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The 15 proteolytic Clostridium botulinum type B strains, including 3 isolates associated with infant botulism
in Japan, were genetically characterized by phylogenetic analysis of boNT/B gene sequences, genotyping, and
determination of the boNT/B gene location by using pulsed-field gel electrophoresis (PFGE) for molecular
epidemiological analysis of infant botulism in Japan. Strain Osaka05, isolated from a case in 2005, showed a
unique boNT/B gene sequence and was considered to be a new BoNT/B subtype by phylogenetic analysis. Strain
Osaka06, isolated from a case in 2006, was classified as the B2 subtype, the same as strain 111, isolated from
a case in 1995. The five isolates associated with infant botulism in the United States were classified into the B1
subtype. Isolates from food samples in Japan were divided into the B1 and the B2 subtypes, although no
relation with infant botulism was shown by PFGE genotyping. The results of PFGE and Southern blot
hybridization with undigested DNA suggested that the boNT/B gene is located on large plasmids (approxi-
mately 150 kbp, 260 kbp, 275 kbp, or 280 kbp) in five strains belonging to three BoNT/B subtypes from various
sources. The botulinum neurotoxin (BoNT) of Osaka05 was suggested to have an antigenicity different from the
antigenicities of BoNT/B1 and BoNT/B2 by a sandwich enzyme-linked immunosorbent assay with the recom-
binant BoNT/B–C-terminal domain. We established a multiplex PCR assay for BoNT/B subtyping which will
be useful for epidemiological studies of type B strains and the infectious diseases that they cause.

Infant botulism is neuromuscular paralysis caused by the
botulinum neurotoxin (BoNT) produced in the intestines after
the germination and outgrowth of ingested spores of Clostrid-
ium botulinum, which is an anaerobic spore-forming bacterium
(7, 9). On the basis of the antigenic specificity of BoNT, C.
botulinum strains are divided into seven serotypes (serotypes A
to G), and the species has been separated into four groups
(groups I to IV) by cultural characteristics (24). BoNT is en-
coded by an approximately 3.8-kb gene, which is preceded by
several nontoxic component genes (17, 30). BoNT is released
from the bacteria as a single polypeptide chain of 150 kDa and
is cleaved by endogenous or exogenous proteases into a 50-
kDa light chain and a 100-kDa heavy chain. The heavy chain
contains two functional domains, the N-terminal domain (HN)
and the C-terminal domain (HC). HC can be further divided
into two distinct subdomains: the N-terminal domain (HCN)
and the C-terminal domain (HCC) (5, 38).

Recently, the subtype classification was confirmed by the
diversity of the amino acid sequences within each serotype (13,
37). BoNT serotype A (BoNT/A) has been divided into four
subtypes (subtypes A1, A2, A3, and A4) (2, 10). BoNT/B has
been divided into three subtypes from type B group I (subtypes
B1, B2, and B3), one subtype from group I bivalent strains
that express another BoNT type, in addition to BoNT/B
(bivalent), and one subtype from type B group II (nonpro-

teolytic) (13). BoNT/E has been divided into four subtypes
from C. botulinum type E (subtypes E1, E2, E3, and E6) and
two subtypes from BoNT/E-producing C. butyricum (sub-
types E4 and E5) (6).

Since infant botulism was first recognized in the United
States in 1976 (27, 31), it is now the most common disease
caused by C. botulinum. This disease affects children up to 6
months old, but with rare exceptions it affects individuals of
other ages. The symptoms are characterized by constipation,
generalized weakness, and various neurological disorders (9).
Cases represent a spectrum of disease, ranging from subclinical
infection to the most fulminant form of the disease, which is
unexpected sudden death (3). Almost all cases of infant botu-
lism have been caused by proteolytic C. botulinum type A and
B strains. Since the first occurrence of infant botulism in Japan
caused by C. botulinum type A in 1986 (29), there have been 24
cases; 16 were caused by type A strains, 3 were caused by type
B strains, 1 was caused by a type C strain, and 1 was caused by
a C. butyricum strain producing BoNT/E. The types of toxin in
the other three cases were not described (16). We previously
indicated that the original BoNT/B2 produced by strain 111,
which was isolated from the first case of type B infant botulism
in Japan in 1995, showed antigenic and biological properties
different from those of the authentic BoNT/B (B1) produced
by strain Okra (15, 20, 22). Two additional cases of type B
infant botulism with typical symptoms occurred in Osaka Pre-
fecture in 2005 and 2006. We eventually isolated two pro-
teolytic C. botulinum type B strains, designated Osaka05 and
Osaka06, respectively.

In the study described here, to better understand the back-
ground of type B infant botulism, we determined the genetic
characteristics of proteolytic C. botulinum type B isolates by
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comparison of the nucleotide sequences of boNT/B and non-
toxic component genes, the pulsed-field gel electrophoresis
(PFGE) genotypes, the boNT/B gene location by PFGE and
Southern blot hybridization, and the antigenicity of the new
BoNT/B subtype. We developed multiplex PCR assays for the
detection and identification of the BoNT/B subtypes.

MATERIALS AND METHODS

Type B infant botulism in Japan. (i) Case 1. The first case of type B infant
botulism occurred in a female infant aged 6 months in Ishikawa Prefecture in
1995, and type B strain 111 was isolated from this case (18, 42). Strain 111 was
provided by S. Nakamura (Kanazawa University School of Medicine, Ishikawa,
Japan).

