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A cDNA clone encoding a protein with high homology to the A-subumt of the rabbit skeletal muscle dihydropyndine-sensitive calcium channel
was 1solated from a rat brain cDNA lhibrary This rat brain S-subunmit cDNA hybridizes to a 3 4 kb message that 1s expressed n high levels i the
cerebral hemispheres and hippocampus but 1s significantly reduced in cerebellum The open reading frame encodes 597 amuno acids with a predicted
mass of 65 679 Da which 1s 82% homologous with the skeletal muscle S-subunit The brain cDNA encodes a unigue 153 amine acid C-termmus
and predicts the absence of a muscle-specific 50 amino acid internal segment It also encodes numerous consensus phosphorylation sites suggesting
a role in calcium channel regulation The corresponding human B-subunit gene was localized to chromosome 17 Hence the encoded brain f-subumit.
which has a primary structure highly similar to 1ts 1soform 1n skeletal muscle, may have a comparable role as an integral regulatory component
of a neuronal caleium channel

B-Subumt, Calcium channel, cDNA cloning Brain

I INTRODUCTION

Voltage-activated calcium channels mediate the entry
of calcium into a wide variety of cell types The eleva-
tion of internal calcium contributes to a 1ange of phy-
stological functions including muscle contraction and
the secretion of neurotransmitters and hormones [1-4]
The best studied of these channels 1s the skcletal muscle
dihydropyridine receptor (DHPR) The purified DHPR
consists of four subumts (&,, &,, # and y) which have
all been biochemically chaiacterized and cloned [1-11]
The S-subunit, a 52000 Da penpheral membrane
protein 1s believed to form a tight association with the
cytoplasmic domain of the a,-subunit, the 170 000 Da
channel-forming component that contains the binding
site for the dihydiopynidines [12] The pnimary structure
of the DHPR S-subumt contamns numerous Consensus
phosphorylation sites [10] and the native protein 1s
phosphorylated n vitro suggesting a calcium channel
regulatory role [13,14] Recent evidence of regulation
was shown by the modification of channel kinetics upon
cotransfection of the f-subunit with the a)-subunit in
L-cells [15,16]

Neurons hdave been shown to possess at least four
types of calcium channels (L, N, T and P) based on their
kimetics and pharmacoiogy [17,18] The ¢cDNA encod-
ing the ¢ -subumt of the skcletal muscle dihydiopy-
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ridine 1eceptor has been used to 1solate related se-
quences i brain These numerous partial clones were
assigned to classes A, B, C or D based on their distinct
hybridization patterns [19] The recently cloned full-
length brain &;-subunit BI[20], which coircsponds most
closely with type P in toxin sensitivity and kinetics has
homology with sequences assigned to class A Several
lines of evidence suggest the presence of a f-subumt as
a component of these brain calcium channels. The
coexpression of skeletal muscle f- and a,-subunits with
the bram &,-subumt, BI, was shown to be essential for
the formation of functional channels 1 Xenopus
oocytes The inclusion of these two subunits 1esulted m
a 200-fold incicase in channel activity [20]. A mono-
clonal antibody agamnst the f-subunit of skeletal muscle
DHPR was 1ecently shown to immunoprecipitate both
neuronal dihydropyridine (L-type) and w-conotoxin
(N-type) receptors [21]. Finally by criterion of Northern
blot analysis a transcript similar to the DHPR f-subunit
has been detected mn brain [9,10]. Here we report the
cloning of a full-length cDNA encoding a rat bramn
B-subunmit and localization of the corresponding human
gene to chromosome 17. Though regionally divergent,
the high homology 1t shares with the DHPR B-subumit
suggests the encoded protein 1s an integral regulatory
component of a neuronal calcium channel

