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¢DNA encoding the putative a-latrotoxin precursor was isolated from spider venom glands cDNA library and sequenced. The cDNA contained
the 4203 base-pair open reading frame corresponding to the 156 855-Da protein composed of 1401 amino acids. Computer analysis of the deduced
primary structure revealed the presence of various internal imperfect repeats mainly in its central and C-terminal regions.
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1. INTRODUCTION

A high molecular weight neurotoxic protein (a-
latrotoxin) isolated from venom glands of black widow
spider Latrodectus mactans tredecimguttatus acts selec-
tively on presynaptic nerve endings of vertebrates and
stimulates secretion on neuromediators. The a-
latrotoxin molecular mass is about 130 kDa, and its
isoelectric point is 5.5. It is not a glycoprotein and
shows no enzymic activity [1].

Specialized membrane receptors of a-latrotoxin are
identified in brain preparations of some animals and in
the PC12 cell line by radioligand analysis. Apparently,
interaction of the neurotoxin with a presynaptic recep-
tor leads to increase of the Ca®* concentration inside
the cell, and stimulates hydrolysis of phosphoinositides
[2]. At the same time «-latrotoxin enhances cation con-
ductivity of the bilayer lipid membrane due to the incor-
poration of the toxin molecule into the lipid layer with
the formation of the cation-selective ion channel [3].
Results which evidence fusogenic properties of the toxin
were also obtained [4].

Information on the «-latrotoxin structure is essential
for thorough elucidation of the mechanism of its ac-
tion. The paper presents the total amino acid sequence
of the a-latrotoxin deduced from c¢cDNA sequencing
and describes a few unusual features of its structure.

2. MATERIALS AND METHODS

Total RNA was isolated from the frozen spider venom glands
by the Feramisco method [5]. The mRNA fraction was obtained after
two cycle chromatography on oligo(dT)-cellulose  [6].
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Double-stranded cDNA synthesized according to the Gubler method
was inserted into the Smal-site of plasmid vector pSP65 and cloned
in E. coli MHI [7]. The c¢DNA library was screened with
+-32P-labeled synthetic oligodeoxynucleotide probe
5 -TCETTETCNGTATCAAASTA-3', its synthesis was based on the
structure of one of the toxin tryptic peptides [8].

Hybridization was performed at 30°C for 16 h in buffer containing
5 X SSPE, 5x Denhardt’s solution, 0.25 mg/ml of yeast RNA and
0.1% sodium pyrophosphate [9]. The filters were washed 3 times for
10 min at 28°C in 0.33 M Tris-HCI, 0.5 M NaCl, 0.5% SDS, then
washed for 20 min at 30°C in the same solution,

Nucleotide sequences of cDNA inserts from positively hybridized
clones were determined by the Maxam-Gilbert technique in solid-
phase modification [10]. A continuous nucleotide chain was deduced
from sequences of overlapping fragments as described in [11].

3. RESULTS AND DISCUSSION

The ¢cDNA library of 80 000 recombinant clones was
obtained on the basis of poly(A)™ RNA from venom
glands of the spider Latrodectus mactans tredecimgut-
tatus in plasmid vector pSPé65.

Twenty-five tryptic peptides and the N-terminal
amino acid sequence of c-latrotoxin were earlier
characterized [8] and peptide 51-5 (Tyr-Phe-Asp-Thr-
Glu-Lys-Glu) was used to derive the 20-base
oligonucleotide hybridization probe (see Materials and
Methods). The initial screening of the cDNA library by
hybridization with this probe revealed two positive
clones (pT-1 and pT-2) containing inserts of 1200 and
800 bp, respectively. According to analysis of the
nucleotide cDNA sequence of the isolated clones, they
contained overlapping fragments of the o-latrotoxin
structural gene. Additional screening was carried out
since neither of the two clones contained the entire
protein-coding sequence. cDNA from clone pT-1 was
used as a probe to screen the cDNA library and the last
screening was performed with the C-terminal fragment

127



Volume 270, number 1,2

FEBS LETTERS

September 1990

Q 500 1000 1500 2000 2500 3000 0 4000 4500 5000
By o - - g= 3 . g B - en

2 3 E 3 5k 3 23

g8 I : : Z

S—— e pr-4N
e —————————————————— D T-3C
———————————————————————— -3 C

——————— 1-33C

Fig. 1. Location of cDNA fragments of isolated clones on partial restriction map of a-latrotoxin ¢cDNA. The protein coding region is filled.
Horizontal arrows show the direction of sequencing. Filled rectangle indicates position of oligonucleotide probe used in ¢cDNA cloning.