(ii) Case 2. In Osaka City in October 2005, a previously healthy breast-fed
female infant aged 3 months with a 2-day history of fever, pituita, and poor
feeding was hospitalized for 45 days and then discharged, and she recovered
fully. BoNT/B and type B strain Osaka05 were detected in stool samples on the
third hospital day (28).

(iii) Case 3. In Osaka Prefecture in May 2006, a previously healthy mainly
breast-fed female infant aged 5 months with a 1-week history of constipation,
poor feeding, and weakness was hospitalized for 32 days and then discharged,

and she recovered fully. BoNT/B and type B strain Osaka06 were detected in the
stool on the fifth hospital day (1). Strain Osaka06 was provided by T. Asao
(Osaka Prefectural Institute of Public Health, Osaka, Japan).

C. botulinum was not detected in food, drink, or house dust samples obtained
from the patients’ homes for cases 2 and 3. In all cases, the patients had no
history of honey consumption.

Bacterial strains and DNA extraction. Fifteen proteolytic C. botulinum type B
strains, including 3 strains associated with infant botulism in Japan, were used in
this study (Table 1). The biochemical characteristics, including the proteolytic
activities, of all strains were tested by use of an API 20A kit (Biomerieux, Marcy
l’Etoile, France). No strains with any unexpressed boNT genes were detected by
PCR assay (40). Individual strains were cultured in 10 ml cooked meat medium
(Difco, Becton Dickinson and Co., Franklin Lakes, NJ) supplemented with 0.3%
glucose and 0.2% soluble starch (Difco, Becton Dickinson and Co.) under an-
aerobic conditions at 30°C for 18 h. Bacterial DNA was extracted from 1 ml
culture with a DNeasy tissue kit (Qiagen Inc., Valencia, CA), according to the
manufacturer’s instructions. Finally, DNA was eluted with 100 �l elution buffer
and stored at 4°C until use.

Nucleotide sequencing of boNT/B and nontoxic component genes. The boNT/B
gene and nontoxic component genes (ha70, ha17, ha33, p21, and ntnh) were
amplified by using the overlapping primer pairs listed in Table 2, which were
designed on the basis of the nucleotide sequences available from GenBank. PCR
was performed with a 50-�l reaction mixture containing 10 ng extracted DNA,

TABLE 1. C. botulinum type B strains and sequences used in this studya

Strain identifier BoNT/B subtypeb GenBank accession no. Origin (country, yr) Reference
or source

Bacterial strain
111 B2 AB302854, AB084152 Infant botulism (Japan, 1995) 15
Osaka05 Osaka05 AB302852 Infant botulism (Japan, 2005) In this study
Osaka06 B2 AB302853 Infant botulism (Japan, 2006) In this study
89E00061-2 B1 AB302861 Infant botulism (United States, 1989) In this study
89E00067-4 B1 AB302862 Infant botulism (United States, 1989) In this study
89E00123-1 B1 AB302963 Infant botulism (United States, 1989) In this study
90E00001-3 B1 AB302864 Infant botulism (United States, 1990) In this study
3129-2-77 B1 AB302865 Infant botulism (United States, 1990) In this study
Okra B1 AB232927 Food borne (unknown) 23
326 B1 AB302858 Pork meat (Japan) In this study
407 B1 AB302856 Pork meat (Japan) In this study
Ginger B2 AB302857 Ginger (Japan) In this study
7H215S B2 AB302860 Honey (Japan) In this study
9B B1 AB302859 Stocked strain (United States) In this study
67B B1 AB302855 Stocked strain (United States) In this study

GenBank
CDC1758 B1 EF033127 Unknown 13
Danish B1 M81186 Unknown 41
Hall6517(B) B1 EF028399 Unknown 13
CDC1656 B1 EF028396 Unknown 13
Prevot25 NCASE B2 EF033129 Unknown 13
213B B2 EF028395 Unknown 13
Smith L-590 B2 EF028398 Unknown 13
Prevot59 B2 EF033128 Unknown 13
CDC1828 B2 EF051571 Unknown 13
CDC6291 B2 EF028401 Unknown 13
Korean soil 1 B2 DQ417353 Korean soil GenBank
Korean soil 2 B2 DQ417354 Korean soil GenBank
CDC795 B3 EF028400 Unknown 13
CDC593 Bivalent, A(B)c AF300466 Dog feces (United States, 1976) 19
CDC1436 Bivalent, ABd AF295926 Stool sample (United States, 1977) 19
657Ba Bivalent, Bad EF033130 Unknown 13, 36
CDC588 Bivalent, Abd AF300465 Food borne (United States, 1976) 19
CDC3281 Bivalent, Bfd Y13630 Infant botulism (United States, 1980) 33
ATCC 17844 Nonproteolytic EF028394 Unknown 13
Eklund17B (B257) Nonproteolytic EF051570 Unknown 13
10068 Nonproteolytic EF028402 Unknown 13
Eklund17B Nonproteolytic X71343 Unknown 14

a The subtypes and GenBank accession numbers for strains determined in this study are indicated in boldface.
b Subtyped by Hill et al. (13); the other strains were subtyped in this study.
c BoNT/A producing and unexpressed boNT/B gene possessing.
d Dual toxin-producing strains; the major toxin type is indicated in uppercase letters and the minor type is indicated in lowercase letters.

