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Abstract The entire sequences of the type A nontoxic-non-
hemagglutinin gene and an adjacent open reading frame desig-
nated as orf 22-a, which are located between the neurotoxin and
the HA-35 genes were determined. SDS-PAGE and N-terminal
amino acid sequence analyses of the purified type A progenitor
toxins (12S, 16S and 19S) indicate that the nontoxic-nonhemag-
glutinins of 16S and 19S are single peptides of approximately
120k, but that of 12S has a cleavage at the site between Pro-144
and Phe-145 of this protein.
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1. Introduction

Toxigenic strains of Clostridium botulinum produce one or
more of the seven immunologically distinct neurotoxins (type
A -to-G). The neurotoxins, approximately 150 kDa proteins,
exist in the bacterial cultures as stable, large complexes desig-
nated as progenitor toxins, which are found in three forms:12S
texin(M~300k), 16S toxin (M~ 500k), and 19S toxin (M,~900k).
Tvpe A progenitor toxin involves three forms, 19S, 16S, and
128. Type B, C, and D involve two forms, 16S and 12S. Type
E F, and G involve a single form, 128, and 168S, respectively.
178 and 168 toxins have hemagglutinin (HA) activity, but 12S
texin does not. It was postulated that the 12S toxin is formed
bv association of a neurotoxin with a nontoxic component
(14 ~120k) having no HA activity which is designated here
a- nontoxic-nonHA. Whereas, the 16S and 19S toxins are
fermed by conjugation of the 128 toxins with HAs. In this study
w2 show the SDS-PAGE profiles and N-terminal amino acid
scquences of purified type A HA-positive (16S and 19S) and
HA-negative (12S) progenitor toxins in addition to the com-
p.ete gene sequences of type A nontoxic-nonHA gene and adja-
c.nt open reading frame (orf 22-a), and the results of compar-
alive analyses of these amino acid sequences with those of other
t.pes of C. botulinum progenitor toxins.

2. Materials and methods

2 1. Purification of progenitor toxins
The HA-positive (19S and 16S) and HA-negative (12S) progenitor
txins were purified from the culture fluid of C. botulinum type A strain,
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A-NIH. The organisms were cultured by a cellophane tube procedure
[1], and the culture medium was centrifuged (6000 x g, 30 min). The
supernatant was precipitated with 60% saturated ammonium sulfate.
After removing RNA in the precipitate by protamine treatment [2], this
preparation was subjected to a SP-Toyopearl 650M (Tosoh, Tokyo,
Japan) column equilibrated with 50 mM sodium acetate buffer (pH
4.2). The column was washed with 100 ml of this solution, and the
concentration of NaCl was then increased linearly to 0.5 M. The frac-
tions which showed both toxic and hemagglutinating activity, and the
fraction which showed only toxic activity were collected separately,
concentrated by 70% saturation of ammonium sulfate, and then sub-
jected to a Sephacryl S-300 (Pharmacia Biotechnology AB, Uppsala,
Sweden) column equilibrated with 50 mM sodium acetate buffer (pH
4.2) containing 0.5 M NaCl, to obtain purified HA-positive (16S and
19S) and HA-negative (12S) progenitor toxins.

2.2. SDS-PAGE and N-terminal amino acid sequencing
SDS-PAGE and N-terminal amino acid sequencing analyses were
performed as described previously [3].

2.3. Preparation of DNA and PCR amplification

Total DNA was isolated from A-NTH strain as described previously
{4]. PCR amplification was performed in a 50 ul reaction mixture
containing 200 ng of template DNA, 100 oM of each primer, 1 x Ex
Taq buffer (Takara Shuzo Co. Ltd., Kyoto, Japan), 200 uM of each
dNTP, and 1.25 unit of Takara Ex Taqg DNA polymerase (Takara
Shuzo Co. Ltd.), by using a GeneAmp PCR System (Model 9600-R;
Perkin-Elmer, Foster City, CA, USA). The PCR profile was 27 cycles
of 94°C for 30 s, 53°C for 30 s, and 72°C for 180 s.