Avall (3079)/EcoR1 (4158) from clone pT-3C (Fig. 1).
Structural analysis of overlapping cDNA clones reveal-
ed a continuous nucleotide sequence 5408 bp long. The
given sequence contains an open reading frame of 4203
bp encoding a polypeptide of 1401 amino acids
(calculated M; 156 855) starting with the first Met
residue (see below) and ending at the termination TAG
codon. (Fig. 2). The ¢cDNA includes a full-size struc-
tural gene of mature a-latrotoxin. This is confirmed by
structural analysis, which showed that all the tryptic
peptides of the toxin, including the N-terminal frag-
ment, with the structure previously deciphered by the
protein chemistry methods were found in the deduced
amino acid sequence.

Comparison of this sequence with the N-terminal
structure of the purified «-latrotoxin (Glu-Gly-Glu-
Asp-Leu-Thr-Leu-Glu-Glu-Lys-Ala-Glu), showed that
the mature toxin started with Glu-1. Upstream of this
position there are 3 methionine residues (—3), (—13),
(— 20), each being a possible candidate for initiating an
amino acid residue. Since the open reading frame ex-
tends to the 5’'-end, a possibility of additional coding
sequence cannot be completely ruled out. However, one
can suggest that the Met (—20) residue should corres-
pond to the site of translation initiation. A nucleotide
sequence around this Met shows obvious homology to
the translation initiation site consensus (AAXATGA)
for a number of studied toxins; in addition, the length
of a putative signal peptide for o-latrotoxin in this case
is 20 amino acid residues that accords well with the
length of signal peptides found in other toxins {12-14].

It should be noted that the molecular mass of the pro-
tein deduced from the cDNA (M, 156 855 Da) con-
siderably differs from that earlier determined for a-
latrotoxin by means of SDS gel electrophoresis (130
kDa) [1].
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So, a-latrotoxin either has abnormal electrophoretic
mobility or it can be coded as a precursor, and process-
ing takes place in the C-terminal region of the polypep-
tide chain during its maturation. The latter seems more
reasonable because all studied peptides of the tryptic
hydrolysate are equally distributed in the toxin frag-
ment with coordinates 1-1170. Molecular mass of this
fragment (M; 131 kDa) is in good agreement with the
apparent molecular mass of the isolated toxin.
Moreover the C-terminal fragment of over 200 amino
acid residues with coordinates 1171-1381 was absent in
the products of toxin tryptic hydrolysate despite a lot of
cleavable regions. Though these data confirm possible
processing of the a-latrotoxin C-terminal region, only
direct determination of the C-terminal amino acid se-
quence might provide the final conclusion.

Computer analysis of the deduced amino acid se-
quence revealed the presence of various internal im-
perfect repeats mainly in its central and C-terminal
region (Fig. 3). According to this analysis it is possible
to divide the molecule of the processed toxin into two
structural regions: N-terminal fragment including some
500 amino acid residues and practically free of internal
repeats; and the C-terminal one (about 500-1200 amino
acid residues) of high intrinsic homology (Fig. 3). Func-
tional significance of such a structure organization of
a-latrotoxin is still unknown. One can assume that
these structural domains overlap with functional do-
mains responsible for binding to presynaptic receptor
or for the ion channel arrangement [15]. Of much in-
terest is an imperfect repeat of 7 amino acids occurring
in the structure of a-latrotoxin for 19 times with an in-
terval of 26-28 amino acid residues (Fig. 2), except for
the interval between repeats 13 and 14. It is noteworthy
that analogous repeats, though few in number, are
found in the structure of Drosophila Notch-protein [16]
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1 CGACTGCTGTTTTCGTTTTTA

m’I‘GTGG'I‘T'I‘ATA’!‘ATACCTATATTTGCAC’I'K‘MGAGTATCAMTATGATT’I‘CTGTAGGAGAAA’!'!‘ATGGMCGCGCTMTCATI‘CGTTAGTG CGAATGAGACGA
320 ACAGTIGETCRAGK MetIleSerValGlyGluIleNetGluArgAlaAsnHisSerLeuValdrgNetArgarg

