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S2. Electrophysiological Evaluation 

The AMPA receptor modulator activity of the compounds was evaluated in electro-

physiological experiments in vitro using a patch clamp technique with the local fixation 

of potential, as described earlier [1,2]. In brief, freshly isolated single Purkinje neurons 

from the cerebellum of 12–15-day-old Wistar rats were used as a test system. Transmem-

brane currents were induced by the activation of the AMPA receptors with a solution of 

their partial agonist kainic acid using a fast superfusion of solutions, wherein 30 μL of the 

agonist buffer (the agonist concentration varied in the range of 10−6–10−4 M) was added to 

the constant flow of the neuron-washing buffer. The applications for the control and for 

each concentration of a compound were performed in triplicate. The transmembrane cur-

rents for the individual neurons were recorded using 2.5–5.5 MΩ borosilicate microelec-

trodes in a whole-cell configuration with an EPC-9 device (HEKA, Germany). The data 

were processed using the Pulsfit program (HEKA, Germany). Cyclothiazide (CTZ), a well-

known positive allosteric modulator of AMPA receptors, was used as a reference ligand. 
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S3. Molecular Modeling 

The modeling of the ligand interactions with the dimeric ligand-binding domain of 

the GluA2 AMPA was performed as described earlier [2,3]. Specifically, the protein struc-

ture was obtained from the Protein Data Bank (PDB: 4FAT) [4]. Upon removal of the ions 

and small molecules (except for the two receptor-bound glutamate agonist molecules), the 

protein was allowed to relax during the molecular dynamics simulation for 100 ns (see 

below for the simulation protocol). The most frequently occurring structure was identified 

by the clustering of the frames in the stable part of the trajectory (40–100 ns). The ligand 

structures were converted to 3D and preoptimized in the MMFF94 force field using Avo-

gadro 1.2.0 software (Avogadro Chemistry, https://avogadro.cc/ accessed on 1 September 

2023) [5], and then the protein and ligand structures were prepared for molecular docking 

using AutoDock Tools 1.5.7 (The Scripps Research Institute, La Jolla, CA, USA, 

https://ccsb.scripps.edu/mgltools/ accessed on 1 September 2023) [6]. The molecular dock-

ing to the positive allosteric modulator binding site was performed with AutoDock Vina 

1.1.2 software (The Scripps Research Institute, La Jolla, CA, USA, https://vina.scripps.edu/ 

accessed on 1 September 2023) [7] (grid box size 22 Å × 29 Å × 40 Å, exhaustiveness = 16). 

The pose with the best scoring function value and ligand position was selected, and the 

complex model was built using the USCF Chimera 1.15 software (University of California 

San Francisco, San Francisco, USA, https://www.cgl.ucsf.edu/chimera/ accessed on 1 Sep-

tember 2023) [8]. 

The molecular dynamics simulations were performed using the 

CHARMM36/CGenFF 4.6 force field [9,10] on the GROMACS 2023.0 software 

(GROMACS development team, https://www.gromacs.org/ accessed on 1 September 

2023) [11]. The initial models of the systems were built using the Ligand Reader & Modeler 

and Solution Builder modules of the CHARMM-GUI web service (https://charmm-

gui.org/ accessed on 01 September 2023) [12,13]. The protein molecule was inserted into a 

rectangular box of water in the TIP3P model; the distance from the protein to the box 

border was no less than 10 Å. Individual, randomly selected water molecules were re-

placed with potassium and chlorine ions to ensure the electrical neutrality of the system 

and the total concentration of KCl of approximately 0.15 M. For each system, the molecu-

lar mechanics minimization (up to 5000 steps) was performed on the CPU, followed by 

equilibration for 125 ps at the temperature of 300 K and a constant volume using the v-

rescale thermostat on the NVIDIA GeForce RTX 3080Ti GPU. The production simulation 

was performed on the GPU at the constant pressure of 1 bar and the temperature of 300 

K, using the v-rescale thermostat and the Parrinello–Rahman barostat. The hydrogen 

atom movements were constrained using the LINCS algorithm. For the analysis and vis-

ualization of the results, the CPPTRAJ 6.4.4 software (Daniel R. Roe, Amber development 

team, http://ambermd.org/ accessed on 1 September 2023) [14] in the AmberTools 22 pack-

age [15] and UCSF Chimera were used. The binding free energies were estimated over the 

stable portion of the trajectories (last 20 ns, 101 frames at 200 ps interval) using the 

MM/GBSA approach implemented using the gmx_MMPBSA 1.6.1 software (gmx_MMP-

BSA development team, https://valdes-tresanco-ms.github.io/gmx_MMPBSA/dev/ ac-

cessed on 1 September 2023) [16,17]. The internal dielectric constant ε = 4, a salt concen-

tration of 0.15 M, and the interaction entropy model for the conformation entropy contri-

bution were used. The resulting energy values are listed in Table S1. 
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Figure S1. Binding modes of compounds 3a–j in the PAM binding site refined using molecular dynamics simulations (100 ns). For 

each compound, a general view of the dimeric ligand binding domain of AMPA receptor (GluA2) and the ligand position are shown. 
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Figure S2. RMSD of the protein, glutamate, and ligand heavy atoms for compounds 3a–j during molecular dynamics simulations of 

the modulator complex with the dimeric ligand binding domain of the GluA2 AMPA receptor (RMSD, Å; Time, ns). 
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Table S1. Modulator activity profiles, MM/GBSA binding energies, and geometrical parameters of subunit arrangement for com-

pounds 3a–j during molecular dynamics simulations of the modulator complex with the dimeric ligand binding domain of the 

GluA2 AMPA receptor. (MM/GBSA ΔG, kcal/mol; angleAB, degrees; distances, Å). 

Compound Activity MMGBSA angleAB heightFaceAB distFace shiftFaceAB heightS_AB shiftSL_AB heightL_AB shiftLS_AB 

3a Neg –46.0 8.9 9.7 10.4 3.7 8.8 3.8 9.3 2.6 

3b NA –43.2 4.5 9.2 9.5 2.3 9.6 1.9 9.4 2.6 

3c NA –41.6 17.4 10.4 10.7 2.2 11.9 2.0 11.2 4.6 

3d Pos 27 –48.3 4.3 9.5 9.9 2.9 9.8 2.5 9.6 3.0 

3e Neg –40.9 7.8 9.7 10.2 3.0 8.9 3.4 9.3 2.3 

3f Neg –36.8 8.4 9.6 10.0 2.8 8.8 3.2 9.1 2.0 

3g Pos 68 –44.7 11.5 10.0 10.5 3.1 8.9 3.9 9.4 2.2 

3h Pos 59 –35.3 8.8 9.7 10.2 3.1 8.8 3.6 9.3 2.3 

3i Pos 20 –42.3 4.8 9.3 9.6 2.2 8.9 2.9 9.1 2.2 

3j Pos 77 –32.1 10.8 9.8 10.1 2.6 8.8 3.2 9.2 1.7 
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