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Table 1 Sequences of primers for isolation and detection of rN1

Primer Pair sequence (5’ to 3") of the forward/reverse Primers location Length/bp
Al GGCAACGTGAGGAGACCTGT/ AGGTCCCCAGGGATTCCCAGACCA -42~917 961
A2 TTGGTCTGGGAATCCCTGGACCT/CGATGGCGTGGTCGTGTCTGG 895~1902 1008
A3 CCAGACACGACCACGCCATCG/GAAGAGATTCAGGACCACAAGGTTG 1 882~2 802 921
A4 CTGGGGAACCTGACACTGGTGC/TGTTCTCTTCATCCTCTTCCT 2515~3196 682
AS GTGCCCCCAGCCCGCAAGGAAA/AGTCGAGCCAGCACCAGGCAT 3055~3823 769
A6 AAGGTCTGGTGGCGGTTGCG/ TCTCCGGTCACGTTCAAGGAC 3562~4172 611
A7 AACGTCCTCCTCGTCTGCCTCA/ TGAAGAAGAGGATGCCCACGGC 4003~5 254 1252
A8 GCATGGCCAACTTCGCTTATG/TCACACGATGGACTCACGGT 5021~6051 1031
B1 CCTTCCTCATCGTGGTCAACA /TCACACGATGGACTCACGGT 5273~6051 779

*An additional fragment produced by primer pair A5 with a length of 610 bp (rN1-2).
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Fig. 1 Putative structure of the a-subunit of rN1
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N1 1:  MANELLPRGTSSFRRETRESLAATEKRMAEKQARG-STTLQESREGLPEEEAPRPQLDLQASKKLPDLYGNPPQEL IGEPLEDLDPFYSTQKTE IVPNKGK 100
hNbRL 1:  MANFLLPRG] RRFTRESLAATEKRMAEKQARG-STTLQESREGLPEEEAPRPQLDLQASKKLPDLYGNPPQEL IGEPLEDLDPFYSTQKTF IVLNKGK 100
rH1 1:  MANLLLPRGTSSFRRFTRESLAATEKRMAEKQARGGSATSQESREGLQEEEAPRPQLDLQASKKLPDLYGNPPREL IGEPLEDLDPFYSTQKTE IVLNKGK 101