2.4. Cloning and nucleotide sequencing

PCR products were cloned directly into pT7 Blue T-vector (Novagen,
Madison, WI, USA) according to the manufacturer’s instructions and
nested deletion of the cloned inserts was constructed by partial unidirec-
tional hydrolysis by using a Deletion kit (Takara Shuzo Co. Ltd.). The
sequence was determined with an automated model 373A DNA se-
quencer and the PRISM sequencing kit (Perkin-Elmer) as outlined in
the manufacturer’s instructions. The sequence was determined on two
cloned fragments derived from different PCR experiments. Where the
two clones differed in sequence, a third, independently amplified frag-
ment was cloned and sequenced. Sequence data were analysed with the
GENETYX-MAC sequence analysis software (version 7.3; Software
Development Co. Ltd., Tokyo, Japan).

2.5. Nucleotide sequence accession number
The GSDB/DDBJ/EMBL/NCBI accession number for the nucleo-
tide sequence reported in this paper is D67030.

3. Results and discussion

3.1. SDS-PAGE and N-terminal amino acid sequence analyses
of progenitor toxins
HA-positive and HA-negative progenitor toxins were puri-
fied as described in section 2. As reported previously [2], the
HA-positive progenitor toxin preparation is a mixture of 168
and 198 toxins and HA-negative progenitor toxin preparation
is 128 toxin. These preparations were subjected to SDS-PAGE
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Fig. 1. SDS-PAGE of HA positive (lane 1) and HA-negative (lane 2)
progenitor toxin fractions separated on Sephacryl S-300. Each toxin
fraction (10 ug) was heated at 100°C for 7 min in the presence of 2-ME
and subjected to SDS-PAGE (5-15% acrylamide gradient gel). The gel
was stained with CBB R-250. The positions of nontoxic-nonHA (120k),
106k component of 12§ toxin, heavy chain (93k) and light chain (55k)
of neurotoxin, HA-52 (52k), HA-35 (35k), HA-19 (19k), HA-15 (15k),
and 13k component of 128 toxin are indicated by arrows. M = molec-
ular weight standards, broad range (Bio-Rad).

with a reducing agent (Fig. 1). HA-positive progenitor toxins
demonstrated seven major bands with M,s of approximately
120k, 93k, 55k, 52k, 35k, 19k, and 15k. Based on previous
reports [3,5-7,9], it can be concluded that the band of 120k is
nontoxic-nonHA, and those of 93k and 55k are the heavy and
light chains of the neurotoxin, respectively, and the remaining
bands are the subcomponents of HA. On the contrary, the
HA-negative progenitor toxin showed two bands with M, of
106k and 13k in addition to the heavy and light chains of
neurotoxin, indicating that the nontoxic-nonHA of 128 toxin
consists of two fragments. In an attempt to confirm this hy-
pothesis, the N-terminal amino acid sequences of these non-
toxic components were determined by a direct protein microse-
quencing procedure (Table 1). The N-terminal amino acid se-
quences of nontoxic-nonHA, HA-52, and HA-15 were highly
homologous to those of type C (64-82% identity), whereas the
sequences of HA-35 and HA-19 showed only 30-40% identity
to those of type C [3,6,8]. These N-terminal sequences are
consistent with those of type A HA subcomponents reported
by Somer and DasGupta [9].
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Fig. 2. Diagrammatic representation of nontoxic-nonHA gene and its
surrounding region showing position of primers used in PCR for clon-
ing. The respective genes coding for neurotoxin (atx), nontoxic-nonHA
(ant), HA-35 (aha-35), and orf 22-a are shown by open boxes driving
their directions of transcription. The sequences of primers were as
follows: pAHR3 5-ATCATTTAATGAATTTTGTATTAC-3"; pAR3
5"-ATATCAACACCATTTACAGG-3".

