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using ligand-based approaches. A large number of ligand-based
studies on NNRs have been conducted to explore NNR quan-
titative structure-activity relationships, identify pharmacophoric
elements, and design novel and subtype selective NNR agents. Our
studies will highlight examples of ligand-based modeling strate-
gies of NNR ligands using a variety of methodologies (random
forest, k nearest neighbors, Bayesian, shape and similarity based
pharmacophore, etc.) with data based on orthosteric agonists and
antagonists at 2432, a7, a334 and/or a632* NNR subtypes. We will
also briefly discuss application to ligand development for therapy.
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We have used known nicotinic acetylcholine receptor (nAChR) lig-
ands, as well as important elements of their pharmacophores, to
design and synthesize novel nAChR ligands using the twin drug
approach. Either two identical or two non-identical pharmacolog-
ical entities were combined in different ways (linker, no linker,
overlap). For example, we generated heterodimer ligands with one
part derived from antioxidants, NSAIDs, scaffolds for monoamine
related targets, or for beta-amyloid interaction and the second part
derived from a nicotinic ligand. In a first approach to evaluate
the effect of these compounds on diverse nAChRs, the compounds
synthesized were tested for their affinities for different nAChR sub-
types using the radioligands [3H]epibatidine (a4p2* a3B4* and
muscle type nAChRs) and [3H]methyllycaconitine (a7* nAChRs).
We also tested these compounds on membrane fractions from rat
brain, pig adrenals, and Torpedo californica electroplax in com-
petition assays. A broad spectrum of affinities (e.g. Ki values for
a4f32*: <10nM to >10,000 nM) provided important insights into
structure-affinity relationships. These studies will result in novel
compounds that could ultimately be useful for development of
therapeutics to treat disorders involving nAChR dysfunction.
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a-Conotoxin AulB, a disulfide-bonded peptide of 15 amino acids
with a 4/6 intercysteine spacing, inhibits the a3[34 nicotinic acetyl-

choline receptor (nAChR) subtype, which is a predominant subtype
in the peripheral nervous system [1,2]. The ribbon isomer of AulB
has been shown to be more potent than the native AulB (globu-
lar isomer) and to discriminate between stoichiometries of o334
nAChRs expressed in Xenopus oocytes [3]. AulB also inhibits high
voltage-activated N-type calcium channels in rat DRG neurons via
the activation of G protein-coupled GABAg receptors [4]. Interest-
ingly, a-conotoxin AulB possesses analgesic activity in vivo and,
therefore, may be a potential drug lead for treating chronic and
neuropathic pain. In order to develop improved drugs void of side
effects, it is necessary to understand the molecular determinants
of AulB binding to its putative targets: GABAg receptor vs. o34
nAChR. The aim of the present study was to determine the crit-
ical amino acid residues of AulB responsible for its interaction
with o334 nAChRs. Alanine scanning mutagenesis of the native
AulB peptide was carried out to construct AulB alanine-substituted
analogues which were tested in Xenopus oocytes expressing rat
a3 and 34 subunits. Two-electrode voltage clamp recording was
used to assess the effect of AulB and its analogues (3 wM) on the
ACh-evoked current amplitude. Phenylalanine to alanine muta-
tion at position 9 of AulB abolished inhibition of o334 nAChRs,
whereas substitution of glycine at position 1 with alanine signifi-
cantly reduced inhibition (18.0 + 10.5%, n=3) compared to native
AulB (48.5+6.9%, n=7) (p<0.05). Mutation of residues other than
cysteine and proline, which are known to disrupt the tertiary
structure of a-conotoxins, did not significantly reduce the inhibi-
tion of ACh-evoked currents compared to native AulB. Subsequent
homology modelling/docking simulation was performed using a
homology model of the rat (a3);(34); nAChR. The results sug-
gest that interaction of AulB Phe9 with Lys81 and Trp79 on the
34 nAChR subunit may be essential for AulB binding/interaction
on o334 nAChR. In conclusion, we have identified phenylalanine
at position 9 as the critical residue for specific interaction of AulB
with the 334 nAChR. Future studies using site-directed mutagen-
esis of the 34 subunit are required to further dissect the mechanism
of AulB binding/interaction on o334 nAChR.
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Acetylcholine binding proteins have provided a wealth of infor-
mation on structure of the extracellular domain of the Cys-loop
ligand-gated ion channels since their initial report by Sixma and
colleagues. The availability of high resolution X-ray crystal struc-
tures of these proteins in complex with various nicotinic ligands
has provided an atomic resolution view of the determinants of
ligand recognition. In turn, this has provided opportunities for
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