DI-S1 DI-S2
N1 101 : TIFRFSATNALYVLSPFHPIRRAAVKILVHSLENTLIMCT ILTNCVEMAQHDPPPWTKYVEHTFTATIYTFESLVKILARGSCLHAFTFLRGPWNWLDEFSV 200
hNbR1  101: TIFRFSATNALYVLSPFHPIRRAAVKILVHSLENMLIMCT ILTNCVEMAQHDPPPWTKYVEYTFTATYTFESLVKILARGECLHAFTFLRGPWNWLDFSV 200
TrH1 102: TIFRFSATNALYVLSPFHPVRRAAVKTLVHSLFSMLIMCTILTNCVFMAQHDPPPWTKYVEYTFTATYTFESLVKILARGFCLHAFTFLRDPWNWLDESV 201
D -S3 DI-S4 DI-S5
N1 201 : TIMAIYVSENTKLGNLSALRTFRVLRALKT ISVIPGLKT IVGALTQSVKKLADVMVLTVFCLSVFAL IGLQLFMGNLRHKRVRNFTALNGINGSVEADGLY 300
hNbR1 201 : TIMAYVSENTKLGNLSALRTFRVLRALKTTSVIPGLKTIVGALTQSVKKLADVMVLTVFCLSVFALTIGLQLFEMGNLRHKCVRNFTALNGTNGSVEADGLY 300
rH1 202: IVMAYTTEFVDLGNVSALRTFRVLRALKT ISVISG LKTIVGALIQSVKKLADVMVLTVECLSVFAL IGLQLFMGNLRHKCVRNF TELNGTNGSVEADGLV 301
DI-SS1 DI-SS2
N1 301 :WESLDLYLSDPENYLLKNGTSDVLLCGNSSDAGTCLEGYRCLKAGENPDHGYTSFDSFAWAFLALERLMTQDCWERLYQQTLRSAGKTYMIFFMLVIFLG 400
hNbR1 301 :WESLDLYLSDPENYLLKNGTSDVLLCGNSSDAGTCPEGYRCLKAGENPDHGYTSFDSFAWAFLALERLMTQDCWERLYQQTLRSAGKTYMIFFMLVIFLG 400
rH1 302 : WNSLDVYLNDPANYLLKNGTTDVLLCGNSSDAGTCPEGYRCLKAGENPDHGYTSFDSFAWAFLALERLMTQDCWERLYQQTLRSAGKTYMIFFMLVIFLG 401
D1 -S6
N1 401:SFYLVNLTLAVVAMAYEEQNQATTAETEEKEKRFQEAMEMLKKEHEALT IRGADTVSRSSLEMSPLAPVNSHERRSKRRKRMS SGTEECGEDRLPKSDSE 500
hNbR1 401 :SFYLVNLILAVVAMAYEEQNQATIAETEEKEKRFQEAMEMLKKEHEALT IRGVDTVSRSSLEMSPLAPVNSHERRSKRRKRMS SGTEECGEDRLPKSDSE 500
rH1 402: SFYLVNLILAVVAMAYEEQNQATIAETEEKEKRFQEAMEMLKKEHEALT IRGVDTVSRSSLEMSPLAPV TNHERKSKRRKRLSSGTEDGGDDRLPKSDSE 501
N1 501 : DGPRAMNHLSLTRGLSRTSMKPRSSRGS IFTFRRRDLGSEADFADDENS TAGESESHHTSLLVPWPLRRTSAQGQPSPGTSAPGHALHGKKNSTVDCNGV 600
hNbR1 501 : DGPRAMNHLSLTRGLSRTSMKPRSSRGS IFTFRRRDLGSEADFADDENS TAGESESHHTSLLVPWPLRRTSAQGQPSPGTSAPGHALHGKKNSTVDCNGV 600
rHl 502 : DGPRALNQLSLTHGLSRTSMRPRSSRGS IFTFRRRDQGSEADFADDENS TAGESESHRTSLLVPWPLRHPSAQGQPGPGASAPGYVLNGKRNSTVDCNGV 601
N1 601 : VSLLGAGDPEATSPGSHLLRPYMLEHPPDTTTPSEEPGGPQMLTSQAPCVDGFEEPGARQRALSAVSVLTSALEELEESRHKCPPCWNRLAQRYLIWECC 700
hNbRL 601 : VSLLGAGDPEATSPGSHLLRPYMLEHPPDTTTPSEEPGGPQMLTSQAPCVDGVEEPGARQRALSAVSVLTSALEELEESRHKCPPCWNRLAQRYLIWECC 700
rH1 602 : VSLLGAGDAEATSPGSYLLRPMVLDRPPDTTTPSEEPGGPQMLTPQAPCADGFEEPGARQRALSAVSVLTSALEELEESHRKCPPCWNRFAQHYL IWECC 701
DII-S1 DII-S2 DII-S3
N1 701 : PLWMSTKQGVKLVVMDPXTDLTITXCIVLNTLFMALEHYNMTSEFEEMLQVGNLVETGIFTAEMTFKI TALDPYYYFQQGWNIEDSTIVILSLMELGLSR 800
