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The Nucleotide sequence of all four homology domains of the presumptive
sodium channel gene from Drosophila (1) has been determined. Additional
5' and 3' translated portions are also included. The deduced amino acid
sequence of the Drosophila gene is highly conserved with respect to the
alpha subunit of the sodium channel from electric eel (2) and rat brain
(3). Like the vertebrate protein, each of the four homology domains of
the Drosophila channel contains six proposed membrane spanning regions
(Sl to S6). Ten introns interrupt the coding regions of the four
homology domains.

120 . 150 . . 180
------------------------------------------------ CTTGASACCACATTCSTCCCAACTSABC

Leu8luThrThrLsuAl aVal SerAsnTrpS.r
60

210 . . 240 . . 270
ACABCAATCCTCTCCCAAACASCACCCTGTATTAABC8CBCTTTTTTCAAATTCCABACCBTCTGTBTA8TATCTAABCG8TTCCBBAA8
ThrAlailuLeuSerBl nThrAlaProCysIleLysArgAlaPh.Ph.LysPhelInThrvalCysYavlalS.rLysArgPheArgLys

90
300 . . 330 . . 360

AACTACATCCATCGCTTCACGBGCACCAAGAOCCTCTTCCTCTTCTACCCAT6BAGCCCAGCAAGCGC'STTTGCGTCTACATCGCCACC
AsnTyr Il aHi sArgPheThrBl yThrLysS.rLeuPh.LsuPh.TyrProTrpSerProAl aArgArgYal CyVal Tyr, lAl aThr

120
390 420 , 450

AACCA8TTCTTCGACTACTGCGTCATG6CCACCATTCTGTTCAACT8CATCTTCCTSBCTATOAC9GAGACCGTBGAABABSCGBGATAC
Asn6lnPhsPheAspTyrCysValHetAlaThrIleLLuPheAsnCyslePhsLeuAlaHetJhrBluThrVYl6lu6Ala9luTyr

Sla rs
480 510 540

ATCTTTCT6GCCATTTACTcTATCGAAATBGTCATAAACATTATT6CCAA6CBCTTTCT6CTCAACAABTACACOTATCTTCCCAAACCC6
IllPh.LeuAlaIlleTyrSsrl eBluN.tVlI1eLysIlelloAla,LysSl yPhsLuuLsuAsnLysTyrThrTyrLsuArgAsnPo

S2o 180
570 , , 600 , , 630T6BAATTBBCTBSACTTCB6IBTCATTACTATBCB6TAC6CCACCATC66CAT6BA66T6BSCAACCTSBCBC6SCTBCBCACtTTTC6C

TrAsnTrLuAspPhYI ThrtArgTyrAlaThrOl yAsnLuAl yuArgThrh g
S3 -n

660 . 690 . 720
CTOCtOCOCOCCCTCAAOACOCTBTCCATCATOCCCBSATTSAA6ACBATCATCAGACCSTTOCTOCACTCCBTTSCCCAOCTGOCOSAB
ValLeuArgAl LsuLysThrValS9rIle1tPro6lyLeuBLysThrIllellArgProLsuLsuHisSerValAlaBlnL.uAlaBlu

S4 7 240
7SO 780 . 8O

BTCATCACSCTBACCATCTTCTOTTB6ATBBTCTTC9CSCTCTTTSCCCTCCABCTCTACATGBCBCASCTSCOCAATAASTICUBTCBC
YalHettThrLeuThrIllPhsCysYalHetValPhrAl*LsuPhsAlaLeulunVYlTyrlet6lyCluL.iArgAsnLysCysValArg

S5a 69270840 6 870 900
CA96TTCCCACCOACTOOAC9AAC9TCTCTCACAC99ACT99CA6AT'CTG6CTCAACSACACCOACAACt96CTATAT6ACSA69AT9AA
lnVYalProThrAspTrpThrAsnVYalSrHisThrAspTrpBln1l.TrpValAsnAspThrAspAsnTrpL.uTyrAsplluAspBlu

