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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 C1 neurotoxin is encoded
by a bacteriophage (1, 2).

C. botulinum C1 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 C1.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 Asp!2 to Tyr?! 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.
Cys*37 and Cys*53 are probably involved in a disulfide bridge
linking the light and heavy chains. A candidate transcription
terminator (AG= -6.2 kCal.mol™!) is underlined. C.
botulinum C1 neurotoxin exhibits no similarity with exoenzyme

1 GAATCAATAG TAAGTCAAAG ATAATGCAAA AAGATTACAG TTAATACTGA TTATTTAGAC

C3 which is also encoded by C. botulinum C and D phages (4),
in particular the C1 neurotoxin lacks a leader sequence which
was found in exoenzyme C3.
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&1 CTGATTGTAT AACATTTTCA TATAATGATA AATATTTTCT CTATCACTTA GAGATGGAGA
121 TTATAATTEG ATGATATGTA ATGACAATAS CAAGSTGLTA ARGGTGCACA TTTGTGGATA
181 TTAGARAGTT AGGAGATGT™ AGTATTATGL CAATAACAAT TAACAACTTT AATTATTCAS
241 ATCCTGTTEA TAATAAMAAT ATTTTATATY TAGATACTCA TTTARATACA CTAGCTAATG
301 AGCCTGAAAA RBCCTTTCGC ATTACAGGAA ATATATGGGT AATACCTGAT AGATTTTCAA
361 GAAATTCTAA TCCARATTTA AATARACCTC CTCGAGTTAC AAGCCCTAMA AGTGGTTATY
421 ATGATOCTAA TTATTTGAGT ACTGATTCTG ACARAGATCC ATTTTTAAAA GAAATTATAA
481 AGTTATTTAR AAGAATTAAT TCTAGAGAAA TAGGAGAAGA ATTAATATAT AGACTTTCGA
S41 CAGATATACC CTTTCCTGES AATAACAATA CTCCAATTAA TACTTTTGAT TTTGATGTAS
801 ATTTTAACA TBTTGATGTT AAAACTAGAC AABGTAACAA CTGGGTTAAR ACTBETASCA
841 TARATCCTAG TGTTATAATA ACTGGACCTA GAGAARACAT TATAGATCCA GAAACTTCTA
721 COTTTAMATT AACTAACAAT ACTTTTGEGS CACAAGAAGS ATTTGSTBCT TTATCAATAA
781 TTTCAATATC ACCTAGATTT ATECTAACAT ATASTAATSC AACTAATSAT GTAGGAGAGS
841 BTABATTYTC TAAGTCTGAA TTTTGLATSS ATCCAATACT AATTTTAATE CATGAACTTA
901 ATCATGCAAT GCATAATTTA TATGGAATAG CTATACCARA TGATCAAACA ATTTCATCTE
951 TAACTAGTAA TATTTTTTAT TCTCAATATA ATSTGAAATT ASAGTATGCA BAARTATATG
102! CATTTGGABS TCCAACTATA BACCTTATIC CTAARASTGE AASBARATAT TTTBABSAAR

1081 ABBCATTGEA TTATTATAGA TCTATAGCTA ARAGACTTAA TAGTATAACT ACTGCARATC
1141 CTTCAAGCTT TAATARATAT ATAGESSAAT ATARACAGAA ACTTATTABA AAGTATAGAT
1201 TCETASTABA ATCTTCAGST GAABTTACAS TAAATCGTAA TAASTTTGTT BAGTTATATA
1281 ATGAACTTAC ACARATATTT ACAGAATTTA ACTACGCTAR AATATATAAT GTACAARATA
1321 GBAARATATA TCTTTCAAAT GTATATACTC CGSTTACSST GAATATATTA BACGATAATS
1381 TTTATGATAT ACAARATGBA TTTAATATAZ CTAAAAGTAA TTTARATGTA CTATTTATSR
1841 GTCARAATTT ATCTCGARAT CCAGCATTAA GARAASTCAA TCCTGAARAT ATGCTTTATT