hNbRT 701 : PLWMSTKQGVKLVVMDPETDLT I'TMCIVLNTLEMALEHYNMTSEFEEMLQVGNLVETGIFTAEMTEKT TALDPYYYFQQGWNIFEDSTIVILSIMELGLSR 800
rH1 702 : PLWMS TKQKVKFVVMDPFADLTITMCIVINTLFMALEHYNMTAEFEEMLQVGNLVETGIFTAEMTFK I TALDPYYYFQQGWNIEFDSTTIVILSLMELGLSR 801
DI -S4 DII-S5
N1 801 :MSNLSVLRSFRLLRVFKLAKSWPTLNTLIKIIGNSVGALGNLTLVLAT IVFTFAVVGMQLFGKNYSELR——DSDSGLLPRWHMMDFFHAFLXTFRILCGEW 899
hNbR1 :MSNLSVLRSFRLLRVFKLAKSWPTLNTL IKT IGNSVGALGNLTLVLATIVEIFAVVGMQLFGKNYSELR——DSDSGLLPRWHMMDFFHAFLI ITFRILCGEW 899
THI1 802 :MGNLSVLRSFRLLRVFKLAKSWPTLNTLIKITGNSVGALGNLTLVLAT IVETFAVVGMQLEGKNYSELRHR I SDSGLLPRWHMMDFFHAFLI TFRTLCGEW 902
DIl-S6
N1 900: IETMWDCMEVSGQSLCLLVFLLYMV IGNLVVLNLFLALLLSSFSADNLTAPDEDGEMNNLQLALARTQRGLREVKRTTWDFCCGILRRRPKKPAALATHS 999
hNbR1  900: IETMWDCMEVSGQSLCLLVFLLYMV IGNLVVINLFLALLLSSFSADNLTAPDEDREMNNLQLALARTQRGLRFVKRTTWDFCCGLLRHRPQKPAALAAQG 999
rH1 903 : IETMWDCMEVSGQSLCLLVFLLVMVIGNLVVLNLFLALLLSSFSADNLTAPDEDGEMNNLQLALARTIQRGLRFVKRTTWDFCCGILRRRPKKPAALATHS 1002
N1 1000: QLPSCITAPRSPPPPEVEKVPPARKETRFEEDKRPGQGTPGDSEPVCVP TAVAESDTEDQEEDEENSLGTEEESSKQ-[ESQVVSGGHEPYQEPRAWSQVS]| 1098
hNbR1 1000:QLPSCIATPYSPPPPETEKVPPTRKETRFEEGEQPGQGTPGDPEPVCVP IAVAESDTDDQEEDEENSLGTEEESSKQQESQPVSGWPRGPPDSRTWSQVS 1099
rH1 1003 : QLPSCITAPRSPPPPEVEKVPPARKETRFEEDKRPGQGTPGDSEPVCVP TAVAESDTEDQEEDEENSLGTEEESSKQ-ESQVVSGGHEPYQEPRAWSQVS 1101
rN1 1099:WTT%%FAGASTSQADWQQYQKTFPQAPGCGFHPFD%YQYGSTADMTNTAD[[YQ[PDIGrDVKDPrDCFTYGCVRRCPCCMVDTTQSPGKVWWRIRKTCY 1198
hNbR1 1100:ATASSEAEASASQADWRQQWKAEPQAPGCGETPEDSCSEGSTADMTNTAELLEQIPDLGQDVKDPEDCFTEGCVRRCPCCAVDTTQAPGKVWWRLRKTCY 1199
rH1 1102 : ETTSSEAGASTSQADWQQEQKTEPQAPGCGETPEDSYSEGSTADMTNTADLLEQIPDLGEDVKDPEDCE TEGCVRRCPCCMVDTTQSPGKVWWRLRKTCY 1201
DII-S1 DII-S2 DII-S3
N1 1199 :HIVEHSWFETF I TFMILLSSGALAFEDIYLEERKT IKVLLEYADKMETYVEVLEMLLKWVAYGFKKYFTNAWCWLDFLIVDVSLVSLVANTLGFAEMGP I 1298
hNbR1 1200:HIVEHSWFETFITFMILLSSGALAFEDIYLEERKT IKVLLEYADKMETYVEVLEMLLKWVAYGFKKYFTNAWCWLDFLIVDVSLVSLVANTLGFAEMGPT 1299
rH1 1202 : RIVEHSWFETF I TFMILLSSGALAFEDIYLEERKT IKVLLEYADKMETYVEVLEMLLKWVAYGFKKYFTNAWCWLDFLIVDVSLVSLVANTLGFAEMGPI 1301
DIl -S4 DII-S5
N1 1299 : KSLRTLRALRPLRALSRFEGMRVVVNALVGA IPS IMNVLLVCLIFWLIFS IMGVNLFAGKFGRCINQTEGDLPLNYTIVNNKSECESENVTGELYWTKVK 1398
hNbR1 1300 :KSLRTLRALRPLRALSRFEGMRVVVNALVGATPSIMNVLLVCLIFWLIFSIMGVNLFAGKFGRCINQTEGDLPLNYTIVNNKSQCESLNLTGELYWTKVK 1399
rH1 1302 : KSLRTLRALRPLRALSRFEGMRVVVNALVGATPS IMNVLLVCLIFWLIFSIMGVNLFAGKFGRCINQTEGDLPLNYTIVNNKSECESENVTGELYWTKVK 1401
