
21. S. H. E. Kaufmann, E. Hug, U. Vath, G. DeLibero,
Eur. J. Immunol. 17, 237 (1987).

22. Isoelectric focusing gels contained 4% (v/v) ofpH 5
to 7 and 1% (v/v) ofpH 3 to 10 carrier ampholyte
[Servalyt (Serva)], 9M urea, and 2% Triton X-100
(16). After incubation in 2% SDS, 10% glycerin,
and 60 mM tris (pH 6.8) for 15 min, gels were run
on a discontinuous SDS-PAGE system with a linear
gradient of 5 to 20%. Proteins were electroblotted
onto nitrocellulose, membranes were blocked for 1
hour (0.05M tris (pH 7.5), 0.5% casein, and 0.5%
Tween 20), incubated for 12 hours at 4°C with
MAb IAIO, washed in blocking buffer, and incubat-
ed for 1 hour with alkaline phosphatase-conjugated
goat antibody to mouse immunoglobulin G (Pro-
mega, Biotec Madison). Blots were developed with
98 p.M nitrobluetetrazolium, 92 p.M 5-bromo-4-
chloro-3-indolyl phosphate in IM diethanolamine,
and 0.5 mM MgCI2, pH 9.8.

23. The method used for the generation of tryptic
peptides was as follows. The r-65-kD hsp ofM. bovis

was isolated from E. coli M1103 (4) containing the
full-length gene of 65-kD hsp in the expression
vector pPLc 236. The soluble constituents of bacte-
ria were fractionated by ammonium sulfate precipi-
tation. The precipitate that formed between 20%
and 55% saturation of ammonium sulfate was
bound on the anion exchanger Q-Sepharose Fast
Flow (Pharmacia) in 50 mM tris, pH 8.0, and the
65-kD hsp was eluted with a linear gradient of 0 to
0.3M NaCl. For trypsin digestion, the 65-kD hsp
was treated with 8M urea, and after dialyzing against
0.1M ammonium bicarbonate, up to 100 mg of
protein was cleaved overnight at room temperature
with 25 U of immobilized trypsin [N-tosyl-L-phe-
nylalanine chloromethyl ketone-treated, attached to
beaded agarose, (Sigma)]. Ovalbumin was denatur-
ated and trypsinized as described (18).
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Primary Structure of the 0i Subunit of the DHP-
Sensitive Calcium Channel from Skeletal Muscle

PETER RUTH, AXEL ROHRKASTEN, MARTIN BIEL, EVA BOSSE,
STEFAN REGULLA, HELMUT E. MEYER, VEIT FLocKERzI,*
FRANz HOFMANN

Complementary DNAs for the ,B subunit of the dihydropyridine-sensitive calcium
channel of rabbit skeletal muscle were isolated on the basis of peptide sequences
derived from the purified protein. The deduced primary structure is without homology
to other known protein sequences and is consistent with the ( subunit being a
peripheral membrane protein associated with the cytoplasmic aspect of the sarcolem-
ma. The protein contains sites that might be expected to be preferentialiy phosphory-
lated by protein kinase C and guanosine 3',5'-monophosphate-dependent protein
kinase. A messenger RNA for this protein appears to be expressed in brain.

T HE DIHYDROPYRIDINE (DHP)-SEN-
sitive Ca2+ channel seems to play an
important role in excitation-contrac-

tion coupling, and when purified from rab-
bit skeletal muscle, it contains three main
subunits with molecular masses of 165,000
(a,), 55,000 (13), and 32,000 daltons (-y)
(1-9). Both the a1 and the 13 subunits are
substrates for protein kinases in vitro, and
phosphorylation of these subunits may serve
to regulate the in vivo function of the Ca2+
channel (1-5). A disulfide-linked dimer of
130,000- (a2) and 28,000-dalton (8) poly-
peptides has been observed in preparations
of the channel either in variable (6) or
constant (7) amounts with respect to the
other subunits. The subunits have been re-
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constituted and form functional Ca2+ chan-
nels that are modulated by phosphorylation
(10) and by monospecific antibodies for the
al, 1, and y subunits (11). The a, polypep-
tide is the principal transmembrane subunit
ofthe channel and forms the ion-conducting
pore (12). This polypeptide binds DHPs,
phenylalkylamines, and benzothiazepines (1,
2, 6-9) and is readily phosphorylated in
vitro at Ser587 by adenosine 3',5'-mono-
phosphate (cAMP)-dependent protein ki-
nase (4). Microinjection of an expression
plasmid carrying the al-subunit cDNA re-
stores a DHP-sensitive Ca2+ current and
excitation-contraction coupling in dysgenic
muscle (13). It is not known whether these
functions require the presence of the other
channel subunits. The a2 polypeptide has
been cloned (14) and is present in dysgenic
muscle cells (15), which may also contain the
1 and y subunits.
We now report the primary structure of

the 1 subunit from rabbit skeletal muscle as
deduced from cloned cDNA and the tissue
distribution ofthe corresponding mRNA. A
total of eight peptides, six of which were
unique, were isolated from two separate

proteolytic digests of the isolated 1 subunit
(16). In one case the purified channel con-
taining the ,B subunit was phosphorylated by
cAMP-dependent protein kinase before sep-
aration of the subunits. Peptide 1 contained
32% of the recovered radioactivity (recov-
ered radioactivity was 74% of the radioac-
tivity initially present in the ,B subunit). The
remaining radioactivity was associated with
several peptides. Four oligodeoxyribonu-
cleotides, each containing 14 nucleotides
(nt), which were complementary to all pos-
sible cDNA sequences encoding the amino
acid sequence Asp-Met-Met-Gln-Lys (ex-
cluding the third nucleotide residue of the
Lys codon) in peptide 2, were synthesized.
These oligomers were used as specific prim-
ers for reverse transcription of the 1-subunit
mRNA. An equimolar mixture of 64 syn-
thetic 14-nt oligodeoxyribonucleotides,
which were complementary to all the possi-
ble cDNA sequences corresponding to the
amino acid sequence Gly-Tyr-Glu-Val-Thr
(excluding the third nucleotide residue of
the Thr codon) in peptide 2, was used to
probe 2 x 105 transformants. Two clones,
pCaCH,Bl-I and pCaCH,B10-I, which both
contained the coding region for part of
peptide 2, were isolated. In addition, clone
pCaCHIl-I contained the cDNA encoding
peptides 1, 3, 4, and 7. This clone was used
as a probe for cloning larger cDNA se-
quences (Fig. 1A).
The 1835-nt cDNA sequence obtained

contains an open reading frame encoding a
sequence of 524 amino acids (Fig. 1B). The
calculated molecular mass of 57,868 daltons
is similar to that estimated by SDS-poly-
acrylamide gel electrophoresis (55 kD). The
cDNA contains all sequenced peptides. The
NH2-terminus of the isolated C subunit was
blocked and could not be sequenced. We
selected the first methionine (amino acid 1)
rather than the second methionine (amino
acid 7) as the translation initiation site be-
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