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A rat brain cDNA probe was used to localize a gene en- 
coding the crl subunit of neuronal dihydropyridine-sensi- 
tive L-type calcium channels in the mouse and human ge- 
nomes. Hybridization of the probe to Southern blots made 
with DNAs from a Chinese hamster X mouse somatic cell 
hybrid panel indicated that this gene maps to mouse chro- 
mosome 14 (Chr 14). Southern blot analysis of an intersub- 
species cross demonstrated that the calcium channel al sub- 
unit gene, termed Cchlla2, can be positioned 7.5 CM proxi- 
mal to iVp-I. Similarly, segregation among human X rodent 
somatic cell hybrids indicated that CCHLlA2 maps to hu- 
man chromosome 3. These assignments are consistent with 
a region of linkage homology between human chromosome 
3p and a proximal region of mouse Chr 14. o 1991 Academic 

Press, Inc. 

INTRODUCTION 

Calcium entry through voltage-sensitive calcium 
channels (VSCC) mediates several essential physio- 
logic functions, including muscle contraction and neu- 
rotransmitter and hormone secretion. Multiple types 
of VSCCs, designated T, N, L, and P, have been iden- 
tified in vertebrate cells, based on their electrophysio- 
logic and pharmacologic properties (Nowycky et al, 
1985; Llinas et aZ., 1989). The slowly inactivating L- 
type VSCC is activated by strong depolarization and 
is sensitive to organic Ca2+ channel blockers such as 
1,4-dihydropyridines (DHPs), phenylalkylamines, 
and benzothiazepines. L-type calcium channels were 
first purified from rabbit skeletal muscle T-tubule 
membranes and have been shown to have multimeric 
structure consisting of five distinct polypeptide sub- 
units (al, (~2, /3, y, 6; reviewed in Campbell et aZ., 1988; 
Catterall et al., 1988). Detailed biochemical and molec- 
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ular cloning studies further indicate that the func- 
tional protein of the DHP-sensitive L-type calcium 
channel is the large, transmembrane al subunit. 
cDNA clones encoding al subunits isolated from skel- 
etal and cardiac muscles express functional calcium 
channel activity when transfected into fibroblasts or 
microinjected into myotubes (Perez-Reyes et al., 
1989; Tanabe et al., 1988). Recently, we isolated a 
third type of al subunit cDNA (DHPR-B) from rat 
brain cDNA libraries based upon shared sequence ho- 
mology with the skeletal muscle (~1 subunit cDNA 
(Chin et al, 1991). In brain, the DHPR-B cDNA 
identified an - lo-kb mRNA transcript that is prefer- 
entially localized in those areas involved in neuroen- 
docrine functions. The skeletal muscle, cardiac mus- 
cle, and brain types of the al subunit cDNA share a 
high degree of structural homology and nucleotide se- 
quence conservation and are encoded by separate 
genes. Here we report the chromosomal locations in 
mouse and humans of the gene encoding the al sub- 
unit of the neuronal calcium channel. 

MATERIALS AND METHODS 

Somatic Cell Hybrids 

Production and characterization of Chinese ham- 
ster X mouse somatic cell hybrids have been described 
previously (Hoggan et al., 1988). Panels of human 
X mouse and human X Chinese hamster cell lines 
containing subsets of human chromosomes in a ro- 
dent chromosome background were previously de- 
scribed (McBride et al., 1982a,b, 1984). Both sets of 
hybrids were characterized by karyotypic analyses of 
banded mitotic chromosomes and electrophoretic as- 
says of human or mouse biochemical markers (Hog- 
gan et al., 1988; McBride et aZ., 1982a,b, 1984). 

Mice 

NFS/N strain mice were obtained from the Divi- 
sion of Natural Resources, NIH (Bethesda, MD). 
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C58/J mice were obtained from The Jackson Labora- 
tory (Bar Harbor, ME). Mus musculus musculus mice 
came from a laboratory colony derived from mice orig- 
inally trapped in Skive, Denmark, and maintained by 
Dr. M. Potter (NCI, NIH, Contract NOl-CB2-5584) 
at Hazleton Laboratories (Rockville, MD). NFS/N or 
C58/J females were mated with M. m. musculus 
males, and the Fl females were backcrossed with M. 
m. musculus males to produce the experimental ani- 
mals. Kidney extracts from the backcross progeny 
were typed for Np-1 (nucleoside phosphorylase-1) 
and Es-10 (esterase-10) by histochemical staining on 
starch gels (Harris and Hopkinson, 1976). Rbp-3 (in- 
terphotoreceptor retinoid-binding protein) was typed 
by Southern blot analysis for an XbaI polymorphism 
(Danciger et al., 1990). 

