)
were obtained using M2TMC-S3 1N with M2WJ332 (2) and applying manual mutation of V27 to
A, V27 to F, 132 to N, G34 to E, R45 to H using the more likely side chain rotamer according to
the x-ray structure of M2TM complexes with ligands. * The complexes of 3 with the six simulated
apo proteins M2TMC-S31N/V27A, M2TMC-S31N/V27F, M2TMC-S31N/I32N, M2TMC-
S31N/G34E, M2TMC-S31N/R45H were prepared by superimposing them with M2TM (19-49)
S31N in complex with M2WJ332 (2) (PDB ID 2LY0). 3 After deletion of M2TM (19-49) S31N,
structures of the six mutated M2-S31N proteins in complex with M2WJ332 (2) were obtained.
The complexes of 3 with the six M2TMC-S3 1N proteins were prepared from docking calculations

as described above.

2. MD Simulations

Systems Setup. The apo proteins M2TMC-S31N/V27A, M2TMC-S31N/V27F, M2TMC-
S31N/I32N, M2TMC-S31N/G34E, M2TMC-S31N/R45H or their complexes with 3 were
embedded in a hydrated I-palmitoyl-2-oleoyl-glycero-3-phosphocholine (POPC) bilayer
extending 10 x 10 x 15 A3 in XYZ directions from M2. For the membrane insertion, neutralization,

the System Builder module of Desmond was used.”!* Periodic boundary conditions were applied
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in 75 x 75 x 95 A3, including 107 POPC lipids. A 15 A area above and below the protein included
8960 waters. The total number of atoms included the protein inside the hydrated bilayer was ~
42000 atoms. The systems were neutralized by adding Na™ ions. A 0.150 M NacCl solution was
added adjusted using the System Builder utility of Desmond.!!-!3 Ligand 3 was positively charged
(+1), using Schrodinger 2017-1 Maestro platform. The H37 residues of M2TM were protonated at
Ne2 (HIE atom type) because this form was found to be most populated in M2TM and four

uncharged H37 residues were applied.'4!3

3. MD Simulations Protocol. The MD simulations were performed using Desmond v11.1
software !> 16 using the OPLS2005 force field'”!® and the TIP3P '3 as the water model. The
orthorhombic periodic box boundaries were set 15 A away from the protein atoms.

For the MD simulations with amber99sb force field Desmond Viparr tool was used to
assign amber99sb force field parameters '°2° to protein and lipid, and GAFF?! force field
parameters for the ligand. Initial ligand parameters were constructed with the antechamber module
of AMBER14 software package.?> Desmond Viparr tool was also used to assign CHARMM36
parameters in protein, lipids and ions. 232* For simulations with CHARMM36 the corresponding
implementation of TIP3P was used through Viparr and ligand parameters were assigned with the
SwissParam online utility, i.e., the dihedral angle terms, harmonic part of the bond, angle and
improper terms, and charges were taken from the MMFF 2 and van der Waals parameters were
taken from the closest atom type in CHARMM?22.25 According to the literature,'® very recent
unpublished work and analysis of the results in this work we concluded that OPLS2005 is more
adequate for the calculations of ligand-protein interactions and the results with this force field are

included in the Results and Discussion.
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Particle mesh Ewald (PME) was employed to calculate long-range electrostatic interactions
2627 with a grid spacing of 0.8 A. The Shake method was used to keep all bonds with hydrogen
rigid, at ideal lengths and angles.?® Van der Waals and short-range electrostatic interactions were
smoothly truncated at 9.0 A. Langevin dynamics were utilized for temperature control establishing
a Langevin collision frequency of 1.0 ps™1.?° Pressure to p = 1 bar was applied by a pressure
relaxation time of 1.0 ps. The Martyna-Tobias-Klein method 3° was used for pressure control. The
equations of motion were integrated using the multistep RESPA integrator 3! with an inner
time step of 2.0 fs for bonded interactions and non-bonded interactions within the cutoff. An
outer time step of 6.0 fs was used for non-bonded interactions beyond the cut-off.

