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The pentameric ACh-binding proteins (AChBP) from water snails are soluble structural and pharmacological surrogates 
of the extracellular, ligand-binding domain of nicotinic ACh receptors (nAChRs)1. As such they offer pertinent models 
for studying the modes of binding of nicotinic effectors and the associated conformational changes, and correlate them 
with functional alteration of the nAChR channel. Crystal structures of AChBP complexes revealed that nicotinic agonists 
and competitive antagonists bind primarily within a nest of aromatic side chains, contributed by loops C and F located 
on opposing faces of each subunit interface, and induce a range of loop C conformations that modulate the size and 
shape of the binding pocket2-4. 

The macrocyclic imine phycotoxins belong to an emerging class of chemical agents associated with marine algal 
blooms and shellfish toxicity. Binding and voltage-clamp recordings on muscle-type and neuronal nAChRs revealed 
subnanomolar affinities dictated by slow dissociation, potent antagonism, and varying levels of nAChR subtype 
selectivity. Crystal structures of the complexes showed that common AChBP determinants imbedded within the 
aromatic nest confer high affinity binding to the toxins, while distinctive determinants brought about by loop F and 
located within the nest, or extending outside the nest towards apical, radial or ‘membrane’ subsites of the interface, 
dictate either broad or narrow nAChR subtype selectivity by the toxins5-7. 

Based on these data, new organic compounds aimed at pinpointing the minimal chemical motif that dictates 
antagonism were designed, synthetized and analyzed relative to nAChRs and AChBP8. Structural analysis of the 
complexes showed that the spiroimine core common to these compounds is the major component of their mode of 
binding, while the surrounding substituents are involved into nAChR subtype specificity. 

These data identify distinctive ligands, functional determinants and binding sites for the design of new drugs targeting 
disease-associated nAChR subtypes. 
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