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Abstract 

Real-time PCR assays based on the detection of the genes ntnh encoding the nontoxin-
nonhemagglutinin (NTNH) proteins or the most homologous regions of the botulinum 
neurotoxin (bont) genes have been developed together with four real-time PCR assays, each 
being specific of the genes bont/A, bont/B, bont/E, bont/F, and enables a toxin type-specific 
identification. The specificity of the assays was demonstrated using a panel of botulinum 
toxin producing clostridia (29 strains), non-botulinum toxin producing clostridia (21 strains) 
and various other bacterial strains. The toxin type-specific assays had a sensitivity of 100fg 
– 1000fg of total DNA in the PCR tube (25-250 genome equivalents) which correspond to 
103 to 104 cells ml-1. After a 48h enrichment in anaerobic conditions, these PCR assays 
allowed the detection of C. botulinum type A in a naturally contaminated sample of “foie 
gras” suspected in a C. botulinum outbreak. These PCR tests are specific and reliable for 
detection of heterogeneous BoNT producing clostridia responsible for human botulism. 
Adaptation of the methods on the GeneSystems® PCR based technology which relies on 
simultaneous real-time PCR amplification of several DNA targets within a unique GeneDisc 
bear the advantage of a simultaneous detection of these target genes. 
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1     Introduction 

Botulinum neurotoxins (BoNT) are produced by phenotypically and genetically different 
Clostridium species including Clostridium botulinum, and some strains of Clostridium 
baratii and Clostridium butyricum. BoNTs are the most potent biological and chemical 
substances known and are responsible for botulism, which is characterized by severe flaccid 
paralysis. BoNTs are divided into seven toxin types (A to G) according to their antigenic 
properties. Toxin types A, B, E and more rarely F cause human botulism, whereas toxin 
types C and D are mainly responsible for animal botulism. Although less common, bivalent 
strains that express two different BoNT types exist and are designated by the predominant 
toxin produced (Ab, Ba, Af, Bf). Other bivalent strain variants such as the A1(B) strains 
contain both BoNT/A and BoNT/B genes but express only BoNT/A. Sequencing of the 
BoNT genes from multiple strains of serotypes A, B, E and F showed significant sequence 
variation within each serotype. While serotypes differ by about 35–70%, subtype differences 
range from approximately 2–32%. Four distinct lineages within each of the BoNT A and B 
serotypes and five distinct lineages of serotype E strains were identified. The nucleotide 
sequences of the seven toxin genes of the serotypes were compared and showed various 
degrees of interrelatedness and recombination, as was previously noted for the nontoxic 
nonhemagglutinin gene, which is linked to the BoNT gene. The nontoxin-nonhemagglutinin 
(NTNH) protein that is closely associated with the BoNT protein is present in all toxin 
clusters but its function is not fully understood. It is thought that this protein assists in 



stability of the neurotoxin within the acidic and protease-rich environment of the stomach 
and assists in transport of the toxin from the intestinal area to the bloodstream. 
 
Laboratory detection and identification of BoNT-producing clostridia on the basis of 
bacteriological characteristics are difficult. Currently, the most sensitive standard method of 
BoNT detection is the mouse bioassay. The identification of C. botulinum (and other BoNT 
producing clostridia) requires the production of toxin in culture and testing by mouse 
bioassay with neutralization of the toxin with type-specific antitoxin. This technique is time 
consuming and requires handling of laboratory animals. A rapid and specific test for BoNT-
producing Clostridium detection is needed for food quality control and investigations of 
suspected food-borne outbreaks. We sought to develop rapid nucleic acid based assays to 
presumptively identify BoNT producing clostridia. The nucleotide diversity (identity ranges 
from 56–76%) among the BoNT genes present significant challenges in designing universal 
primers and/or probes that enable detection of these genes by real-time PCR. Nonetheless, 
BoNTs are generated as part of a progenitor toxin complex and a conserved component 
among serotypes is the nontoxic nonhemagglutinin (NTNH). East and Collins (1994) 
demonstrated that the gene encoding NTNH is present in all strains that produce BoNTs and 
absent from strains that are nontoxic. Nucleotide sequence analysis of the cluster of genes 
associated with the BoNT gene demonstrates the presence of the NTNH gene directly 
upstream of the BoNT gene in all toxin types tested. Comparisons of the NTNH amino acid 
sequence from toxic strains of C. botulinum reveal a high level of similarity (amino acid 
identity ranges from 70–99%). Moreover, the BoNT and NTNH genes are likely 
cotranscribed as demonstrated by the identification of a transcript with a size that is 
approximately the sum of both genes. 