300
930 960 990

CTICCC6T9CT9T9966TAACTTAACTBBA9CCC6CCACTSTCCTTTCBA9TAC9T9T9CCTCTOCSTABBC9ASAATCCCAATCAC6BC
LsuProVYILsuCysBlyAsnL.uThrOlyAlaArgHisCysProPhe luTyrValCysLsuCysY16l ySluAsnProAsnHisGly

330

TACACCAACTTT9ACAACTTTAT9T68TCCAT9CT9AC6ACATTCCA9CTAATCAC9CTC9ACTACT9GGA9AAT9TATATAACATaT6
TyrThrAsnPheAspAsnPh.hNtTrpS.rNstLsuThrThrPh.GlnL.uIllThrLeuAspTyrTrpBluAsnValTyrAsnNetVYl

360
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*ItO 1140 1170
CT99CAACATGTB9TCCTAT9A9CBTCTCCTTCTTTAC99T9BTBSTTTTCTTTGGATC6TTTTATCTAATCAATCT9ATBTTBSCTGTA
LeuAlaThrCysClyProNetSerVaISerPhePheThrY&lVYaya&lPh.Ph,gySerPheTyrL.ullAsnLeuflltL.uAlVYI

S6a 390
1200 1230

BT9GCOTTAA9CTAC9A9'A69AA9C86AGATAAC9AACGABBT9ABTAC9TCAAATCTTTAT---------------------------

ValAlaLsuSer,TyrGluBluGluAlalulsThrAsnGluValS.rProSerAsnL.uTyr
1690 1710

-------------------------------C--CT6SCTACA6TTTCACAACToTCTATACAAGTATBTA9S9ATCCCCTTTTGcABCTO
LeuAl aThrYal SerSI nLuSer Il1 Sl nYlYVl ArgAspProL.uPheSl uLsu

Slb s701740 1770 8100
OCCATCACACTTTOCATCSTOTTAAACACAOCCTTTTT99CCATOSAACACCACGBBATBAOT9AAASCTTCC9CAAC6CCCT9BAT9T9
Al all* ThrL.uCys 11 oVaI LeuAsnThrAI aPheLuAI aHlt1O9 uHi sHi *91SHytSerGl uSerPh.ArgAsirAI.LeuAYAp

Y . 1830 . 1860 . l190
S9AAACAAASTCTTTAC9TCAATTTTCAC9TTTOA9T9CATTOTCAABTTAATSOCTCTTTCTAAASATTTTTTTCTTT9CCCATSOAAC
SlyAsnLysValPheThrSsrllePheThrPhClluCysIlVYalLyhLsuHltAluLauureLysASpPhvPh9LsuCys2lyTrpA%n

S2b 630
1920 .1,9f ,,0

ATTTTC6ACCTTCTTATC9TTACTSC6A9CTT9CT99ATATAATATTT9AgTT69TTBAT6gCTTGAOTgTCTT6C9T9OCTT9COATT)
tlIPhsAspLeuLhuuleValThrAlaSerLeuLsuAspllsIlePhsSlu,LsuValAspSlyLeu8er,Y&lL.uArg8lyL.uArgL.u
S31Dboou

* b * 2010 2040 2070
CTAAB96CATTAAAATTG9CTAAATC9T99ACTACAAT9AAAST6CT(CTTAGCATTATAATCTC9AC9ATC69CBCTCTy99CAACCTC
LeuArgAlaLeuLysLsuAlaLysserTrpThrThroNetLysValLsuLeuSerIlllhIll*erThrIllBlyAlaL.uBlyA,i\LBu

SO 2100 2130 TA99CTCATTTT99TCATA9TTATCTACATATTC9CT9TCATC99CATSCAATTSTTCTCCAAA9ACTATAC9CCC9A9AAATTT9ATCCr
ArgLeulluLeuVaIleVal IleTyrllsPheAlaVal Ill8lyflet6lnLeuPhe8erLysAspTyrThrProSluLysPh.A.pPro