Blot-Transfer Hybridization 

DNAs were extracted from Chinese hamster 
X mouse cell hybrids and mouse livers, cleaved with 
appropriate restriction enzymes, run on 0.4% (back- 
cross progeny) or 0.7% (somatic cell hybrids) agarose 
gels, and transferred to nylon membranes (Hybond 
N+ or Zetabind). The presence of the brain calcium 
channel cul subunit gene in the hybrid cell lines was 
assayed by Southern blots (Southern, 1975) using a 
32P-labeled insert representing a 740-bp EcoRI- 
BstXI 5’ fragment of the DHPR-B cDNA (Chin et al., 
1991). The probe was labeled by a random hexomer 
priming method (Sambrook et al., 1989). Hybridiza- 
tions and washings were performed under moderate 
stringency to allow detection of sequences with 20- 
25% divergence. 

RESULTS 

Cchlla Maps to Mouse Chr 14 

To map the gene encoding an al subunit of neuro- 
nal L-type Ca2+ channels, we analyzed EcoRI restric- 
tion fragments of genomic DNA prepared from a num- 
ber of Chinese hamster X mouse somatic cell hybrids. 
EcoRI was chosen for these digests since it generates 
distinctive restriction fragments of 6.0 kb in mouse 
DNA and 2.2 and 3.9 kb in Chinese hamster cell DNA 
when hybridized with the rat brain calcium channel 
(~1 subunit cDNA probe. 

The presence or absence of EcoRI restriction frag- 
ments hybridizing with the DHPR-B cDNA probe 
was scored in a panel of 21 Chinese hamster X mouse 
somatic cell hybrids, as indicated in Table 1. A typical 
Southern blot from which these data were derived is 
shown in Fig. 1. Six of the somatic cell hybrids con- 
tained the 6.0-kb EcoRI mouse fragment. The results, 
summarized in Table 1, indicate that the gene encod- 
ing this protein, designated Cchlla2, can be assigned 

TABLE 1 

Segregation of CchZlu2 Caa+ Channel crl Subunit 
Gene and Mouse Chromosomes in EcoRI-Digested 
Hamster X Mouse Somatic Cell Hybrids 

Chromosome 

Concordant 
No. of 

hybrids 

+/+ -/- 

Discordant 
No. of 

hybrids 

+/- -/+ 
Percentage 
discordancy 

2 
3 
4 
5 
6 
I 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
X 

2 4 4 7 64.7 
5 5 1 6 41.2 
2 4 1 2 33.3 
1 7 4 4 50.0 
1 8 5 3 47.1 
3 7 3 4 41.2 
5 3 0 7 46.7 
3 6 3 3 40.0 
4 8 2 3 29.4 
1 10 5 1 35.3 
0 11 5 0 31.2 
0 2 1 4 71.4 
3 8 2 3 31.2 
5 10 1 0 6.2 
1 1 0 6 75.0 
3 9 2 2 25.0 
3 4 1 5 46.2 
2 4 4 4 57.1 
3 6 2 5 43.8 
2 4 4 7 64.7 

Note. Discordancy represents the presence of the gene in the 
absence of a chromosome (+/-) or the absence of the gene despite 
the presence of the chromosome (-/+), and the sum of these num- 
bers divided by the total hybrids examined (X100) represents the 
percentage discordancy. Six hybrids were karyotyped; 11 were 
typed for DNA or isozyme markers on specific mouse chromo- 
somes. 

to mouse Chromosome (Chr) 14. The single discor- 
dant clone, HM78, was not karyotyped, but was typed 
as lacking mouse Chr 14 because of the absence of 
mouse Es-10 activity and Rbp-3 sequences. The pres- 
ence of the calcium channel sequences suggests that 
this hybrid may retain a fragment of Chr 14. 