VOL. 47, 2009 GENETIC CHARACTERISTICS OF NEW BoNT/B SUBTYPE 2721



0.5 �M of each primer, 2.5 U LA Taq (TaKaRa Shuzo, Kyoto, Japan), 5 �l LA
Taq buffer, 2.5 mM MgCl2, and 400 �M of each deoxynucleoside triphosphate
(dNTP). Each PCR cycle consisted of denaturation at 94°C for 1 min, annealing
at 50°C for 1 min, and extension at 65°C for 3 min and was repeated 25 times.
Final extension was carried out at 65°C for 5 min. The amplicons were directly
sequenced by primer walking, and the sequence in each direction was confirmed
with an ABI Prism BigDye cycle sequencing kit (Applied Biosystems Inc., Foster
City, CA).

Nucleotide sequencing of the C-terminal region of BoNT/B. The nucleotide
sequences of the C-terminal region (400 bp) of BoNT/B were determined by
direct sequencing with the following primers: forward primer 5�-GAAAGTCA
AATTCTCAATC-3� (positions in the coding region, bases 3445 to 3463) and
reverse primer 5�-CAAAATTTAGCTACATCCT-3� (positions in the coding
region, bases 3961 to 3943). PCR was performed with a 50-�l reaction mixture
containing 1 ng extracted DNA, 0.5 �M of each primer, 2.5 U LA Taq (TaKaRa
Shuzo), 5 �l LA Taq buffer, 2.5 mM MgCl2, and 200 �M of each dNTP. Each
PCR cycle consisted of denaturation at 94°C for 1 min, annealing at 50°C for 1
min, and extension at 65°C for 2 min and was repeated 25 times. Final extension
was carried out at 65°C for 5 min.

Phylogenetic analysis. The nucleotide sequences were aligned by use of the
Clustal X program (version 1.83) with the parameters provided in Clustal W,
version 1.6. A phylogenetic tree with 1,000 bootstrap replications was con-
structed by the neighbor-joining method, and genetic distances were calculated
by the Kimura two-parameter method (8). The resulting tree was drawn with
NJplot software.

PFGE analysis. PFGE plugs were prepared as described by Hielm et al. (12).
DNA was left undigested or was digested with 20 U of SmaI (GE Healthcare UK
Ltd., Little Chalfont, Buckinghamshire, United Kingdom) in 200 �l of optimal
buffer at 25°C for 18 h. The plugs were electrophoresed in a CHEF-DRIII
apparatus (Bio-Rad Laboratories, Hercules, CA) through a 1% pulse-field-
certified agarose gel (Bio-Rad Laboratories) in 0.5� Tris-borate-EDTA buffer at
14°C and 6 V/cm. The switching times were ramped from 0.5 to 40 s, and the
bands were visualized by ethidium bromide staining. Dendrogram analysis of the
band patterns was performed with Fingerprinting II software (Bio-Rad Labora-
tories). Similarity analysis was performed by using the Dice coefficient, and
clustering was examined by the unweighted pair group method with arithmetic
averages. Approximate fragment sizes (kbp) were measured by use of a molec-
ular size marker.

Southern blot hybridization. After PFGE, the DNA fragments in the gel were
transferred onto Hybond N� nylon membranes (GE Healthcare) with a capillary
transfer system and 20� SSC (1� SSC is 0.15 M NaCl plus 0.015 M sodium
citrate) for 18 h. The DNA was fixed to the membrane by UV irradiation. The
boNT/B and 16S rRNA gene probes were prepared by using the primers reported
by Szabo et al. (39) and Marshall et al. (25), and DNA extracted from strain Okra
was labeled by use of a PCR DIG probe synthesis kit (Roche Diagnostics,
Mannheim, Germany). The membranes were incubated at 37°C for 2 h with
hybridization solution (DIG-Easy Hyb; Roche Diagnostics), and hybridizations
were performed at 42°C for 18 h with fresh DIG-Easy Hyb containing 20 ng/ml
of each probe. The membranes were then washed three times for 15 min each
time at room temperature with 1� SSC containing 0.1% sodium dodecyl sulfate
and twice for 15 min each time with 0.1� SSC containing 0.1% sodium dodecyl
sulfate at 60°C for the boNT/B-specific probe and at 65°C for the 16S rRNA-
specific probe. Hybridization signals were detected with a DIG luminescent
detection kit (Roche Diagnostics).

PCR assays for BoNT/B subtyping. PCR was performed with four primer
mixtures, as follows: primer B-forward (5�-GATTTTTGGGGAAATCTTT-3�;
positions in the coding region, bases 3256 to 3275), primer B1-reverse (5�-CCA

ATTACATCCCAATTTTAAA-3�; positions, bases 3840 to 3819), primer B2-
reverse (5�-GTATAGTTTTGTAAAATTCATTAGAATCATA-3�; positions,
bases 3625 to 3595), and primer Osaka05-reverse (5�-TCTTCCTTTTTCTTAA
AATTTTTAAG-3�; positions, bases 3572 to 3547). These primers were designed
on the basis of the boNT sequences published by GenBank and determined in
this study. PCR was performed with a 25-�l reaction mixture containing 0.3 to 1
ng template DNA, 0.25 �M of each primer, 1.25 U Ex Taq (TaKaRa Shuzo), 2.5
�l Ex Taq buffer (TaKaRa Shuzo), and 200 �M of each dNTP. Each PCR cycle
consisted of denaturation at 94°C for 1 min, annealing at 55°C for 1 min, and
extension at 72°C for 1 min and was repeated 25 to 35 times. Final extension was
carried out at 72°C for 5 min. The amplicons were visualized in 3% Nu-Sieve
agarose gels (Camblex Bio Science, Rockland, ME) stained with ethidium bro-
mide.

