Supplementary materials
Ramachandran plot and 3D profiles results of the models obtained by homology modeling
Ramachandran plots were used to verify the stereochemical quality of the models with highest discrete optimised protein energy scores in Modeller 9.9. For the best model of VSD2hNav1.7, the percentage of the residues placed in the favoured regions, allowed regions and disallowed regions was 95.7%, 2.6% and 1.7%, which for the best model of AGAP was 88.7%, 11.3% and 0% (Figure S1).
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Figure S1. The Ramachandran plot of the best models of VSD2hNav1.7 (a) and AGAP (b). The favoured regions, allowed regions and disallowed regions are in red, yellow and white.
Profile-3D was applied to detect the matching degree between the models and their own formation of the amino acid residues by verify score. The crystal structures were used as the standards for evaluating the quality of the models. For VSD2hNav1.7, the overall verify score of two templates (5X0M and 5XSY) and the best model was 8.71, 1.30 and 3.3, respectively. As mentioned in introduction, the binding site for β-ScTxs on VGSCs is formed mainly by loops between DII/S1-S2 and DII/S3-S4. From Figure S2a it could be known that the verify score of these two loops was satisfactory compared to the templates. As shown in Figure S2b, for AGAP, the overall verify score of the template (2KBH) and the best model was 21.99 and 24.04. Judging from the results of the Ramachandran plot and profile-3D, the best models of VSD2hNav1.7 and AGAP could be used for further simulation studies.
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Figure S2. Verify score curves of the best models and the crystal structures used to build them. (a) and (b) show the results of VSD2hNav1.7 and AGAP, respectively. Regions framed in orange represent the loops between DII/S1-S2 and DII/S3-S4 on VSD2hNav1.7.

MD simulations and SMD simulations of another two systems of VSD2hNav1.7-AGAP and VSD2hNav1.7-AGAPW38G
In order to ensure the accuracy of the best binding poses that were selected through ZDOCK, another two systems of VSD2hNav1.7-AGAP and VSD2hNav1.7-AGAPW38G, respectively, whose structures were reasonable but binding free energy were weaker than the best ones, were picked to calculate PMF as well. To avoid confusion with the names in this paper, these two systems were named VSD2hNav1.7-AGAPsup and VSD2hNav1.7-AGAPW38G sup.
After MD simulations of 100 ns were performed in the same condition mentioned in section 2.3, RMSDs of backbone atoms from VSD2hNav1.7-AGAPsup and VSD2hNav1.7-AGAPW38G sup were calculated. The average RMSD values of them were 0.23 nm and 0.26 nm. As shown in Figure S3, both systems reached a stable state within the last 20 ns. The complex structures at this stage reflected the best final binding poses of the receptor and ligands and were thus used to carry out SMD simulations and calculate PMF.
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Figure S3. RMSD curves of the complex systems of VSD2hNav1.7-AGAPsup and VSD2hNav1.7-AGAPW38G sup
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Figure S4. Final and best binding poses of VSD2hNav1.7-AGAPsup (a) and VSD2hNav1.7-AGAPW38G sup (b). The interaction residues on the peptide are presented by sticks: purple (residues 37–44), magenta (residues 58–63) and yellow (all others). The ligands in Figure 6 are shown in translucency.
In contrast to Figure 6, most of the residues on AGAPsup and AGAPW38G sup interacted directly with the receptor were the same as in Figure S4 and located mainly on the β-turn of the ligands. This results re-emphasized the critical roles of this region when AGAP bound to the receptor. On the other hand, stable salt bridges formed between positively charged residues at the C-terminal of the ligands with negatively charged residues (Asp 100 and Glu102) on the loop between DII/S3-S4 of VSD2hNav1.7 as well.
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Figure S5. PMF curves of VSD2hNav1.7-AGAPsup and VSD2hNav1.7-AGAPW38G sup. ζ represents the reaction coordinate generated by the configurations.
Subsequently, SMD simulations of 5 ns were performed for the two best final binding poses mentioned above and PMF was calculated. As shown in Figure S5, PMF results indicated that the binding free energy of VSD2hNav1.7-AGAPsup and VSD2hNav1.7-AGAPW38G sup was 127.67 kJ•mol-1 and 110.59 kJ•mol-1, respectively, which was compatible with our recent whole-cell patch clamp results and an earlier mouse writhing test (see Introduction) although it was not as obvious as the difference shown in Figure 8. On the one hand, by comparing the binding modes of VSD2hNav1.7-AGAP, VSD2hNav1.7-AGAPW38G, VSD2hNav1.7-AGAPsup, and VSD2hNav1.7-AGAPW38G sup, it can be proved that our understanding and classification of the pivotal interaction components were reasonable. On the other hand, we believe that selecting the conformations belonging to the largest cluster with the strongest binding free energy through ZDOCK as the best final binding poses and initial configurations for MD simulations is able to reflect the detailed interactions between the ligands and receptor more clearly.