2 MATERIALS AND METHODS

21 Iolation of rabhit skeletal muscle B-subunit ¢cDNA
Skeletal muscle F-subumt specific antibodies were prepared flom
sheep polydonal serum The sheap was immunized subcutdneously
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with 500 g of punified skeletal muscle DHPR [22] in Freunds Com-
plete Adjuvant After 8 weeks, the sheep was boosted intravenously
with 500 ug of the rcceptor in Freunds Incomplete Adjuvant The
resulting antiserum was affinity purified using pure f-subumit that had
been immobilized on polydivinylidene difluonide (PVDF) membranes
following the method of Sharp and Campbell [23] The affinity-
purified antiserum was used to screcn a Agtll random primed rabbut
skeletal muscle cDNA hibrary Two of five positive clones were fully
sequenced These were 482 bp and 939 bp n length with a 167 bp
overlap The composite 1254 bp sequence had a single open reading
frame but lacked both start and stop codons To 1solate a full-length
clone duphcate filters were separately probed with the two *P-labeled
¢DNA clones The largest of the four cDNAs 1solated, when fully
sequenced, contamned 1774 nucleotides with an open reading frame of
1572 bp encoding 524 ammo acids The sequence of this full-length
clone was 1dentical to that encoding the 8 subunit of rabbit skcletal
muscle dihydropyridine receptor [10] with the exception of sequence
beyond position -93 of the untranslated region which represents the
5’ extent of our cDNA

22 Isolanon of the rat brain B subunit ¢(DNA

An ohgo(dT) primed rat brain library in LambdaZapll (kindly
provided by T P Snutch) was probed with the “P-labeled skeletal
muscle DHPR S-subunit cDNA Screening of 1 5x10¢ recombimnants
yielded 40 positives Fifteen of these were 1solated and charactenized
The two largest inserts were sequenced either on an Applied Systems
Automatic Sequencer or manually by the dideoxy chatn termination
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method Sequences were analysed with Genetics Computer Group Inc
and PCGene Software

23 Northern blot analysis

Total RWNA was 1solated by homogenization in RNAzol (Cinna/
Biotecx. TX) followed by chloroform extraction This was enriched for
poly(A) by oligo(dT) cellulose chromatography Poly(A) RNA(4 ug/
lane) was resolved on 1 25% agarose gels contaiming 5% formaldehyde
and transferred to Genescreen Nylon Membranes (NEN Research
Products, MA) Prehybridization and hybridization with P-labeled
34 kb rat brain cDNA probe were performed at 42°C n 50% for-
mamide Membranes were washed twiee for 30 min at 62°C n 2xSSC,
1% SDS then twice for 30 mun at room teinperatuic 1 01 x SSC
according to the manufacturer’s protocol To control for equal load-
ing of mRNA 1n the brain tissue distribution we reprobed with the
Nco-1-Tugl 770 bp cDNA fragment of chicken f-actin obtained from
Oncor Inc (Gaithersburg, MD) Equivdlent amounts of 2 0 kb mes-
sage were detected n each lane

24 Chromosomal Locahzation

Prepared blots of human/hamster somatic cell hybrids were
obtaned from Bios Cotp (New Haven, CT) and were prehybridized
and hybridized according to the manufacturer’s protocol with the
“P-labeled 3 4 kb rat brain cDNA probe at 65°C  Blots were washed
twice for 10 min at room temperature in 2xSSC, 0 5% SDS, once for
15 min at 65°C in IxSSC 1% SDS and twice for 15 muin at 65°C 1n
0 1xSS8C., 1% SDS

B DR B

B 1 2 3 4 5

Fig 1 Northern blot analysis with rat brain f-subunit ¢<DNA probe Samples of 4 ug poly(A) RNA were sepdrated by 1 25% agarose gel

clectrophoresis transferred to Genescreen membranes and hybridized with radiolabeled full-tength tat bran caleum channel f-subunit LDNA (A)

Rat skeletal muscle (lane 1) and bram (lane 2) (B) Rabbit cerebral hemispheres (lane 1), hippocampus (lane 2), cerebellum (lane 3), bramstem (lane
4) and spmal cord (lane 5) The wmizes of the (wo messages 1in hitobases ate shown on the left
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TCIC:CCATGCGCTGAGGGCCCCCGGCTGTGCCGGGAGGGCGGCCGGACCGGAGGATCCTCTCCAﬁGG%CC%GAﬁGAgCG%C&EGTgCC&GGgCC%TTQCC%A

