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Introduction
• Nicotinic Acetylcholine Receptors (nAChRs) : involved in many physiological processes in the nervous system [1]
Important targets in modern crop protection
• Neonicotinoids : the most important and the fastest growing class of insecticides (efficiency, selectivity) [2]
But : adverse effects on beneficial insect species such as honey bees
Quest for new compounds more selective, specific of pests and devoid of adverse effects
• Thiamethoxam (THA): a neonicotinoid designed by Syngenta in 1998, banned of the European market in 2013 [3]
• Aplysia californica Acetylcholine binding protein (Ac‐AChBP) : a recognized surrogate of the extra‐cellular domain of insects nAChRs [4]
The rational design of nAChRs agonists requires a deep characterization of the structure and interactions in the receptor binding site

Objectives:

 To elucidate the binding mode of THA with Ac‐AChBP
 To quantify the interactions of THA with Ac‐AChBP and determine the key interacting residues
 To investigate the potential role of a chalcogen bonding interaction in the binding process

Methods

III. THA‐Ac‐AChBP MD simulations

• Conformational analysis of THA using quantum chemistry methods (QM) in the
isolated state and different solvent models (M06‐2X/6‐311G(d))

III.1 Definition of the model system

• Docking (Flexible) of THA with Ac‐AChBP (Glide 6.3, Prime 3.6)
• Molecular dynamics (MD) of THA‐Ac‐AChBP complexes (Desmond 3.8, CHARMM27,
40 ns)
• QM/QM’ calculations of THA‐Ac‐AChBP complexes (Gaussian09, ONIOM)

The Model system: THA‐Ac‐AChBP
complex (dimer of two subunits) solvated
wih water (TIP3P model)

Results and discussion
III.2 MD simulations analyses

I. Structural features of THA
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IV. QM/QM’ calculations
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Conclusion
 Elucidation of the mode of action of THA with Ac‐AChBP
 Significant contribution of weak intermolecular interactions (chalcogen and halogen
bonding, CH… H‐bonding)
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Work in progress
 Application of the same strategy to other nAChRs agonists acting as insecticides
 Comparison of the binding site properties (structures, energies) of the various systems.
 Investigation of the selectivity of the various compounds (pests with respect to non
target species like honey bees)
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