Cchlla2 Is in the Proximal Region of Mouse Chr 14 

To define a more precise location for Cchlla2 on 
mouse Chr 14, genomic DNAs from an intersubspe- 
ties backcross were examined by Southern hybridiza- 
tion analyses (Fig. 2). Parental M. m. musculus DNA 
contained a single DHPR-B cDNA-cross-reactive 
BglII fragment of 8.2 kb, and NFS/N and C58/J con- 
tained a fragment of 4.0 kb. Fifty of the 106 progeny of 
the intersubspecies backcross [(NFS/N or C58/J 
X M. m. musculus) X M. m. musculw] contained the 
4.0-kb fragment consistent with a single-gene segrega- 
tion ratio. The BglII restriction fragment polymor- 
phism was used to examine the cosegregation of 
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FIG. 1. Autoradiogram of a Southern blot of EcoRI-digested 
mouse X Chinese hamster somatic cell hybrid DNAs (10 pg per 
lane) hybridized with the rat brain DHPR-B cDNA probe. A dif- 
ferent hybrid cell DNA is present in lanes 4 to 9. Parental E36 
Chinese hamster cell line DNA (lane 2) and BALB/c mouse DNA 
(lane 3), along with Hind111 cut X DNA molecular weight standard 
(lane l), are also shown. The hybrid cell lines in lane 7 (HM84) 
and lane 8 (HMlOl) contain a 6.0-kb mouse restriction fragment 
hybridizing with the DHPR-B cDNA probe. 

Cchlla2 alleles with those for two other Chr 14 
markers (Es-IO and Np-1). Eight recombinants were 
identified between Cchlla2 and Np-1; and 28 recombi- 
nants between CchZla2 and Es-10 among 106 progeny 
(Table 2). Since Np-1 and Es-10 have established po- 
sitions in the proximal half of Chr 14 (Hillyard et al., 
1991; Lyon and Kirby, 1991), these data confirm the 
assignment of CchZla2 to Chr 14 and imply the follow- 
ing gene order: centromere-Cchlla2-(7.5 rfi 2.5 CM)- 
Np-I-(18.9 -t 3.8 CM)-Es-IO. 

CCHLlA2 Maps to Human Chromosome 3 

The human CCHLlA2 gene was mapped by analy- 
sis of somatic cell hybrids. Panels of human X Chi- 

1234567 

FIG. 2. Southern blot analysis of BglII-digested DNAs ex- 
tracted from the progeny of an intersubspecies backcross. Lanes 
1-6, individual backcross mice; lane 7, NFS/N parental DNA. 
Solid arrow indicates the 8.2-kb M. m. muzulus DHPR-B cDNA 
reactive fragment; open arrow indicates the 4.0-kb NFS/N frag- 
ment. 

TABLE 2 

Segregation of Cchlla2 Hybridizing Restriction 
Fragment with Alleles of Np-Z and Es-10 in 106 
Progeny of an Intersubspecies Backcross 

Mice 

Inheritance of the inbred 
mouse allele 

Number of 
CChlla2 Np-1 Es-10 mice 

Parentals + + + 33 
- - - 45 

Single recombinants + + - 12 
- - + 8 
+ - - 5 
- + + 3 

Recombination@ 

Locus pair r/n % recombination (&SE) 

Cchlla2, Np-1 8/106 7.5 f 2.5 
Np-1, Es-10 20/106 18.9 + 3.8 

’ Percentage recombination between restriction fragmenta and 
standard error were calculated according to Ref. (7) from the num- 
ber of recombinants (r) in a sample size of n. 

nese hamster (not shown) and human X mouse hy- 
brids (Fig. 3) were analyzed. The human gene was 
detected as a 6.1-kb EcoRI fragment, which was 
clearly resolved from the hamster 2.2- and 3.9-kb hy- 
bridizing fragments. The human gene could not be 
distinguished from a cross-hybridizing mouse se- 
quence in EcoRI digests. The human sequence was 

