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The polymerase chain reaction (PCR) and a radiolabeled oligonucleotide probe were used to specifically detect
proteolytic and nonproteolytic Clostridium botulinum type B. Two synthetic primers deduced from the amino acid
sequence data of type B neurotoxin were used to amplify a 1.5-kbp fragment corresponding to the light chain of
the toxin. Although, nonspecific priming was observed when the PCR protocol was tested with other clostridial
species, only the PCR product from C. botulinum type B isolates reacted with the radiolabeled internal probe. As
little as 100 fg of DNA (approximately 35 clostridial cells) could be detected after only 25 amplification cycles.

The severe neuroparalytic illness caused by Clostridium
botulinum neurotoxins types A to G necessitates a rapid
diagnosis and the immediate implementation of the appro-
priate control measures by health authorities during sus-
pected foodborne outbreaks. The diagnosis of botulism is
confirmed by clinical observation together with the detection
of C. botulinum toxin or cells. Presently, the only method of
sufficient sensitivity for the detection of BotNTs is the
mouse lethality test or bioassay (8). However, this assay
takes up to 3 days to complete and the culture of C.
botulinum prior to the bioassay may take up to 7 days
depending on competing microflora and C. botulinum neu-
rotoxin type (8). In addition, bioassays are considered un-
desirable and unethical today. Alternative in vitro immuno-
logical methods for toxin detection, which include
electroimmunodiffusion (13), reversed passive latex haemag-
glutination (8), radioimmunoassay (1), and enzyme-linked
immunosorbent assays (6, 7, 15), have been described pre-
viously. Only the ELISA procedure has demonstrated sen-
sitivity approaching that of the bioassay, but none has been
accepted for commercial production. This study reports the
preliminary development of a sensitive and specific detec-
tion test for C. botulinum type B by using the polymerase
chain reaction (PCR) (14) and a radiolabeled oligonucleotide
probe.
Ten isolates of C. botulinum type B, representatives of

toxin types A, C, D, E, and F, and closely related species
were used in this study. The culturing and maintenance of
strains was as previously described (7).
Chromosomal DNA was isolated from all bacteria by the

method of Marmur (12). The concentration and purity of the
DNA were determined spectrophotometrically (11). Crude,
boiled (15 min) cell lysates were also used as a source of
template DNA. PCR amplification was performed on DNA
extracts by using a programmable cycling Autogene (Grant)
waterbath. Two 21-mer oligonucleotide primers were de-
duced from the available published amino acid sequence
data of C. botulinum neurotoxin type B (3). The upstream
primer [Bi; 5'-GATGGAACCACCATTTGC(T/A)AG-3']
was based on the amino acid sequence data of the light chain
from the wobble position of Met-20 to Arg-27. The down-
stream primer [B2; 5'-(T/A)ACATC(T/A)ATACA(T/A)AT
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TCCTGG-3'] was derived from amino acid sequence data of
the heavy chain from Pro-3 to Val-19. An internal 39-mer
probe (B3; 5'-TATTATAAGGCTTTCAAAATAACAGAT
AGAATTTGGATA-3'), which corresponds to Try-32 to
Ile-44 of the light chain of BotNT type B was also synthe-
sized. At positions of degeneracy, the choice of nucleotide
was made on the basis of codon usage by clostridial genes
(16) and comparison of the codon bias of the related tetanus
toxin gene (5). All oligonucleotides were synthesized by the
Queensland Institute of Medical Research. PCR amplifica-
tion proceeded by using standard conditions (9). Denatur-
ation, annealing, and extension temperatures and times were
94°C for 30 s, 37°C for 20 s, and 60°C for 4 min, respectively.
A final extension period of 10 min was carried out after 25
cycles. Negative controls containing all reagents except
template DNA were routinely included. PCR products were
examined on a 1.0% (wt/vol) agarose gel (SeaKem) run in
TAE buffer (11) and visualized by the method of Ausubel et
al. (2). PCR products were transferred from the agarose gel
to nylon filters with a TE 80 Transvac Vacuum blotting unit
(Hoeffer Scientific Instruments) with 0.4 N NaOH-0.6 M
NaCl as the transfer solution.
The specificity and sensitivity of the PCR was tested by

hybridization of PCR products from clostridial species with
an internal oligonucleotide probe labeled at the 5' end with
[-y-32P]ATP (Bresatech) by using bacteriophage T4 polynu-
cleotide kinase (New England BioLabs) (11). The Sephadex
G-50 spun column procedure was used to separate labeled
probe from unincorporated nucleotides (11). Prehybridiza-
tion (37°C for 1 h), hybridization (63°C overnight), and
posthybridization washes were performed as previously
described (2). After washing, the filters were air dried.
Autoradiograms were exposed for 36 h at -70°C by using
Fuji RX film and intensifying screens.
A vector-free biotinylated probe was also produced by the

method of Lo et al. (10) with C. botulinum NCTC 7273 DNA
and used to determine the specificity and sensitivity of the
PCR. Hybridization conditions, posthybridization washes,
and visualization of the biotin-11-dUTP-labeled PCR probe-
target hybrid with the Blu-Gene nonradioactive nucleic acid
detection system (Bio-Rad Laboratories) were performed
according to the manufacturers' instructions. Hybridizations
were carried out at 42°C overnight and at 42°C for 4 h for
sensitivity and specificity determinations, respectively.