3.2. Sequence determination of nontoxic-nonHA gene and orf
22-a

From the reported construction of the type C and D 16S
progenitor toxin gene clusters [3,6-8,10], we deduced that also
in type A the nontoxic-nonHA gene is located between the
HA-35 gene and the neurotoxin gene. Therefore, to amplify the
nontoxic-nonHA gene (anf) we designated PCR primers
pAHR3 and pAR3, corresponding to the coding regions for
N-terminals of the HA-35 gene (aha-35) and the neurotoxin
gene (atx), respectively (Fig. 2). The pAHR 3 was designed with
the N-terminal protein sequence data of HA-35. Nucleotides in
the positions of codon degeneracy were chosen on the basis of
those most commonly found in clostridial genes [11]. pAR3 was
designed with the nucleotide sequence of the 5-end of the type
A neurotoxin gene {12,13]. The PCR products (about 4.6 kb)
were cloned and sequenced as described in section 2. The com-
plete nucleotide sequences of the ant and the adjacent region
are shown in Fig. 3. The gene encodes a protein of 1193 amino
acids with a calculated M, of 138.1 kDa. The ant ends 46
nucleotides before the start of aix. Upstream of the ant, there
exists an open reading frame (orf 22-a) coding for 178 amino
acids with a calculated M, of 21.7 kDa. The amino acid se-
quence encoded here shows 52.2% identity to that of the orf-22
of type C [8]. The N-terminal amino acids of the nontoxic-
nonHAs of the HA-positive progenitor toxins determined by
protein sequencing were located within the open reading frame
starting at Met-1, and the those of the 13k and 106k compo-
nents of the HA-negative progenitor toxin were located within
the open reading frame starting at Met-1 and Phe-145, respec-
tively. These results indicate that the nontoxic-nonHA of 125
toxin have a nick at the site between Pro-144 and Phe-145.
Deduced 13k and 106k components consists of 144 and 1049
amino acids, and is calculated to be 15.9 kDa and 122.2 kDa,