S5b1 720
2190 2220 2250

6ATCCAAAAGATTTTATATTAATTATAT9CATACCTTT9AACAOATB9AATTTCAATSACTTCTTTCACTCATTTAT6ATGATCTTTCGC
AspProLysA%pPh. Il eLwu Ill1elCys IllProLeuAsnArgTrpAsnPh.AsnAspPh.Ph.Hi sSerPh.letNet II ePheArg

,:o 750
2280 6 2340

ATTCT9T9C99TSAAT99ATCBA9CCTCTTT999ATT9CAAT9C9A9CC9AA9AA9ABCAA8BA9CCTCACCTeCTTT9CcATATTTCTe
li1LsuCys9ly61uTrpoL.uTruPraL.urpAspCysAsnAlaS.rArqArqAgArAlArgqSr^L.uThrCysPh.AlallePheLeu

S6b 78o2370 . 2400 2430
CCSACCCTA9T9AT999AAACTTTATSST9CTTAACTT9TTCTT98CCTTSTT9CTCAACA6TTTTAAC1CC9A8BA9CTCAASTCBAAA
ProThrL_uYal et _tyAsnPh_eNtVYLuAsnL.uPheLeuAlaLeuLwuLeuAsnSrPheAsnlmr9luBluLeuLys9erLys

810
2970

AAABABBCAAATCAA--------------------------------------C----------------------BACTACTC8CCT6
LysGI uAI SerSnn Al LeuThrAr,VYI

990
3000 3030 3060

AB8ACS9CT9TCTTAACS9TTBTA9ATACTCC99CCTTTBABTS9TTT9T9TT99T9CT9ATCTTTBCBTCAASTATCACBCTCTSCTTC
ArgThrAlaV&lLeuThr,ValValAspThrProAlaPheGluTrpPheValL.uV&lLeullePheAlaSerS9r1leThrLeuCysPhs.

sit 1020
* 3090 . . 3120 . . 3150

BA9BACATTAACCT99ACAA9AACAA9ACGCTAAAA6ASGTTCTATACT99ATTAACTTCTCCTTCT9TCT9ATATTC9TCSTT9AAAT6
GluAsplleAsnLeuAspLysAsnLysThrLeuLysArgValLeuTyrTrpll1AsnPh.SerPheCysL.uIllPheYalYal9luRpt

S2c 1050
3180 3210 3240

ATCCTCAAT6tBCTSSCCCTC99ATTTTCCAA9TACTTTACCA9CTTCT99ACCATACTTSATTTCATCATA9TSTTT9TATCASTATTC
IllLeuLysTrpLouAlaLsuGlyPheSerLysTyrPheThrSr,PheTrpThrIl.L.uAspPh,llelleValPh.ValSerValPhe

S3c 183270 . . 3300 . .
TC9CT9CTTATTSAA9ASAATBAAAACCTTAA66TCCTAAGATC6CTGC6CACATTAC6AGCTTTGCGCCCSCTSAGAGCCATCTCTC66
SerLeuLeulls9lu9lAsn9luAsnj,uLysValLeuArgSerLeuArpThrL,uArgAlaLeuArpProLouArGAlaIleS.rAra

3360 3390 3420
TSSCAASIAAT9C6BATTSTA9TAAACSCTCTCAT9TATGCAATACCATCAATTTTCAAT6TTCTTTTBBTTTBTTTUSTTTTTTSBTTS
TrpSIn6lyNetArgIlYValValAsnAIaL.uN.tTyrAlalIeProS.rIIlPh As,nalL.uLeuYalCIsL.uValPh.TroL:u

78 8-5* * ~~~3450 * y* 3510
ATCTTCTCAATAAT99BTOTTCABTTCTTTG9TB9TAAATTTTTAA9T6C9TTAATAAATATTATTAATCATTTCATATTCCAB6AG9TT
IlPhsSerllNHetBlyVYallnPhmPheGIySlyLysPhsL.uSerAlaLeulleAsnllell.AsnHisPhelluPhs91n9luVs1