CCTTCCCAAGAGATCCCTATGGAGGICT ICGACCCCACCCCACAGCGCAAATACAGCAAGAGCGAAAGGGCCGTTCAAAAGGTCAGATGGGAGCACCTCCTCA
P S Q EI PMEV FDUPS P QG KY S KREKGIRVF KU RGSDOGST S 8§
GATACCACATCCAACAGCTTIGICCGTCAGGLGCTCAGCAGAGTCCTACACGAGCCGGLCGTCAGACTCCGACGTIGTCCCTGOAGGAGGACCEGGAAGCCTTA
D T T S NS F V RQ G S A ES Y TS R P SDSDVSL EULDIR RESGSATL
AGGAAGSAGGCAGAGCGCCAGGCC T TAGCCCAGCTCCAGAAACCCAAGACCAAACCAGTGGCCTTTGCTGTITCCGACAAATGTTGGCTACAATCCGTCTCCA
R K E A ERQAL AQLEIZ KA AIEKTZE KPPV AF AV RTUNUVYVGYUHNUPS P
GGAGATGAGGIGCCAGTGCAGGGAG TGECCATCACCT ITGAGCCCAAGGACT ICCTGCACATCAAGGAGAAATACAATAATGACTCGTGGATCGEGAGGCTG
G D EV PV QG V A I TTFEU?PE KUDTFULHTIIE KEIZ KT YNIHNTIDUWUWWIGRIL

GIGAAGGAAGGCTGIGAGGT TEGT TICATCCCCAGCCCTGTICAAACTCGACAGCCTICGCCIGCTIGCAGGAACAGACGCIGCGCCAAAACCBCCICAGETEC
VvV K EGCEVGPF I PSP VEKULDSULRLLQEQTTLZRIQUNRILTGS S

AGCAAGTCAGGTGACAACTCCAGTTCCAGTCIGGEAGATGTIGCYGACTGGUCACCCGCCECCCCACACCCCCCCCCAGTCGCCAAACAGAAGCAGAAGTCGACA
S K S 6D NS 8§ 8§ 8 L 6DV V YT GTRURUPTUPPASAILKOQEKQRKTST
SAGCACGTIGCCCCCCTATCACGTGGIGCCTTCCATGAGGCCCATCATCCIGGIGGGACCATCGC TCAAGGGUTATGAGGTAACTGACATGATGCAGAAGELG
E H VPP YDV VPSMPRPIIILVSGTPSILIKGYZEUVTUDHMGQGIK &
TTGCTITCACTICTIGAAGCATCGGT TTGATGGCAGGAT T TCCATCACCCGGGTAACGGC TGACAT TTCCCIGGCCAAGCGCTCGGTICCTCAACAACCCCAGE
L F DF L KHRVPFDGRISITRVTADISILAEKZ RSV VLWNNPES
AAACACATTATCATCGAGCGCTCCAACACTCECTCCAGCCTGOCTGAGGTACAGAGTGAAATCGAGCGGATCTICGAGCTGECCCCGACCTTGCAGCIGEIT
K HIXI I I ERS L A EV S EI E R E RTULQUL YV

T
N T R § & Q I F L A
GCCCTGGACGCCGACACCATCAACCACCCAGCCCAGCTCTCTAAAACCTCGCTGGCCCCCATCATTGT TTACATCAAGATCACATCCCCCAAGGTACTGCAG
AL D ADTTINUBUPAQL S KTSIL aA&PI I VY 1IHKITSUPIEKUVL Q

AGGCTCATCAAATCCCGAGGEAAGTCTCAATCCAAACACCTCAATGTCCAAATAGCAGCCTCGGAGAAGCTGGCACAGTGICCCCCCCAAATGTITGACATA
R L I K S RGI K S QS KHULUNUVYVQI A ASEIZ KLAQTC?PUPEMTFEFD I
ATCCTGGACGAGAACCAATTGEAAGATGCCTGCGAGCACCTGGCGGAGTACTIGGAAGCUTACTGGAAGGCCACACACCCGCCTAGCAGGACGCCACCCAAT
I L DENQULZEDACTEUHILAET YLZEAYWEKA ATU HTPPZSRTU®PZPNUN
CCGCIGCTGAACCGCACCATGGCTACCGCCGCTCTGECTGICAGCCCTGCCCCCGTCTCCAACCTCCAGGEACCCTACCTTCT TTCCGGGCACCAGECGL TG
P L L NRTMATAALAVYV S PAPV SHNILQG?P VYLV S GDGQUPIL