Table 1
N-Terminal amino acid sequences of nontoxic components

Protein N-terminal amino acid sequence

HA-positive progenitor toxins

nontoxic-nonHA MNINDNLSINSPV

HA-52 VSSTQRVLPYXNGLYVIN

HA-35 VIQNSLNDKIVTI

HA-19 SDTIDLADGNY

HA-15 SVERTFLPNGNYNIKSIFSG
HA-negative progenitor toxin

106 k component FPYAGYRETNY

13 k component MNINDNLSINXPV

X = not determined.
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- ataacatataacataatcaaattattttttgtaaacctaaaatttaaatatatcaaatt 60 ttcttctaaagataaatctttagtgtattctttettatctaatgtaatgttttatttaga 2520
rtattagtatgtttacataattgattatggatatttegtaaaaatggcttattaaaaat 120 S $ KDXKSLVYSFULSDNVMTFYTLTD 544
- taaaggcaattagtttatttatagtataataaaaaaataatatgtatattatggaaggg 180 ttccataaaggataatagtcctattgatacagataaaaaatattatttatggttaagaga 2580
-agtgqtaaatatgaataaattgtttttacaaattaaaatgttaaaaaatgacaataggg 240 §$ I KX DNS?PIDTUDIEKI KYYTLWILRE 564
sD M N K 1L F L QI KMULI KNUDNR 16 gatttttagaaattattcttttgatattactgcaactcaagaaattaatactaattgtgg 2640
orf 22-a- I FRNY S FDITATUQETINTNTCSG 584
Jtttcaagaaatttttaagcattttgaaaaaactataaatatatttactagaaaatata 300 tattaataaagtagtaacttggtttgggaaagcattaaatattttaaatacatctgatte 2700
F Q EI F X HF E K T TINTIUFTRIEKY 36 I N K VYV TW®WFGKALNUNTIULNTS DS 604
tatatatgataattacaatgatattttgtaccatttatggtatacacttaaaaaagttg 360 ttttgtagaagaatttcaaaatttaggggcaatttcacttattaataaaasagaaaattt 2760
I YDNJYNDTIULYUHTLUWYTTULKZEKYV 56 ¥F VEETFQQNTILGA ATISULINIKIZKENTL 624
tttgagcaatttcaatacacaaaatgatttagagagatatattagtaggactttaaaaa 420 aagtatgccaataattgagagttatgaaatccctaacgatatgttaggattaccactaaa 2820
+»' L §S N F N T QNDTILERTYTI S RTIL K 76 s M P I I E S Y EI PNDMZELSGTL P LN 644
atattgcttagatatttgcaataaaagaaagattgataagaaaataatatataattcag 480 tgatttaaatgaaaaattatttaacatatattctaaaaacacagcttattttaaaaaaat 2880
Y C L DI ¢CNIKUZRIKTIDIEKTE KTITIZYNS 96 D L NEZKTULTFNTIZYSKNTATYTF K KI 664
aattgtagataagaaattaagcttaatagcaaatagttattcaagttatttagaattty 540 ctactataatttcctagatcagtggtggacacaatattatagtcaatattttgatttaat 2940
1 VDKZ KULSTLTIANSYSSYTLETF 116 Y YN F L DQWwWwWwWTQYyYSsSOQOYFDLTI 684
atttaatgatttaatatccatattacctgatgatcaaaagaaaattatatatatgaaat €00 ttgtatggctaaaagatcagtgttagctcaagaaactttaatazaaagaataatacaaaa 3000
FNDILTI S I LPDUDGQZXKI KTITITYMK 136 C MA KRSV LAQETTLIZ KR RTITIZQK 704
tgttgaagatattaaggagatagatatagctaaaaaacttaatataagtcgtcaatctyg €60 aaaattgagttatttaataggaaattctaatatatcatctgataacttageattgatgaa 3060
VvV ED I K E I DI AZ KIKTLINTISTU RIZGQS 156 K L 8 Y LI GNSNT S S DNULATLMN 724
atataaaaataaaataatggctttagagagattagaacccatattgaaaaaattaatta 720 tcttacaacaacaaatacattaagagatatttcaaacgaatcacaaatagcaatgaataa 3120
' Y K N XK I M AL ERULE?PTITULIEKI KULTI 176 L 7 TTNTUL®RDTISNESQQIAMNN 744
