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= Abstract =

Voltage-gated calcium channel (VGCC) is composed of at least four (¢1, a2, 8, and &)su-
bunits. Among them B subunit accelerates the kinetics of activation (channel opening) and inac-
tivation (channel closure), and regulates the channel activity by phosphorylation through PKA
and PKC that are activated by various signal transduction mechanisms. Until recently four iso-
forms of beta subunits (81, §2, §3, f4) have been identified. Our recent data shows that VDCC
B3 gene is expressed only in the nervous system and around the perinatal stage at high level.
Alternative splicing was also observed at both 5'- and 3'- ends. To elucidate alternative splicing
and cis-acting element of gene regulation of the f3 subunit gene we isolated a 12.5kb-sized
genomic clone encompassing 3 subunit gene from human genomic library using the whole 3
subunit cDNA from NG108-15 cell line as a probe. The genome was analyzed by Southern hy-
bridization and sequencing. The 3 subunit gene consists at least of 12 exons, and deduced am-
ino acid sequence from the exons showed 98% similarity with that of rat gene. The p3 subunit
gene is not alternatively spliced at the middle of the gene, and has many possible phos-
phorylation sites, which may confer the regulatory role of the £3 subunit gene.

KEY WORDS : Calcium channel - Human genome.

Introduction

Calcium ion in eukaryotes acts as a second mes-
senger molecule like cAMP, inositol triphosphate, and
diacylglycerol. Total intracellular concentration is re-
gulated around 2pM in most nonexcitable cells but
free calcium concentration is maintained aorund 0.05%
of total calcium concentration, 0.1pM, and minute
change of free calcium ion mediates various phenome-
na. Entry of calcium ions into cells through voltage-
gated calcium channels(VGCC) mediates a wide var-
iety of physiological fuctions, including linking electr-

ical activity to neurotransmitter release, excitation-con-
traction coupling, and control of neuronal firing pat-
terns”.

Traditionally VDCC was grouped into two major
categories according to their voltage-dependent pro-
perties for activation of channels®. Opening of low vol-
tage-activated(LVA) calcium channels is triggered by
small depolarizations under membrane holding po-
tentials, Their function in vivo is supposed to be pa-
cemakers, repetative bursting. High-voltage activated
(HVA) calcium channel can be open upon de-
polarization to relatively high potentials, and display
divese drug, toxin-binding and kinetic properties.
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These channels are classified into L-, N-, and P-type
channels based on their electrophysiological and phar-
macological properties”™797®,

Molecular properties of L-type calcium channel
were well known because this type of channel is rich
at neuromuscular junctions, and has specific drug
binding sites”. Biochemical studies show that skeletal
dihydropyridine(DHP)-sensitive L-type VGCC is com-
posed of five distinct subunits(el, a2, 8, y, and 0)**°,
The el subunit of the calcium channel complex,
DHP,
phenylalkylamine, and benzothazepine, can direct ex-

which contain the binding sites for

pression of functional calcium channels in Xenopus
oocyte™??, Coinjection of skeletal muscle 228 and p
subunit mRNAs with the ¢1 subunit mRNA, however,
drastically changed electrophysiological characteristics
of the expressed calcium channels®®, These findings
suggest that @26 and/or B subunits of the calcium
channel may play a modulatry role in regulating cal-
ciam channel function.

Beta subunit is a cytoplasmic protein and accelerates
the kinetics of activation(channe! opening) and inac-
tivation(channel closure)'®'®, and regulates the chan-
nel activity by phosphorylation through PKA and
PKC that are activated by various signal transduction
mechanisms'®™®, Multiple possible phosphorylation
sites were shown by cloning of b subuits from various
sources. Four isoforms of beta subunits(81, 2, p3, p4)

IMEND - Our recent data shows that

are known
VGCC $3 subunit gene is expressed only in the ner-
vous system, and alternative splicing was also observed
at both 5'- and 3'- ends. To clucidate the spacial and
temporal specificity of the f3 subunit gene we isolated
B3 subunit genomic DNA from human genomic k-

brary and chracterized.