GACCGGGCCACTGGGGAGCATGCCAGTGTGCACGAGTACCCCGEECAGCTGCEECCAGCCCCCAGGCCT TTACCCCAGCAACCACCCACT CGGGC.
DRATGEHASVHEYPGELGQPPGLYPSNHPACPTGgCRAAch

ACCCIGTGGGCGCTATCCCOCCAAGACACCTITGATGCTGACACCCCCGEGAGCCCAAACTC TGTCTACACGGAGCCAGCAGACTCGTIGTGTGGACATGGAG
T L WAL SRQDTU ¥ FDAUDTUPGS RNSVYVY Y TEUPGD S C VD ME

ACAGACCCCTCAGAGGGCCCAGEGCCIGEAGACCCTGCAGGGGGAGGTACACCACCAGCTCGGCAGGGCTCCIGGGAAGAGGAGGAAGATTATGAGGAGGAG
T D P S8 E G PG P 6 D P A GG G TP P ARQGSWETETETETDTYTETEE
ATGACCGACAACAGGAACCGGOGCCGGAATAAGGCCCGCTACTGTGCGGAGGGTGGTGEGCCEGTTCTGGGECGCAATAAGAATGAGCTGGAGGECTGGCGA
M T DNU RU NI RGRUENIUEKARYZ CAETGGTGPVLGRUNIEKDNETLTETGWG
c%Auéc.u‘J, (.'.I.QCA iu.uu TGAGAGGCAGGGGCAGTTCTGGGAGAGAAGAGCCTCTGAACTCCGECAGGECAGCGCAGAGCEECECACCACCCAAGATGIGTC
TIGCCTCCAGGGRECGCTITGTCCCTCATTIICAGATGCC T TIGCTCAAAGCTTGGGGITTICTTTGGTGGTTATCAT TCCCAACTCCTGGGAGGTCCTTAAT
CCCCAGCTGTAGGTTTTTCCCTAAACTGCTGTGGGTGGATGGGGGAATACCTACTTTICTGAAGTGCCCCCTTTCCCCATCITTGGGGCTTICTCCCTCCCAG
AGARAAGGTGCACTTCCITAACTTTITTACTCGEGGCTGTAAGCGGAGGTCCTAAT TGGGGTGGEGTGGAGGECTTTCTICTACCAACGCAGGGCTACTIGGE
AAAGGTTGGGIGCTITTTCCTCGAAGAGAACCCGCTGAATCTTCCACAAACCCCAGACCCGGGATCCCCCACCATATCCATTCCATAACCTAGTTICCTAGCAG
CATTCTCTIGGIGGETGAAAGCCACAGCTTGCAAACCCATGAAGTGCCTIGCCITTGCCGACCAGAGCTGEGGTGCAAACTGACGECGCATCAGTGIGTGCICICTG
CCCTCCATGGICATGGCAAGAAAGCAGGGCCTAGAAACT TGAGGAGTGAGCAACTCAAGATGCTGGCCCCCECAACCCCTTCCAGCCCTTGTATCCCCCCTG
GAATGAGCTTIGTCTACAGCATACCCTGCCTGCTGGCATCAGAAGAGAGGEGCCCTCTTCATCTGAGCCCCACATCTCCGTIGCCCCCTGGGTCTGGAGACCA
TGAGACCATGAATACGTTGGGTCCACCTCATTCTAAACCAAAAAACCTGCTICTTTCACCTICACCCCGAGGTCCCAGGGAACAGGCTCTATGTGTTGGTGCE
CATGAGGTGACUGCCATTCAGGEGCTICCTGAGGACCTTGGATCTCCCCTAGGSGTCTTGET TGCTGCTGCTTCTCTGTATTTGCCTCTTGTIGATCCTGTCE
TTTCCCGTGTCCACTTTICCCCAAGAGAGGCCTCGGTAGCCCCTCACCCCTOGEGTTCCCTTAGCCTCGGCATCCCTGTAGTCCAGCAGCCCTGCCCCTLCCC
AGCATCACAGCTIGGTCCAGAGAGAGCCOATTGTGCCAACGAGGACTGGGCCCTGCCCAGCTGCCCACCTCAGGGATGGGCACCTCATGCCTGTCTCGCCACT
TCCTGTGCCAATGTTGCCCCACCCCT ICCGGGGGTGEGGCACAGCTTCCACTAACAGGTTAGAAGATAGCACTGCCCAACCTITCGCTCCCCGTCCCCATCT
ACTGICTCGTGCCCATCIGTCTGTCTGTCTGTCTGTACTCCTCTAGGAGAGATATTTTTCCACAAATAAAACCGCAGTITCTGTCCTTTGCGGCCACCTCCTIG
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Fig 2 Nucleotide sequence of cloned (DNA encodmg the tat bram f-subumt and the deduced amino acid sequence The deduced amino acid