tatgtagtttatatttttaaaaaattttaggtttacaaaaaatagtgtggetatgttat 780 tgtagatagttttttaaataatgccgctatatgtgtttttgaaagtaatatatatcctaa 3180
I M+ v DS FLNNA ABATIUCVF FESNTIZYPK 764
tataaatgataaqaatatactgaaaaatgtatccaaaatttaagggggcgtgtatagta 840 atttatttcttttatggaacaatgtattaataatataaatattaagacaaaagaatttat 3240
ataattaaaagtatgtgcgttgaasataaatttaggagagtggttagatatgaatataaa 900 F I S FMESQGQCTINNSNTINTIIKTIKETFTI 784
8D M N I N 4 acaaaaatgtactaatattaatgaagatgaaaaattacaattaattaaccagaatgtttt 3300
ant~ Q K ¢C TN I NZEUDEI KU LU QLTINAGQENUVTF 804
gacaacttaagtataaattccccggtagataataaaaatgttgtagtagttagagetag 960 taatagcttagattttgaattcttaaatattcaaaatatgaaaagtttatttagttcaga 3360
D N L S I NS PV DDNZE KNV VYV VVRAR 24 N S LDFETFLNIONMMEKSTILF S SE 824
aaaactgatacggtttttaaggcttttaaggttgcteccaatatttgggtggegecaga 1020 gacagcattacttataaaggaagaaacttggccttatgaactagtgttatatgcttttaa 3420
K T DTV F KA F KV A PNTI WUV A PE 44 T A L L I K EZETW®PYETULUV LY ATFK 844
agatattatggcgaatctttgagtatagatgaagaatataaagttgatgggggaatata 1080 ggaaccaggtaataatgttatcggagatgcatctagtaaaaatacatcaatagaatattce 3480
R Y Y G E S L S I DEEYZXKUVDSGSGTI Y 64 E P GNNVY I GDASGIE KNT S IE Y S 864
gattctaattttctttcacaagatagtgaaaaagataagttcttacaagecattattac 1140 taaggacataggtttagtttatggaataaatagtgatgcattatatttaaatggatctaa 3540
D S NF L S QDS EZ KUDJ KT FULOQATITIT 84 K DI GLVY G INJSUDA ATLYTLNGSN 884
ttgttaaaaagaattaatagtactaacgctggggaaaagttattatctttgatttctac 1200 tcaaagtataagtttttctaatgatttetttgagaatggattaactaacagtttttcaat 3600
L L KR I NS TN AGEIKTULTULSTIL I ST 104 Q s I S F$ NDTFTFENGTILTNSF S I 904
ttatttttggttgagaaatttgggcaaagatactattaaatctaagttaataggtaqtaa 3660
Y FW"¥ L RNULGIKDTTIIKSIKTULTIG S K 924
a ctattccatttecttatggatatataggtggagggtattatgcacctaatatgattac 1260 ggaagataattgtggttgggaaatttattttcaagatactgggttgygttttcaatatgat 3720
A I PFPY GY I GGG Y YAUPNMMTIT 124 E DNCGWETIYF QDbDTGL V F NMI 344
t ttggatcagcaccaaaatctaataaaaaattgaattctttaatttcaagtactattce 1320
F G S A P K S N KIKULWNSTLTISSTTITP 144
a ttcettatgcaggatatagagaaacaaattatctttcatctgaagataataaaagttt 1380 agattctaatggaaatgagaagaatatatatctatctgatgtttctaataatagttggea 3780
Ee Y AGYRETNYLSSEDNKSTF 164 D S NGNZEIKNDNTIYUL S DV S NN S WH 964
¢ atgcatctaatatagttatttttggtecaggageaaacatagtagaaaacaatactgt 1440 ctatataactatatctgtagatcgtttaaaagaacaattattaatatttattgatgataa 3840
Y As$S NI VI FGPGANTIUVENNTYV 184 Yy I T 1S VDRTELJEXTET QTLTELTITFTIDTDN 984
t trtataazaaggaagatgcagaaaatggaatgggaacaatgactgaaatatggticea 1500 tttagtggctaatgaaagtattaaggaaattttasatatctattcaagtaatataattte 3900
FYKKEDAENGM®GTHMTETLWFQ 204 LVANESTIE KETITLNTITYSSNTITIS 1004
