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The complete amino acid sequence of the receptor for organic calcium channel blockers (CaCB) from rabbit lung has been deduced by cloning
and sequence analysis of the cDNA. Synthetic RNA derived from this cDNA induces the formation of a functional CaCB-sensitive high voltage
activated calcium channel in Xenopus oocytes.
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1. INTRODUCTION

Voltage activated calcium channels are membrane
spanning proteins that allow the controlled entry of
Ca’* ions into the cytoplasm of cells. This class of
channels comprises a group of very similar yet distinct
proteins or protein complexes that differ in kinetics,
voltage dependence and their relative sensitivity to
organic calcium channel blockers [1,2]. The principal
subunit of a high voltage activated (L-type) calcium
channel is the CaCB-receptor or «; subunit [3-11]. So
far, only the rabbit skeletal [12,13] and cardiac muscle
CaCB-receptors [14] have been cloned. Phar-
macologically, the primary target for CaCBs is smooth
muscle [15]. Assuming that airway smooth muscle cells
are abundant in lung we have now isolated complemen-
tary DNAs for the CaCB-receptor from rabbit lung on
the basis of sequence homology with its skeletal muscle
counterpart.

2. MATERIALS AND METHODS

2.1. Generation and screening of rabbit lung cDNA libraries

A randomly primed cDNA library was constructed in pUC 9 using
poly(A) + RNA prepared from adult rabbit lung. Screening with a
rabbit skeletal muscle CaCB-receptor cDNA probe, that is EcoRI (nt
1007)-Sacl(nt 5315) fragment from pCCH102 [12] gave 8 positive
clones including pCaKL5 (nt 3957 to 5248) and pCaKL6 (nt 2452 to
4193 (Fig. 1). The PstI (nt 4899)-PstI(nt 5030) fragment from clone
pCaKL$5 was used for screening of an oligo(dT)library and six positive
clones including pCaKL34 (4792 to 6830 and a stretch of 10 dA
residues), pCaKl35 (4830 to 6826) and pCaKI25 (nt 4847 to 6829) were
obtained. Elongation of a synthetic primer complementary to nt 2756
to 2773 and screening of the resulting clones with the Pvull (nt 2506)-
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AflI(nt 2674) fragment yielded 4 positive clones including pCaKL14
(nt 2769 to nt-544). Sequencing of the cDNA was performed on both
strands. In addition pCaKL35 and pCaKL25 were sequenced. One
nucleotide difference occurred among the individual clones: at nt
5422, G (pCaKL34 and pCaKL35) or T (pCaKl25). The difference
results in a substitution of Gly to Cys. Cloning procedures, if not
stated otherwise, were carried out as described [16].

2.2. Construction of recombinant plasmid for cDNA expression

The recombinant plasmid pSCaL carrying the entire protein-coding
sequence of the rabbit lung CaCB-receptor cDNA was constructed as
follows. The 2.1 kb HindII1-Bg/II fragment from pCaKL34, the 0.7
kb Bgll1-Sacll fragment from pCaKL35, the 1.4 kb SaclI-AfflI frag-
ment from pCaK16 and the 3.0 kb AflII-Xmal fragment from
pCaKL14 were subcloned in the 2.9 kb HindlII-Xmal fragment of
pBluescript KS to yield pBCal. The 0.3 kb Bg/lI-HindIII fragment
(carrying a poly(dA) poly(dT) tract from pSPCAI1 [14] was blunted by
Klenow fragment, cleaved by BamHI and ligated with the 6.9 kb
BamHI-Hpal fragment from pBCal and the BamHI-cleaved pSP72
(Promega) to yield pSCalL.

2.3. Expression of calcium channels in Xenopus oocytes

The mRNA specific for the lung CaCB-receptor was synthesized in
vitro using Asp718-cleaved pSCaL as template. Xenopus laevis
oocytes were injected with the CaCB-receptor specific mRNA (0.4
pg/ul); the average volume injected was 50 nl. The injected oocytes
were incubated as described [17] and the follicular cell layer was
removed from oocytes before electrophysiological measurements.
Whole cell currents were recorded at room temperature in (mM) 40
Ba?*,S0Na*,2 K™, 5 HEPES (pH 7.4 with methanesulfonic acid).
Current records were sampled at 0.5 ms intervals after low-pass filter-
ing at 500 Hz.

