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            Abstract
Natural products that elicit discomfort or pain represent invaluable tools for probing molecular mechanisms underlying pain sensation1. Plant-derived irritants have predominated in this regard, but animal venoms have also evolved to avert predators by targeting neurons and receptors whose activation produces noxious sensations2,3,4,5,6. As such, venoms provide a rich and varied source of small molecule and protein pharmacophores7,8 that can be exploited to characterize and manipulate key components of the pain-signalling pathway. With this in mind, here we perform an unbiased in vitro screen to identify snake venoms capable of activating somatosensory neurons. Venom from the Texas coral snake (Micrurus tener tener), whose bite produces intense and unremitting pain9, excites a large cohort of sensory neurons. The purified active species (MitTx) consists of a heteromeric complex between Kunitz- and phospholipase-A2-like proteins that together function as a potent, persistent and selective agonist for acid-sensing ion channels (ASICs), showing equal or greater efficacy compared with acidic pH. MitTx is highly selective for the ASIC1 subtype at neutral pH; under more acidic conditions (pH < 6.5), MitTx massively potentiates (>100-fold) proton-evoked activation of ASIC2a channels. These observations raise the possibility that ASIC channels function as coincidence detectors for extracellular protons and other, as yet unidentified, endogenous factors. Purified MitTx elicits robust pain-related behaviour in mice by activation of ASIC1 channels on capsaicin-sensitive nerve fibres. These findings reveal a mechanism whereby snake venoms produce pain, and highlight an unexpected contribution of ASIC1 channels to nociception.
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                    Figure 1: 
                        Heteromeric toxin from Texas coral snake activates somatosensory neurons.
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Figure 2: 
                        MitTx activates ASICs.
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Figure 3: 
                        ASICs are the neuronal receptor for MitTx.
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Figure 4: 
                        MitTx elicits pain behaviour through ASIC1- and TRPV1-expressing nociceptors.
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                MitTx-α, MitTx-μ and MttPLA2 cDNA sequences are deposited in GenBank under accession numbers JN613325, JN613326 and JN613327, respectively.
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        Editorial Summary
Coral snake's potent toxin identified
The bite of the Texas coral snake, although not fatal, causes excruciating and long-lasting pain. The toxin involved has now been characterized. The purified active component (MitTx) results from an unusual combination of two housekeeping enzymes, the dimerization of which produces a potent and selective activator of the acid-sensing ion channel ASIC1. Activation of ASIC1 recruits primary afferent nociceptors that detect thermal and inflammatory pain. The identification of MitTx, and the unexpected involvement of ASIC1 channels in nociception, open new routes for the study of these ion channels in particular, and pain research in general.
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