a catttctaacctataaatatgacgaattttatattgatcctgcaatagaattaataaa 1560 tttattaagegagaataatccaagttatattgagggattaactattttaaataaaceeac 2960
PFPLTYKYDEFYIDPAILELIK 224 LLSENNG®P?SYIEGTELTTITELNETPET 1024
a gtttaataaaatctctttatttcttatatggtataaaacctagtgatgatttagttat 1620 tacaagtcaggaagttttgagtaattattttgaagttctaaataattcatatataagaga 4020
¢ LI KS LY FLYGIXKUPSDDUIL VI 244 " s QEVLSNTYTFETVLINNSSTYTITRD 1044
t catatagattaagaagtgaattagagaatatagastactcacaattgaatatagttea 1660 cagtaatgaagaacgattagaatacaataagacatatcaattatataattatgtattttc 4080
P Y RLR S E L ENIEYS QULNTIVTD 264 S NEERTLTETYONTEKTTYG QTLTYNTYUVF S 1064
t tactagtatctggaggeattgatcctaaatttataaatacagatceatattggettac 1740 agataagcctatatgtgaagttaaacaaaataataatatatatttaacaattaataatac 4140
L L Vs GGIDUPIEKT FTINTDZ®PYWZ FET 284 DKPICE VWEKT ONSNONTITYTLTTINHENT 1084
a ataattatttctcaastgcaaaaaaagtgtttgaagatcataggaatattratgaaac 1800 aaacaatttaaatctacaagcttctaaatttaaattattaagtataaatccaaataaaca 4200
D NY F S NA KXV FEUDUEHRUNTIYET 304 N NLNTLOQASZ KTFEKTLTLSTINTEPENEKDQ 1104
a aaattgaaggaaataatgccattggtaatgatataaaattgagattaaaacaaaagtt 1860 atatgttcaaaaacttgatgaggtaataatttctgtattagataatatggaaaaatatat 4260
EIEGNNAILIGHNDIKILERTLEKQXTF 324 YV QKLDEZVIISVILDNMEEKSZYI 1124
¢ gaatCaatatCaatgatatatgggaatvtaaacttaaa:tatttctctaaagagtttag 1920 agatatatctgaagataatagattgcaactaatagataacazaaataacgcaaagaagat 4320
RININDIWELNLNEYFSKEES 344 DI SEDNR RTELG QLTITDNTE KNTNAEKKH 1144
c ttatgatgccagatagatttaataatgcacttaaacatttttatagaaaacaatacta 1980 gataattagtaatgatatatttatttccaattgtttaaccctatcttataacggtaaata 4380
twmMPEPDRENNALRKIHFEFYREKQYHY 364 I 1T SNDTIFTITSNCLTTLSZYNGZKY 1164
© ?(ﬂEtIag;tt?{tC:aq;aB:ttzta:ta;aa;tggtt;tg";ta:tgthc:aaIttaNati\c 22:2 tatatgtttatctatgaaagatgaaaaccataattggatgatatgtaataatgatatgte 4440
t aattatctttatcagatagaaatcaagatattataaataaacctgaagaaataattaa 2100 fCcLSsMKDOENHENWMNICNNDMS 1184
aaagtatttgtatttatggtcatttaaataattaataatttaattaattttaaatattat 4500
Q L S L 8 DRNJOQOQDTITINIEKU®PETETITIN 404 K YL YTLWSTF K *
¢ ;ﬂttLaa«;thaa?[taztg\t,mgatiaa:jgagaagta]:talttt‘{atggtgscg:at:aa; 2222 aagagqtqttaaatatgccatttgttaataaacaatttaattataaagatggtataaata 4560
sD M P F VN K QF N Y KD P V N 15
a gcactgtagatgatttttacagtaattataaaatcccatataatagagcctatgaata 2220 atx- ~ DAR3
§$ T VvV DDVFY S NY KTIPYNU RAYEY 444 _gtgttaatat 4570
t attttaataattcaaatgattcttctttagataatgttaacattggagtaatagacaa 228C G V D
HFNNSNDS S LDNUVNTIGVUV I DN 464
t ttccagagattatagatgtaaatccttataaggaaaattgtgataagttttcaccggt 2340
I pPE 1 I DV NWZPYEKENTCDI KT F S PV 484
a agaaaattacaagtactagagaaattaatacaaatataccatggcctataaattattt 2400
Q K I T s TURETINTNTIUPWPTINTYHL 504
a aagctcaaaatactaacaatgaaaaatttagtttatcctcagattttqtagaagtagt 2460
Q AQ NTNNEZKV F S LS SDFUVEV YV 524