Sandwich enzyme-linked immunosorbent assay (ELISA) with rHC. Recombi-
nant BoNT/B HC (rHC) from strain Osaka05 (rHC/Osaka05), rHC/Okra, and
rHC/111 were expressed as described in our previous report (15), except that the
primers used for the amplification of the DNA fragment encoding BoNT/
Osaka05 HC were as follows: forward primer 5�-CACGGATCCAAAAAATAT
AATAGCGAAATTTTAAA-3� and reverse primer 5�-ATTAAGCTTTTATTC
AATCCATCCTTCATCTTT-3�. The rHC that was expressed was purified with
nickel-nitrilotriacetic acid agarose (Qiagen) and by CM-Sephadex C-25 (GE
Healthcare) chromatography. Polyclonal antibody against each rHC was pre-
pared with rabbits. The first subcutaneous injection was performed with purified
50 �g rHC in Freund’s complete adjuvant. After 2 weeks, the animals received
three booster injections of the same amount of rHC in Freund’s incomplete
adjuvant at 2-week intervals. The animals were bled 2 weeks after the last booster
injection. The immunoglobulin G fraction was purified by ammonium sulfate
precipitation and was subsequently purified on an rHC-coupled HiTrap N-hy-
droxysuccinimide-activated high-performance column (GE Healthcare), accord-
ing to the manufacturer’s instructions. Biotinylated antibodies were prepared with
EZ-Link sulfosuccinimidyl-6-[biotinamido]hexanoate (Pierce, Rockford, IL).

For the sandwich ELISA, 96-well microtiter plates (Iwaki, Japan) were coated
with 0.1 ml polyclonal antibody against rHC (3 �g/ml) at 37°C for 2 h. After the
plates were blocked at 4°C for 18 h with 1.0% Blockace blocking reagent
(Dainippon Sumitomo Pharma Co., Japan), rHC was applied at dilutions ranging
from 10 ng/ml to 5,000 ng/ml in duplicate and the plates were incubated at 37°C
for 1 h. The plates were washed and incubated with 1 �g/ml biotinylated antibody
against rHC at 37°C for 1 h, followed by washing and incubation with 0.2 �g/ml
streptavidin-conjugated horseradish peroxidase (Pierce) at 37°C for 1 h. The
plates were developed with 2,2-azinobis-(3-ethylbenzthiazoline sulfonic acid)
(Roche) at 37°C for 1 h. The color was monitored by measuring the absorbance
at 415 nm on a Labsystem Multiscan mass spectrometer (Labsystems, Finland).

Nucleotide sequence accession numbers. The nucleotide sequences deter-
mined in this work were submitted to the DDBJ database and may be found
under accession numbers AB302852 to AB302865 (Table 1).

RESULTS

Comparison of boNT/B and nontoxic component gene se-
quences among strains Osaka05, Okra (subtype B1), and 111
(subtype B2). The nucleotide sequences of the boNT/B gene
(3,876 bp) from two isolates associated with infant botulism in
Japan (strains Osaka05 and Osaka06) and nontoxic component
genes (ha70, 1,881 bp; ha17, 441 bp; ha33, 879 bp; botR, 537
bp; ntnh, 3,594 bp) from strains Osaka05 and 111 were deter-

TABLE 2. Primers used for amplification of boNT/B and nontoxic component genes

Gene(s) included in
amplified fragment Primer pair sequences (5�–3�)a Location (positions)a,b

ha70, ha17, and first half of ha33 CAAAATATGATTTCCTTGT/AGCAGCATACCAGTTTT 2725–2743/5578–5562
Latter half of ha33, botR, and

first half of ntnh
CGCGTAGATTAGTAATTG/AAGTGCATTATTAAATCTATCT 5406–5423/8166–8145

Latter half of ntnh AGGAAATAATGCCATTG/CTTTATAATATCTCCCCGT 8022–8038/10826–10808
boNT/B light chain TTTATGGGCATTAAAAG/CATCTGAAAAACTATTTTTAT 10671–10687/12116–12096
boNT/B heavy chain AGAGGTCAGAATAAAGCTA/CAAAATTTAGCTACATCCT 11948–11966/14682–14664

a Sequences and positions are for forward primer/reverse primer.
b Location of primer sequence of boNT/B and nontoxic component genes in the sequence reported under DDBJ accession no. AB232927.
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mined. The boNT/B gene nucleotide sequences of strains Osa-
ka05 and Osaka06 shared 98.8% identity. These sequences
were further compared with 24 full-length boNT/B gene se-
quences available in the GenBank database (Table 1). The
boNT/B gene sequence of strain Osaka06 was identical to that
of strain CDC6291, which was classified as subtype B2. Strain
Osaka05 was shown to possess a unique sequence in compar-
ison with the sequences of the other boNT/B genes.

