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Properties of the H+-activated channel. a. Examples of ion currents at –70 mV caused by 

a rapid change from pH 7.4 to 6.0.  b. pH response curves showing current change 

normalized to the maximal current. c. Charge-voltage relations. The charge is calculated 

as the integration of the ionic current during the pH change and represents the total 

amount of ions (coulombs) passing through the channels.  d. Example of an experiment 

to obtain the current-voltage relation. e. Current-voltage relations for Ca2+ (1.2 mM), Li+ 

and Na+ (both 140 mM) to show relative permeabilities. f. Proton currents through the 

channel. 

 

Source: Waldmann R, Champigny G, Bassilana F, Heurteaux C and Lazdunsk M (1997) 

A proton-gated cation channel involved in acid-sensing. Nature 386:173–177 
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Speculative model for the role of ASIC1a at the synapse. In the postsynaptic membrane, 

ASICs could respond to protons released from presynaptic neurotransmitter (NT)-

containing vesicles (neurotransmitter-containing vesicles are acidic due to the activity of 

a H+-ATPase). The response, which would be expected to depolarize the membrane 

potential and raise intracellular Ca2+ concentration, could influence other receptors and 

signaling proteins. This model predicts that ASIC1a currents will be activated during 

neurotransmission —not detected so far in brain slices and cultured neurons. 

 

Source: Wemmie JA, Price MP, Welsh MJ (2006) Acid-sensing ion channels: advances, 

questions and therapeutic opportunities. Trends in Neuroscience 29:578–586. 











 

 

 

 
 

Figure 4. Loss of ASICs disrupts conditioned fear and pain. (a) On day 1, animals 

received aversive footshocks, which were paired with the training environment (context) 

or a tone. On day 2, the conditioned freezing responses to the context and tone were 

measured. Disruption of the gene encoding ASIC1a reduced the freezing response on day 

2 to both context and tone. (b) Paw withdrawal before and after intramuscular injection 

of acid (pH 4.0). Disruption of the gene encoding ASIC3 reduced post-injection 

hyperalgesia. Asterisks indicate P < 0.05. 

 

Source: Wemmie JA, Price MP, Welsh MJ (2006) Acid-sensing ion channels: advances, 

questions and therapeutic opportunities. Trends in Neuroscience 29:578–586. 





 
 
 

 
 

Figure 3. Vestibules and possible ion permeation pathways. a, An electrostatic 
potential surface and cartoon representation of ASIC1mfc sliced along the molecular 
three-fold axis of symmetry.  b, Illustration of the radius of possible pathways along the 
three-fold axis (red < 1.4 Å < green < 2.3 Å < purple). 

 
Source: Gonzales EB, Kawate T & Gouaux E (2009) Pore architecture and ion sites in 
acid-sensing ion channels and P2X receptors. Nature 460:599-604. 







 

 

 

 



 

 

 

 
 

Heteromeric toxin from Texas coral snake activates somatosensory neurons 

a, M. t. tener venom (0.1 mg ml-1) activates cultured neurons as assessed by ratiometric 

calcium imaging. Pooled venom fractions lacking neuron-specific activity (inactive fxns) 

produced only weak signals in non-neuronal cells (color bar indicates relative calcium 

levels). b, The Texas coral snake. c, Homology-based predicted structural models of 

MitTx subunits. 

 

Source: Bohlen CJ, Chesler AT, Sharif-Naeini R, Medzihradszky KF, Zhou S, King D, 

Sánchez EE, Burlingame AL, Basbaum AI, Julius D (2011) A heteromeric Texas coral 

snake toxin targets acid-sensing ion channels to produce pain. Nature 479:410–414. 



 

 

 

 

 

 

 

 
 

MitTx activates ASICs  b, Voltage-clamp recordings show that ASIC1b-expressing 

oocytes respond to both extracellular acidification (H+, pH 4) and MitTx (MitTx-! and  

MitTx-" combined). Toxin-evoked responses were blocked by amiloride (Amil, 1!mM). 

c, MitTx (75!nM)-evoked currents are comparable in magnitude to pH-4-evoked currents 

in ASIC1b-expressing oocytes. Toxin responses are non-desensitizing and persistent 

compared with transient proton-evoked currents. Vertical scale bars, 1!#A; horizontal 

bars, 1!min; Vh = $60 mV. 