Materials and Methods

1. Cloning of voltage-gated calcium channel B3
subunit gene from human genomic library
Voltage-gatedt calcium channel B3 subunit gene
was isolated from human genomic DNA library
(Stratagene 944201, W138 cell line from human lung
fibroblast) using NG51 cDNA which has full coding

region of VDCC 3 subunit. About 7.0x10° plaques
were screened with the cDNA probe which was la-
belled with *P-dCTP using random priming. The
plaques were transfered onto nitrocellulose paper, im-
mobilized, and hybridized with hybridization solution
containing *P-dCTP labeled cDNA probe. The mem-
brane was washed with 0.2XS8SC/0.1% SDS for 10
min three times at RT, followed by at 65T for 10
min three times. The signal was visualized by ex-
posure onto X-OMAT film overnight. The positive
plaques was picked, and second screening performed
as above. The resulting four plaques were cultured
and their phage DNAs were isolated. Among them
only one plaque, BHGx was positive for oli-
gonucleotide from 5'-end of NG51 ¢DNA. The BHG
was digested with Sac I, and transferrred onto Nylon
membrane and Southern blot analysis was carried out
with NG51 cDNA as a probe. The fragments poitive
for the prove was subcloned into pGEM 7zf(+). and
their sequences were analyzed.

2. Sequencing

The Sac I fragments of the genomic DNA were sub-
cloned into pGEM 7zf(+) vector. Basically the dele-
tion mutants were preparaed by manufacturer's man-
ual(Promega). To get deletion mutants the restriction
enzymes maps were made. The 5'-/3"-overhang
DNA were made and digested with Exo III nuclease
followed by S1 nuclease. The unidirectional deleton
DNA was liagated and transformation was carried out.
Resuting plasmids DNA from the deletion clones
were prepared by Wizard miniprep kit(Promega). The
sequening template DNA was prepared by alkali dena-
turation-neutralization of the double-stranded plasmid.
The sequencing was carried out by using the dideoxy-
termination method of Sanger, the Sequenase v.2.0
(Amersham).

3. Data analysis

The sequencing data from the deletion mutants
were assembled by using the Asseblign program from
IBI Co. Exon sequences were analyzed by comparing
the genomic DNA sequences with ¢cDNA sequence
from NG51 cell lines. The exon sequence was translat-
ed into amino acid sequence, and the possible phos-
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phorylation and other motifs were analyzed using
MacVector program(IBI)

Results

Calcium channel genomic DNA was isolated from
genomic library of W138 cell line from human lung fi-
broblast(Stratagene 944201) which was cloned into
AFix bacteriophage vector. The genomic DNA of £3
subunit gene of VGCC was isolated by high stringen-
cy screening of the genomic library with NG51
cDNA , which encompass whole coding region of 3
subunit of VGCC. A phage clone, BHG, with 12.5kb-
sized insert was isolated. The insert consists of 4 Sac I
fragments, 5.8, 4.5, 1.3, and 0.8kb. Among them 5.
8kb fragment was the most strong positive and 1.1kb

2kb
———
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L 1 L1 1

AB CDEFGH K L

Fig. 1. Organization of the voltage-gated calcium channel
B3 subunit gene.
As indicated, the VGCC B3 subunit gene consists
of at leasr 12 exons from A to L in 12.5 kilobases.
S denotesSac ! enzymes and T7/T3 indicates the
prmotor site in the AFix cloning vector. Closed rec-
tangualr in lower figure represents exons. The exon-
intron junction sequences are dipicted in Table 1.

Table 1. Exon-intron junction sequences

fragment was positive for Southern hybridization us-
ing NG51 cDNA as a probe. All of above fragments
were sequenced using the Exo III deletion kit from
Progega. The sequencing data from deletion mutants
were analyzed by using MacVector and Assemblign
sequencing program.