J CAATAGCT
GATTTAACTTTAGAGGAAAAAGCAGAAATATGCTCAGAATTAGAACTCCAACAAAAATA' TTCCA. TAT >GATCTTTCCTCTCTTC

i‘z g?:z?;;?zjsgLeuThrLeucluGluLzsAlaGluIlegxssaraluLeuGluLeuGlnGlansT[rvalAselledlaser‘snrlerleGlyAspLeuSerSerLeuProIIella
262 GGTAAMATTGCTGGCACCATAGCTGCAGCTGCGATGACCGCTACCC! TGCTTCT AGACGTTGTTGGGTTGCAGTGACTTACCTTTCGATCAGATTAAG
41 GIyLys[leAlaGlyThrl1eAlaaln‘laalanetThrllaThruisValAluSerGlyAqueuAsgIleGluGlnThrLeuLeuGlzngSerAsELeuProPheszglnIJeLya

382 GAAGTTCTTGAAAATAGGTTCAACGAAATAGACAGGAAG T >GGCGCTT AATTACTAAAC T AA, CCGTGGTAGAAAAAACACGGAAG
81 GluVa1LeuG1uAsnAran=A:nG1uxleAsglrngsLeuAaESerHisserllallnLeuGluGluIleThrLysLeuValGluLysSerIleserVaJValGluLysThrArgLys
502 Ci ATA T CGAAGTCATGAAGTCTATTCAGGACGCAAAAGTTTCCCCAATTATTY AAATCAATAATTT GGAAAGAATCCGT

TT CTGAAAA(
121 GlnHetAsnLysArtheAsegluValxecLszerIleGlnAspAlaLysValSerProIle11eSerLysl1eAsnAsnPheAla‘rngrPheAugThrGluLzsaluArgIlequ

622 GGTTTAAAGTTAAATGATTATATACTTAAGCTTGAAGAACCAAATGGCATACTACTTCATTTCAAAGAGTCG CGAACTCCAACGGATGATAGTTTACAAGCTCCTTTATTCAGTATTATT
161 GlchuLylLeuAsnAspTyrIleLeuLysLeuG;gg;uProlsnGlyIleLeuLeuHisPheLysGluserArgThrProThrAsgAsEserLeuG;QAJgPrgggthgﬁg:]lgllg

CAATAC
742 GAAGAAGGATATGCAGTACCCAAATCTATTGATGACGAATTAGCTTTTAAAGTTCTCTATGCATTGC 'CCAGAC. TCGGTTATGTTTTTTCTCCTAGAA
201 GluGlualyTyrAanalProLysserIleAspAspGluLeuAlaPheLysValLeuTyrAlaLeuLeuTyrGlyThrGlnThrTeru1ServalMetPhePheLeuLeuGluGlnTyr

862 TCTTTCCTGGCTAACCATTAT ‘GAGAA T AR, ATACTTTAATAGCCTTAATAATGTATTTTTAGATTTTAAAT CGTCACTTGTGGGTACCGGCACATCT
241 SerPheLeuAlaAanisTeryrGluLysGIyTereuGluLysTyrAspGluTerheAsnserLeuAsnAsnValPheLeuAspPheLysserSer euvalGlyThrGlyThrSer

982 MTMTGMGGTC‘!‘TCTTGATAGAGTGCTTCMGTT'I'I‘MTGACNTTAAGMTAGCGAGTTCTTAGGACTTGMAAMI\TGGTGTAGATGMATGCPGMCGAGMMTAMTTTATTT
281 AsnAsnGluGlzLeuLeuAsgArgValLeuGlnvalLeuHetThrva1LysAsnSerG1uPheLeuGIzLeuGluLzsAsnalyValjspaluHetLeuAsncluLysIleAsnLeuPhe

il02 MTMMTAMGGMGMATCGMGGCAAGCAAAMA’I‘GACATTGAGTGAGACACCAGMMT’I"I"I‘GCGCMATTTCA'l"I'TGATAAAGATATAACMCTCCCATCGGAGATTGGAGAGA’!‘
321 AsnLysIleLysGluGluIleGluGlyLysGlnLysHetThrLeuSerGIuThrProGluAsnPheAlaGlnIl=SerPheAspLysAsleeThrThrProIlealyAspTrpArg‘sp

