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Probing the interaction between psalmotoxin 1 and acid sensing ion channel 1a, an analgesic
drug target
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Acid sensing ion channel la (ASICla) is one of the primary acid sensors in the peripheral and central
nenous system, and it has emerged as weent@mmget for the dedopment of drugs to treat chronic pain,
neurodgeneration, and possibly depression (Sletkal., 2009).The only knen selectve inhibitor of ASIC1a is
psalmotoxin-1 (PcTx1), a 40-residue disulfide-rich peptide isolated frometia@nv of the Trinidad clveon
tarantulaPsalmopoeus cambridgel. PcTx1 is a potent blocker of ASICla (0.5nM) but it does not inhibit
other ASIC subtypes (Escoubas al., 2000). RemarkablyPcTx1 has analgesic activity comparable to
morphine in rat models of acute pain (Mazzwtaal., 2007). With a vigv to using PcTx1 as a lead for
development of neel analgesics, we deloped an efficient bacterial expression system for production of
recombinant toxin and determined a high-precision structure using 3D/4D triple resonance NMR spgctroscop
Site-directed mutagenesivealed a highly cationic pharmacophore located within one of the intercystine loops.
Molecular dynamics simulations in combination with NMR spin relaxation and relaxation dispersion
measurements vealed significant motion in this loopver a wide range of timescales (ps to ms), thus
precluding the use of rigid body docking protocols for modelling the toxin:channel corhpitead, we used
HADDOCK (Dominguezet al., 2003) to dock the toxin onto a homology model of rat ASICla (rASICley. K
interacting residues identified from mutagenesis of the toxin and the channel were used as ambiguous
interaction restraints and the sidechains of residues at the interaction interface were alloweel torimp
simulated annealing and refinement. The resulting model of the PcTx1:rASIClaxoevgds a neel mode
of interaction dominated by ion pair interactiongoiming arginine residues in tHghairpin loop containing the
toxin pharmacophore. The toxin:channel model is currently being used flico screening of chemical
libraries to find nonpeptide mimetics of PcTx1.
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Conotoxins targeting voltage-gated sodium channels: Designing new analgesics
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p-Conotoxins are a group of toxins from predatory marine cone snails that taltggev@ted sodium
channels (VGSCs), blocking the passage of sodium ions through the chameell $suronal VGSC subtypes
have been implicated in the perception of pain; as such, modulators of these subtyp@$©$ ‘ould hae
potential therapeutic use as analgegiesonotoxin KIIA (u-KIlIA) shows potent analgesic activity follong
its systemic administration in mice (Zhagtcal., 2007). Structure-activity studies indicated that tbg fesidues
important for VGSC-blocking astity (K7, W8, R10, D11, H12, R14) mostly resided on an alpha-helical motif
and that the first disulfide bond could be reetbwithout significant loss of activity (Khoet al., 2009). These
findings suggested a route for minimizatiorueKIlIA by retaining the ley residues on aa-helical scaffold.

In stabilizinga-helices, the use of,(i+4) lactam bridges has pen to be a sccessful approach. For a
mimetic of u-KIlA, the result that Cys9 can be replaced with no significant loss ivitsgaienerates a position
in the helix that can be substituted to form a helix stabilizirig-4) lactam bridge to either residue 5 or 13, both
of which are non-essential residues and are replaceableawdesigned and synthesizedraml analogues of
u-KIIlA; all of them are truncated at both N- and C-terminal ends, and the remaining sequence is stabilized by a
lactam bridge at strategic locations. The helicity of the six lactam analogues has been analysed using NMR
spectroscop and molecular modelling, and their activitiessedeen tested against a range @&SC subtypes.
Our findings highlight important structure-activity relationships and provide a basis for the design of ne
minimized peptides and helical mimetics ageh@analgesics.
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Subverting the biological actions of Conus peptidesto modulate physiological responses
R.J. French, Department of Physiology & Pharmcology and Hotchkiss Brain Institute, University of Calgary,
Calgary, Alberta T2N 4N1, Canada. (Introduced by David J. Adams)

The peptides from arious Conus venoms hae keen grouped by Qlera (1997) into cabals, whose
members hae g/nemistic actions een though members of a single cabal mayehafferent targets. ér
example, members of the motor cabal may inhibit muscle contraction and induce flaccid paralysis by blocking
either neuromuscular transmission, or by targeting muscle sodium channels to block the generation of muscle
action potentials. On the other hand, different members of the lightning bkl appear to inducedtotoxic
shock, with rapid-onset rigid paralysis, by inhibition of sodium channel atioti and by block of eltage-
gaed potassium channels. Actions ©bnus peptides, studied in species other than the naturgl pase
revealed cases of unexpected and specific targeting which open possibilities for pharmacological modulation of
a variety of processes. Examples include cerjaiconotoxins, nominally considered to be members of the
motor cabal, which inhibit particular neuronal sodium channel isoforms more strongly than their canonical
target from skeletal muscle. Thus, in a mouse magebnotoxin KIIIA has performed morefettively as an
analgesic than lidocaine (Zhamtyal., 2007). Conkunitzin-S1, a member of the Kunitz inhibitor family of
peptides, blocks certairoltage-@ted potassium channels (Bayrhubteal., 2005) and thereby has the potential
to enhance electricalubsting actiity. The molecular correlates and physiological consequences of these
surprising and striking actions are becoming evident.
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Calcium, Vcl.1 and a9a10 nicotinic acetylcholine receptors
M. Chebib, N. Absalom, G. Liang, E. Pera, C. Chu and H-L. Kim, Faculty of Pharmacy A15, The University of
Sydney, NSW 2006, Australia.

