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Nucleotide sequence of Clostridium botulinum C1 neurotoxin
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Clostridium botulinum neurotoxins consist of seven serologically
distinct types: A, B, Cl , D, E, F, and G. All of these are
synthesized as single-chain polypeptides of about 150 kDa which
are generally nicked after secretion to yield N-terminal light ( « 50
kDa) and C-terminal heavy ( = 100 kDa) chains connected by
a single disulfide bond. C. botulinum Cl neurotoxin is encoded
by a bacteriophage (1, 2).

C. botulinum Cl neurotoxin DNA sequence shown below was
derived from cloned C phage DNA fragments the sizes of which
were less than 2.0 kb. The initial clone containing a Cl.neurotoxin
coding DNA was identified using a mixed 29-mer probe
[5'-GA(T/C)CCIGTIGA(T/C)AA(T/C)AA(A/G)AA(T/C)AT-
ICTITA-3'] which corresponds to Asp12 to Tyr21 of the partial
amino acid sequence published previously (3). Potential
biohazards associated with the experiments described had been
approved by the French National Control Committee.

The complete C1 DNA sequence shows a single open reading
frame which begins with an ATG at position 207 and encodes
for 1291 amino acids (MR 148,698 Da). Before the ATG a Shine-
Dalgarno sequence can be localized from position 191 to 196.
Cys437 and Cys453 are probably involved in a disulfide bridge
linking the light and heavy chains. A candidate transcription
terminator (AG= —6.2 kCal.mol"1) is underlined. C.
botulinum Cl neurotoxin exhibits no similarity with exoenzyme

C3 which is also encoded by C. botulinum C and D phages (4),
in particular the Cl neurotoxin lacks a leader sequence which
was found in exoenzyme C3.

ACKNOWLEDGEMENTS

We are very indebted to P.Cossart and J.Mengaud for providing
us with synthetic oligonucleotides. We thank F.Poysky and
L.Jordan for help in preparing clostridial phage DNA. This work
was supported by grant Nie 175/5—2 from the Deutsche
Forschungsgemeinschafts to H.N. (H.K. is a recipient of a
fellowship from the Alexander von Humboldt Foundation) and
by USAMRHD contract 84-PP-4861-(A-l) to M.E. and by NIH
grant AI16928 to DMG.

REFERENCES

1. Eklund.M.W., Poysky.F.T., Reed.S.M. and Smith,C.A. (1971) Science 172,
480-482.

2. Eklund.M.W. and Poysky.F.T. (1989) In: Botulinum Neurotoxins and Tetanus
Toxin (Simpson,L.L. ed.), pp. 25—51, Academic Press, San Diego.

3. Tsuzuki.K., Yokosawa,N., Syuto,B., Ohishi,I., Fujii.N., Kimura.K. and
Oguma,K. (1988) Infect. Immun. 56, 898-902.

4. Popoff,M.R., Boquet.P., Gill,D.M. and Eklund,M.W. (1990) Nucl. Acids
Res. 18, 1291.

1 GAATCAATA6 TAAGTCAAAG ATAATGCAAA AAGATTACAG TTAATACTGA TTATTTAGAC
4! CTGATTGTAT AACATTTTCA TOTADTGATa AATATTTTCT CTATCACTTA GA6AT6GAGA

12! n«AATTGG A1GA7ATG7A ATGACWTBA CAAGSTGCW AAGG76CACA TTOTBGATA
181 TTAGAAAGTT AGBAGATGH AGTATTATGC CAATAACAAT TAACAACTTT AATTATTCAS
241 ATCCTGTTBA TAATAAAAAT ATTTTA'ATT TAGATACTCA TTTAAATACA CTAGCTAATG
301 AGCCTGAAAA A6CCTTTCGC ATTACAGGAA ATATATGGGT AATACCTGAT AGATTTTCAA
341 GAAOTTCTAA TCCAAATTTA AATAAACCTC CICGAGTTAC AA3CCCTAAA AGT6GTTATT
421 ATGATCCTAA TTATTTGAGT ACTGATTCTG ACAAAGATCC ATTTTTAAAA GAAATTATAA
4B1 AGTTATTTAA AA6MTTAAT TCTAGAGAAA TAGGAGAA6A ATTAATATAT AGACTTTCGA
541 CA6ATATACC CTTTCCTGGS AATAACAATA CTCCAATTAA TACTTTTGAT TTTGAIGTAS
601 ATTTTAACA6 TGTT6AT6T7 AAAACTAGAC AAGGTAACAA C I 5 6 G 7 I 4 M ACTBGTA5CA
641 TAAATCCTAG TBTTATAATA ACTGGACCTA GASAAAACAT TATAGATCCA SAAACTTCTA
721 C6TTTAAAT7 AACTAACAAT ACTTTTGCG5 CACAAGAAGS ATTTGGTGCT ITArCAATAA
781 TTTCAATATC AXTABATTT AT6CTAACAT ATA3TAATSC AACTAAT3AT GIASSAGA6S
841 GTAGATTTn: TAA6ICIGAA TTTTGCAT63 ATCCAATAa A A n n A A I G CATGAACTTA
901 ATCATGCAAT GCATAATT7A TATGGAATAG CTATACCAAA TGA7CAAACA ATTTCATCT6
961 7AAC7AS7AA TATTTTTTAT 7C7CAATATA A7S7GAAA77 ASAS7AIGCA GAAA7A7A76

