BOX 17.1

TORPEDO ELECTRIC ORGAN

The majority of proteins known to be localized to neuromuscular synapses were first identified in postsynaptic membranes isolated from the electric organ of the marine ray Torpedo. Indeed, this specialized tissue has been essential for the identification and purification of AChR, AChE, Rapsyn, Syntrophin, Agrin, MuSK, and several synaptic vesicle proteins. The electric organ is a particularly homogeneous and abundant source of pre- and postsynaptic membranes that are similar in structure and function to those at neuromuscular synapses. The biochemical advantages of the electric organ are evident from its anatomy. The postsynaptic cell, which differentiates initially as a syncitial skeletal muscle fiber but subsequently loses its contractile machinery, is termed an electroplaque. Each electroplaque is a thin, elongated cell (1 cm× 1 cm× 10 μm) that is so densely innervated that nearly one-half of the electrocyte membrane is studded by nerve terminals. In contrast, nerve terminals occupy less than 0.1% of the cell surface of a skeletal myofiber. Because of this dense innervation and because the electric organ from a moderate size ray weighs several kilograms, it is possible to obtain several mg of purified postsynaptic proteins from a single electric organ. 

Innervation is restricted to the ventral surface of the electroplaque, whereas the dorsal surface is enriched for the sodium/potassium ATPase that maintains the resting potential. Because the electroplaque lacks action potentials, activation of AChRs on the innervated ventral surface results in a voltage drop across the innervated but not the noninnervated membrane of the electrocyte. Since thousands of electroplaques are stacked closely one upon another, the potential difference across a single electrocyte is summated by the stack of electroplaques, resulting in a several thousand volt potential difference across the entire electric organ, a voltage that is sufficient to stun prey.

Steven J. Burden and Peter Scheiffele
