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Methods

Development of the model and the complex with diazepam and flumazenil

To obtain a model of the aiB.y; GABAAR based on the B3 homopentamer! (PDB ID: 4COF) we created multiple
alignments with PROMALS2, HHPRED? and Swiss Model*>. We compared the results from the three web-servers and
altered the consensus manually in order to agree with experimental data, as highlighted by Bergmann et al.5.

We used the Automodel class of Modeller 9.147 and the highest level of refinement to generate 500 initial models,
which were then ranked according to Modeller scores and the best model was determined as the one with the largest
percentage of residues in the favoured regions of the Ramachandran plot. Further analysis with ProSa z-score®, Q-mean
score® and PROCHECK?? were also taken into account. The chosen model was refined with Coot!! to optimize rotamers
and side-chain interactions, and PROPKA!213 together with PDB2PQR!#15 webserver were employed to assign
protonation states and optimize hydrogen-bond networks.

The poses of the ligands in complex with the receptor and were acquired from docking with AutoDock Vina'®, a selection
protocol based on indexes of precision and recall based on experimental information available, and subsequent refining
molecular dynamics simulations of the whole receptor embedded in a POPC membrane as explained elsewhere?’.

Parameterization of the ligands:

GAFF force field was used to describe the atoms of the ligands. The parameters of the different atom types are specified
in the original article by Wang et. al .8,



Table S1: Atom types and partial charges for diazepam

Atom Name Atom Type Partial Charge

"H8" "ha" 0.153000
"c8" "ca" -0.091000
"co" "ca" -0.008600
"cn "cl" -0.081400
"c7" "ca" -0.162000
"H7" "ha" 0.148000
"c6" "ca" 0.083600
"C13" "ca" -0.201900
"C5" "ce" 0.537500
"N15" "n2" -0.574900
"c17" "c3" 0.038800
"C18" "c" 0.688500
"o1" "o" -0.606500
"N2" "n" -0.384000
"C20" "c3" 0.072300
"Cc12" "ca" -0.144900
"c4" "ca" -0.096500
"H4" "ha" 0.144000
"C11" "ca" -0.096500
"H11" "ha" 0.144000
"c1" "ca" -0.137000
"H1" "ha" 0.136000
"c2" "ca" -0.115000
"H2" "ha" 0.134000
"c3" "ca" -0.137000
"H3" "ha" 0.136000
"C14" "ca" -0.076000
"H14" "ha" 0.163000
"H172" "h1" 0.088700
"H173" "h1" 0.088700
"H201" "h1" 0.053367
"H202" "h1" 0.053367
"H203" "h1" 0.053367

Table S2: Atom types and partial charges for flumazenil

Atom Name Atom Type Partial Charge

"c1" "c3" -0.101100

"c2" "c3" 0.140400 F 20
"03" "os" -0.461900 121

"ca" et 0.575600

"05" "o" -0.510000 1

"C6" "cc" 0.278800 17
"c7" "cd" -0.145900

"c8" "c3" 0.148300

"N9" "n" -0.457800

"C10" "t 0.704100

"011" "o" -0.618500

"c12" "ca" -0.109600

"c13" "ca" 0.015800

"N14" "na" -0.140000




"C15" "cd" 0.412400

"N16" "nc" -0.603000
"C17" "ca" -0.123000
"C18" "ca" -0.133000
"C19" "ca" 0.123900
"C20" "ca" -0.107000
"c22" "c3" 0.069300
"F21" " -0.126900
"H20" "h1" 0.053700
"H101" "hc" 0.047033
"H202" "h1" 0.055700
"H801" "h1" 0.091200
"H221" "h5" 0.075100
"H15" "ha" 0.154000
"H17" "ha" 0.162000
"H18" "ha" 0.179000
"H222" "h1" 0.053700
"H102" "hc" 0.047033
"H201" "h1" 0.055700
"H802" "h1" 0.091200
"H223" "h1" 0.053700
"H103" "hc" 0.047033

AM1-BCC is an atomic charge model for organic molecules in polar media. AM1 are atomic charges based on the
occupancies of the atomic orbitals 12, and BCC stands for Bond Charge Corrections, that are applied to the AM1 atomic
charges to correctly emulate the HF/6-31G* electrostatic potential.

Results

Table S3: pKa values obtained from three different webservers using PARSE force field.

Method pKa 1
PROPKA 3.7
DelPhi 6.2

MCCE 4.1




Classic MD simulations of diazepam-containing systems:

Root-mean-square deviation - Diazepam
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Figure S1: Root-mean-square deviation (RMSD) values for diazepam, fitted on the backbone of the protein of the diazepam-containing simulations.

10 20 30 40 50 60 70 80 90 100
Time [ns] Time [ns]




Root-mean-square deviation - Backbone
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Figure S2: Root-mean-square deviation (RMSD) values for the backbone of the diazepam-containing simulations.




Root-mean-square deviation - Within 5 A of diazepam
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Figure $3: Root-mean-square deviation (RMSD) values of the protein residues that are within 5 A of diazepam, fitted on the backbone of the protein of the
diazepam-containing simulations.
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Figure S4: Root-mean-square deviation (RMSD) values of the protein residues that are within 5 A of histidine, fitted on the backbone of the protein of the

diazepam-containing simulations.