sequence of the encoded polypeptide s indicated i the single letter code below the nucleotide sequence Nucleotide residues are numbered in the

5'to ¥ dircction Numbers of the nucleotide and amimo aaid residues are given at the right hand end of the individual ines In the ¢DNA sequence
the stretch of 28 dA residuces at the eatreme 3 end may represent the poly(A) tail

3. RESULTS AND DISCUSSION

A 1774 nucleotide cDNA with sequence 1dentical to
that cncodmg the f-suburut of the dihydropyn-
dine-sensitive calcium channel in 1abbit skeletal muscle
[10] was 1solated from a randomly primed rabbit skele-
tal muscle cDNA hibtary tn Agtl1 by a f-subunit specific
component of a polyclonal antibody tased aguinst the
purified dihydropytidine 1eceptor complex, This poly-
clonal antibody, rased n sheep, was affimity-purified

agamst immobihized f-subunit following the method of
Shuarp and Campbell [23]

This fuil-length cDNA encoding the S-subumt of the
rabbit  skeletal muscle  dihydropyridine  receptor
(DHPR) hybridizes with high stringency to a 34 kb
message 1in both rabbit and rat bramn. To 1solate this
message a rat brain library constiucted mto the Lamb-
daZapll phage vector was screened with the skeletal
muscle detived cDNA. The largest clone 1solated was
34 kb n size corresponding to the size of the message
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Brain MV GUSRGPYPESQEIPMEVED GSTSSDTTSNS GSASSYTSRPSDSDVSLEEDREALRKEAEROALAOLER 100
7] l..lllllllll?lllll ||!?““m|u|m RGN
Musele MVQKISMSRGPYPPSQE VEDE GSTSSDTISNSEFVROGSAESYTSRPSDSDVSLEEDREALRKEAERQALAQLEK, P 100
Brain V hVRTNVG NPSPGDEVEVQGVA. 2 FPKDFLH HDWWIGRLVKEGCEVGFI PSPVKLDSLRLLQEQTL.RS msss GDNSSSSLbuvv G 200
||||||||||| T T T T T L L 0
Musecle VAFAVRINV& HPSPGDEVEVEGVA ZPKDFLH WWIGRLVKEGCEVGE SPVKLDSHLLQEQKLRQS SSSKSGDNSSSSLGDVVIG 200
Brain JETI0) o R KSTERVEPYDVVESMRPT ILVGPSLEGYEVIDMMOKALEDE 255
it N R
Museles PPASG WELEPLDLEEDEAELGEQSGSAKTSVS-‘)VJ.J.‘rrrnuu‘lb’.‘:km ERVPPYDVVPSMRPI ILVGPSLKGYEVIDMMQKALF 300
Brain LKW 18I TRVTADISLAKRSVLNNPSKHI 1T ERSNTRSSLAEVOSETER IFELARTLQLVALDADT INHPAQLSKTSLAPTIVYIKITSPKVLORL 355
T T e L O TP T 1l
Musele LKHRFDGRISITRVIADISLAKRS ERS SLAEVQS sLARTLQLVALDAD HPAQLSKTSLAPI] [KITSFKVLQRL 400
Brain KS) SKHLNVOIAAS. PEMFDI ILDENQLEDACEHLAEYLEAY THPPSRTPPNPLLNRTMATAALAVSFAFPVSNL PYLVSGDQPL 485
T M e LTy Illl i T
Muscle IKSRGKSQSKHLNVQIAAS u&..“ﬁDIILDENQLEDACi LAEYLEAYWKATHPPSSTFPNPLLNRTMATAALAASPAPVSNL QVQVLTSLRRNL 500
555