FIG. 3. Southern hybridization patterns of representative hu- 
man x mouse somatic cell hybrids with the 5’ DHPR-B cDNA 
probe. Aliquots (10 a) of DNA were digested with BglII, size frac- 
tionated by electrophoresis on agarose gels, and transferred to ny- 
lon membranes prior to Southern hybridization and autoradiogra- 
phy. A different hybrid cell DNA is present in each lane, andparen- 
tal mouse (M) and human placental (H) DNAs are also shown. The 
sizes of hybridizing bands are presented The presence of the hy- 
bridizing human (2.2 kb) sequence is indicated (+) above the lanes. 
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TABLE 3 

Segregation of CCHLlA2 Ca” Channel al Subunit 
Gene with Human Chromosome 3 

Chromosome 

Concordant Discordant 
No. of No. of 

hybrids Hybrids 

+/+ -/- +/- -/+ 
Percentage 
discordancy 

1 21 47 13 11 26 
2 18 49 16 9 27 
3 34 58 0 0 0 
4 33 34 1 24 27 
5 21 54 13 4 18 
6 24 35 10 23 36 
7 12 32 22 26 52 
8 22 46 12 14 28 
9 21 47 13 11 26 

10 14 52 20 6 28 
11 20 48 14 10 26 
12 23 41 11 17 30 
13 16 38 18 20 41 
14 16 33 18 25 47 
15 18 33 16 25 45 
16 13 35 21 23 48 
17 22 22 12 36 52 
18 26 35 8 23 34 
19 21 51 13 7 22 
20 24 43 10 15 27 
21 32 31 2 27 33 
22 18 48 16 10 28 
x 23 33 11 25 39 

Note. The calcium channel (~1 subunit gene was detected as a 
6-kb band in EcoRI digests, 6.1- and 9.6-kb bands in HindI di- 
gests, and 2.1- and 3.5-kb bands in X&I digests after hybridization 
of human X rodent hybrid cell DNA Southern blots with the 
DHPR-B cDNA probe. Detection of the human gene is correlated 
with the presence or absence of each human chromosome in the 
group of somatic cell hybrids. Discordancy represents the presence 
of the gene in the absence of a chromosome (+/-) or the absence of 
the gene despite the presence of the chromosome (-/+), and the 
sum of these numbers divided by the total hybrids examined 
(X100) represents the percentage discordancy. Human X hamster 
hybrids consisted of 27 primary clones and 13 subclones (15 posi- 
tives out of 40 total) and the human X mouse hybrids represented 
16 primary clones and 36 subclones (19 positives out of 52 total). 

resolved from the mouse homologue in both XbaI and 
BglII digests; these blots were used to map the gene in 
human X mouse hybrids. The results, summarized in 
Table 3, demonstrate that the presence or absence of 
the CCHLlA2 gene was correlated with the presence 
or absence of human chromosome 3. The CCHLlA2 
gene segregated discordantly with all other human 
chromosomes. 

Examination of two hybrids that contained sponta- 
neous breaks involving chromosome 3 permitted re- 
gional localization of the CCHLlAP gene to either 
3~26 or 3p21-q23. These cell lines were examined 
with the probes for genes previously localized in spe- 

cific regions of this chromosome. One hybrid con- 
tained a large deletion in the short arm with loss of 
distal 3p marker RAF1 (3p25), THRB (3p24.1-p22), 
and ACYl(3p21), but retention of DNF1552 (3p21.2- 
21.3) as well as two other more proximal 3p markers 
and all loci on 3q. This hybrid also retained D3S18 
(3~26) (Hosoe et al, 1990) and CCHLlA. The break 
in the other hybrid was in 3q, and there was loss of all 
3p markers and GPXl (3qll-q12) but retention of 
DBL (3q13-q23), AHSG (3q27-q29), and another 
anonymous 3q marker. The CCHLlA2 gene was ab- 
sent in this second hybrid containing 3q23-qter. It is 
interesting that the mouse homologue of RARB has 
been localized on Chr 14 (Ceci et al., 1990) and human 
homologue to 3~24 (Mattei et al., 1988). This region is 
deleted in one of the hybrids containing CCHLlA2, 
and it is thus likely that CCHLlA2 is located in the 
3~26 or 3~21 regions retained in this hybrid. 