1222 GGTCGGGAAGTACGTTATGCTGTACAATACGCAAGTGAAACCTTATTTTCTAAAATCAGTCATTGGTCTGATCCC 'GT AAGCATGTCCTACTCTCAGAATGCCAGTG
361 GlylrgaluVa1ArgTerlaValGlnTerlaSerG]uThrLeuPhes:rLysIleserHisTrpserAspProValSerValArgGluLysAlacysProThrLeuArgHetProVa1

1342 GACCAAACTCGAAGAAACGTACTTGTTTTCAGAAAATTTGACAGCAGCAAACCCCAACTGGTTGGCGAAATCACACCATACCTATCAAATTTCATCGACATTGATAGAGATCTTTATAAT
401 AspGInThrArgArgAsnvalleuvalPheArgLysPheAspSerSerLysProGlnLeuvalGlyGluIleThrProTyrLeuSerAsnPhelleAspIleAspArgAspLeuTyrAsn

1462 GCCGCTAGTAATCCTGATTCAGCTGTAGGTTTTAAGGAATTCACGAAATTAAATTATGATGGCGCTAATATTAGAGCAACTTTCGATCATGGAAGAACAGTTTTTCATGCCGCAGCMY

441 AlaAlaSerAsnProAspSerilavalGlyPhelysGluPheThrLysLeuAsnTyrAspGlyAlaAsnIleArgAlaThrPheAspHisGly. grfhrvalPheHisAlaAlaAlalys
1582 AGTGGCAATGATAAGATTATGTTCGGATTAACTTTCTTAGCAAAATCTACTGAACTAAACCAACCAGATAAAAAGGGT TATRCTCCTATTCATGTAGCTGH ATAGTGGAAACGCTGGT
481 SerGlyAsnAspLysIleMetPheGlyLeuThrPheLeuAlalysSerThrGluLeudsnGlnProAspLysLysGlyTyrithrProllelisvalalajlaAspSerGlyAsnAlaGly
1702 ATTGTTAATCTCTT CAAAGA AATAAATTCAAAAACATACCATTTCCTTCAAACCCCGTTGCACTTGGCTGCTICAGCGCGGATTTGTAACTACTTTTCAAAGATTAATG
521 IleValAsnleuleuIleGlnArgGlyValSerIleAsnSerLysThrTyrHisPheLeuGlnThrProleulisLeudlgilailnargGlyPheValThrThrPheGlnArgLeudet

1822 GAAAGCCCTGAAATAAATATAAATGAAAGAGATAAAGATGGATTCRCGCCGCTACATTATGCTATTCGGGGCGGTGARAGAATTTT CATTCCTGAACCAAATCAGTATTGATGTA
561 GluSerProGluIleAsnIleAsnGluArgAspLysAspGlyPheThrProLeulisTyralaVle€ArgGlyGlyGluArglleLeuGluAlaPheLeudsnGinIleSerIleAspVal