For all MD simulations the same relaxation protocol was used. In the first run, 250 steps
steepest descent and 750 steps conjugate gradient minimization were carried out in the presence
of a harmonic restraint with a force constant of 500 kcal mol"' A2 on all protein, ions and
membrane atoms. In the second run a minimization of the membrane was conducted by 2500 steps
steepest descent and 7500 steps conjugate gradient minimization in the presence of a harmonic
restraint with a force constant of 5 kcal mol-! A-2 on all protein and ligand atoms. MD simulations
were performed at 310 K in order to ensure that the membrane state is above the main phase
transition temperature of 298 K for POPC bilayers.3?> Then, a series of MD simulations was applied.
The first simulation was performed for 50 ps starting at 100 K with gradual heating until 308 K in
the NVT ensemble with the solute heavy atoms restrained with a force constant of 50 kcal mol-!
A-2. The heating was followed by two NPT MD 1 ns equilibration runs. One for 1 ns simulation in
the NPT ensemble with the solute heavy atoms restrained with a force constant of 10 kcal mol-!
A-2 to equilibrate solvent and lipids. In the next 1 ns MD simulation the harmonic constraints were

gradually decreased from 10.0 to 2.0 kcal mol-! A-2on solute heavy atoms following with removal
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of all harmonic constraints except a 2.0 kcal mol-! A2 set on protein C, atoms. This equilibration
protocol was followed by 100 ns NPT simulation without restraints. The replicas of the system
were saved every 15 ps. Within this simulation time, the total energy and RMSD of the protein
backbone Ca carbons®?® reached a plateau, and the systems were considered equilibrated and
suitable for statistical analysis. For the calculation of protein-lipid hydrogen bonds, a cutoff angle
of 20° between the donor-hydrogen-acceptor atoms and a cutoff distance of 3.2 A between the
donor and acceptor atoms were applied. The replicas were created with Maestro’s implementation
of PyMol and VMD ! 34 and UCSF Chimera package.® MD simulations were run in workstations
and ARIS supercomputer using the GPU implementation and parallel CPU algorithms of MD

simulations codes as provided by Desmond.3’

4. Analysis of MD Simulations Trajectories. The visualization of produced trajectories was
performed using the GUI of Maestro !¢ and the protein-ligand interaction analysis was done with
the Simulation Interaction Diagram (SID) tool, available with Schrodinger Desmond v. 11.1.11-16
For hydrogen bond interactions, a distance of 2.5 A between donor and acceptor heavy atoms, and
an angle >120° between donor-hydrogen-acceptor atoms and > 90° between hydrogen-acceptor-
bonded atom were considered. Non-specific hydrophobic contacts were identified when the side
chain of a hydrophobic residue fall within 3.6 A from a ligand’s aromatic or aliphatic carbon.
Water-mediated interactions were characterized by a distance of 2.7 A between donor and acceptor
atoms, as well as an angle > 110° between donor-hydrogen-acceptor atoms and > 80° between
hydrogen-acceptor-bonded atom. The visualization of produced trajectories and structures was

performed using the programs Chimera® and VMD.34

S-7



5. MM-GBSA Calculations. The effective binding free energies (AG.¢r) of the complexes between
compound 3 and M2-S31N proteins were computed using the OPLS2005 force field considering
the gas phase energy and solvation free energy contributions to binding 3¢ using the 1-trajectory
MM-GBSA approach. 37-3° For this, structural ensembles for each complex were extracted every
50 ps from the last 50 ns of the production simulations. Prior to the calculations all water
molecules, ions, and lipids were removed, and the structures were positioned such that the
geometric center of each complex was located at the coordinate origin. The module in Schrodinger
Suite was used, i.e. the thermal mmgbsa.py script that takes individual trajectory snapshots and

calculates AGggr.
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