-1Y1 10'00 20|00 30[00 40]00 50|00 60|00

pCakKl14 pCakKl5
pCaKli6

pCaKi34

Fig. 1. Cloning strategy for the CaCB-receptor. The protein-coding
region is indicated by a closed box. The extent of cDNA inserts of the
individual clones used for sequence analysis are shown by thick lines.
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3. RESULTS AND DISCUSSION

Fig. 2 shows the 7374-nucleotide (nt) sequence ob-
tained and the deduced primary structure. The transia-
tion initiation site was assigned to the first ATG triplet
that appears downstream of nonsense codons found in
frame. The lung CaCB-receptor is composed of 2166
amino acids having a relative molecular mass (Mr) of
242,516. The amino acid sequence shows an overall
homology of 65% to the skeletal muscle CaCB-recep-
tor and differs from the rabbit heart receptor at four
sites (Fig. 3): the 5’ end of the lung nucleotide sequence
including the predicted amino terminus of the receptor
(nucleotides — 544 to +47) (site a), which is completely
different from the respective sequence of the heart
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predicted transmembrane segments IS6 (nucleotides
1114 to 1212) (site b) and IVS3 (nucleotides 3904 to
3987) (site d) which are 65% (IS6) and 57% (IVS3) iden-
tical at the nucleotide sequence level and 70% (IS6) and
54% (IVS3) identical at the amino acid sequence level,
respectively; an insert of 75 nt (nucleotide 1391 to 1465)
(site ¢) which is not present in the cardiac receptor se-
quence. The remaining sequence of the lung receptor is
identical to the cardiac receptor [14] including the
number and localization of potential N-glycosylation
and cAMP-dependent phosphorylation sites.
Messenger RNA was synthesized by in vitro
transcription of the cloned lung cDNA and injected into
Xenopus laevis oocytes. To resolve the calcium current,
external calcium was replaced by Ba2* (40 mM) and ex-

CaCB receptor; the nucleotide sequences encoding the ternal ClI- by methanesulphonate, as described

5 - - --CAGAAGCTGCTCCCTGCCAGAACGGCGCGCGGCGCGGLGCGGCCCGEAGCGGTGGLGGCTCCTCCTGCCTCCTCGCCTCAGGAGTTGGCGGETC -451
TT‘I"I'TGACAGAAGGCAGCCGAGCCGCGGCCTCGGGGGGGTC'I'CGCCGCGAGCCGGCCGAGACGTCGGAGCCCGCTGCTGGCCCGGGCGGACCCCGCGCCGCCCGCCCCGGGGYCCCTCGCGCGCCCTCGCCCCYCCTTTGCGCCGCCTCG -301
CTCTGTTTTTTCAAACGGTGTGGCCGCCAGAGGTGCGGTGCTCAATTCT TGGAAGGGGCCCGGATGTACCGAGGATGCAT TGCAAGCTCACTAGAGGCGGCAGTAGTGGAAAGGAGCAGTYTTTGGTGTTTGATGCAATAATGGGCATCA -151
GGT. MTCATCCWGGGAGGMGAGCTGCTGCAGATCCACGGCTTCCTCGCGYTCTGCACGAMGCCGCCBACCTCGGAGGAGGGATTMTCCAGACCCGCTTTCTTCCCCTTTGTGGCTGCTTCTCCTTTTGACACMTTTTTTGGTCC -1