The nucleotide and amino acid identities of boNT/B and
nontoxic components among strains Osaka05, Okra (subtype
B1), and 111 (subtype B2) are summarized in Table 3. At the
nucleotide and amino acid levels in boNT/B, Osaka05 had
identities of 97.9% and 96.2%, respectively, with Okra and
99.0% and 98.5%, respectively, with 111, while Okra and 111
possessed identities of 97.6% and 95.7% at the nucleotide
and amino acid levels in boNT/B, respectively. The organi-
zation of nontoxic component genes (composed of ha70,
ha17, ha33, botR, and ntnh) and the boNT/B gene was shown
to be common among the three strains. For all nontoxic
components except ha33, Osaka05 showed 97.9% to 99.6%
nucleotide sequence identities and 96.7% to 99.0% amino
acid sequence identities with Okra and 98.6% to 99.6%
nucleotide sequence identities and 98.4% to 100.0% amino
acid sequence identities with 111, while Okra had 97.8% to
98.9% nucleotide sequence identities and 96.4% to 98.1%
amino acid sequence identities with 111. For ha33, the three
strains shared 92.3% to 95.2% nucleotide sequence identi-

ties and 83.6% to 90.1% amino acid sequence identities,
which were remarkably lower than the levels of identity for
the other nontoxic component genes.

The amino acid substitutions in BoNT/B among strains
Okra, 111, and Osaka05 involved 61 residues (2 residues in the
light chain, which was 441 amino acids [aa], and 59 residues in
the heavy chain [which was 850 aa]), and the substitutions
spread throughout the domains or the subdomains within the
heavy chain were as follows: 22 in HN (420 aa), 37 in HC (430
aa), 12 in HCN (167 aa), and 25 in HCC (263 aa). These
substitutions were mostly concentrated in the heavy chain,
especially in the HCC subdomain. Osaka05 showed identities of
99.5% (light chain), 94.5% (heavy chain), 95.2% (HN), 92.8%
(HCN), and 94.7% (HCC) with Okra at the amino acid level and
identities of 100.0% (light chain), 97.6% (heavy chain), 98.6%
(HN), 100.0% (HCN), and 94.3% (HCC) with 111 at the amino
acid level. Okra had identities of 99.5% (light chain), 93.6%
(heavy chain), 95.5% (HN), 92.8% (HCN), and 91.3% (HCC)
with 111 at the amino acid level (Fig. 1).

Phylogenetic analysis of full-length boNT/B gene. The phy-
logenetic tree was constructed on the basis of alignment of the full
length of the nucleotide sequences of the boNT/B genes from
strains Osaka05 and Osaka06 with 24 boNT/B sequences, includ-
ing the sequences of the five BoNT/B subtypes, published in
GenBank (Fig. 2A). Overall, among the 26 strains producing
BoNT/B, 25 (the exception was Osaka05) were classified into five
clusters, which was the same classification as the BoNT/B sub-

TABLE 3. Identities among strains Osaka05, Okra (subtype B1), and 111 (subtype B2) in the boNT/B and nontoxic componentsa

Strains compared

% Nucleotide/% amino acid identity

HA70 (1,881/626)a HA17 (441/146) HA33
(885�879�/294�292�b) BotR (537/178) NTNH

(3,594/1,197)
BoNT/B

(3,876/1,291)

Osaka05 and Okra (B1) 99.6/99.0 99.3/97.9 95.2/90.1 98.5/97.2 97.9/96.7 97.9/96.2
Osaka05 and 111 (B2) 99.1/98.4 98.6/100.0 92.3/83.6 99.4/98.9 99.6/99.3 99.0/98.5
Okra and 111 98.9/98.1 98.0/97.9 93.1/84.9 98.3/96.6 97.8/96.4 97.6/95.7

a Data in parentheses are number of nucleotide base pairs/number of amino acid residues.
b Data in brackets are for strains Osaka05 and 111.

FIG. 1. Summary of BoNT/B amino acid substitutions between strains Osaka05, Okra (subtype B1), and 111 (subtype B2) in each domain (light
chain and HN) or subdomain (HCN and HCC in HC). Hyphens indicate residues identical to those in strain Okra.
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types. Strain Osaka06 was classified into the subtype B2 cluster
and showed 99.3% to 100% identity with the subtype B2 strains.
The new isolate, strain Osaka05, was different from the strains in
the other five clusters and shared 98.8% to 99.1% nucleotide
sequence identity with the subtype B2 strains, 98.9% identity with
the subtype B3 strains, identities of 97.7% to 98.0% with the
subtype B1 strains, identities of 97.4% with the bivalent strains,
and identities of 95.7% to 96.2% with the nonproteolytic strains.