1021 CA77TGSAB6 7CCAAC7A7A GACC77A77C C7AAAA37G: AASSAAA7A7 777GA66AAA
1081 A66CA7TGSA 77A77ATA6A 7C7A7ASC7A AAAGAC77AA 7AG7A7AAC7 ACTGCAAA7C
1141 C T 7 D » G C n 7AATAAA7A7 A7AGSS5AA7 A7AAACASAA AC7TA7TASA AA67A7ASA7
1201 TCS7AS7ABA A7CT7CAGS7 6AAG77ACAG TAAA7CG7AA 7AAS7T7Gn 6A67TA7A7A
1261 A7GAAa7AC ACAAA7A7T7 AMGAA77TA ACTACGCTAA AATA7A7AA7 G7ACAAAA7A
1321 G8AAAATA7A 7C777CAAA7 G7A7A7AC7C CGSnACGSC GAA7A7A77A 6ACGA7AA76
1381 7TTA7M7A7 ACAAAA7G3A T7TAA7A7AC C7AAAAG7AA TTTAAATTS7A C7A7T7A735
1441 GTCAAAATn A7C7CSAAA7 OMGCA77AA 6AAAA37MA 7CCTGAAAA7 A7G:7TTAn

1501 7A777ACAM A7T77G7CAT AAA6CAA7AG A7GG7A3A7C B77A7A7AA7 AAAACA77A6
1541 A77B7AG46A G a H 7 A G 7 7 AAAAA7AC7G AC7TACCC77 7A7AGG76A7 A77AS75A76
1621 T7AAAAC7GA 7A7A777T7A AGAA«AGA7A 77AA7GAAGA AAC7GAAG7T A7A7AHA7C
16SI CS6ACAA7S7 77CAG7A6A7 CAAG77A77C TCAG7AAEAA 7AK7CASAA CA76GACAAC
17(1 7AGA777A77 A7ACCCTAG7 ATTGACA67G AGAGTGAAAT ATTACCAGS6 GAEAATCAAG
1801 TCTTTTATGA TAATA6AACT CAAAAT6TTG ATTATTIGAA TICTTATTAT TACCTA6AAT
ISil CTCAAAAACT AABTGATAAT GTTGAAGAn TTACTTTTAC GASATCAAH SAGGAG6CTT
1721 TG6A7AATAG TBCAAAA8TA TATACTTACT ITCCTACAn A6aAATAAA 6IAAATSCSG
1981 GTBITCAAG8 T9GTTTATIT TTAAIGTGG8 CAAATGATGI AGTTGAAGAI TTTACTACAA
2011 ATATTCTAAG AAAAGATACA TTAGATAAAA TATCAGATGT ATCA5CTATT ATTCCaATA
2101 TAGGACCCSC ATTAAATA7A AGTAATTCTG TAAGAAGAGG A W m T A C T 6AA8CATTTG
2161 CA6TTACTGG TGTAACTATT TIAnAGAAG CATTTCCTGA ATTIACAATA CCTGCACTT6
2221 GTGCATTTGI 6ATTTATA6T AAG6TICAAG AAAGAAAC6A GATIATTAAA ACTATAGATA
2231 ATTSTTTAGA AOMAGGAH AAGAGATG3A AASAHCATA TSMTGGATS CT33SMCGT
2341 GSnATCCAS GATTAnACT CAATTTAATA ATATAAGHA TCAAATGTAT GATTCTTTAA
2401 ATTATCAGGC AG6I5CAHTC AAA8CTAAAA TAGATTTAGA ATATAAAAAA TATTCA6GAA
2461 BTBATAAASA AAATATAAAA ASTCAASTT3 AAAATTTAAA AAATAGTTTA GATGTAAAAA
2321 THCGGAAGC AATGAATAAT ATAAATAAAT TTATACGASA ATSTTCCSTA ACATAHTAT
2SSI HAAAAATAT 6TIACCTAIW GTAATTGATG AAHAAATGA GTTTGATC6A AATACTAAAG
2641 CAAAAnAAT TAATOTATA 6ATAGTCATA ATATTAnCI ASTTGGTGAA GTASATAAAT
2701 TAAAAGCAAA AGTAAATAAT AGCTTTCAAA ATAIAATAd C n l A A T A n TTTTCATAtA
2761 CTAATAATTC TTTATTAAAA GATATAAIIA AT6AATATTT CAATAATATT AA7GAITCAA
2821 AAAIUTSAS CCTACAAAA: A3AAAAAATA CTTTASTS3A TACATCASBA TAIAATGCAG
2881 AAST6A5TGA AGAAS6CGAT STTC«3:TTS B ' X » 1 T H I T T K a T r S K TTTSftSTTSS
2941 GTASTTCABG GGASSATAGA E3TAAASTTA TA3TAACCCA GAATGAAAAT ATTGTATATA