1942 AATGCCAAGTCTAATACGGGCTTARCTCCTTTCCATCTGGCAATCATTAAGAACGATTGGCCAGTAGCCAGTACTTTATTAGGAAGCAAGAAGGTTGATATCAATGCAGTCGATGAARAC
601 AsnAlalLysSerAsnThrGlyLeuThrProPheHisLeudlallellelysAsnAspTrpProvalAlaSerThrLeuleuGlySerLysLysValAspIleAsnAlavalAspGludsn
2062 AACATHACAGH CACTATGCAG TTTTGGGATACTTAGAAACTACGAAACAATTGATCAACTTGAAAGAAATAAATGCGAATGTAGTATCTTCTCCTGGCTTA' 'CCGC A
641 AsnIleThrAlaLeuHisTyrAlaAlalleLeuGlyTyrLeuGluThrThriysGlnLeulleAsnLeulysGlulleAsnAladsnvalValSerSerProGlyLeuLeuSeradlaleu
2182 CATTATGCGA' CTATAAGCATGATGATGTGGCCTCGTTTTTGATGAGATCTTCAAATGTCAATGTAAACTTGAAAGCACTCGGGGGTATCACTCCACTCCACCTTGCCGTGATACAA
681 HisTyrilaIleLeuTyrLysHisAspAspValAlaSerPheLeuMetaArgSerSerAsnvalAsnvalAsnLeulysAlaLeuGlyGlyIlefthrProleuiigleudlavalilleGln
2302 GGAAGAAAACAAATTCTTTCGTTGATGTTTGATATTGGTGTGAATATAGAACAGAAGACAGATGAAAAATATACACCTCTTCATCTCGCGGCAATGAGCAAGTATCCAGAGCTTATTCAA
721 GlyArgiysGlnIleLeuSerlLeuMetPheAspIleGlyValAsnIleGluGlnLysThraspGluLysTyriThrProLeullisLeudladlafetSerLysTyrProGluLeulleGln
2422 ATATTGTTAGATCAAGGTTCGAACTTCGAGGCAAAARACAAATTCTGGTGCARCACCGCTTCATTTGGCCACATITTAAGGGTAAATCACAGGCAGCTCTCATTTTATTGAATAATGAAGTG
761 IleLeuLeudspGlnGlySerAsnPheGluAlaLysThrAsnSerGlyAlaThrProLeuliislLeudlaThrPheLysGlyLysSerGlnAlaAlaLeulleLeuLeuAsnAsnGluval
2542 AACTGGAGAGACACAGACGAARACGGTCAAATGCCTATTCATGGAGCTGCAATGACTGGACTGCTGGATGTTGCTCARGCTATTAT CACTGTTGT AGAT
801 AsnTrpArgAspThrAspGluAsnGlyGlnMetProlleHisGlyAlaAlaMetThrGlyLeuLeudspValalaGlnAlaIleIleSerIleAspAlaThrvalValAspIleGluisp
2662 AAAAATTCAGACACTCCCCTTAACTTAGCGGCH AACTCTCACATAGATGTAATAAAATATTTTATAGACCAAGGAGCTGATATTAATACAAGAAATAARAAGGGCC' CTCCGTTG
841 LysAsnSerAspihrProleudsnleudlallafGlnAsnSerHisIleAspvall leLysTyrPheIledspGlnGlyAlaAsplleAsnThrArgAsnLysLysGlyLe aProleu

2782 CTTGCCTTTTC GAAGGGAAATTTGGATATGGTCAAGTATCTTT TTGACAAGAATGCTAATGTTTATATCGCTGACAATGATGGTATGAATTTTTTTTACTATGCAGTTCAAAACGGT
881 LeudlaPheSerllysLysGlyAsnLeuAspMetValLysTyrLeuPheAspLysAsnAlaAsnValTyrIleAlaAspAsnAspGlyMet AsnPhePheTyrTyrAlavalGlnAsnGly

2902 CATTTGAATATAGTTAAATACGCTATGTCAGAAAAAGATAAGTTTGAATGGAGTAATACAGATAATAATAGAAGGGATGAATGCCCTAATGAAGAATGCGCAATCTCTCATTTTGCAGTT
921 HisLeudsnIleValLysTyrAlaMetSerGluLysAsplLysPheGluTrpSerAsnThrAspAsnAsnArgArgAspGluCysProAsnGluGluCysAlalleSerHisPheAlaval