Phylogenetic analysis of the C-terminal region of BoNT/B.
The phylogenetic tree was also constructed on the basis of the
alignment of the nucleotide sequences at the C-terminal region
(400 bp) of BoNT/B, which partially encoded the HCC subdo-

main (Fig. 2B). Overall, except for Osaka05, 28 proteolytic
type B strains (the 15 bacterial strains and the 13 reference
strains; Table 1) were classified into three subtypes (subtypes
B1, B2, and B3), which was the same as the classification for
the full-length boNT/B genes (Fig. 2A). Subtype B1 included
five isolates associated with U.S. infant botulism, two isolates
from pork meat, two stocked strains, and five reference strains.
Subtype B2 included two isolates associated with Japanese
infant botulism, isolates from ginger and honey, and eight
reference strains. Strains CDC795 (B3 subtype) and Osaka05
were also different from the strains in the other clusters and
were not classified in the same cluster.

FIG. 2. Phylogenetic trees based on boNT/B gene sequences. The full-length boNT/B gene nucleotide sequences (3,876 bp) (A) and the
nucleotide sequences at the C-terminal region (400 bp) of BoNT/B (B) were constructed by use of the reference sequences listed in Table 1. The
sequences determined in this study are indicated in boldface. The outgroup was the neurotoxin sequence of C. tetani CN3911 (GenBank
accession no. X06214) and was removed from the final figure (A), and nonproteolytic C. botulinum Eklund17B type B was the outgroup for
the BoNT/B sequences (B). The five BoNT/B subtypes (subtypes B1, B2, B3, bivalent, and nonproteolytic) were described by Hill et al. (13).
The BoNT/B subtype newly identified in this study is boxed. Numbers on each branch indicate bootstrap values (�950) for the cluster
supported by that branch.
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PFGE and Southern blot hybridization. The PFGE patterns
of SmaI-digested DNA from 15 C. botulinum type B strains
and a dendrogram based on the similarities between normal-
ized PFGE patterns are presented in Fig. 3. All strains were
distinguishable, and their similarities ranged from 25.8% to
94.1%. The BoNT/B subtypes were clearly different on PFGE
analysis. Strain Osaka05 exhibited a pattern entirely different
from the patterns of the other 14 strains, having similarities of
28.6% to 45.7% with subtype B1 strains and similarities of
25.8% to 54.6% with subtype B2 strains. The similarities be-
tween subtype B1 and subtype B2 strains ranged from 29.4% to
60.0%. Homologous subtypes of subtype B1 strains showed
similarities of 41.2% to 94.1%. Nine of the 10 subtype B1
strains (the exception was strain 89E00061-2) were separated
into three clusters (Okra and 407; 326, 9B, and 67B; and
89E00067-4, 89E00123-1, 90E00001-3, and 3129-2-77) with
more than 80% similarity. The four subtype B2 strains (strains
111, Osaka06, Ginger, and 7H215S) showed more diversity and
had 35.7% to 53.9% similarities.

Fragments containing boNT/B genes were detected by
Southern blot hybridization and are indicated by arrowheads in
the gel in Fig. 3. An approximately 100-kbp fragment was
detected in strain Ginger; a 110-kbp fragment was detected in
strains 89E0067-4, 89E123-1, 90E00001-3, 3129-2-77, 326, 9B,
and 67B; a 150-kbp fragment was detected in strains Okra and
407; a 170-kbp fragment was detected in strain 7H215S; a
175-kbp fragment was detected in strain Osaka06; a 260-kbp
fragment was detected in strain 89E00061-2; a 275-kbp frag-
ment was detected in strain 111; and a 280-kbp fragment was
detected in strain Osaka05.

DNA fragments smaller than the chromosomal DNA (�970
kbp) were detected from strains 111, Osaka05, 89E00061-2,
Okra, and 407 by PFGE of undigested DNA (Fig. 4A). The
location of the boNT/B gene was confirmed by subsequent

Southern blot hybridization with a boNT/B probe. The boNT/B
genes of strains Okra and 407 were on the approximately
150-kbp fragment, the boNT/B gene of strain 89E00061-2 was
located on the 260-kbp fragment, the boNT/B gene of strain
111 was located on the 275-kbp fragment, and the boNT/B
gene of strain Osaka05 was located on the 280-kbp fragment
(Fig. 4B), while the 16S rRNA genes were located on the
chromosomal DNA (Fig. 4C). For the remaining 10 strains, the
chromosomal DNA fragment was detected only by PFGE of

FIG. 3. PFGE genotyping. The dendrogram and PFGE patterns of SmaI-digested DNA from 15 C. botulinum type B strains are shown.
Arrowheads indicate the DNA fragment containing the boNT/B gene detected by Southern blot hybridization.

FIG. 4. PFGE of undigested DNA and Southern blot hybridiza-
tion. The PFGE patterns of undigested DNA (A) and Southern blot
hybridization detection of the boNT/B genes (B) and the 16S rRNA
genes (C) of strains Okra (lane 1), 407 (lane 2), 89E00061-2 (lane 3),
111 (lane 4), and Osaka05 (lane 5) are shown. Lanes M, bacteriophage
� ladder.
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undigested DNA, and both the boNT/B and the 16S rRNA genes
were located on the chromosomal DNA.

PCR assays for identification of BoNT/B subtypes. A mul-
tiplex PCR assay for the detection of the boNT/B1, boNT/B2,
and boNT/Osaka05 genes was developed. The results of the
PCR assay with strains Okra (subtype B1), 111 (subtype B2),
and Osaka05 are shown in Fig. 5.