ATGGTCMTGAGAATACGAGGATGTACATTCCTGAGGAAMCCACCMGGYTCCMCTATGGGAGCCCACGCCCAGCTCATGCCMCATGAATGCCMCGCAGCTGCGGGGCTCGCCCCTGAGCACATCCCCACCCCAGGGGCAGCCCYG 150
N V N E TR 1 E Y GS PRPAUHANM A G L A 13 1 PT P GAAL S0
TCCTGGCAGGCAGCCATCGATGCGGCCCGGCAGGCCAAGCTGATGGGCAGTGCTGGCAACGCGACTATCTCCACCGTCAGCTCCACGCAGCGGAAGCGGCAGCAGTATGGGAAGCCCAAGAAGCAGGGCAGCACCACTGCCACTCGCCCG 300
SHGAAIDAARQAKLHGSAGN‘ATlSTVSSTORKRQOYGKPKKOGSTTATRP 100
CCCCGTGCCCTGLTCTGCCTCACCCTGAAGAACCCCATCCGGAGGGCGTGCATAAGCATCGTCGAGTGGAAACCATTTGAAATAATTATTTTACTGACTATYTTTGCCAATTGTGTGGCCTTAGCAATCTATATTCCCTTTCCAGAAGAT 450
PRALLCLTLKNPTIRRACTISITVEWKR®PFETT T L L T 1 F ANTCGCVATLJATLIYTPTFPETD 15

181
GACTCCAATGCCACCAATTCCAACCTGGAACGAGTGGAATATCTCTTTCTCATAATTTTTACTGTGGAAGCATTTTTAAAAGTAATAGCCTATGGACTTCTGT TTCACCCCAACGCTTACCTCCGCAATGGCTGGAATTTACTAGACTTT
DSH#ATNSNLERVEYLFLIlFTlngAFLKVIAYGLLFHPNAYLRNE!NLLQF
ATAATTGTGGTTGTAGGGCTTTTTAGTGCAATTTTAGAACAAGCAACCAAAGCAGACGGGGCCAATGCCCTAGGAGGGAAAGGGGCTGGATTCGACGTGAAGGCGCTGAGGGCT TTCCGCGYGCTGCGCCCCCTGCGGCTGGTGTCTGGA
1 1 vV VG L F S AT LEQ@ATIKADGANALTGG GIKGAGTFDYKALTRATFTRY R P LR LV SG

600
200

750

185 I 20
GTCCCGAGTCTCCAGGTGGTCCTGAACTCCATCATCAAGGCCATGGTCCCTCTGCTGCACATTGCCCTGCTAGTGCTGTTTGTCATCATCATCTATGCCATCATCGGCCYTGGAGCTCTTCATGGGGAAGATGCACAAGACATGCTACAAC 900
LPSLQVVLNSIIKAHVPLLNIALLVLFVIl,s;VAIlGLELFHGKNHKTCVN 300
CAGGAGGGTGTAGCAGATGTCCCAGCAGAAGATGATCCTTCCCCTTGTGCTCTGGAGACGGGCCACGGGCGGEAGTGCCAGAACGGCACCGTGTGCAAGCCTGGGTGGGATGGACCCAAGCACGGCATCACCAACTTTGACAATTTTGCT 1050
QEGVADVPAEDDPSPCALETGHGROCON‘GYVCKPGHDGP'KHGlTIFDNFA 350

ite b

TTCGCCATGTTGACGGTGTTCCAGTGTATCACCATGGAGGGCTGGACCGACGTGCTGYACTGGGTCMTGATGCCGTAGGAAGGGACTGGCCCTGGATCTA'I’T'I'TGTYACACTMTCATCATAGGGTCATTTTTTGTACTTMCTTGGTT 1200
F AML TV FQCI!ITMHETGUWTTD WP W F VT L 1 1 6 FFV N L V 400

CTCGGTGTTCTTAECGGAGQGTT'I'TCCAMG:GAGGGQGMGGCCAMBCTCGGGGAGATTTCCAGAQGTIGCSGGQGAQGCSGC:GCIGGQAGQGGSCCTCMAGGCTOCCTGGACTGGATCA?TCQGGCAG@AGACATCGACCCTGAG 12;8
L 6 VL SG