C. botulinum type B genomic DNAs from all proteolytic
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FIG. 1. Ethidium bromide-stained agarose gels of PCRs with
template DNAs from C. botulinum and other clostridia. The repre-
sentative samples were phage lambda DNA digested with HindIll
(lane 1), C. botulinum type A ATCC 441 (lane 2), C. botulinum type
B (proteolytic) NCTC 7273 (lane 3), C. botulinum type B (nonpro-
teolytic) 17 B (lane 4), C. botulinum type C NCTC 8264 (lane 5), C.
botulinum type D NCTC 8265 (lane 6), C. botulinum type E
Naniamo (lane 7), C. botulinum type F NCTC 10281 (lane 8), C.
tetani UQM 58 (lane 9), C. sporogenes UQM 60 (lane 10), and C.
butyricum UQM 2646 (lane 11). The amount of material loaded into
each well of the gel represented 1/10 of the PCR reaction volume.
Reaction products were analyzed by Southern transfer of agarose
gels and hybridized with an oligonucleotide internal probe labeled at
the 5' end with [_y-32P]ATP. Only the PCR product from C. botuli-
num type B isolates reacted with the radiolabeled probe.

and nonproteolytic strains tested were amplified with prim-
ers Bi and B2 and produced a single fragment of approxi-
mately 1.5 kbp (Fig. 1). Vacuum blots of electrophoresed
PCR products hybridized to the labeled internal probe (B3),
confirming that the amplified fragment corresponded to the
expected portion of the light chain of the type B toxin gene.
The specificity of the PCR was assessed with purified

DNA extracted from C. botulinum toxin types A to F, C.
tetani, and nontoxigenic clostridia (Fig. 1). Purified DNAs
from C. botulinum type E, C. sporogenes UQM 60 and C.
butyricum UQM 2646 also produced PCR products of ap-
proximately 1.5 kbp. When the annealing temperature was
increased to 50°C, nonspecific amplification was still ob-
served with C. sporogenes and C. butyricum. However, only
the PCR product from C. botulinum type B isolates reacted
with the radiolabeled internal probe (Fig. 1) or the biotiny-
lated probe under the specified hybridization temperature
and time (results not shown).

Serial 10-fold dilutions of C. botulinum NCTC 7273 ge-
nomic DNA (1 ,ug to 1 fg) were amplified to determine the
sensitivity of the PCR. The lowest amount of template that
produced an observable product on an agarose gel after 25
cycles was 10 pg (Fig. 2). This detection level was decreased
to 100 fg when the biotinylated PCR product was used to
probe vacuum blots (Fig. 2). Given that the molecular mass

FIG. 2. Sensitivity of PCR for the detection of C. botulinum
DNA. The numbers between the top and bottom of the figure
represent the amount of DNA contained in 10 ,ul of the reaction
mixture prior to amplification. The lowest DNA concentration
detected after agarose gel electrophoresis and ethidium bromide
staining was 10 pg (top). This limit was reduced to 100 fg when
corresponding samples were submitted to Southern hybridization
with a biotinylated DNA probe derived from a PCR product
(bottom). The molecular weight standard was a commercially avail-
able 1-kb DNA ladder (Bio-Rad Laboratories). One-tenth of the
PCR reaction volume was loaded into each well of the gel.

of C. botulinum chromosomal DNA is 1.8 x 109 Da (4), 100
fg corresponds to approximately 30 to 35 cells. Probing with
the radiolabeled internal oligonucleotide was found to be less
sensitive, reducing the detection level to 1 pg (results not
shown).
The present results, therefore, demonstrate that PCR is

both a specific and sensitive test for the reliable identification
of proteolytic and nonproteolytic C. botulinum type B.
Unlike the bioassay, the current PCR protocol takes 7 h. If
a crude, boiled cell lysate is used, this is a simple and rapid
procedure which also destroys the heat-labile neurotoxin
that may be present, thus reducing some of the hazards
associated with the handling of C. botulinum. The applica-
tion of this methodology for the identification of C. botuli-
num directly from food and clinical samples is in progress.
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