The boNT/B1 amplicon (585 bp) from strain Okra was de-
tected in lane 1, the boNT/B2 amplicon (370 bp) from strain
111 was detected in lane 2, and the boNT/Osaka05 amplicon
(317 bp) from strain Osaka05 was detected in lane 3. When the
other bacterial strains listed in Table 1 were assayed, the
boNT/B1 amplicon was detected in nine strains (strains
89E00061-2, 89E00067-4, 89E00123-1, 90E00001-3, 3129-2-77,
326, 407, 9B, and 67B), and the boNT/B2 amplicon was de-
tected in three strains (strains Osaka06, Ginger, and 7H215S).
The detection limit of the multiplex PCR assay was from 9.5 �
10 to 2.5 � 102 cells/ml of culture dilution (data not shown).
No amplicons were detected from the 11 control strains, as
follows: 2 type A strains (strains 62A and Kyoto-F), 1 type C
strain (strain CB-19), 1 type D strain (strain 1873), 1 type E
strain (strain Iwanai), 1 type F strain (strain Langeland), 1

BoNT/E-producing C. butylicum strain (strain 5262), 1 C.
sporogenes strain (strain ATCC 19404), 1 C. bifementas strain
(strain ATCC 638), 1 C. perfringens strain (strain ATCC
13124), and 1 C. difficile strain (strain ATCC 43593) (data not
shown).

Comparison of antigenicities of BoNT/B HC among strains
Osaka05, Okra, and 111. In order to characterize BoNT/
Osaka05 antigenically, the levels of binding of rHC/Osaka05,
rHC/Okra, and rHC/111 to their specific antibodies were mea-
sured by a sandwich ELISA (Fig. 6). When the levels of bind-
ing of rHC to the antibody against rHC/Osaka05 were assayed,
rHC/111 and rHC/Okra showed low binding affinities, and the
binding affinity of rHC/Okra was lower than that of rHC/111
(Fig. 6A). rHC/Osaka05 and rHC/111 did not react to the
antibody against rHC/Okra (Fig. 6B). rHC/Osaka05 and rHC/
Okra exhibited a low binding affinity to the antibody against
rHC/111, and the binding affinity of rHC/Okra was lower than
that of rHC/Osaka05 (Fig. 6C).

DISCUSSION

Two cases of infant botulism occurred in Osaka, Japan,
in 2005 and 2006, and type B strains (strains Osaka05 and
Osaka06) were successfully isolated from both cases. The full-
length boNT/B gene sequences of the two isolates were deter-
mined and compared with the sequences of the boNT/B genes
in the GenBank database. Strain Osaka05 possessed a unique
boNT/B gene. The BoNT subtypes within a serotype were
defined as differing by at least 2.6% at the amino acid level
(37). Currently, it is usual to determine BoNT subtypes by
phylogenetic analysis of full-length boNT gene sequences (6,
13). Phylogenetic analysis of the boNT/B genes indicated that
strain Osaka05 should be classified into a group other than the
five BoNT/B subtypes (13), and strain Osaka05 was shown to
be a new BoNT/B subtype. On the other hand, the boNT/B
gene sequence of strain Osaka06 was identical to that of strain
CDC6291 and was classified in the B2 subtype (Fig. 2A).

The amino acid substitutions in the BoNT/B subtypes were
concentrated in the heavy chain, especially in HCC, the same as
in Fig. 1. The sequences in the C-terminal region of BoNT/B,
which encoded HCC, were available for BoNT/B subtyping by
phylogenetic analysis, as was the sequence of the full-length of
boNT/B genes (Fig. 2B). We also established a multiplex PCR

FIG. 5. Multiplex PCR assay for BoNT/B subtyping. The results of
the multiplex PCR assay with strains Okra (lane 1), 111 (lane 2), and
Osaka05 (lane 3) were visualized. Lanes M, 100-bp ladder.

FIG. 6. Sandwich ELISA for determination of the binding affinity of rHC to specific antibodies. The results are expressed as the means of the
optical density (OD) at 415 nm after subtraction of the optical density for the background control in three experiments. Error bars indicate
standard errors. Antibodies against rHC/Osaka05 (A), rHC/Okra (B), and rHC/111 (C) were used as capture antibodies; and rHC/Osaka05 (closed
circles), rHC/Okra (open triangles), and rHC/111 (open squares) were applied as antigens at various concentrations.
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assay to detect BoNT/B subtypes B1, B2, and Osaka05 (Fig. 5).
The PCR results were well correlated with the subtypes iden-
tified by phylogenetic analysis of boNT/B genes.

Genotyping by PFGE with SmaI-digested DNA revealed
genetic diversity among subtypes B1, B2, and Osaka05 (Fig. 3).
The diversity within subtype B2 strains was greater than that
within B1 strains. The seven isolates from Japan (associated
with infant botulism and food samples) were clearly distinct
from each other, in contrast to the isolates associated with
infant botulism in the United States, which showed high de-
grees of similarity.