MTGQGGATGQAGECATGGSTMBGQGAQACCCC&M:CA&AG&CA?TCCAGCGGGCTTGCATGCCCAWGAAAGGGMGTTTGCTTGGTTTAGTCAC'l'CCACAGAGACCCAYGTGAGCATGCCMCMGTGAGACCWTCTG;CA:C 1;88
K

ACTGAAAACGTGGCTGGAGGTGACATCGAAGGAGAAAACTGCGGGGCCAGGCTGGCCCACCGGATCTCCAAGTCGAAAT TCAGCCGETACTGGCGCCGGTGGAATAGGT TCTGCAGGAGAAAGT GCCGCGCAGCGGTCAAGTCGAACGTC 1650
T EWNVAGGDTIETGENTCGARTLAHNRKRTISKT SIKTFTSRYWRRMWNRTFTECRRIKTCRAAVKSN_V 55

TICTACTGGCTGGTGATCTTCCTGGTCTTCCTGAACACGCTCACCATTGCCTCTGAGCACTACAACCAGCCCCACTGGCTCACGGAGGT CCAAGACACGGCCAATAAGGCTCTACTGGCCCTGTTCACTGCEGAGATGCTGCTGAAGATG 1800
F Y W L vV 1 F L V F L N T L T ! ASEMHYNGPHWLTEVQDTANKATLLALFT M 600

TS IT
TACAGCCTGGGCCTGCAGGCCTATTTCGTGTCCCTCTTCAACCGCTTCGACTGCTTCATTGTGTGCGGGGGCATCCTGGAGACCATCCTGGTGGAGACCAAGGTCATGTCCCCCCTGGGCATCTCTGTGCTGAGATGCGTGCGGCTCCTG 1950
Y § t G L @AY FV S_L F NRTFUDTCF VCGGILETlLVETKVHSPLGISVLRCVR]LL650

11 1
AGAATATTCAAAATTACAAGGTACTGGAACTCCTTGAGCAACCTGGTGGCCTCCCTGCTGAACTCGGTGCGCTCCATCGCCTCCCTGCTCCTGCTCCTCTTCCTCTTCATCATCATCTTCTCCCTGCTGRGRATGCAGCTGTTTGGAGGE 2100
R 1 F K I T R Y MNSLSNLVASLL-NSVRSTASLL L L L FLF 1 11 F§ L L GMOLFGG 700

11
AAGTTCAACTTCGATGAGATGCAGACCCGGAGGAGCACGT TCGACAATTTCCCGCAGTCCCTGCTCACCGTGTTTCAGATCCTGACCGGGGAGGACTGGAATTCGGTGATGTATGATGGGATCATGGCT TATGGCGGCCCCTCTTTTCCA 2250
XK FNFDEMAQ@TRRST FDNTFPGQSLLTVFQILTGEDUWNSVYVMKYDGIMAYGGPSTFP 75
GGGATGTTAGTCTGTATTTACTTCATCATCCTCTTCATCTGTGGAAATTATATCCTACTGAATGTGTTCTTGGCCATTGCTGTGGACAACCTGGCTGATGCTGAGAGCCT TACT TCTGCCCAAAAGGAAGAGGAAGAAGAGAAGGAGAGA 2400
GHLVCIVFI[LFICGN" 1 L t N V F L AT AVDNLADAE STLTSAOQ@KTETETETETETIKTER 800
AAGAAGCTGGCCAGGACTGCCAGCCCGGAGAAGAAACAAGAGGT GGTAGGGAAGCCGGCCCTGGAGGAGGCCAAGGAGGAGAAAAT TGAGCTGAAATCCATTACAGCTGATGGAGAGTCCCCGCCTACCACCAAGATCAACATGGATGAC 2550
K K LARTASPETKTIKU EEVV GKPALTETEA AKTETEIKTIELKSTITADGETSPPTTKTINMDD

850
CTCCAGCCCAATGAGAGTGAGGATAAGAGTCCCTACCCCAACCCGGAAACCACAGGAGAAGAGGATGAGGAGGAGCCTGAGATGCCTGTCGGCCCCCGCCCTCGGCCACTCTCCGAGCTGCACCT TAAGGAGAAGGCCGTGCCTATGCCA 2700
LQPN‘ESEDKSPYPNPEYTGEEDEEEPEHPVGPRPRPLSELNLKEKAVPHP 900