1170

8570
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3540 3570 * 3600
AACSACAAStiIOACTOCATCBAACABAACTACACSTBSATTAACTCTAABATCACTTTCBACCACSTIOBBATOSOCTATTTSOCCCTT
AsnAspLysTrpAspCys l1.6I u* InAsnTyr Thr Trp l l *AsnAerLys t I ThrPh.AspHi sYl 61 yNhtSl yTyrL.uwA aLeu

1200
3630 . 3660 . 3650

CTBCAABTBiCOACCTTCOAOOCST0SAATSAGBTAATOBCCBACBCASTTGATOCTC6T9SA9T86ACCTBCAACCSC;ACSSSAAGCC
LeuBI nVal Al aThrPhsBl u6l yTrpAsn6luVal MetAl AspA aVal AspAl aArgBl yVY AspLru6I nProArgArg6l uAl a

1230
3720 . . 3750 3760

AACCTATATSCSTATATTTATTTT9TTATATTTATT9TST9C86ATC6TTCTTCACACT9AATCTATTCATT6BAGTTATTATT9ATAAC
AsnLsuTyrAlaTyrIllTyrPheVallIsPhulllValCysalyS.rPh.Ph.ThrL.uAsnL.uPhe.Il1 lyYalle l,AspAsn

S6C 1260
3810 3840 .3870

TTTAACAT6CTAA6AA6A?TATA6AABBA66A9T6TT6SAAATGTTTCTCACC8AATCTCAAAAACACTATTACAC99CTATgAAAAAA
PhrAsnNhtLhuArgArgSsrllelu6ly6lyVYalLsuBluNetPh.L,uThrGluSereInLysHisTyrTyrThrAlaMtLysLys

290
3900 3930

TT6B6ACBAAABAAACCACAGAAAGTTATTAABCBACCTATAAATCATTTTTTABCTATBTTTTAT6ATTTATCCAATTC6A6SAA TC
Leu8lyArgLysLysProlnLysaVl lleLysArgProZl.AsnHisPheLeuAlaN.tPh.TyrAspL.uS.rAsnS.rArgArgPhe

1320
* * 3990 4020 4050

SA8ATCSC8ATCTTT6TACTBATTTTTCTAAATAT6CTTACAATB88CATCBABCACTACOATCABCCTCAT8CAUTCT'TCTTCATTCTO
6luIlsAliIlePhmValLuuIloPhsL.uAsnNstLsuThrM.tslyI l.luHisTyrAspB1nProHiaAlaValPh.Ph.lleLeu

Sid 1350

4090 4110 . . 4140
GAA8TOASCAAC8CCTTTTTCACCACASTATTTrGTCTASAABCCATTGTBAAAATTBTCB6TCTBCSCTACCACTACTTCACAST6CCA
luVYalgSrAsnAlaPh.Ph.ThrThrValPhe9lyLou9luAlaIleValLysIllaVl6lyLsouArgTyrHisTyrPhSThrYal Pro,

S2d lo4170 4200 4230
TCSAACA6T;TCSACTTCCTTCT88TSCTSBCCTCTATCTTC9BSATTCTBAT9SAA6ACATCAT8ATAOACCT8CCCATTASTCCBAC9
TrpAsng.rValAspPh.L.uLeuVa1L.uAlaSerIK.PhBl yIllLSuNS tBluAspIllNM tIK AspLSuProIIl8orProThr

S3d 1410S3d 4260 4290 . 4320
TTACTTCBOOSTSTCC8C9TCTTCCBCATTB9BCBTATATTSC9BTTBATCAA8BCCBCCAA6BBGATCA6AAABTTBCTATTCGCTCTC
LeuLu,Ar2ValValArgVYalPhArgIll*CyArgIl.LsuArgLsull.LysAlaAlaLys6lUyIeArgLyBsLSuLSuPhSAlaL;u