1501 TATTTACAMA ATTTTGTCAT ARAGCAATAG ATGGTABATC ATTATATAAT ARAACATTAG
1551 ATTBTAGAGA GCTTTTAGTT RAARATACTG ACTTACCCTT TATAGGTGAT ATTAGTGATG
1621 TTRABACTGA TATATTTTTA AGAAGAGATA TTAATGAAGA AACTGAAGTT ATATACTATC
1881 CBBACAATET TTCAGTAGAT CAAGTTATTC TCAGTAAGAA TACCTCAGAA CATGGACAAC
1741 TAGATTTATT ATACCCTAGT ATTGACAGTE AGAGTGAAAT ATTACCAGGS GABAATCAAG
1801 TCTTTTATGA TAATABAACT CARAATGTTG ATTATTTGAA TICTTATTAT TACCTAGAAT
1851 CTCARAAACT AABTBATAAT GTTBAASATT TTACTTTTAC GAGATCAATT BAGGABECTT
1921 TGBATAATAG TBCAARAGTA TATACTTACT TTCCTACACT AGCTAATARA GTAAATECHS
1981 GTGTTCAAGG TBBTTTATTT TTAATGTGGE CAAATGATGT AGTTGAAGAT TTTACTACAA
2041 ATATTCTAAG AARAGATACA TTAGATAAMA TATCAGATGT ATCAGCTATT ATTCCCTATA
210} TAGGACLLEC ATTARATATA AGTRATTCTG TAAGARGAGS AMITTTTACT BAASCATTTS
2161 CAGTTACTGS TGTAACTATT TTATTAGAAG CATTTCCTEA ATTTACAATA CCTGCACTTS
2221 GTECATTTET GATTTATAGT AAGETTCAAG AARGARACEA GATTATTAAA ACTATAGATA
2281 ATTGTTTABA ACAAAGBATT AAGAGATGSA AASATTCATA TSAATGBATS ATGGSAACET
2341 GETTATCCAB BATTATTACT CAATTTAATA ATATAAGTTA TCAAATGTAT BATTCTTTAR
2401 ATTATCAGEL AGETBLAATC AAAGCTAARA TAGATTTAGA ATATAAAAAA TATTCABGAA
2451 BTCATAARGA AAATATAARA AGTCAASTTS AAAATTTAAA RAATAGTTTA GATGTAAAMA
2321 TTTCGGAAGE AATGRATAAT ATARATARAT TTATACGAGA ATBTTCCGTA ACATATTTAT
258! TTARARATAT BTTACCTARA GTAATTGATG AATTAAATGA GTTTGATCGA AATACTAANG
2641 CAMMATTAAT TRATCTTATA GATAGTCATA ATATTATTLT ASTTGSTGAA GTASATARAT
2701 TAARABCAAA AGTAAATAAT AGCTTTCAAA ATACAATACC CTTTAATATT TTTTCATATA
2781 CTAATAATTC TTTATTARAA GATATAATTA ATGAATATTT CAATAATATT RATGATTCAA
2821 ARATTTTBAS CCTACAAARC ASAAARRATA CTTTAGTSIA TACATCAGBA TATAATGLAG

2941 GTAGTTCAGS GSAGBATAGA G3TAAASTTA TASTAACCCA BARTGARAAT ATTGTATATA

3001 ATTCTATETA TGAGGTTTT AGEATTAGTT TTTGGATTAG AATAAATARA TGESTAAGTA
3064 ATTTACCTER ATATACTATA ATSGATAGTG TTARAATAA CTCAGGTIGG ABTATAGSTA
3121 TTATTAGTAR TTTTTTAGTA TTTACTTTAR ARCAARATGA AGATAGTGAA CARRGTATAA
3181 ATTITABTTA TGATATATCA MATAATECTC CTBSATACAR TARATBETTT TTTGTARLTE
3241 TTACTMACOA TATGATGE8A AATATGAAGA TTTATATARA TGGASAATTA ATAGATACTA
3301 TAAABTTAA AGAACTAACT GGAATTAATT TTAGCARAAC TATAACATTT GARATAAATA
3381 ARATICCAGA TACCSBTTTG ATTACTICAG ATTCTGATAA CATCAATATE TGGATAAGAG
3421 ATTTTTATAT ATTTGLTARA GAATTAGATS GTAMMGATAT TAATATATTA TTTAATAGCT
3491 TBCAATATAC TAATGTTGTA ARABATTATT GGGGARATGA TTTAAGATAT AATAGAGAAT
3541 ATTATATGBT TAATATASAT TATTTAGATA GATATATGTA TBCGARCTCA COACAMATTS
3401 TTITTAATAC ACGTAGAMAT ATAATGACT TCAATGAAGE ATATAMMATT ATAATARAMA
3061 BAATCAGAGE ARATACAAAT GATACTAGAG TACGAGGABH AGATATTTTA TATTTTGATA
3721 TGACAATTAR TAACAMGCA TATAATTTGT TTATGAAGAA TGAAACTATG TATGCABATA
3781 ATCATAGTAC TGAAGATATA TATGETATAS GTTTANGAGA ACARACAMS GATATAGATS
841 ATAATATTAT ATTTCAGATA CAACCAATGA ATAATACTTA TTATTACSCA TCTCARATAT
3901 TTAMATCARA TTTTAATGBA GAAMATATIT CTGGAATATG TTCAATABST ACTTATCGTT
391 TTASACTTES AGGTGATTGS TATAGACACA ATTATTTGST GCCTACTETS AMGCARGSAA
4021 ATTATECTTC ATTATTAGAA TEARCATCAR CTCATIGESS TTTTGTACCT GTARGTGAAT
4081 AMATAATBAT TAATAATATA AATTATGTTA RATATTTTAD TATTARGTTE ARATATGTTT
4141 TGATTAGTCS AACATTAATA ARATAACTAA ATARATTATA TTTAMMACTS TTAGAATAST
4201 ATATTTATIA TCAATTACAG TAGTAMMATA CTGATTGCTC TGTCTATAAT CTTCCAGAGT
4261 TRARARAGAA GATGTTTAAT TTTTAGAATT TATTASGTAA AAGAGATACA GTTAGCGCAC
4321 TAANWATTA AATTARATTA TTTTANAMAS TTATTGATAT TAGAMMASTA TG3TASTATA
4351 CTTATARATS TOBARAGAAD ATARAGIAW TARSTCTTRS TACAARATTA ARTTIZEAAN

4441 TATTAAAGGA B3AATTAATA TGGAACACSA TC
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