3001 ATTCTAIGTA TGAAAGHIT AGCATTAGTT TTTGSAIIAG AATAAAIAAA TGSGTAAGTA
3061 ATTTACCTGG ATATACTATA ATTGATAGTG TTAAAAATAA CTCAGGTTGG AGTATAGSTA
3121 TTATTAGTAA TTTTTTAGTA TTTACTTTAA AACAAAATGA ASATAGTGAA CAAAGTATAA
3181 ATTTTASTTA TGATATATCA AATAATGCTC CTG8ATACAA TAAATG8TTT TTTGTAACTG
3241 TTACTAACAA TATGATSG6A AATATGAAGA TTTATATAAA TGGAAAATTA ATAGATACTA
3301 TAAMGTTAA ASAACTAACT GGAATTAATT TTAGCAAAAC TATAACATTT GAAATAAATA
3361 AAATTCCAGA TACC86TTTG ATTACTTCA6 ATTCTGATAA CATCAATAT6 TGGATAAGAG
3421 ATTTTTATAT ATTTGCTAAA GAATTAGATG GTAAABATAT TAATATAHA THAATAGCT
3481 TGCAATATAC TAATGTTGTA AAAGATTATT GGGGAAATGA TTTAAGATAT AATAAAGAAT
3S41 ATIATATGCT tAATATAGAT TATTTAAATA GATATATGTA TGCGAAHCA CGAMAATTG
3601 TTTTTAATAC AC6TAGAAAT AATAAIGACT TCAATGAA5G ATATAAAATT AIAATAAAAA
3661 GAATCAGAGG AAATACAAAT GArACTAGAG TACGAGGAGG AGATATTTTA TATTTTGATA
3721 TGACAATTAA TAACAAAGCA TATAA7TTGT TTATGAA3AA TGAAACTATG TATGCAGATA
3781 ATMTAGTAC T8AASAIATA TATEIATA3 GTITAA3ASA ACAAACAAAS GATATAAATB
3841 AIAATATTAT AITTCAAATA CAACCAAI5A ATAAIACIIA TTATTACGCA TCTCAAATAT
3901 TTAAATCAAA TTTTAATGGA GAAAAIATIT CTGBAAIATB TICAAIAGGT ACITATCGTI
3961 nABACHGS AGGTGATTGG TATASACACA ATTATTT63T GCCTACTGIG AASCAAG3AA
4021 AnATGCTTC ATTATTAGAA TCAACATCAA CTCATTGS63 ITTTG7ACCT GIAASTGAAT
4081 AAATAATBAT TAATAATATA AATTATGTTA AATATTTTAA TATTAA6TTG AAATATGTTT
4141 TSAHAGTCG AACAUAATA AAATAACTAA A'AAATTATA TTTAAAACTB TTAAAATA3T
4201 ATATTTATTA ICAATIACAS TASTAAAATA CISATIGCIC TGTCTATABT CTICCASA6I
4261 TAAAAAA6AA GATGTTTAAT I7TTASAAH IAITA3GIAA AABAGATACA GTTA6CGCAC
4321 TAAAAAATTA AATTAAAT'A TTTTAAAAA3 'TATTSACAT TAGAAAAGTA TSS'ASTATA

4 « ! TATTAAAGGA 63AATTAATA T3SAA:ACS9
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