The analyzed result disclosed that the genomic
clone, BHG, has 12 exons from A to L as shown on
Fig. 1. The order of Sac I fragment from 5'- to 3'-
direction is 5.8kb, 1.3kb, 0.8kb, and 4.5kb. 5.8kb Sac
I fragment has 8 exons, and 1.3kb Sac I fragment has
4 exons. The genomic clones dose not have full
¢DNA sequences. The first exon observed started at
2864th bp which encodes the 16th amino acid of £3
subunit gene. The 12th exon has termination codon.

The exon-intron junction of #3 subunit gene of
VGCC was shown on Table 1. All introns began with
‘gt and ended with ‘ag’. The codon phases were vari-
able, from the first to third base of codon. The nu-
cleotide sequence spliced from the exons is shown at
Fig. 2 and the numer of the nucleotide is 1410. The
double aterisks indicates the spliced junctions of the
cxomns.

The nucleotide sequences from the exons were
translated into amino acid sequences(Fig. 3). Deduced
amino acid sequences of human f3 subunit of VGCC
was compared with that of rat, which showed the 98%
similarity, but it is less similar to 1 or f2 subunit of
VGCC as 75% and 78% respectively(data not shown).
The computer analysis of the amino acid sequence of
the B3 subunit reveals that f3 subunit does not have

A cccaacceag GGTTCAGCCG
B aattctccag CACAAACCTG
C cctggetigg GCATCAGTCT
D ctgceeccag AAGTACAGCA
E ticttctcag GAGATCTGGG
F tccaaaaag CCAAGCAGAA
G cattctgcag GCGGAACATG
H cttcceecag GTCACAGACA
i cccacceccag GATCTCCATC
J ccctecgtag CGGAAGTGCA
K ccecgctcag GTACTCCAGC
L ccctecccag GAGTCATTTG
M tggcceccag AACCAGCAGC

AGGGCCAAGG gtatactttc
CATTAAAGAG gtgatcgacc
CATGTCTGTC gaagtgagca
AGAAGGCCAG glgagagttg
CCATCTCTAG gtagectece
GCAAAAGCAG glgagtcaag
AGGTTATGAG gtgagaggag
TTGATGGCAG gtaagctgec
TCCAGCATTG gtgagaagtc
CTCACCAAAG gtaagtcagc
GTGCCCACCG gtgagtgcct
CGGACTTCAG gtaaccattt
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GGTTCAGCCGGCTCCTACACCAGCCGCCCA
AGCCAGGCTCAGCAGCAGCTCGAAAGGGCC
GAGGAGTGCCCAGTCCAGGGNCCTGGAGTC
GGGCGGCTAGTGAAAGAGGGCGGGGACATC

AG%AGATCTGGGAACCCTI'CCAGCCTGAGT
GAACATGTTCCCCCATATGACGTGGTGCCC
ATGCAGAAGGCTTTCTTCGACTTCCTCAAA
CGATCTGTGCTCAACAATCCGGGCAAGAGG