S4d 1440
4350 4380 4410

STAOTITCCCTSCCC9CCCTATTTAACATCSBASCTCT9CTAS9ACT9ATCACCTTTATCTACSCAATTCTBTSCATBTCBCT9TTCG9A
YalValg8rLsuProAlaL.uPheAsn,£1BlyAlL.uL.u6lyLsu1llThrPhsIleTyrAlaKILSu6lyMt9UtrLSuPhoSly

* . 4440 . . 4470 . 4500
AATGTCAA6CTCCAABSTBCTCTCBATGACATTGTAACTTCCA9ACCTTC9CSCA6CACATSCA6TTACTBTTCCAATTSATOACCTCA
Asn,aJlysLsu61 n6l yAl aLeuAspAspMetVal AsnPhsSl nThrPhsBl yArgSerNtSl nL.uLuPhsBl nL.uhMtThr9sr

1500
4530 4560 4590

SCC9S9TBBAAT8ACBTACTTSABTCCCTSATBATACABCCSCCCBACT;CBACCCATTTATCCAT966CACACBAACSBAAACTCGGGT
Ala61yTrpAsnAspVYaLeu91uSerLsuMstll6lnProProAspCysAspProPhelleHis6lyHisThrAsn9lyAsnSer61y

4620 4650 4690
CACCCSCTTCTAGCCATTACCTACTTTACSA9CTTTATCATCATCAGCTATATBATTBTGATCAACAT6TACATTGCCATTATCCTGGAA
HisProL.uL.uAlallThrTyrPh.Thrg .rPhullleuIl e5rTyrNtlIlYValIleAsnNetTyrIleAlaIllellL.uSlu

S6d 1560
4710 4740 4770

AACTTCAATCABBCBCACCAB9AABA9SA8ATC9GCATCGTC9ASSACBATCTBGAAATGTTTTACATTCBCT66TCAAAATACGATCCA
AsnPheAsnBl nAl aHi sa1 n61 uBI u61 ul .e61 y II eVaY 91 uAspAspL.u61 ufltPheTyr l l*ArgTrpS.rLysTyrAspPro

1S90
4800 4830 4960

CATGCCACCCAATTTATACACTTCTC9CAACTGTCCBATTTTATTBCCTCTCTCGATCCACCATTGGGCATCTCBAASCCCAATAAT6TC
HisAlaThrBInPh.IllHisPh.S.rBlnL,uSerAspPhell.Al&S.rL.uAspProProL.uBlyIllSerLysProAsnAsnV&I

1620
4890 4920 4950

GCTTTAGTGTCATTTAATCTACCCATTTCTAAGBGTAATAAAATACACT8TCTCGACATTTTCGACGCGCTCGTTAAGCACGTGCTAGGT
Al aLmuYVl S.rPhsAsnLeuPro 11 SerLys6l yAsnLys 11 tHi sCysL.uAsp 11 *PheAspAl aLeuVal LysHi sVYa LeuGl y

1650
4980 5010 5040

CAT6TC6A6CA6ACC6ATAACTTCAAACA6TTBCA99AACAAAT99ATSTCAA6TTCAA6AAACA6TTTCCAAC6C6CAAA6AATT66AA
HisVal6lu6luThrAspAsnPh,LysGlnLsuBlnSlu6lnNetAspValLysPheLysLys6lnPhsProThrArgLys6luLsuGlu

1680

8571
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INTRON
!it to 20 30 40 50 60 69 a2: 10 20 30 40
G6NATT8TG CAA6AAGTCT SACTTTATAA CA8A6AGTC 68ACTAATC6 ATGTTTTTCT TCOTTTTA6 6TATATAACA T66TT66rTT ATGA6GTTCC TTAT68A8CG