DISCUSSION 

In the present study, we have localized the gene for 
the al subunit of neuronal L-type Ca2+ channels in 
the mouse and human gene maps using rat brain 
DHPR-B cDNA as a probe. The L-type Ca” channel 
belongs to the supergene family of voltage-sensitive 
ion channels, which also includes voltage-sensitive 
Na+ and K+ channels. This gene family has probably 
evolved from a common ancestral gene (Hille, 1984), 
since there is a striking homology among these chan- 
nel proteins in both their primary and secondary 
structures. Genetic mapping of only one of these 
genes has been reported; the gene for sodium channel 
type II LY subunit has been mapped to human chromo- 
some 2 (Litt et al., 1989). 

Our results represent the first chromosomal local- 
ization for the Ca2+ channel genes. L-type Ca’+ chan- 
nels are present in a variety of excitable and nonex- 
citable vertebrate cells and are important in excita- 
tion-contraction and excitation-secretion coupling 
mechanisms. While their biochemical properties have 
been well characterized, molecular bases for the di- 
verse functions of L-type Ca2+ channels are still 
poorly understood. Our molecular cloning of the rat 
brain cDNA (DHPR-B), which encodes an cul subunit 
of L-type Ca 2+ channels (Chin et aZ., 1991), was used 
to show that both the L-type Ca2+ channel al subunit 
mRNA and protein are highly expressed in brain re- 
gions containing the pituitary and pineal glands and 
the suprachiasmatic nucleus of the hypothalamus, 
i.e., areas mainly involved in neuroendocrine func- 
tions. This localization suggests that the L-type Ca2+ 
channel encoded by the CCHLlA2 gene may play a 
role in excitation-secretion coupling in endocrine 
cells. 

This gene maps to the proximal region of Chr 14 in 
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mice and to chromosome 3 in humans. Somatic cell 
hybrids were used to assign the murine Cchlla2 se- 
quence to Chr 14. Southern analysis of intersubspe- 
ties backcross progeny positioned Cchll a2 proximal 
to Np-1, which would place it in the centromeric re- 
gion of this chromosome based on the composite ge- 
netic maps of the mouse (Hillyard et aZ., 1991; Lyon 
and Kirby, 1991). Analysis of human X rodent so- 
matic cell hybrids indicated that the human 
CCHLlA2 gene is located in the region of chromo- 
some 3p21-3q23 or 3~26. A recent study (Ceci et al., 
1990) has mapped another locus, Rarb, in this same 
region of Chr 14 and the human homologue to chro- 
mosome 3. The mapping of the brain calcium channel 
al subunit locus reported here is consistent with the 
presence of a region of conserved linkage between mu- 
rine Chr 14 and human chromosome 3. Thus, the com- 
parative mapping of the CCHLlA2 gene further ex- 
tends our knowledge of syntenic homologies between 
mouse and human chromosomes (Nadeau, 1989). 

Given their importance in modulating ion perme- 
ability and mediating cellular responses, it is not sur- 
prising to find that neuronal Ca2’ channels are in- 
volved in human disease. Lambert-Eaton myasthenic 
syndrome (LEMS) is an autoimmune disorder of neu- 
romuscular transmission (Elmqvist and Lambert, 
1968). Serum autoantibodies from LEMS patients in- 
hibit rat anterior pituitary hormone release and 
45Ca2f uptake (Login et al., 1987) and block voltage- 
dependent calcium currents in chromaffin cells (Kim 
and Neher, 1988). These findings are consistent with 
presynaptic Ca2+ channels being a target for the anti- 
bodies. LEMS is often associated with small cell carci- 
noma (SCC) of the lung, and LEMS autoantibodies 
bind to Ca2+ channels present in SCC cells (Lennon 
and Lambert, 1989). Our present finding that the 
CCHLlA2 gene could be located on human 3~26 or 
3~21 is intriguing because SCC tumor cells have a 
deletion of the 3p14-p23 region (Whang-Peng et al., 
1982). Furthermore, deletion in 3~21 is also asso- 
ciated with other major types of lung cancer (Kok et 
al., 1987), implying that this region contributes to tu- 
morigenesis in small cell lung cancer. Further localiza- 
tion studies of the human CCHLlA2 gene are 
currently underway. 
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