The location of the boNT gene and its associated nontoxic
component gene cluster varied among serotypes and strains;
the boNT/A, boNT/B, boNT/E, and boNT/F genes were consid-
ered to be located on the chromosome, while the boNT/C and
boNT/D genes were carried on bacteriophages, and the
boNT/G gene was located on plasmids (4, 30, 41, 43). Recently,
sequencing of the complete genome of strain Okra revealed
that its boNT/B gene was present within the 149-kbp plasmid
(36). The boNT genes of strain Loch Maree (subtype A3) and
strain 657Ba (type B and subtype A4) were also found to be
located on the approximately 270-kbp plasmid (25, 36). In this
study, we found that the boNT/B genes were located on extra-
chromosomal DNA, assumed to be plasmids, in five strains
belonging to distinct BoNT/B subtypes (Fig. 4). The plasmids
were approximately 150 kbp, 260 kbp, 275 kbp, and 280 kbp.
These findings indicate that the boNT/B gene location is not
correlated with the BoNT/B subtype. Detailed characterization
of the boNT/B gene-encoding plasmids is required to under-
stand the mechanisms of boNT/B expression and evaluation of
the boNT/B gene within C. botulinum.

The nontoxic component genes encode the proteins that
protect the neurotoxin from the acids and proteases in the
stomach and assist with transportation of the neurotoxin from
the intestine to the bloodstream (30). This study and previous
reports (23, 30, 36) indicated that the hemagglutinin genes
(ha70, ha33, and ha17), the regulator gene (botR), and the
nontoxic-nonhemagglutinin gene (ntnh) exist upstream of the
boNT/B gene. The amino acid identities of HA33 were signif-
icantly lower than those of the other nontoxic components and
BoNT/B (Table 3). It was suggested that HA33 acts as an
adhesin, allowing the complex of the neurotoxin and nontoxic
components to bind to intestinal epithelial cells and erythro-
cytes (11, 26); however, the influence of amino acid substitu-
tions in HA33 on symptoms of infant botulism is unknown.

The variation in the BoNT amino acid sequence within se-
rotypes is capable of causing significant differences in the
immunological and biological properties of the neurotoxin.
We previously indicated immunological differences between
BoNT/B1 and BoNT/B2 (15, 22). Briefly, most monoclonal
antibodies against the HC of BoNT/Okra did not react with
BoNT/111, while monoclonal antibodies against the light chain
and the HN of BoNT/Okra could react with BoNT/111 by
immunoblotting and ELISA. In this study, the antigenicity of
BoNT/Osaka05 was suggested to be different from the antige-
nicities of BoNT/Okra and BoNT/111 by sandwich ELISA with
rHC and their specific antibodies (Fig. 6). Strain Osaka05 was
confirmed to be a new BoNT/B subtype by its antigenic spec-
ificity, in addition to by subtype classification by phylogenetic
analysis of the boNT/B gene. The antigenic difference between

BoNT/Osaka05 and BoNT/Okra was greater than that between
BoNT/Osaka05 and BoNT/111, depending upon the difference
in BoNT amino acid similarities. We also previously demon-
strated that two different subtypes in BoNT/A (subtypes A1
and A2), which differ by 10% at the amino acid level, had
different antigenicities by ELISA with monoclonal antibodies
against BoNT/A (21). Similar findings were presented by Smith
et al. (37). This information will be important for the devel-
opment of an immunological BoNT assay, therapy for botu-
lism, and recombinant vaccines for BoNT (34, 35).

In HCC, the level of amino acid replacement between BoNT/
Osaka05 and BoNT/Okra was 15 residues, that between BoNT/
Osaka05 and BoNT/111 was 14 residues, and that between
BoNT/Okra and BoNT/111 was 23 residues. Our previous
studies revealed that the toxicity of BoNT/111 was lower than
that of BoNT/Okra because of the replacement of 2 residues in
HCC which contribute to binding to the receptors (ganglioside
GT1b and the synaptotagmin2-GT1b complex) (15, 20, 22).
The other 8 residues essential for receptor binding in HCC

were also confirmed: 4 residues for binding to ganglioside
GT1b and 4 residues for binding to the synaptotagmin2-GT1b
complex (20, 32, 38). In BoNT/Osaka05 and BoNT/Okra, those
10 residues were identical. The antigenicity and genetic char-
acteristics of BoNT/Osaka05 were related to those of BoNT/
111 rather than to those of BoNT/Okra, but the residues con-
tributing to receptor binding in BoNT/Osaka05 were identical
to those in BoNT/Okra. Further investigation into the biolog-
ical character of BoNT/Osaka05 would give new insight into
the receptor binding system of BoNT/B.

In this study, we developed new methods for the subtyping
of BoNT/B: phylogenetic analysis of partial boNT/B gene se-
quences and a multiplex PCR assay. The former was also
suitable for the identification of a new BoNT/B subtype, and
the latter represents the first report of a PCR-based method
for the identification of BoNT/B subtypes. The correlation
between the BoNT/B subtype and the source of isolation was
reported by Hill et al. (13); B1 strains likely originated in the
United States and are associated with food-borne disease due
to improperly processed vegetables, while B2 strains exist
mostly in Europe and are associated with animal cases or meat.
The distribution of BoNT/B subtypes in Japan was found to be
distinct from the distributions in both the United States and
Europe; isolates associated with infant botulism were classified
into subtype B2 and the newly identified Osaka05 subtype, and
food samples were divided into subtypes B1 and B2. Therefore,
further molecular genotyping of type B C. botulinum isolates
by our BoNT/B subtyping methods will contribute to under-
standing of the epidemiology of C. botulinum and the infec-
tious diseases that it causes.
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