GAAGCCAGTGCGTTTTTCATCT TCAGCCCCAACAACAGGTTCCGCCTCCAGTGTCACCGTATCGTCAACGACACGATCTTCACCAACCTGATCCTCTTCTTCATTCTGCTCAGCAGCAT TTCCCTGGCTGCCGAGGACCCTGTGCAGCAC 2850
EASAFFIFSPNIRFRLGCHRlVN#DTlFT F s S ED PV QH 90

ACCTCCTTCAGGAATCACATTCTGTTTTATTTTGACATTGTTTTTACTACCATTTTCACCATTGAGAT TGCTCTCAAGATGACTGCGTATGGGGCCTTCCTGCACAAGGGCTCTTTCTGCAGGAACTACTTCAACATCCTGGACCTGCTG 3000
TS FRNWNKTI L FY_FO I VF T T 1 FT 1 E I AL KXKMTAYGAFTLHKSE GSTFCRNLYFNTILDLLL 1000

1T1s¢
GTGGTCAGCGTGTCCCTCATCTCCTTCGGCATCCAGTCCAGCGCGATCAATGTCGTGAAGATCTTGCGAGTGCTGCGAGTGCTCAGGCCACTGCGGGCCATCAACAGGGCCAAGGGGCTAAAGCACGTGGTTCAGTGTGTGTTCGTGGCE 3150
VVvsV S§ L I §F 61 ¢SS AT NV VY KT LRVLRVLRPELRATLNRAKSGSGLIEKHYVACYVFVA 05

TT1S83 TIT
ATCCGGACCATTGGGAACATCGTGATTGTCACCACGCTGCTGCAGT TCATGTTCGCCYGCATCGGAGTCCAGCTCTTCAAGGGGAAGCTGTACACCTGT TCAGACAGT TCCAAACAGACTGAGGCTGAATGCAAGGGTAACTACATCACC 3300
1 R T 1 6 N _I_V I V T T L L @ F M F ACTI GV AL FKGKTLTYTCSDSS KA QTEAETCKG GNYT1TT N0

TITSS
TACAAAGATGGAGAGGT TGACCATCCCATCATCCAGCCGCGCAGCTGGGAGAACAGCAAGT T TGACTT TGACAACGTCCTGGCAGCCATGATGGCCCTCTTCACTGTCTCCACCT TCGAGGGCTGGCCAGAGCTGCTGTACCGCTCCATC 3450
Y KO GEVDGKPTITIEI® QPTRTSTWMWENSTEKTFDTFTDNVYLAAMMALTFTVSTTFTETG MWEPETLTLTYRSTI 5
(continued)

Fig. 2. Nucleotide and deduced amino acid sequence of the CaCB-receptor. The predicted transmembrane segments S1 to S6 in each of repeats
I to IV of the CaCB-receptor are shown. The amino acid residues encoded by nucleotide sequences of sites a-d, the predicted phosphorylation
sites for cAMP-dependent protein kinase (*) and potential N-glycosylation sites (#) are indicated.
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GACTCCCACACGGAAMCMGGGCCCTA‘ICTACMI:TACCGAGTGGAGM’CTCCATCTYCTTCATCATCYACATCATCATCATCBCCTTCTTCATGAYWCATCTTCGTGGGTTTCGTCATTGTCACCTTCCAGMGCAGGGGGAGCA G 3600
D S B TE K 6 Y N YR ElSlFFllVlllJAFFHIllFVGFVlVT E @ G E @ 1200

EAGTACMGAACYGTGAGCTGGACMGAACCAGCGGCAGTGCGTGGMTATGCCCTCAAGGCCCGGCCCCTGCGGAGGTACAYCCCWGAACCAGCACCAGTAMGTGTGGTACG'I‘GGTCMCTCCACCTACTTTGAGTACCTGATG 3750
E D K R R Y1 K N K VVVI'TVF M_ 1250