Brain DRATGEEASVHEYPGELG?PPGLYPENHPPGRAGTLWALSRQDTFDADTPGSRNSWTEPGDSCVDMETDPSEGPGPGDPAGGGTPPARQGSWEEEDYE

Muscle SFWGGLETSQRGGGAVEQQQEHAM 524
Brain EEMIDNRNRGRNKARYCAEGGGEVLGRNKNELEGWGQGVYIR 597

Fig 3 Homology of the deduced amino acid sequences of the rat brain S-subunit and the rabbit skeletal muscle DHPR f-subumit Numbers of

the amino acid residues arc given at the right hand end of the individual lines  Sets of 1dentical amino auid residues are indicated by vertical sold

bars () with mismatches based on the evolutionary distance between amino acids as empirically measured by Dayhoff and normalized by Gribskov
[29] Decreasing relatedness !s indicated by colons () and dots ()

on Northein blots As a probe this clone hybridized to
a 1.6 kb band n rat skeletal muscle and a band at 3 4
kb 1n brain (Fig 1A), a pattern 1dentical to that derved
with the rabbit DHPR f-subunit cDNA probe No hy-
bridizing species were detected 1n heart or lung at high
stringency A brain tissue distribution was petformed
with mRNAs isolated from the cerebral hemispheres,
hippocampus, cerebellum. bramstem and spmal coird
High levels of the message were detected in the cerebral
hemispheres and hippocampus whereas 1t 1s signifi-
cantly reduced 1n cerebellum (Fig. 1B) The message
levels 1n this tissue were found to be lower than thosc
detected 1n the bramstem and spinal cord The equal
loading of mRNA was confirmed by the uniform levels
of a 20 kb message in each lane when the blot was
reprobed with a f-actin cDNA (data not shown).

The distribution of the bram S-subunit message con-
trasts with the cerebellar localization of the recently
cloned BI brain calcium channel [20} This novel brain
¢DNA may therefore predict the distribution of yet an-
other brain caleium channel, possibly the neuronal di-
hydropyridine or w-conotoxin-sensitive channel, When
hybridized with the neuroiial S-subunit cDNA the 3 4
kb message was also detected 1n rat pancreatic islet cells,
RIN cells [24] and STC3 cells [25] (data not shown) The
two latter cell lines were derived from rat islet cell
tumors The neuroendocrine propeities of these cells
suggest that the neuronal calcium channel may be in-
portant in the secrction of hormones and neurotrans-
mitters.

The nucleotide and encoded amino acid sequence of
this rat brain cDNA 15 shown in Fig 2. Translation of
1ts 3293 nucleotide sequence revealed an open 1ecading
flame of 597 amuno acids which extends from nu-
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cleotides 65 to 1855 with predicted mass of 65 679 Da
This 1s 7811 Da larger than the 524 amino acid 57 868
Da protein encoded by the rabbit skeletal muscle se-
quence As shown in Fig 3, the protemns encoded by
both brain and skeletal muscle derived cDNAs share
98% homology extending from their common amino-
terminus to residue 209 At this pomt a segment of 50
amino acids extending ftom muscle 1esidue 210 to 260
1s absent 1n brain Beyond this point there 1s again lugh
homology which extends to muscle residue 489, The
temaming 35 amino acids of skeletal muscle and 153
amino acids of brain C-termini are completely different
The overall ammo acid homology 1s 82%. This homol-
ogy suggests that the immunoprecipitation of neuronal
dihydropyridine and w-conotoxin 1eceptors {21] occurs
by the cross-teactivity of monoclonal antibodies against
the S-subunit of the skeletal muscle receptor with one
or more neuronal S-subumt isoforms By comparing the
weight predicted by the cDNA encoding the skeletal
muscle § subumt with its lower apparent weight on
SDS-polyacrylamide gel electrophoresis the predicted
weight of the neuronal isoform is most consistent with
1t being the smaller of the 78 000 and 58 000 Da bran
protemns identified by immunoblot analysis with this
antibody