2     Results and discussion 

For tracking botulinum neurotoxin producing clostridia we designed two real-time PCR 
assays that target respectively the highly conserved regions of the BoNT and NTNH genes. 
Each test use a single fluorescently-labelled probe to detect bacterial strains harbouring the 
botulinum neurotoxin gene cluster. Owing to the very low G+C content of C. botulinum and 
due to the high genetic diversity within the BoNT and NTNH genes we used some 
degenerate and locked nucleic acid oligonucleotides. These PCR tests based on identification 
of the most conserved region of the BoNT and NTNH genes permit the simultaneous 
detection of C. botulinum A, B, E or F (and other BoNT producing clostridia). In addition, 
for tracing BoNT/A to BoNT/F producing clostridia, we developed four different real-time 
PCR assays, each being specific for C. botulinum types A, B, E, and F, and enables a toxin 
type-specific identification. The specificity of the assay for Clostridium botulinum types A-
G, Clostridium butyricum type E and Clostridium baratii type F was demonstrated using a 
panel of BoNT producing clostridia representing all seven toxin serotypes. In addition, 
exclusivity of the assay was demonstrated using non-botulinum toxin producing clostridia 
(21 strains) and various other bacterial strains. Using purified DNA, the toxin type-specific 
assays had a sensitivity of 100fg – 1000fg of total DNA in the PCR tube (25-250 genome 
equivalents). The limit of detection of the assays ranged from 103 to 104 cells/ml by using 
calibrated Clostridial suspension. After a 48h enrichment in anaerobic conditions, C. 
botulinum type A has been detected in a naturally contaminated sample of “foie gras” 
suspected in a C. botulinum outbreak (Figure 1).  
After a 48h enrichment in anaerobic conditions and DNA extraction using the Nuclisens 
EasyMag bio-robot, the sample tested positive by universal PCR tests targeting the most 
highly homologous regions of either the BoNT or NTNH genes. In addition, it yielded also a 
positive signal with BoNT/A type-specific PCR test. The specimen has been confirmed 
positive for C. botulinum type A with the reference lethality test on mice. After anaerobic 



enrichment, the estimated titer of toxin in the specimen of “foie gras” was around 10.000 
LD.ml-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: PCR detection of C. botulinum in a specimen of “foie gras” naturally 
contaminated 

 
 
Further development of the methods on the GeneSystems® PCR based technology which 
relies on the multiplex real-time PCR amplification of several DNA targets within a unique 
GeneDisc represents an improvement of the methods (Figure 2). This multi-parametric PCR 
device which combined the detection of genes: bont/A, bont/B, bont/E and bont/F represent 
an innovative and efficient approach for the development of a rapid and optimal screening / 
typing methods for testing botulinum neurotoxin producing clostridia.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. C. botulinum GeneDisc prototype 
 



The GeneDisc Cycler (GeneSystems, Bruz, France, http://www.genesystems.fr) is an 
apparatus to perform real-time PCR applications using the GeneDisc system. The Gene-Disc 
is a disposable plastic reaction tray having the size of a compact disc. Its rim is engraved with 
36 reaction microchambers preloaded with desiccated PCR primers and fluorescence-labelled 
gene probes for detection and quantification of gene targets. The GeneDisc is divided into six 
chambers allowing parallel examination of six samples. Six wells at the centre of the 
GeneDisc are filled with dilutions of bacteria or bacterial DNA which is mixed with 36 ll 
quantification master mix (QMM) as part of the kit delivered together with the GeneDiscs. 
The mixtures of 36 ll diluted target DNA or bacteria in water and 36 ll QMM are transferred 
to each of the six chambers. After, a vacuum is generated in the microchambers by the aid of 
a pump (part of the GeneDisc Cycler) and the mixture flows into the microchambers by the 
negative- pressure through a network of microchannels connecting the centre with the 
individual reaction trays. Each microchamber is preloaded with desiccated primers and 
probes. To avoid evaporation of test samples, the reaction chambers are covered by a layer of 
mineral oil which is applied by the same way as the DNA⁄QMM solution. After loading, the 
disc is transferred to the heating block located inside the GeneDisc Cycler. The heating block 
is divided into four sectors with different temperatures optimized for DNA denaturation, 
oligonucleotide binding, DNA elongation and rapid increasement of temperature initiating 
the next cycle. Software is provided by the company for operating different types of 
GeneDiscs and is programmed to the Gene-Disc Cycler. During operation of real-time PCR 
reactions, the GeneDisc is turning clockwise over the different sectors of the heating block 
enabling that the microchambers are exposed to the required temperatures in defined time 
intervals. An optical reading unit inside the apparatus measures increase of fluorescence for 
6-FAM. Altogether, 45 cycles are performed in about 55 min and the results are recorded and 
can be followed in time on a computer screen (part of the GeneDisc Cycler). After 
completion, the results can be downloaded via the USB port and reaction curves and other 
features of the real-time PCRs can be analysed and printed as tables with MS Excel 
(Microsoft). The results are presented in the text as cycle threshold (CT) values which gives 
the PCR cycle that shows a significant rise of the fluorescence signal over the background. 
Such method should be helpful for the routine monitoring of botulinum neurotoxin producing 
Clostridia contamination into food or water and for the risk evaluation of these clostridia 
pollution along the food chain. 
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