DII-S6
RN1 1399: VNFDNVGAGYLALLQVATFKGWMD IMYAAVDSRGYEEQPQWEDNLYMY IYFVVF I TFGSFFTLNLEIGV I IDNFNQQKKKLGGQDIFMTEEQKKYYNAMK 1498
hNbR1 1400: VNFDNVGAGYLALLQVATFKGWMD IMYAAVDSRGYEEQPQWEYNLYMY IYFVIF I TFGSFETLNLE LGV I IDNFNQQKKTLGGQDIFMTEEQKKYYNATK 1499
RH1 1402 : VNFDNVGAGYLALLQVATFKGWMD IMYAAVDSRGYEEQPQWEDNLYMY IYEVVE T TFGSEFTLNLE IGV I IDNFNQQKKKLGGQD IFMTEEQKKYYNAMK 1501
DIV-S1 DIV-S2
N1 1499: KLGSKKPQKP IPRPLNKYQGF IFDIVTKQAFDVT IMFLICLNMVTMMVETDDQSPEKVNTLAKINLLEVATFTGECTVKMAALRHYYFTNSWN IFDFVVV 1598
hNbR1 1499:KLGSKKPQKPIPRPLNKYQGF IFDIVTKQAFDVT IMFLICLNMVTMMVETDDQSPEKINTLAKINLLEVATFTGECIVKLAALRHYYFTNSWNIFDEFVVV 1599
rH1 1502 : KLGSKKPQKP TPRPLNKYQGF IFDIVTKQAFDVT IMFL ICLNMVTMMVETDDQSPEKVNILAKINLLEVATFTGECTVKMAALRHYYFTNSWNIFDFVVV 1601
DIV-S3 DIV-S4 DIV-S5
N1 1599: IPSIVGTVLSDI IQKYFFSPTLERVIRLARIGRTLRLIRGAKG IRTLLFALMMSLPALENIGLLLFLVME IYS IFGVANFAYVKWEAG I DDMENFQTFAN 1698
hNbR1 1600: ILSIVGTVLSDIIQKYFFSPTLFRVIRLARIGRILRLIRGAKGIRTLLFALMMSLPALFNIGLLLELVMETYSITFGMANFAYVKWEAG IDDMENFQTFAN 1699
rH1 1602 : ILSIVGTVLSDITQKYFFSPTLFRVIRLARIGRILRL IRGAKGIRTLLFALMMSLPALFNIGLLLFLVMETYS IFGMANFAYVKWEAG IDDMENFQTFAN 1701
DIV-S6
N1 1699 : SMLCLFQITTSAGWDGLLSPILNTGPPYCDPNLPNSNGSRGNCGSPAVGILFETTYITISFLIVVNMYIATILENFSVATEESTEPLSEDDFDMEYEIWE 1798
hNbR1 1700: SMLCLFQITTSAGWDGLLSPILNTGPPYCDPTLPNSNGSRGDCGSPAVGILFETTYITIISFLIVVNMY TATTLENFSVATEESTEPLSEDDFDMFYEIWE 1799
TrH1 1702 : SMLCLFQITTSAGWDGLLSPILNTGPPYCDPNLPNSNGSRGNCGSPAVG ILFETTY I TISFLIVVNMY IATTLENFSVATEESTEPLSEDDFDMEYE IWE 1801
N1 1799 : KFDPEATQF IEYLALSDFADALSEPLRITAKPNQISLINMDLPMVSGDR ITHCMD I LFAFTKRVLGESGEMDALK IQMEEKFMAANPSKISYEPITTTLRRK 1898
hNbR1 1800:KFDPEATQFIEYSVLSDFADALSEPLRTAKPNQISLINMDLPMVSGDRITHCMDILFAFTKRVLGESGEMDALK TQMEEKFMAANPSKISYE! 1899
rH1 1802:K1DP1A1QIIIYIA[SDIADAISIPIRIAKPNQ[S[INWD[PMVSCDRIHLMDI[IAI[KRV]GFGGFMDAIKIQMIIKIMAA\PSKISY[P[[[[IRRK 1901
N1 1899 : HEEVSAT VIQRAFRRHLLQRSVKHASFLFRQQAGGSGLSDEDAPEREGL TAYMMNGNFSRRSAPLSSSS ISSTSFPPSYDSVTRATSDNLPVRASDYSRS 1998
hNbR1 1900 :HEEVSAMVIQRAFRRHLLQRSLKHASFLFRQQAG-SGLSEEDAPEREGL IAYVMSENFSRPLGPPSSSSTSSTSFPPSYDSVTRATSDNLQVRGSDYSHS 1998
rH1 1902 HEEVSATVIQRAFRRHLLQRSVKHASFLFRQQAGGSGLSDEDAPEREGL TAYMMNGNFSRRSAPLSSSSISSTSFPPSYDSVTRATSDNLPVRASDYSRS 2001
N1 1999 : EDLADFPPSPDRDRES IV 2016
hNbR1 1999:EDLADFPPSPDRDRESTV 2016
rH1 2002 : EDLADFPPSPDRDRESTV 2019