3022 TGCGATGCAGTTCAATTTGATAGAATAGAAATAGTAAAATACTTTGTTGGTACTCTTGGAAATTTTGCCATTTGTEGTCCCCTGCATCARGCAGCACGGTACGGTCATCTPTGACATAGTG
961 CysAspAlavalGlnPheAspArgIleGlulleValLysTyrPhevalGlyThrLeuGlyAsnPhedlalleCyslyProLeutiisGlnAlaAlaArgTyrGlyHisLeudspIleval
3142 AAATATCTGGTCGAAGAAGAATTTCTGAGTGTGGATGGAAGCAAAACTGATRCTCCCTTGTGTTACGCTTCTIGAAAATGGACATTTTACGGTTGTTCAATACCTAGTAAGTAATGGGGCE
1001 LysTyrLeuValGluGluGluPheLeuServalAspGlySerLysThrAspfhrProLeuCysTyrAlaSerGluAsnGlyHisPheThrvalvalGl nTyrLeuvalSerAsnGlyAla
3262 AAAGTTAATCATGATTGTGGTAATGGTATCH CTATAGACAARGCAATARCAAAAAATCATTTACAAGTGGTACAGTTTTTAGCTGCAAATGGAGCTTGACTTCCGTCGTAARAATAGT
1041 LysValAsnHisAspCysGlyAsnGlyMetThrilalleAspLysAlalleThrLysAsnHisLeuGlnValvalGinPheleudladlaAsnGlyValAspPheArgArgLysAsnSer
3382 CGTGGTACTACTCCTTTTCTCACGGCAGTOGCTGAARACGCCTTACATATTGCAGAATACCTTATT CGTGAGAAAAGACAGGATATTAATATAAACGAGCAAAATGTAGATAAGGA

1081 ArgGlyThriThrProPhelLeuThrilavallAlaGluAsnAlaLeuldspIledlaGl uTyrleulleArgGluLysArgGlnAspIleAsnIleAsnGluGlnAsnvValAspLysas,

3502 GCCTTACATTTAGCCG' ATTATAAGAACCTACAGATGATAAAACTTTTAATAAAATATGGAATAGACGTGACTATCAGAAATGCT TATGAT; ACAGCTTTGGATATTGCCATAGAT
1121 AlaleuHi sLeml; ;;zEgyr‘ryrl.ysjsnl.aualnnet IleLysLeuLeuIleLysTyrGlyIleAspvalThrIleArgAsnAlaTyrAspLysfthralaleudspIledlalld sp

3622 GCCAAATTTTCCAACATCGTCGAATATTTGAARACAAAAAGCGGAAAATTTCGGAGGGAGTATARAAGTTCGTATGGTGAACGCAGTCTCTTACAAACGAATCAGATTTCAAACTTTATA
1161 AlaLysPheSerAsnlleValGluTyrLeulysThrLysSerGlyLysPheArgArgGluTyrLysSerSerTyrGlyGl uArgSerLeuleuGlnThrAsnGlnIleSerAsnPhelle

3742 GATCGTAAGAACATCGAACATGACCATCCACTATT AATGCAGATA. TTCTGAGTTGTTTTCGAAAACAGCTTCCAACATTGACGTTATTGGTACATTATTGTTGATTGAT
1201 AsplrgLysAsnIleGlqusAspuisProLeuPheIleAsnAlaAspAsnGluserserG1uLeuPheserLysThrAlaSerAsnIIeAspValIleGlyThrLeuLeuLeuIleAsp

3862 GTA'I'TGA‘!’CAGGTA'!'I‘TCTCMAACMGGATATATCAGTMGGAATC’I‘GATTCAGCTTCAGATGGAATCACACAAGCCGCTGCGTTATCCA'I'I‘ACTGAAMG’PI‘CGMGATGTC’I‘I‘GMC
1241 VulLeuIleArgTerheSerLysGInGlyTyrIleSerLysGJuSerAspSerAlaSerAspGlyIleThrGlnllaAlaAlaLeuSerIleThrGluLysPheGluAspValLeujsn

3982 TCTCTTCATAATGAATCAGCAAAAGAGCAGGTGGATCTTGCTGAAGT >CATGGGAAAGTCTATGCGGCCTTAAAGAGTGGAAGARATAGTCARATTCATCAAATACTGTGCTCATCTTTA
1281 SerLeuHisAsnGluSerAlalysGluGlnValAspLeudlaGluvalHisGlyLysValTyrAlaAl aLeulysSerGlyArgAsnSerGlnIleHisGlnIleleuCysSerSerLeu

4102

o2 M’P'I‘CGA'l"l"l‘C'l‘ACT'I.'I‘MMCCGGAGGACATGGMMA’!‘I‘GGMTCAGTGATMTGMTTCTCATTCT’I‘CAGTCTC’I‘TTGCCTGMGTCACAGATTCTGCAAATGAGGCATACGGAGAA