Nicotinic acetylcholine receptors (nNAChRs) areatig-gated ion channels wolved in fast synaptic
transmission. NAChRs are pentameric coxgddormed from a combination of alpha and betausits to form
heteromeric channels, or alpha subunits alone in the case of homomeric channels. Stoichiofeetricedif
have been conclusiely shown to exist witha4p2 nAChR subtypes ((4)3(32)2 and ¢4)2(32)3) and that
calcium permeability differs between theatweceptor populations épiaet al., 2007). Thea9a10 heteromeric
complecis found in inner hair cells, and is potently and selelstiinhibited by the conotoxins Vcl1.1 and RglA
(Vincler et al., 2006; Halaiet al., 2009). Its been shown to exist as one stoichiometric populat@)2(10)3)
(Plazaset al., 2005). We have investigated the roles of both stoichiometry @®a10 receptors and calcium
concentration on conotoxin inhibition ofCh-evoked currents heterologously expressed in Xenopus/tesc
We have altered intracellular and extracelluar calcium concentrations, and the rati® afd al0 sulunit
MRNA to change the relate ébundance of the subunits to infer stoichiome®ur data she that Vcl.1, bt
not RglA or atropine, inhibita 9a10 receptors in a biphasic manner under the varying conditions and infer that
these receptors exist in at leasb tsioichiometric forms.
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Analgesic conotoxins: modulation of voltage-gated calcium channelsin pain pathways
D.J. Adams, Health Innovations Research Institute, RMIT University, Melbourne, VIC 3083, Australia.

The small and highly structured peptides found in the venom of marine cone sgeilsataide ariety
of membrane receptors and ion channels in normal and diseased states. A number of these peptides (conotoxin
have shown eficacyin vivo including inhibitors of weltage-gted sodium (Ng and calcium (Cg channels and
nicotinic acetylcholine receptors (NnAChRs) which are in preclinicaéldgment for the treatment of chronic
and neuropathic pain. A number of structurally relateconotoxins bind directly to and sele®y inhibit N-
type calcium channels of nocicemidrsal root ganglion (DRG) neurons. Among theseonotoxin MVIIA
(Prialt) still maintains its orphan drug status as a valuable altegratiathecal analgesic for the management
of chronic intractable pain, especially in patients refractory to opioidslyNdiscovered w-conotoxins from
Conus catus are more potent and seleetifor N-type (Cg2.2) calcium channelsver other Cgs (Bereckiet al.,
2010). Furthermore, in spinal cord slices, these peptidearsilely inhibited excitatory monosynaptic
transmission between primaryfeents and dorsal horn superficial lamina neurons. In the rat partial sciatic
nene ligation model of neuropathic paimy-conotoxins CVIE and CVIF significantly reduced allodynic
behaviour Another family of conotoxins, tha-conotoxins, competitgly inhibit NAChRs and bind at the
interface between specific subunits walilog them to discriminate among different nAChR subtypes.
a-Conotoxins Vcl.1 (ACV1) and RglA are small disulfide bonded peptides currentiw@opiment as a
treatment for neuropathic painiféler et al., 2006). It was proposed that the primary target of Vc1.1 and RglA
is thea9a10 neuronal n&€hRs. Surprisinglyhoweve, we found that Vcl.1 and RgIA more potently inhibit the
N-type (Ca2.2) Ca&"* channel currents in rat sensory neureizsa wltage-independent mechanisnvalving
the G protein-coupled GAB, receptor (GAR\;R) (Callagharet al., 2008). This was the first demonstration of
a-conotoxins actingia the G protein-coupled GAB,R modulating natre Ca 2.2 channels. Recent molecular
studies confirm that Vcl.1 and RglA inhibit N-type 2Cahannelsvia GABAgR eactivation. Transient
transfection of DRG neurons with small interfering RNAs (siRNAs) to knock-down theAGRBeduced
mMRNA levds for GABA sulunits by >50% compared to control cells and suppressedAgRBorotein
expression. Whole-cell patch clamp recording of DRG neurons conducted 1-3 days after transfection
demonstrated that knockdown of functional GRR expression significantly reduced the inhibition of N-type
C&* channels in response to both baclofen and Vc1.1. This was in contrast to neurons transfected with a non:
targeting sSiRM which were indistinguishable from untransfected neurons, confirmingrtbahotoxin Vcl.1
modulates N-type C& channelsvia activation of GABAZR in DRG neurons. Our current findingsvieathe
potential to introduce a paradigm shift in thinking about the targets-aanotoxins. GAB R may play a
critical role in pain pathways and are a clear therapeutic target for these and modified conotoxins.
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