Source: Bohlen CJ, Chesler AT, Sharif-Naeini R, Medzihradszky KF, Zhou S, King D, 

Sánchez EE, Burlingame AL, Basbaum AI, Julius D (2011) A heteromeric Texas coral 

snake toxin targets acid-sensing ion channels to produce pain. Nature 479:410–414. 





 
 

“Deadly snake venom delivers pain relief. Proteins from the black mamba could 

inspire painkilling drugs.” By Helen Shen 

 “With a series of swift bites, the black mamba injects a toxic cocktail that can kill 

a human within 20 minutes. But among the compounds that squirt from the snake’s fangs, 

two proteins can block pain in mice as effectively as morphine — and with fewer side 

effects, according to a study published today in Nature1. 

 The snake proteins — called mambalgins — were discovered as part of a search 

for alternatives to opiate drugs such as morphine. Many patients grow tolerant of opiates, 

requiring higher doses over time, and the drugs often cause side effects such as nausea, 

constipation and drug dependency. 

 “It’s important to try to develop new drugs that can have complementary or 

different types of action,” says Eric Lingueglia, a molecular physiologist at the Institute 

of Molecular and Cellular Pharmacology in Valbonne, France. He and his colleagues 

identified the proteins from the black mamba (Dendroaspis polylepis) after testing about 

50 different animal venoms. 

 The team found that mice injected with mambalgins could withstand hot water on 

their tails and paws for about twice as long as untreated animals. The snake proteins also 

reduced hypersensitivity to pain following tissue inflammation. Over 5 days of repeated 

treatment the mice developed a tolerance for both opiates and mambalgins, but the effect 

was less pronounced with the snake-venom proteins. 

 Mambalgins also did not slow the mice's breathing rate, a potentially dangerous 

side effect of opiods that can complicate their use.” 

 

Source: Nature doi:10.1038/nature.2012.11526. 



 

 

 

 

Mambalgins represent a new class of three-finger toxins targeting ASIC channels. 

a, Black mamba venom (0.1!mg ml!1) reversibly inhibits rat ASIC1a current expressed 

in Xenopus oocytes. b, Three-dimensional model of mambalgin-1 (disulphide bridges in 

yellow). c, Electrostatic properties of mambalgin-1 and human ASIC1a channel (on the 

basis of the three-dimensional structure of chicken ASIC1a29) with positive and negative 

isosurfaces in blue and red, respectively. d, e, Inhibition of rat ASIC channels expressed 

in COS-7 cells (applied before the pH drop as in a). 

Source: Diochot S, Baron A, Salinas M, Douguet D, Scarzello S, Dabert-Gay A-S, 

Debayle D, Friend V, Alloui A, Lazdunski M, Lingueglia E (2012) Black mamba venom 

peptides target acid-sensing ion channels to abolish pain. Nature 490:552–555. 



 

 

 

 
 

 

The central analgesic effect of mambalgin-1 shows reduced tolerance compared with 

morphine, no respiratory depression and involves the ASIC2a subunit. 

a, Repeated intrathecal injections of mambalgin-1 induce less tolerance than morphine at 

concentrations giving the same analgesic efficacy (n = 10, comparison with vehicle (*) or 

morphine (#)). b, Mambalgin-1 (i.t., intrathecal) induces no respiratory depression unlike 

morphine (i.t., intrathecal or i.p., intraperitoneal), 0.01 and 0.4!mg per mouse, 

respectively; n = 4–7, comparison with vehicle unless specified). 

Source: Diochot S, Baron A, Salinas M, Douguet D, Scarzello S, Dabert-Gay A-S, 

Debayle D, Friend V, Alloui A, Lazdunski M, Lingueglia E (2012) Black mamba venom 

peptides target acid-sensing ion channels to abolish pain. Nature 490:552–555. 