An analysis for local hydropathicity within the bran
denved sequence reveals the absence of typical mem-
brane spanning domains (segments of at least 19 resi-
dues with an average hydropathicity index greater than
1 6) [26). This propeity 1s consistent with the skeletal
muscle DHPR f-subunit which has been assigned to the
cytoplasmic aspeet of the membrane where 1t is believed
to interact wath an mtracellular domamn of the a,-sub-
unit Similar to 1ts skeletal muscle counterpart the bram
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Fig 4 Localization of the bram f-subumt gene to chiomosome 17
using human/hamster somatic cell hybnds Southern blot of genomie
DNAs 1solated from a pancl of human/hamster cell hybrids (Bios
Corp ) were hybridized with ¥P-labeled full-length rat bram S-subunit
cDNA Each lane contained 8 g DNA from human cells, hybrid lines
937, B54, 507, 909, 1006, 811 and hamster cells Hybnd lines shown
represent only a portion (6 out of 25) of those scieened, data from lines
not shown were consistent with locdhzation to chromosome 17
Human chromosomes present an cell hines die shown above the
Southern blot

c¢DNA encodes numerous consensus phosphorylation
sites suggesting that they both share a channel 1egula-
tory role The cAMP-dependent phosphorylation site at
threomine®* and serinc'* (not consensus) of the skeletal
muscle protein was shown to be phosphorylated in vitro
by the sequencing of tiyptic phosphopeptides [10,27]
The conservation of these sites suggest that they may
also be phosphorylated in the bram protein.

Analysis of DNA from pancl of human/hamster
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somatic cell hybrids [28] localized the human gene cor-
responding to the brain calcium channel f-subunit to
chromosome 17 (Fig 4)

The data presented here show that a mRNA with
high homology to the f-subunit of the skeletal muscle
dihydropyridine receptor 1s expressed in brain with re-
gional spectficity The primary structure of the encoded
biain calcium channel f-subunit predicts a umque C-
terminus and the absence of a 50 amino acid internal
segment specific to the skeletal muscle derived protein
The brain cDNA predicts a protein free of transmem-
brane domains with numerous conscnsus phosphoryla-
tion sites consistent with 1ts skeletal muscle counterpart
suggesting that they share a similar regulatory function
Together these data are consistent with the presence of
a bramn f-subumt which, stmilar to its highly homolo-
gous skeletal muscle 1soform, may be an integial regula-
tory component of a brain calcium channel complex

Acknowledgements We thank Dr Oxana J Beskrovnaya, Cynthia J
Leveillle and C Michael Knudson for their expert techmical assistance
and advice, Dr Teiry P Snutch for his gift of the rat brain cDNA
hibrary, Dr Michacl M Harpold and Steve B Ellis for ther help in
1solating the skeletal muscle f-subumit cDNA and Dr Graeme [ Bell
for providing Northern blots of rat cell lines M P 1s supported by a
Umiversity of Iowa Fellowship K PC 1s an Investigator of the
Howard Hughes Medical Institute The nucleotide sequence of the rat
bramn f-subunit cDNA will appear in the EMBL and Genbank nu-
cleotide sequence databases under the accession number X61394