Fig. 2 Sequence comparison of the voltage-gated sodium channels

The amino acid sequence alignment of N1, hNbRI (human neuroblastom) and rHI (rat heart), which are all Navl.5-type channels is presented.
Differences compared with the rN1 sequence are displayed by underneath lineation and dash indicates gaps. The S1~S6 within D | -DIV are shaded.
Box portion are exon7 and exon20 of rN1.
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(b) SCNSA genomic contig of chromosome 8 gene (Exon 1 to Exon 30)
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CCTCCTCAG || G TAC ACC TTC ~ +=+6+-=  GTC ATG GC- Il GTAAGT
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Fig. 3 Partial genomic structure of rat SCNSA
(a) Dissimilarity of amino acids in exon 7 district of rN1 and exon 8 district of rH1. (b)Exon 8 encodes the a-subunit

of tH1, however, rN1 is encoded by exon 7 rather than exon 8. (c) Different intron-exon boundaries of SCN5A for

exon 6~9.
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(d N1 1070: EEESSKQ-ESQVVSGGHEPYQEPRAWSQVSETTSSEAGASTSQADWQQEQKTEPQAPGCGETPEDS 1134

N1-2  1070:EEESSKQ- TPEDS 1080
hNbR1  1070: EEESSKQQESQPVSGWPRGPPDSRTWSQVSATASSEAEASASQADWRQQWKAEPQAPGCGETPEDS 1135
hNbR1-2 1070: EEESSKQ TPEDS 1081

Fig. 4 Alternative splicing of rN1 and hNbR1
(a) Amplification of alternatively spliced rN1 variants using primer pair AS. Additional fragments were excised from the agarose
gel (rN1-2). M: Marker; I: PCR 30 cycles; 2: PCR 35 cycles; 3: PCR 40 cycles. (b) RT-PCR analysis indicating the integrated
density value of tN1/tN1-2 mRNA. [J: tNI; [[: tN1-2. (c) Alternative splicing of Exon20(shaded boxes), between rN1 and
rN1-2. (d) Diversity of alternative splicing between rN1-2 and hNbR1-2 in exon 20.
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Fig. 5 Electrophoresis picture of rat different lobe of brain

in different developmental stage
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postnatal day 9; 3: Rat heart of postnatal day 72; 4: Rat heart of

postnatal day 9.
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Cloning and Distribution Analysis of
Nav1l.5 Sodium Channel in Rat Brain

REN Cheng-Tao", OU Shao-Wu"”, WANG Yun-Jie", LIN Yi", ZONG Zhi-Hong?
("Department of Neurosurgery, The First Affiliated Hospital, China Medical University, Shengyang 110001, China;
?Department of Biochemistry and Molecular Biology of China Medical University, Shenyang 110001, China)

Abstract To clarify the gene and molecule characters of the tetrodotoxin-resistant (TTX-R) voltage -gate sodium
channel and the distribution in different lobe of brain in different developmental stage, reverse transcriptase-
polymerase chain reaction (RT-PCR) was used to clone the full sequence of Nav1.5 sodium channel (designated as
rN1) a subunit in rat brains and the distribution was compared in different lobe of brain in different developmental
stage. The open reading frame(ORF) of N1 encodes 2016 amino acid residues and sequence analysis indicated that
rN1 is highly homologous with 96.53% amino acids identity to rat cardiac Navl.5 sodium channel (rH1) and
96.13% amino acids identity to human neuroblastoma Nav1.5 sodium channel (hNbR1). It has all the structural
features of a voltage-gated sodium channel and the presence of a cysteine residue (C373) in the pore loop region of
domain I suggests that this channel is TTX resistant. A new exon (exon7) that distinct from rN1 was found in
D I -S3~S4. In addition, an alternative splicing isoforms that deleted 53 amino acids(exon20) was found in the
loop between D Il ~ Il in N1 (designated as rN1-2). Distribution result demonstrated that rN1 expressed
discrepancy in different ages and lobe in brain. The expression level of N1 was gradually more stable in adult than
neonatal. These results suggest that Navl.5 has a newly identified exon for alternative splicing and is more widely
expressed than previously thought.
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