Possible aIlternative splice site ^
50 60 69 bl: 10 20 30 40 50 55 b2: 10 20

6666TCTAAT TCA666ACAA TTCTTCAA6 6T6A6T6TAC ATTCCC6ACC ACCA6AATAA ACCTAATTTT TTCTTGCCCT CAAA6 6TGASA6AC ATTACCTA6T

30 40 50 b3 t0 20 31 b4: 10 20 30 40
TTTCAATTTC 66ATTTCATA TTCATTCCA6 BT6CCAA66C AA6ACCAAA 6CAAATCT6A 6 6TAT666CCC TAC66CTAAT AACTAATAAC T6AAAITACI

50 60 -is (estimated length) 30 40 50 60 70 80 90
TAAATT6ATA TTATTTCCA6 6TAA6TT6AC CAATTATT66 TCTCCC6ATA 6CT6CACCAC AACCTTCTCA 6ACATTAC6T 6CATTCC6AT 6AA6AAA6CT ATCI6CGA6

100 t10 120 130 140 150 160 170 t80 190 200
6AACTTCC6T CACTACATCT C6TTCATTCT CTATCACTAC T6ATCTATTT TATCTTTTT6 666A66A6TT G6TCA6ACC6 A6CABTA66T CCAA6CC6T6 T6A6CT6T6T

210 220 230 250 260 270 280 290 300 310
TTAATACAAT CT68TCTTCT TTAAT6AAAT TTCAA6-- --CTTAA6CA 6ATAATTCCA CTCCACCATC TATACACCAT TT6ACCAC6A CCACTT66CA CTTTCCC66C

320 330 340 350 360 370 376 c2: 10 20 30 40
ATATTGA6AC 6ACAT6T6TC CATCAC6HTA TT6CT6CT66 CATTTCATC6 ATCATTTCTA TICCA6 6TA666C6A6 CIACT6CC6A TTACT8TAA6 TATTCT66r6

50 60 70 78 d2. 10 20 30 40 51
6AT6TTCA6A T6CA6CTTCA CATCAATCAA CACCT6A6 6TAAGTC6CT 6AATATT6CT 6CTTATAT6A 6T6TTAAT6A CCCTTCCC6A 6

Legend: Nucleotide sequence of the four homologous domains (a to d) of
the Drosophila presumptive sodium channel gene. The deduced amino acid
sequence is shown below the coding regions of the gene. The sizes of
introns are shown at carets which indicate their positions in the coding
sequence. Partial sequences of the presumed cytoplasmic regions 5' to
homology domain a, and 3' to homology unit d, are also included. The
sequence of the (presumed) cytoplasmic regions connecting homology
domains a and b, and b and c, is not given. The absent regions are
indicated by gaps in the nucleotide sequence. The nucleotide sequence of
nine of the ten introns present in the homology domains is given
following the sequence of the coding regions. The coding regions of
homology domains a, b and c are numbered so that the numbers at the
beginning of each domain coincide with the numbering at the beginning of
each domain of the eel sequence (2).

Acknowledqements
These studies were supported by NIH grant RO1 NS24785-01, NSF grant BNS-
8311024, and a grant from the Klingenstein Fund. We thank G. Mandel and
R. Goodman for the eel cDNA probe used to isolate the Drosophila gene,
and C. Smith, D. Pauron and J. Garcia, for technical aid and helpful
comments.

References
1. Salkoff, L., Butler, A., Wei, A., Scavarda, N., Giffen, K., Ifune,
C., Goodman, R., and Mandel, G. (1987) Science in press.
2. Noda, M., Shimizu, S., Tanabe, T., Takai, T., Kayano, T., Ikeda, T.,
Takahashi, H., Nakayama, H. Kanaoka, Y., Minamino, N., Kangawa, K.,
Matsuo, H., Raftery, M., Hirose, T., Inayama, S., Hayashida, H., Miyata,
T., and Numa, S. (1984) Nature 312, 121-127.
3. Noda, M., Ikeda,T., Kayano, T., Suzuki, H., Takeshima., H., Kurasaki,
M., Takahashi, H., and Numa, S. (1986) Nature 320, 188-192.

8572


