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In this study, sequencing and phylogenetic analysis  of partial sequences of the gene that encodes   
alpha toxin from field and vaccine strains of Clostridium septicum from Brazil were performed to 
analyze genetic differences in  these strains. Alph a toxin nucleotide and amino acid sequences from 
five field strains of C. septicum and four strains used in the production of vaccine s against clostridiosis 
were compared. Based on this sequence analysis, the  C. septicum strains can be classified in two 
groups. Group 1 presents the majority of the sequen ces; including two vaccine strains and is very 
conserved. Group 2 presents sequences with signific ative number of changes in the nucleotide and 
amino acid sequences, and contains the other two va ccine strains used in the production of vaccines in  
Brazil. Therefore, genetic diversity occurs in Braz ilian C. septicum strains.  
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INTRODUCTION 
 
Clostridium septicum is a microorganism capable of 
initiating the gas gangrene, a high lethal exogenous 
infection which occurs in ruminants and other animal 
species, attacking mainly muscles and subcutaneous 
tissues. For this infectious disease C. septicum can act 
alone or together with other agents, such as Clostridium 
chauvoei,  Clostridium  sordellii,  Clostridium novyi type A  
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and Clostridium perfringens type A.  
Alpha toxin, which is necrotizing, hemolytic, and 

leukocidic, is a prime virulence factor for C. septicum and 
accounts for its extreme pathogenicity (Tweten, 2001; 
Hunley et al., 2008). Alpha toxin might have a primary 
cytotoxic effect on the vascular endothelium which could 
result in the loss of fluid from the circulatory system and 
may induce subsequent shock (Tweten, 2001). The resulting 
tissue destruction leads to clinical aspects characteristic of 
clostridial myonecrosis: pain, frequently out of proportion to 
physical findings, swelling, and blister formation progressing 
to  serosanguinous  bullae.  Crepitus    due    to    local   gas
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Table 1.  Field isolates and vaccine strains of C. septicum used for sequencing.  
 

Identification Species Age Material to isolation St ate/Country 

19748 Bovine aNS Liver Guaratinguetá-SP/Brazil 
c16 aNS aNS aNS aNS/ Brazil 
421/355/98 Bovine 10 months Bone marrow Sto. Antônio de Pádua-RJ/ Brazil 
421/701/97 Bovine 18 months Bone marrow Aperibé-RJ/ Brazil 
421/250P/90 Bovine 5 months Bone marrow Itaperuna-RJ/ Brazil 
bL-1 aNS aNS aNS Brazil 
bL-2 aNS aNS aNS Brazil 
bL-3 aNS aNS aNS Brazil 
bL-4 aNS aNS aNS Brazil 

 
a NS- no shown. b Clostridium septicum vaccine strains proceeding of four Brazilian laboratories. c Isolate gave by 
Instituto Biológico de São Paulo (IBSP). 

 
 
 
formation may be felt (Hunley et al., 2008). 

C. septicum produces four toxins called alpha 
(hemolytic, necrotic and lethal), beta (Dnase), gamma 
(hyaluronidase) and delta (Lobato et al., 2007), being 
alpha toxin the most important for pathogenicity, and 
according to some authors, for immunogenicity as well 
(Ballard et al., 1992; Ballard et al., 1993; Amimoto et al., 
2002). The alpha toxin is a pore-forming toxin, member of 
the aerolysin family. After binding to a cellular receptor, 
the toxin is activated and oligomerize, originating a pre-
pore complex before of its membrane insertion, with 
consequent osmotic lysis (Melton et al., 2004). The 
protein is constituted by three domains, being domains I 
and II responsible for binding to the receptor, while 
domain III contains the sites for activation and regulation 
of oligomerization (Melton et al., 2006).   

The aim of this work was to perform  the sequencing 
and phylogenetic analyses of  the gene encoding alpha 
toxin from Brazilian field and vaccine strains of C. 
septicum, currently commercialized in this same country 
in order to verify the relation between these isolates and 
possible implications of specific mutations on the protein 
structure. 
 