CGCATATTTGAGCTGGCCAAATCCCTGCAG
GCCCCCATCATCGTCTTTGTCAAAGTGTCC
GCCGTACAGATGATGGCATATGATAAGCTG

TGTGAGCACCTGGTGAGTACCTGGAGGTT
ATCCCCGGACTI'CAGX\ACCAGCAGCT GCTG

GCCAGCNNGAGCTCCCGCCAAGCCTGGACA
CTGTACCAGCCTCACCGCCAACACACCTCG

CACAACCACAGTGACCGGAACTGGCAGCGC

TCTCTGGACTCAGACGTCTCCCTGGAGGAG
AAG%ACAAACCTGTGGCATTTGCGGTGAGG
AACTTTGAGGCCAAAGATTTTCTGCACATT
GCCTTCATCCCCAGCCCCCAGCGCCTGGAG
GACATTGGCAACCGACGCTCCCCTCCGCCA
TCCATGCGGCCTGTGGTGCTGGTGGGACCC
CACAGATI'TGATGGCAGVGATCTCCATCACC
ACCATCATTGAGCGCTCCTCTGCCCGTCC
CTAGTAGTTGGACGCTGACACCATCAAC
TCACCAAAGVGTACTCCAGCGTCTCATI'CGC
GTTCAGTGCCCACCGVGAGTCATTTGATGTA
TACTGGCGGGCCACGCACCACCCAGCCCCT
GGGGAGCGTGGCGAGGAGCACTCCCCCCTT
GGATCTTCACAGCGTACGTCCCGCCACCTG
GGGCTGCCTAGTGCTAACGGGCATGACCCC

1410
AACCGGCCTTGGCCCAAGGATAGCTACTGA

90
GACCGGGAGAGTGCCCGGCGTGAAGTAGAG
180
ACCAATGTCAGCTACTGTGGCGTACTGGAT
v 270
AAAGAGAAGTACAGCAATGACTGGTGGATC
360
AGCATCCGGCTCAAACAGGAGCAGAAGGCC
- 50
TCTCTAGCCAAGCAGAAGCAAAAGCAGGCG
v 540
TCTCTGAAAGGTTATGAGGTCACAGACATG
630
CGAGTCACAGCCAGCCTCTCCCTGGCAAAG
o 720
AGCATIGCGGAAGTGCTGAGTGAGATCGAG
810
CACCCAGCAGCTCGCCAAGACCTCGCTG
900
TCCCGGGGGAAGTCAGAGAAGCACCTG
990
ATTCTGGATGAGAACCAGCTGGAGGATGCC
1080
GGCCCCGGARCTTCTGGGTCCTCCCAGTGECC
1170
GAGCGGGACAGCTTGATGCCTCTGATGAG
1260
GAGGAGhGACTATGCAGATGCCTACCAGGAC
1350
CAAGACCGGCTTCTAGCCCAGGACTCAGAA

Fig. 2. Nucleotide sequence of VGCC B3 subunit gene spliced from exons.

[ 1 51 100
b3h CSAGS YTSRPSLDSD  VALEEDRESA RREVESQAQQ QLERAKHKPV AFAVRTNVSY CGVLDEECPV QPGVFEAK  DFLHIKEKYS
beta3 MYDDSYVPGF  EDSEAGSAS ~ YTSRPSLDSD VSLEEDRESA  RREVESQAQQ QLERAKHKPV ~AFAVRTNVSY CGVLDEECPY QGPGVFEAK  DFLHIKEKYS
101 . 151 . D 200
b3h  NDWWIGRLVK EGGDIAFIPS  PQRLESIRLK  QEQKARRSGN PSSLSDIGNR  RSPPPSLAKQ  KQKQAEHVPP YOVVPSMRPV  VLVGPSLKGY ~EVIDMMOQKAF
betad NDWWIGRLVK EGGDIAFIPS  PQRLESIRLK  QEQKARRSGN PSSLSDIGNR  RSPPPSLAKQ  KQKQAEHVPP YDVVPSMRPY VLVGPSLKGY EVIDMMQKAF
202 . %51 L 30
b3h  FDFLKHREDG  RISIRVIAD  ISLAKRSVIN  NPGKRTIER SSARSSIAEY  [SEIERIFEL AKSLQLYWLD ADTINHPAQL AKTSLAPHV  FVKVSSPKVL
bei3 FDFLKHRFDG RSITRVIAD  LSLAKRSVIN  NPGKRTIER SSARSSIAEV  LSEIERIFEL AKSLQLWLD  ADTINHPAQL AKTSLAPIV  FVKVSSPKVL
301 351 400
b3h  QRURSRGKS  QMGLAQMM  AYDKLVQCPP ESFDVILDEN  QLEDACEHIA EYLEVYWRAT HHPAPGPGLL GPPSAPGLQ  NQQUGHRGE  EHSPLERDSL
beta3 QRLIRSRGKS — QMCLAYMM  AYDKLVQCPP ESFDVILDEN  QLEDACEHIA EVLEVYWRAT HHPAPGPGLL GPPSAPGLQ  NQUUGERGE  EHSPLERDSL
401 451 484
b3h  MPSDEASESS  RQAWIGSSCR  TSRHLEFDAY DAYQDLYQPH RQHISGLPSA  AQUSEHNHSD  RNWQRNRAWP  KDSY
belad MPSDEASESS ~ RQAWICSSR  TSRHLEEDAY  DAVQDLYQPH RQHTSGLPSA  AQDSEHNHSD  RNWCRNRPWP  KDSY