TTCGTCCTCATCCTGCTCMCACCATCTGCTTGGCCM’GCAG('ACTACGGCUMGCTGCCTGTTCAMA'{CGECA;GAAU}'CCTCMCATGCICTTCAgCGgCC{CT;CMI:CGYG%M:GA}cCIMQGCTCATTGCCT;CMACCC 3900

AEEXSSSSEEXIEFTRSESEERZzaczsasssassxzzzxzgite ¢ =k=
MGCACTATTTCTGTMTGClTGMATACATTTGACGCCTTGATTGTTGTGGGTAGCATTG'I'TGATATAGCGATCACCMGGTACACCCAGCTWCATACCCAATGCTCTCCCTCTATWCGCAMGGAWCTCCCGCATCTCCATC 4050
F D HNTFDALI[&VGS[ D 1 Al E H T c A EEN R 1 s_1 1350

ACCTTCTTCCGCCTGTTCCGGGYCATGCGCCTGGYCMGCTGCTMGCCGCWBGCATCCGGACGCYGCTGTGGACCTTCATCMGTCCTTCCAGGCCCYGCCCTATGTBGCTCT'I’CYGATCGTGATGCTGTTCTTCATCTATGCT 4200
TFFRLFRV v E R L I K F YNV AL L LV LFf Y 1400

GTGATcGGGATGUGGTGTTTGGGAMATTGCCCTWCGACACCACGGAGATCMCCGWCMCMCTTC(‘AGACCTTCCCCCMGCTG?GCTGCTCCTCTTCAGGTGTGCCACGGGGMGGC?TGGCAGGATATCATGCTGGCCTGC 4350
V.1 6 M @ K 1 LI'DTTEINI N FarT L L LF A o1 A C 1450
ATGCCAGGCMWGTGTGCCCCAMGTCTGAGCCCCACMCAGCACAWGGGGAGACCCCCTGCGGCAGCAGCT'l'CGCCGTCTTCTACTTCATCAGCTTCTACATGCTTTGTGCCTI’CCTGATCATCMTCTCTTTG‘I’AGCTGTCATC 4500

G K AP E HN'TEGETP F v Y 1 FYHI.C] F L. 1 1 N L F ¥V A 1500
A'IGGACMCTTTGACTACCTGACAAGGGACTGGTCMTCCTTGGTCCCCACCATCTGGATGAAT'l'TMMGAATCTGGGCAGAG'I’ATGACCCTGAAGCCMGGGTCGTATCAMCACCTGGATGTGGTGACCCTCCTCCGGCGMTTCAG 4650
MD Y L] 1 P H HLDE K RI1I WAEYDPEH RKIKSTE 1 K LDV VT L R Q 1550

CCCCCACTGGGTTTTGGGAAGCTGTGCCCTCACCGTGTGGCTTGCAMCGCCTGGTCTCCATGAACATGCCTCTGMCAG‘I’MCGGGACGGTCATGTYCAACGCCACCCTG"TGCCCTGGTCAGMCAGCTCTGAGMTWW 4800
4 L K R CKRLVSHNMNPL TVIFI,ATLFALVRT K T E 1600

GGMACCTGGAACMGCCMTGAGGAGCTGCGGGCCATCATCMGMGATCTGWGCGGACCAGCATGMGCTGCT GGACCMGTGGTGCCCCCTGCAGGCGATGATGAGGTCACAG?CGGCAAGTTCTACGCTACCTTCCTGATCCM 4950
NL AN EE R I T XK1 W KRT S, HK D VPPAGDOD 6 K F Y A F L I a 1650

GAGTACT‘I'CCGGAAATTCAAGAAGCGCMAMGCMGGGCTTGTGGGCMGCCCTCCCAGAGGAATGCCC'I'TTCCCTGCAGGCTGGCCTGCGCACTCTGCACGACATCGGGCCTGAGATCCGACGGGCCATCTCCGGAGACCTGACAGCT 5100
E Y FRKPFKCKT RIEKTET GLTVGKTPS S aQaQRNALSLA QAGLRTLHDIGPETIRRAISGDLTAI70