 
MATERIALS AND METHODS 
 
Nine brazilian C. septicum isolates, being five isolated from field 
samples and four from vaccine strains were used in this work. The 
characteristics of the strains are shown in Table 1. The isolates and 
vaccine strains were identified by direct immunofluorescence (DFA) 
(Assis et al., 2001). The strains were cultivated in brain heart 
infusion (Difco, Maryland, EUA) and incubated at 37°C in 
anaerobiosis for 48 h. Behind the growth and purity verification by 
Gram stain, isolates were again cultivated in 15 ml of the same 
broth medium and incubated at the same conditions above 
described. For DNA genomic extraction the cells were centrifuged 
and the pellet was resuspended in 1.5 ml of TES buffer (10 mM 
Tris-HCl, 1 mM EDTA, 150 mM NaCl) containing 25% sucrose and 
2 mg/ml lysozyme and incubated at 37°C for 1 h. The n, 150 µl of 
10% SDS solution was added to the suspension and it was 
incubated at 37°C for 10 min. The lysed cell suspen sion was diluted 

with 3 ml of TES buffer before being extracted twice with phenol 
and once with phenol/chloroform/isoamyl-alcohol (50/48/2) and 
finally precipitated with ethanol. Deoxyribonucleic acid (DNA) was 
resuspended in 100 µl of TE buffer and used as template for 
polymerase chain reaction (PCR) amplification (Takeuchi et al., 
1997). 

The primers described by Takeuchi et al. (1997) for specific 
amplification of C. septicum alpha toxin gene were used in the 
present work. These primers amplify a specific product of 270 bp 
corresponding to positions from 611 to 880 of the nucleotide 
sequence, which encodes loop 1 of domain I of alpha toxin. This 
region is a binding site for the cellular receptor and, hence, 
essential for the lethal action of the protein (Melton et al., 2006). 

The PCR was performed according to Takeuchi et al. (1997) with 
some modifications. The amount of DNA was 300 ng, and of dNTPs 
was 0.25 mM, with an initial denaturation cycle at 94°C for 5 min 
and a final extension cycle at 72°C for 7 min. C. septicum ATCC 
12464 genomic DNA was used as a positive control, while the 
negative control was a PCR reaction without DNA. After 
amplification, products were subjected to electrophoresis on 1% 
(w/v) agarose gel stained with ethidium bromide (0.5 µg/mL).  

The PCR products were purified by using the Wizard SV Gel and 
PCR Clean-Up System Kit (Promega) following producer 
recommendations, and sent for sequencing at Bioagro (UFV, Minas 
Gerais, and Brazil). Two sequencing reactions were made for every 
isolate, each one with a forward or a reverse primer. The 
sequences of this study were aligned, with alpha toxin gene 
sequences deposited in GenBank with access numbers: D17668, 
AB083433, AB083434, AB083435, AB083436, AB083437, 
AB083438, AB083439 and S75954 (Table 2), and compared to the 
consensus sequence for nucleotide analysis. 

The phylogenetic analysis was performed based on the 
nucleotide alignments, by MEGA version 4.0 (Tamura et al., 2007). 
The Kimura 2-parameter model of nucleotide substitution and the 
neighbor joining tree construction method (Saitou and Nei, 1987) 
were applied in this work. The Shewanella baltica YP 001049948.1 
and Hahella chejuensis YP 434730.1 sequences were used as 
outgroup to the tree. 

The predicted amino acid sequences were subjected to other in 
silico analyses used to evaluate the substitutions and possible 
consequences. The Selecton software was utilized in the analysis 
of positive pressure to compare its influence in the protein 
differentiation (Stern et al., 2007). The hydrophilic profile was 
determined by Hopp and Woods (1981) method, using two stages 
to functional site detection and consequence of amino acid 
changes. Sequences were examined using ConSeq(Berezin et al., 
2004) to verify the important residues in aerolysin family.  
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Table 2.  The nucleotide sequences of C. septicum alpha toxin gene available in GenBank. 
 

Isolate GenBank access number  Country Sequence size (nt)  Reference 

NCTC547 D17668 Japan 2293 Imagawa et al. (1994) 
Cellular lineage: 44 AB083433 Japan 1333 Amimoto et al. (1994) 
Cellular lineage: Kagoshima 8 AB083434 Japan 1333 Amimoto et al. (1994) 
Cellular lineage: Mie AB083435 Japan 1333 Amimoto et al. (1994) 
Cellular lineage: Yamaguchi 6335 AB083436 Japan 1333 Amimoto et al. (1994) 
Cellular lineage: Kagoshima 1 AB083437 Japan 1333 Amimoto et al. (1994) 
Cellular lineage: Fukushima 5 AB083438 Japan 1333 Amimoto et al. (1994) 
Cellular lineage: Tokachi AB083439 Japan 1333 Amimoto et al. (1994) 
BX96 S75954 USA 1542 Ballard et al. (1992) 

 
 
 

Table 3.  Number and type of nucleotide (nt) and amino acid (aa) substitutions in sequences of C. septicum alpha toxin gene in 
relation to consensus. 
 