Fig. 3. Deuced amino acid sequences of huamn VGCC B3 subunit gene.
Alignment of deduced amino acid sequences of huamn VGCC B3 subunit gene and rat B3 gene. The human B3
sequence is obtained by translation of sequence spliced together from exons. Identical sequences were shown
as capital letter and nonidentical sequences were shown as lower cases. The conserved potential sites for phos-
phorylation are indicated with the following symbols : protein kinase C(m), casein kinase Il{®). Underline
shows the predicted a helices deduced from hydropathy profile(not shown).
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typical membrane-spanning region and contains three
major a helical domains. The £3 subunit of VGCC
has many possible phosphorylation site. Potential pro-
tein kinase C(Ser/Thr-X-Lys/Arg) sites were found at
4 locations and 4 possible casein kinase II sites(Ser/
Thr-X-X-Asp/Glu) were observed. No consensus site
for cAMP-dependent protein kinase was found in $3
subunit gene.

Discussion

The first exon of the genomic DNA clone, BHG,
as shown at Table 1. is GGTTCA---GCCAAG, from
which other exon could not found reaching 2.85kb
upstream. The size of intron in the BHG genome
ranges from 118 bp(between exon J and K) to 597
bp(between H and I). Deduced amino acid sequence
of 3 subunit gene from the exons starts with GSAD--,
16th amino acid of 83 subunit protein’**", The oth-
er effort should be done to find the exons encoding
5'-end of the £3 subunit gene, where 3 alternatively
spliced forms of P3 subunit gene from rat were ob-
served(unpublished data).

The deduced amino acid sequence from the exons
has high degree of similarity with that of rat gene®
and identical to that of the human B3 cDNA® Alt-
ernatively spliced forms of £1, f2 subunit gene, which
contribute to the functional diversity of the VGCC,
were reported”. The genomic clones so far we have
cloned doesnot have the exons which could be alt-
ernatively spliced in the middle of the gene as 1 su-
bunit’™®,

The B3 subunit protein is supposed to have theoret-
ical 3 major a-helical domains. The £1 subunit protein
was known to have 4 ¢-helical domains, and first two
a-domains was proposed to be a binding domain to
the @l subunit of skeletal muscle type VGCC™. Miss-
ing the second e¢-helical domain in the £3 subunit
might contribute to the different binding patterns
with various al subunits.

Calcium currents through the cardiac and skeletal
muscular VGCC are modulated by phosphorylation
mediated by several protein kinases, pretin kinase C,
cAMP-dependent protein kinase, etc’®®®. Although

it has been demonstrated that preferred substrate for
protein kinases are the al subunits, # subunits have
several potential phosphorylation sites™™?, Among
them possible phosphorylation sites for protein kinase
C were the most abundant, but possible phos-
phorylation sites for cAMP-dependent kinase and
c¢GMP-dependent kianse could not found. These sug-
gests that phosphorylation through the activation of
the protein kinase C system might be important re-
gulatory machinary in calcium signalling.
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