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Purification of Acetylcholine Receptors from the Muscle of

Electrophorus electricus®

J. M. Lindstrom,* J. F. Cooper, and L. W. Swanson

ABSTRACT: Muscle from the electric eel Electrophorus elec-
tricus contains acetylcholine receptors at 50 times the con-
centration of normal mammalian muscle and fully one-tenth
the concentration of receptors in its electric organ tissue.
Receptor is organized much more diffusely over the surface
of Electrophorus muscle cells than is the case in normally
innervated mammalian skeletal muscle. Receptor was purified

Acetylcholine receptors were first purified from the electric
organs of the electric eel Electrophorus electricus 10 years
ago (Biesecker, 1973; Karlin & Cowburn, 1973; Klett et al.,
1973; Meunier et al., 1974; Chang, 1974; Lindstrom & Pat-
rick, 1974), but we only recently checked skeletal muscle of
Electrophorus for its content of receptor. Surprisingly, it
contains much more receptor than does innervated mammalian
muscle, and even more than denervated or fetal muscle.
Previously we (Lindstrom et al., 1980) found that acetyl-
choline receptors purified from electric organ tissues of
Electrophorus were composed of four subunits corresponding
to the «, 8, v, and & subunits of receptor from the electric organ
tissue of the electric ray Torpedo californica (Weil et al., 1974;
Raftery et al., 1975). Subsequent determination of the N-
terminal amino acid sequence of each of these subunits showed
that they were present in the same ;348 stoichiometry
(Reynolds & Karlin, 1978; Lindstrom et al., 1979a,b; Raftery
et al., 1980) observed in receptor from Torpedo and that, as
in Torpedo, there was substantial amino acid sequence hom-
ology between the «, 8, vy, and & subunits of Electrophorus
(Conti-Tronconi et al., 1982). These results indicated that
these subunits evolved by duplication and reduplication of a
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from Electrophorus muscle by affinity chromatography on
cobra toxin—agarose and found to contain subunits which
correspond immunochemically to the «, 8, v, and & subunits
of receptor from electric organ tissue of Torpedo californica.
Receptor purified from Electrophorus muscle appears virtually
identical with receptor purified from Electrophorus electric
organ tissue.

primordial gene and that the subunit stoichiometry was es-
tablished before the divergence of primitive vertebrates into
cartilaginous and bony fish some 400 million years ago.
Electric organ tissue evolved from muscle tissues inde-
pendently in several genuses (Bennett, 1970; Mellinger et al.,
1978). The presence of a relatively high concentration of
receptor in Electrophorus gave us a chance to purify significant
amounts of receptor from two related tissues in one animal
and compare their structures. This is an especially interesting
question because acetylcholine receptors in muscle are known
to change several of their properties asynchronously during
development (Dennis et al., 1981) and because receptor from
normally innervated muscle differs in properties like channel
open time (Sakman, 1978) or reaction with some antibodies
(Weinberg & Hall, 1979) from receptors in denervated or fetal
tissue, yet has apparently similar subunit structure (Nathanson
& Hall, 1979; Sumikawa et al., 1982). These studies of re-
ceptor from normal and denervated muscle were complicated
by the fact that only tiny amounts of receptor were obtained,
and this was so proteolytically degraded that all four types of
receptor subunits could not be detected. It has only recently
become possible to purify significant amounts of receptor from
fetal bovine muscle with «, 3, v, and § subunits immuno-
chemically demonstrable (Einarson et al., 1982). Muscle from
Electrophorus has 4 times the receptor concentration of fetal
bovine muscle. In addition to their relevance to studies of
changes in receptor during muscle development, comparative
studies of receptor from electric organ and muscle are relevant
to studies of changes in receptor during evolution and provide
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