GAGGAAGAGCT GGACAAGGCCATGAAGGAGGCTGTGTCTGCTGCCTCTGAAGATGACATCT TCAGGAGGGCCGGT GGCCTGT TTGGCAACCATGTCAGCTACTACCAAAGT GACAGCCGGAGCGCCT TCCCCCAGACCTTCACTACGCAG 5250
EEELDIKA AMEKTE R AVSAASETDTODTITFRRAGS GLTFGNUMN YV SYYQSDSRSAFPQTFTTaI0

CGCCCACTGCACATCAGCAAGGC TGGCAACAACCAAGGCGACACCGAGTCACCCTCCCACGAGAAGCTGGTGGACTCCACT T TCACCCCCAGCAGCTACTCGTCCACCGGCTCCAACGCCAACATCAACAATGCCAACAACACTGELCTG 5400
RPLHISKAGHIGGDYESPSMEKLVDSYFTPSSYSSTGSIAIIIINAI'HYAL1800

GGCCGCCTCCCCCGCCCCGCCGGCTACCCCAGCACAGTCAGCACTGTGMGGGCCACGGGTCCCCCTTGTCTCCTGCCGTCCGGGCACAGMGGCAGCATGGMGCTCAGCTCCMGRMTGCCACTCCCAGGAMGCCA@YAGCCATG 5550
G R P AG TV 6 s LS R AQ@EAAWMKIL [ E A W 1850

GCGTGTCAGMGBGCGCATCCCAGGACGACAACTACGACGTGAGGATCGGTGAAGATGCAGAGYGCTGCAGTGAGCCCAGCCTGCTCTCCACAGAGM‘GCTCTCCTACCAWTMCMAMCCGACMCTGGCGCCCCCGGAGGAGGAG 5700
A E S DO NY v ] E € s L € LSy b o et E E E 1900

MGCGGGACATCAGGCTGTCTCCAMGMGGGTTTCCTGCGCTCCGCATCACTGGGTCGMGGBCTTCCTTCMCCTGGAGTGTCTGAABCBGCAGAAGMTCAAGGGGGAGACATCTCTCAWMCAGTCCTBCCCCTGCATCYGGTC 5850
X RDI1RLSPEXKKGFLRSASLGRTRASTFMHLETCLIKR KNQGGDTISAKTVLPLHKLYV 95
CACCACCAGGCAT TGGCAGTGGCGGGCCTGAGTCCCCTCCTGCAGAGAAGCCAT TCCCCCACCTCGETCCCTAGGCCCTGTGCCACGCCCCCTGLCACACCGGGCAGCCGAGGCTGGCCCCCACAGCCCATCCCCACCCTGLGGCTGGAG 6000
R Ha ALAVAGLTSPLLAQRSHSPTSLPRPCATPPATPGSRGWPPQPIPTLRLE 20
GGGGCCGACTCCAG'I'GAWACTCMCAGCAGCTTCCCGTCCAYCCACTGCGGCTCATGGTCTGGGGAGAACAGCCCCYGCAMGGGGACAGCAGCGCCGCCCGGAGAGCCCGGCCCGYCTCCCTCACTGTGCCCAGCCAGGCTGGGGCC 6150
G AD S E KL NyS'S F P 1 ¥ S GENS R D S S A A ARPY s Q G A 2050

CGGGSGAGACAGTTCC:TG%CAGCGCCAECASCCTGG;GGAAGCGGYC'l’TGA'{TTCC%AGMCTGGGGC:GT}’TGCTCAAGSTCCCA:GT‘;CA'ICGQGGTCA%GACCCAGG%GCTGGCTGACGRCTGCMTCTMCCA}'AGQGG%M;G 6300