AsnSerIleSerThrLeuLysProGIuAspHetGluLysLeuGluSarVaIIIeHetAsnSerulsserserVulSerLeuProGluValThrAspSerAlaAsnGluAlaTyrGlyGlu

4222 ACC’!‘TGCAC’I'I‘G’I’TCGGCGAG'I‘CC'X‘GTCTGCATTC’I‘GACGGTAMTGACCMGMGCTTATGTGAMMATGATATAAAGAWATA’I‘TTTACAAMG’I‘TMCMCC C
1361 ThrleuHisLeuPheGlyGluSerCysLeuHisSerAspGlyIleLeuThrLysLysLeuNet ANCCCTTTCAGET

4342 TTGAATTATGTGAACACCAGTTGGAAGGCAGACACAATGTACACCTGAAAATATGTTTTGGAATTTTATTATATGTCACTTTTTCATT I TCTAATATATT I TACAGTGAA CAAA:

4462 TTTGCAAAAATAATTTAAARAGAAAAATGATAAATTAAATCTTAACTAAATCTAATTAACAAATTAGTTTAGAGTTTATAATACAACCC: AGCGACTTCT: A smﬁ
4582 AAATTTTCTTGATIGATCATTTCAACAAATTTAGAGCATTAAAATTTAAAAGCAGGC! "ATCH TGTAACACTAATA
4702 TATATTTAA. TTTTTGATATGGGGT ATATATACATTAAAGCTACTTCTTATCTCTAAGAAAATTGCACCTAAATATTAAGAAATGCATGTGCACARAAGTTATTTTA
4822 AAGMAA’ITATAGTMT‘M‘ATTGGTAATA‘!‘ACAAAAGATCMTGCAGTTGMTTG’l‘GGTAAT’I‘TTTGAT'!‘MGATGACMTCATPGMTGWA‘I’I‘I"H‘ACTATMCCATAAACT
4942 CA'I‘ATACGC’l‘AC’I‘GGATCTAGG’I'GATAGAGAG'l'TTTMGAG’I’C'l"l"l'ﬂ‘c’l'AACACACAGAAATAAATGC'I'l'l‘CGGATGTAAGTTATAGHCCT‘X‘GTGGMMTACACTTATGAGTWGCA
5062 AAAGGATTTGAAAAATTACTGACTCGTTTAACAGCTCCTTGATTTTTTCCTAACATTTTCATTAGTTCCTGCTCCAGCGTAAAAGATGACATACATGAGAAAATACTTATTTACCGCGAG
5182 AAAMATTL'X‘AG'I‘AGA'l"l"l"I‘M’l"I‘ATTmTMATAAATAAMTTCTTMAAAATGW'ﬂ‘TGAGmeAMGGAAAGAAGTGC’I‘TTAAT'I‘TCGMTCCCGCATTGGAGAGAT‘I‘TA
5302 ATTTCTTTTCGCACTACGGATATTTTTAATTTTCCTTTGTATAATTTGTCTGGCGTCATT T TTTTCAGTTGCCTCTCAGCTGTAGACCAAAACACAATTTTACTAAC

Fig. 2. Nucleotide sequence of cDNA coding chain and amino acid sequence of a-latrotoxin precursor from black widow spider. Amino acid
sequences determined by peptide analysis are underlined. Putative signal peptide is indicated by dotted line. 19 tandemly arranged imperfect repeats
are boxed.
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Fig. 3. Computer dot plot analysis of a-latrotoxin to identify amino acid sequences within the toxin. Homologous sequences are indicated by lines
parallel to the central diagonal, their lengths corresponding to those of homologous regions of amino acid sequences. Residue numbers are
indicated on the axis.

as well as in a virus envelope protein [17], the repeats
being located with the same interval. Their functional
role is still obscure. Thorough results deal with com-
plete analysis of latrotoxin intrinsic homology and
prediction of the toxin secondary structure will be
published elsewhere. Further research into the expres-
sion of the cloned gene for a-latrotoxin and its mutants
will illuminate the molecular mechanism of the interac-
tion of black widow spider neurotoxin and cell mem-
brane.
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