REFERENCES

[1] Campbell, KP, Leung, AT and Sharp, AH (1988) Tiend~
Neuroser 11, 425-430
[2] Bean, BP (1989) Annu Rev Physiol 51, 367-384
[3] Hosey, M M and Lazdunsk;, M (1988) J Membr Biol 104,
81-105
[4] Millet, RJ (1987) Science 235, 46-52
{5] Beam, K G, Knudson, C M and Powell,J A (I98F) Nature 320,
168-170
[6] Rios E and Brum, G (1987) Nature 325, 717-720
[71 Catterall, W A, Scagar, M J and Takahashi, M (19%8)J Biol
Chem 263, 3535-3538
[8] Tanabe, T, Takesiuma, H, Mikami, A, Flockerzi, V Taka-
hashi, H, Kangawa, K . Kopma, M , Matsuo, H . Hirose, T and
Numa, § (1987} Naturc 328, 313-318
[9] Ellis, S B, Wilhams M E, Ways, N R,, Brenner, R, Sharp,
AH,Leung. AT Campbell K P, McKenna, E, Koch, WJ,
Hui, A, Schwadrtz, A and Harpold, M M (1988) Science 241,
1661-1664
[10] Ruth, P ,Rohrkasten, A , Biel, M, Bosse, E , Regulla, S , Meyer,
H E ., Flockerzi, V and Hofmann, F (1989) Science 245, 1115-
1118
[11] Jay. S D, Ellis, S B, McCue, A F, Willlams, M L, Vedvick,
TS, Harpold, M M, and Campbell, K P (1990} Science 248,
490-492
[12] Leung AT. Imagawa T, Block. B, Franzam-Armstrong, C
dand Campbell, K P (1988) J Biol Chem 263, 994- 1001,
[13) Imagawa, T, Leung, AT and Campbell, KP (1987) ] Biol
Chem 262, 83338339
{14] Curtis. BM and Catterall. W A (1985) Proc Nutl Acad Sai
USA 82, 2528-2532
[15) Lacerda A E. Kim.HS, Ruth, P, Peres-Reyes. E | Flockerzt,
V. Hoftmann, I, Birnbaumer, L and Brown, A M (1991) Na-
ture 352, 527-5%0

257



Volume 291, number 2

{16] Varadi, G, Lory, P., Schultz, D, Varadi, M and Schwartz, A
(1991 Nature 352, 159-162

{17] Nowycky, M C, Fox, A P and Tsien, R W (1985) Nature 316,
440-443

18] Lhinas, R , Sugimon, M, Lin, J-W and Cherksey, B (1989)
Proc Natl Acad. Sa USA 86, 1689-1693

[19] Snutch, TP, Leonard, J.P, Gilbert, MM, Lester, HA and
Dawvidson, N (1990) Proc Natl Acad Sc USA 87, 3391-3395

[20] Mori, Y, Friednich, T, Kim, M, Mikam, A , Nakay, J, Ruth,
P, Bosse, E, Hofmann, F, Flockerzi, V, Furuichy, T, Mi-
koshiba, K , Imoto, K , Tanabe, T and Numa, S (1991) Nature
350, 398-402

[21] Sakamoto,J and Campbell, K P (1991)J Biol Chem (in press)

[22] Jay, S.D., Sharp, AH, Kahl, SD, Vedvuick, TS, Harpold,
MM and Campbell, K.P (1991) J Biol Chem 3287-3293

258

FEBS LETTERS

October 1991

[23] Sharp, A H. and Campbell, K P (1989)5 Biol Chem 264, 2816-
825

[24] Gazdar, AF, Chick, WL ,O1e, HK, Sims, HL , King, DL,
Weir, G C and Laurs, V (1980) Proc Natl Acad Sci USA 77,
3519-3523

[25) Efrat, S, Linde, S, Kofod, H, Spector, D, Declannoy, M,
Grant, S, Hanahan, D and Baekkesov, S (1988) Proc Natl
Acad Sa USA 85, 9037-9041

[26) Kyte, J and Doolittle (1982) J Mol Biol 157, 105-132

[27] De Jongh, K S, Merrick, D K and Catterall, W A (1989) Proc
Natl Acad Sc1 USA 86, 8585-8589

[28) Slawn, K , Sawczuk, I S, Olsson, C A and Buttyan, R (1990)
Biochem Biophys Res Commun 172, 160-164

[29] Gribskov, M and Burgess, R R (1986) Nucleic Acids Res 16,
6745-6763