2100

GAWCGCGGCCGACGACAT'l'CTCAGCGGGBGCGCCCGGCAGAGCCCCMTGGCACCCIGT'{ACECTT‘IGTGA:CCGCAGGGSCCCGGgCC&GGACAGAGﬁGGGGC:GA:CGQGC:ﬁMDCGﬁGAgCGgCGCATGCGCCCCAGGGTGCGGG 6450

E N ] 6 QSPN'GT

AP G C G 2150

CAGAGCGAGGQGGECCICGEGGsCC&CARGGGECGSCG&CAgCAgCC'{GTAGGCGCﬂGGGCCGGGGGTGCGGGTTTTTTATTTGTCTCAATG'I‘TCCTMTGGG7TCGTTTCAMAGTGCCT!‘ACTGTTCTCGTGACCTGGAGTTMCCGG g?gg

Q s E

AACAGCGTCTTCATTCATTTCTGTTGGGACGAGACGCAGGCTGGGAGGTGTGGAGCCCTCTGTGTCCGCAGAGGCGAGGAGGGGECGGCGGECGCGGGAAGGGGAGAGACCCGCCCTCGAGCTCTGCTCCAGGCGCGCCCLGGGCGGGAA 6750
AGAGAACCTCAGCTTTCTGCGETGGCCCTCGCTCGCCAAAAGGACCCTGAACCAAACGGGTGTCTTTCAACTTTGCTTGT - -~ -3/ 6830

Fig. 2 (continued)

previously [14,18]. In this solution a sustained inward
current was evoked by depolarizing pulses (Fig. 4); no
such current was detected in non-injected oocytes. The
inward current was insensitive to tetrodotoxin (30 uM)
or to the replacement of both Na* and K* with Ba**
(final concentration, 100 mM) but was completely
blocked by addition of Cd** (0.2 mM). The peak in-
ward current was increased 2-fold by 5 uM BAY K 8644
whereas it was decreased to 20% of the control value by
1 M nifedipine and was virtually abolished by 10 xM
nifedipine. These results indicate that the inward cur-

QuTSID < o _d
* b * hd
INSIDE
co,
Handa
3 c

Fig. 3. Transmembrane folding model of the CaCB-receptor and
approximate localization of sites a-d.

rent is a barium current through a CaCB-sensitive
calcium channel. Coinjection of mRNAs specific for
the lung CaCB receptor and the rabbit skeletal muscle
az polypeptide enhances the Ba** current without af-
fecting channel kinetics. A similar oz dependent in-
crease in Ipa, has been observed with the cardiac CaCB-
receptor [14]. These results show that the lung CaCB-
receptor alone is sufficient to induce a CaCB-sensitive
calcium channel. It is not known whether or not the
Xenopus oocyte expresses other proteins which are
necessary for the expression of the functional channel.
The CaCB-receptor clones from rabbit lung and heart
are identical in the coding and noncoding nucleotide se-
quence except for the 4 sites described (see Fig. 3). This
finding suggests that they arise by differential splicing
of the same primary transcript. Preliminary results sug-
gest that the CaCB-receptor cloned from rabbit lung is
expressed in airway and vascular smooth muscle cells.
In vivo L-type calcium channels from cardiac and
smooth muscle have similar electrophysiological pro-
perties [1,2]. The primary sequences of the cardiac and
the lung CaCB-receptor contain identical sites that
could be phosphorylated by cAMP-dependent protein
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Fig. 4. (A) Current responses (Ips) in Xenopus oocytes injected with

mRNA specific for the lung CaCB-receptor. The depolarizations

ranged from — 30 to 50 mV in 10 mV steps from a holding potential

of —80 mV. (B) Current-voltage relation corresponding to the data
shown in A.

kinase in vivo. However, the biochemical modulation
of both channels appears to be different. cAMP-
dependent phosphorylation increases the cardiac
calcium current [19] whereas it has little or no effect on
the smooth muscle current [20]. Therefore stimulation
of the calcium current might be not due to phosphoryla-
tion of the CaCB-receptor itself. Further work involv-
ing the stable expression of the CaCB-receptor in cells
exhibiting appropiate signal transduction pathways will
be required to test this hypothesis.
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