
Allosteric agonism of α7 nicotinic acetylcholine receptors: receptor modulation outside the orthosteric site
Alican Gulsevin, Roger L. Papke*, Clare Stokes, Sumanta Garai, Ganesh A. Thakur, Marta Quadri, Nicole A. 
Horenstein*
 

1 

Supplemental Information 

Supplemental Figure 1.  The data from Figure 3B show the averaged raw data from multiple 

cells (±SEM), normalized to the ACh controls obtained from the same cells prior to the 

experimental applications with the PAM PNU-120596. Each trace therefore is an 

expansion of a typical bar graph of averages and standard errors. The upper panel shows 

how the equivalent bar graphs can be extracted. These bar graphs are compared in the 

lower panel. Statistical comparisons (Table 1) are based on the comparisons of the peak 

currents or net charge values from the individual cells. 
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Supplemental Figure 2. The structures of the 16 molecules used for the docking studies. Top 

row: the eleven molecules that docked at fewer than two AA sites. Bottom row: the four 

that molecules docked at both ICD and IDE AA sites. 
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Tables  

 

Supplemental Table 1. The docking sites for WT 7 of the sixteen diEPP derivatives that 

behave as partial or silent agonists. When more than one site was observed at an interface, the 

site with the lower-scoring poses were written first. Key: “O” = orthosteric site; “A” = allosteric 

site. 

 

Substitution  IAB IBC ICD IDE IEA 

p-methyl O O O/ A O/ A O 

p-CN O O A A O 

p-methoxy O O O/ A O/ A O 

p-chloro O O O/ A O/ A O 

m-chloro O O O/ A A O 

o-methyl O O O O/ A O 

o-chloro O O O/ A A O 

m-OH O O O/ A O/ A O 

2-naphthyl O O A A O 

p-CF3 O O A A O 

m-CF3 O O/ A O/ A O/ A O 

m-bromo O O O/ A A O 

p-bromo O O O/ A O/ A O 

p-fluoro O O O/ A O/ A O 

p-carboxamide O O A A O 

m-carboxamide O O/ A O A O 
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Supplemental Information 

 

Computational methods. 
Ligand parametrization 

 All ligands were drawn using Molden 5.0 (Schaftenaar and Noordik, 2000) or Molview 

and optimized with Gaussian 09 (Frisch et al., 2016), first at the HF/6-31G* level and then at the 

B3LYP/6-31G** level. Population analysis was done on each optimized structure at the HF/6-

31G* level, and the resulting output file was used to generate ligand charges using the 

antechamber module (Wang et al., 2006) of the Amber16 suite. Ligand bonded and non-bonded 

parameters were generated by antechamber using Generalized Amber Force Field (GAFF) 

(Wang et al., 2004) parameters. The resulting 2NDEP had a net charge of + 1, and GAT107 and 

2,3,5,6MP-TQS had a net charge of 0.  

Docking 

The WT and mutant homology models of the α7 ECD were subjected to 20 ns MD 

simulations followed by a final minimization to create the docking model as explained above. 

Each pentamer was divided into five docking interfaces, IAB, IBC, ICD, IDE, and IEA, and docking 

was done at all five interfaces for each ligand. Optimized structures of each ligand were 

processed with the Schrödinger LigPrep module to generate OPLS_2005 parameters and ligand 

conformers. GlideXP (Friesner et al., 2006) was used for all the docking calculations where 

ligand flexibility was allowed but the protein side chains were rigid. Up to ten poses were kept 

for each ligand based on the GlideXP docking scores, where the lowest GlideXP score indicated 

the most favorable pose.  

Post-docking MD simulations 
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The best docking pose for each ligand based on the lowest GlideXP score was kept for 

the post-docking MD simulations. 20 ns MD simulations were run for each tested ligand and 

each tested mutant, following the same procedure used to generate the docking models.  

Molecular Mechanics Poisson-Boltzmann Surface Area (MMPBSA) calculations 

  The Amber16 MMPBSA.py.MPI routine was used for the MMPBSA binding energy 

calculations (Miller et al., 2012). The binding energies were calculated for the ligands bound at 

each interface by stripping the ligand molecules at all other interfaces. 10 snapshots between 

8.75 ns and 20 ns were taken from the 20 ns production runs of the post-docking MD 

calculations for the MMPBSA calculations. An internal dielectric constant of 4 was used to 

mimic protein charge screening. The entropy term was not calculated for any of the ligands. 




