Thumbs up for PcTx1 — mechanistic insight into the binding of the venom peptide PcTx1 to the
acid sensing ion channel 1a from free energy calculations
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The acid sensing ion channel la (ASICla) is a proton-gated chawmallethin mag physiological
processes and a druggat for treating neurological disorder and pain. PcTx1, a 40-residue peptide isolated
from the venom of the tarantula Psalma cabridgei, is the most potentveelehibitor of ASICla. Recent
crystal structures of the ASICla-PcTx1l compleave revealed an etensve retwork of peptide-channel
contacts. Our subsequent study combining simulations and mutagenesis of the peptide and the\dadethel re
that only a subset of the magontacts in the ASICla-PcTx1 crystal structure are critical for PcTxditgcti
thus defining the main pharmacophore of PcTx1. Despite tige lamount of structural and functional
information on the binding of PcTx1 to ASIC1a, little is known about the thermodynamics andaypathw
binding.

In this study we use free energy calculations as well as unrestrained MD simulations of the apo channel
and the ASICla-PcTx1 compléo investigate the binding of PcTx1 to ASICla at atomistic resolution. The free
enegy calculations predict a binding free enerdys] of —52 kJ/mol, which is in very good agreement with
experimental binding affinities. The simulationyeal that binding of PcTx1 is a highly dynamic,chstate
process that irolves formation of transient interactions andvpasly unseen conformational changes in the
channel. Furthermore, the simulationsregded that the binding of a single peptide induces the same
conformational changes in all three saolis of the channel indicating that the binding of PcTx1 is cooperati
This investigation represents the firsttensve smulation study of a peptide-ASIC compland provides ne
mechanistic insight into the binding of PcTx1 that iljkrelevant to the binding of other venom peptides to
ASICla. As part of this study we Y@ dso dereloped a freely wilable Python implementation of the Ul
method that include error analysis andwagence checks.
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