Root-mean-square deviation - Histidine
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Figure S5: Root-mean-square deviation (RMSD) values for histidine, fitted on the backbone of the protein of the diazepam-containing simulations.
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Figure S6: Dihedral distributions for the second set of simulations of diazepam in complex with the receptor. The dihedrals adopted by histidine are similar

to those obtained in the other set of trajectories.
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Classic MD simulations of flumazenil-containing systems:

Root-mean-square deviation - Backbone
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Figure S7: Root-mean-square deviation (RMSD) values for the backbone, fitted on the backbone of the protein of the flumazenil-containing simulations.




Root-mean-square deviation - flumazenil
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Figure S8: Root-mean-square deviation (RMSD) values for flumazenil, fitted on the backbone of the protein of the flumazenil-containing simulations.
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Figure S9: Root-mean-square deviation (RMSD) values of the protein residues that are within 5 A of histidine, fitted on the backbone of the protein of the
flumazenil-containing simulations.




Root-mean-square deviation - within 5 of histidine
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Figure $10: Root-mean-square deviation (RMSD) values of the protein residues that are within 5 A of flumazenil, fitted on the backbone of the protein of
the flumazenil-containing simulations.




Root-mean-square deviation - Histidine
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Figure S11: Root-mean-square deviation (RMSD) values for histidine, fitted on the backbone of the protein of the flumazenil-containing simulations.
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Figure S12: Dihedral distribution for the 100-ns second set of simulations of flumazenil-containing systems. The dihedrals adopted by histidine are similar

to those obtained in the other set of trajectories.




Simulations of H102R systems:
Root-mean-square deviation - H102R - diazepam
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Figure S13: RMSD analysis of the trajectories of the receptor with the H102R mutation in complex with diazepam.




Root-mean-square deviation - H102R - flumazenil
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Figure S14: RMSD analysis of the trajectories of the receptor with the H102R mutation in complex with flumazenil.
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Figure S15: Root-mean-square fluctuation of the Ca atoms of the Loop C residues in the diazepam trajectories.
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Figure S16: Root-mean-square fluctuation of the Ca atoms of the Loop F residues in the diazepam trajectories.
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Figure S17: Root-mean-square fluctuation of the Ca of the Loop C in the flumazenil trajectories.
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Figure S18: Root-mean-square fluctuation of the Ca of the Loop F in the flumazenil trajectories.




Comparison with cryo-EM structures:

Table S4: Structural comparison of the backbone and diazepam position and orientation, through the RMSD values calculated taking the PDB ID: 6X3X structure as
reference and evaluating it through the trajectories of the simulations.

System RMSD backbone  RMSD diazepam [A]
[A]
HID1 4.03 £0.02 2.3+£0.3
HID2 4.01 £0.04 2.3+£0.3
HIE1 4.03+£0.02 2.4+0.2
HIE2 4.03+£0.02 2.5+0.3
HIP1 4.02 £ 0.03 2.3+0.3
HIP2 4.01+£0.04 2.8+ 0.7

Table S5: Structural comparison of the backbone and flumazenil position and orientation, through the RMSD values calculated taking the PDB ID: 6X3U structure as

reference and evaluating it through the trajectories of the simulations.

System RMSD backbone RMSD flumazenil
[A] [A]
HID1 1.57 £ 0.07 1.3+0.3
HID2 1.50 £0.09 0.9+£0.2
HIE1 1.58 £ 0.06 1.8+0.5
HIE2 1.51+0.03 40%1.6
HIP1 1.52 £ 0.03 1.5+0.7

HIP2 1.75+0.05 1.0+ 0.2




Root-mean-square deviation - 6X3X vs. Simulations
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Figurle S$19: Root-mean-square deviation (RMSD) values for the backbone, fitted on the backbone of the protein PDB ID: 6X3X, of the diazepam-containing
simulations.




Root-mean-square deviation - 6X3X vs. Simulations
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Figurle S20: Root-mean-square deviation (RMSD) values for diazepam, fitted on the backbone of the protein PDB ID: 6X3X, of the diazepam-containing
simulations.




Root-mean-square deviation - 6X3U vs. Simulations
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Figurle S21: Root-mean-square deviation (RMSD) values for the backbone, fitted on the backbone of the protein PDB ID: 6X3 U, of the flumazenil-containing
simulations.




Root-mean-square deviation - 6X3U vs. Simulations
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Figurle $22: Root-mean-square deviation (RMSD) values for flumazenil, fitted on the backbone of the protein PDB ID: 6X3 U, of the flumazenil-containing
simulations.
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Figure S23: PMF and sampling plots for the ABF simulations of diazepam (a and b) and flumazenil (c and d) in HIE and HIP protonations states.
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Table S6: Experimental values for the binding free energy of diazepam to a;B,y, GABA, receptors.

Ki [nM] AG [kcal/mol] Reference
16.0+£0.5 11.1+0.2 20
11.0+13 11.3+£0.7 2
145+3.7 11.1+16 2
19.4+0.3 109+0.1 B
54+25 11.7+£29 2
16.1+1 11.1+04 25 compiled by %®
103+1.2 11.3+0.7 2

Table S7: Experimental values for the binding free energy of flumazenil to a;B,y, GABA, receptors.

Ki [nM] AG [kcal/mol) Reference
0.5+0.2 13.2+0.3 2027
35402 11.99+0.04 2
43409 11.9+0.1 2
13+01 12.60 +0.05 30
14+0.1 12,56 +0.04 2
0.7 +0.11* 12.98 +0.09 231
0.6+£0.1% 131401 2
*Kd
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