43

F:g. 3. Nucleotide sequence of nontoxic-nonHA gene (ant), orf 22-a and surrounding region. The translated amino acid sequence is given under the
second nucleotide of each codon. The position of the pAR3 primer is indicated by dotted underline. The putative Shine-Dalgarno (SD) regions
complementary to the 3-end of C. perfringens 16S IRNA {14] are underlined. The amino acid sequence corresponding to that determined by protein
N-terminal analysis is underlined. Stop codons are indicated by asterisks.
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Type A 1 :MNINDNLSINSPVDNKNVVVVRARKTDTVFKAFKVAPNIWVAPERYYGE SLSIDEEYKVD 60
Type C 1 :MDINDDLNINSPVDNKNVVIVRARKTNTFFKAFKVAPNIWVAPERYYGEPLDIAEEYKLD 60
Type D 1 :MDINDDLNINSPVDNKNVVIVRARKTNTFFKAFKVAPNIWVAPERYYGEPLDIAEEYKLD 60
Type E 1 : MKINGNLNIDSPVDNKNVAIVRSRN-QMFFKAFQVAPNIWIVPERYYGE SLKINEDQKFD 59
Type F 1:MKINDDLNINS PVDNKNVVIVRARKTNIFFKAFQVAPNIWVAPERYYGE PLNISDQEKSD 60
Type A 61 :GGIYDSNFLSQDSEKDKFLQAI I TLLKRINSTNAGEKLLSLISTAIPFPYGYIGGGYYAP 120
Type C 61 : GGIYDSNFLSQDSERENFLQAII ILLKRINNTISGKQLLSLISTAIPFPYGYIGGGYSSP 120
Type D 61 : GGIYDSNFLSQDSERENFLQAII ILLKRINNT ISGKQLLSLISTAIPFPYGYIGGGYSSP 120
Type E 60 : GGIYDSNFLSTNNEKDDFLQATIKLLORINNNVVGAKLLSLISTAIPFPYENNT - - -~~~ 113
Type F 61 :GGIYDENFLKENSEKEEFLOQAIILLLKRINNNI IGOKLLSIMCTSIPFLHEYKQ-~—-~~ 114
Type A 121:NMITFGSAPKSNKKLNSLISSTIPvFPYAGYRETNYLSSEDNKSFYASNIVIFGPGANIVE 180
Type C 121 :NIFTFGKTPKSNKKLNSLVTISTIPFPFCGYRETNY IESONNKNFYASNIIIFGPGSNIVE 180
Type D 121:NIFTFGKTPKSNKKLNSLVTETIPFPFGGYRETNYIESQNNKNFYASNIVIFGPGSNIVE 180
Type E 114~ —m—mmme e EDYRQTNYLSSKNNEHYYTANLVIFGPGSNIIK 146
Type F 115 === m-mmmm e GDYRQOSNYLGSKNSEYLYSANIVIFGPGSNIVK 147

Fig. 4. Amino acid alignment of the N-terminal regions of nontoxic-nonHA from type A, type C [7], type D [10], type E [15], and type F [16] strains.
Identical amino acids in all, or all except one, of the sequences are shown in bold. The repeated motifs are underlined. The arrowheads indicate
N-terminal amino acids of ~100k components of 12S toxins determined experimentally by protein sequencing.

respectively, which are in good agreement with the 13 k and 106
k estimated by SDS-PAGE.

3.3. Comparison of type A nontoxic-nonHA with other
nontoxic-nonHAs

The amino acid identity and similarity values of type A non-
toxic-nonHA with those of other types of C. botulinum progen-
itor toxins published previously are shown in Table 2. The
nontoxic-nonHA of type A shows 65.4%, 65.4%, 65.8%, and
70.8% identity with nontoxic-nonHA of types C, D, E, and F.
A multiple alignment of N-terminal regions of the nontoxic-
nonHAs of types A, C, D, E, and F is shown in Fig. 4. As
described above, the type A nontoxic-nonHAs of the 16S and
19S toxins are single peptides, but that of 12§ toxin has a
cleavage. The same phenomena were observed in type D [10],
and in type C (unpublished data). N-Terminal sequencing of
the nontoxic-nonHA fragments of purified 12S and 168 of type
A, C, and D toxins revealed that these processing occurs after
the Pro-144, Thr-140, and Thr-140, respectively. These residues
are contained in a region that includes a short repeat of the
sequence,  L-L/N-S-L-I/M/V-S/T-T/S-A/T-I-P-F-P/L-Y/F-G/
A, and the cleavage occur the second repeat. The nontoxic-
nonHAs from type E and F strains, which produce only HA-
negative progenitor toxins (12S), have a common deletion of
the second repeat with respect to those from type A, C, and D
strains, which produce both HA-positive and HA-negative pro-
genitor toxins. These results indicate that the region in and
around the second repeat motif may have a critical role in
forming HA-positive progenitor toxins, probably by the bind-
ing of the HA to the nontoxic-nonHA component.

Table 2
Percentage amino acid identities (lower left-hand triangle) and similat-
ities (upper right-hand triangle) of nontoxic-nonHA

A C D E F
A - 94.1 94.0 89.6 90.7
C 65.4 - 99.7 88.4 88.6
D 65.4 99.6 - 88.7 88.9
E 65.8 55.8 55.8 - 93.2
F 70.8 58.2 58.0 71.1 -
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