Sequences 
Number of substitutions (%)  Number of silent 

substitutions (%) 
 Nucletide substitution type 

nt aa Transitions  Transversions 
D17668 0 0  0  0 0 
S75954 0 0  0  0 0 
AB043435 0 0  0  0 0 
AB043437 0 0  0  0 0 
AB043438 0 0  0  0 0 
AB043439 0 0  0  0 0 
L-1 0 0  0  0 0 
L-3 0 0  0  0 0 
16 0 0  0  0 0 
19748 0 0  0  0 0 
Itaperuna 0 0  0  0 0 
AB083433 18 (7,3) 8 (9,8)  5 (27,7)  12 6 
AB083434 17 (6,9) 8 (9,8)  4 (23,5)  11 6 
AB083436 1 (0,4) 1 (1,2)  0  1 0 
Aperibé 1 (0,4) 1 (1,2)  0  1 0 
L-2 16 (6,5) 8 (9,8)  4 (25,0)  11 5 
L-4 16 (6,5) 7 (8,5)  5 (31,2)  10 6 
S. Antônio 13 (5,3) 6 (7,3)  3 (23,1)  7 6 

 
 
 
RESULTS AND DISCUSSION 
 
No deletions or insertions were observed in the analyzed 
sequences. Among the nucleotide substitutions, 74.4% 
were non silent. The majority of nucleotide substitutions 
occurred by transition (64.6%) (Table 3) in agreement 
with the results of Fitch (1986). The characteristics of 
nucleotide and amino acid substitutions in sequences of 
C. septicum alpha toxin gene, in relation to consensus, 
are presented in Table 3.  

According to the dendrogram obtained from 
phylogenetic analysis of C. septicum sequences (Figure 
1), there were two phylogenetically distinct groups (1 and 
2). Group 1 included most of the available sequences 
taken  from  field  isolates,  and  was   highly   conserved. 

Group 2 presented sequences with a significative number 
of substitutions. This low similarity and formation of few 
groups phylogenetic has been reported in others 
Clostridium studies. For instance, the Clostridium 
botulinum type C avian strains analyze that found only 
three phylogenetic groups by randomly amplified 
polymorphic DNA analysis (RAPD) and pulsed-field gel 
electrophoresis (PFGE) (Skarin et al., 2010). Analyses of 
complete coding regions of C. botulinum toxins 
demonstrated a high degree of similarity between them 
(Fang et al., 2010). 

Regarding the field isolates, from Rio de Janeiro state, 
they were distributed into both groups, suggesting the 
existence of genotypic variability between isolates from 
this  state. The  isolates  19748,  from  São  Paulo  State,  
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Figure 1.  The phylogenetic analysis of partial sequence of 
Neighbor joining construction method, 1000 
001049948.1 and Habella chejuensis

 
 
 

 
Figure 2.  Alignment of amino acid sequences. The delimited amino acids (position 91 to 98) correspond to binding site in 
loop 1 of domain I of Clostridium septicum

 

 
 
and 16, from the Instituto Biológico de São Paulo (IBSP) 
collection, belonged to the same group of L
vaccine strains (Group 1), while homologous sequences 
from L-2 and L-4 strains belonged to 
analysis of the vaccine strain derived sequences showed 
that the strains from laboratories L-1 and L
show any substitution of amino acid when compared to 
the consensus sequence. However, L
sequences presented respectively, eight and seven 
amino acid substitutions. Figure 2 shows the substitutions 
that caused the large divergence between group 1 and 
group 2 in phylogenetic tree. It was possible to observe 
that  the majority of mutations were conserved (Figure 2).

The phylogenetic analysis of partial sequence of Clostridium septicum
Neighbor joining construction method, 1000 bootstrap. The sequences Shewanella baltica

Habella chejuensis YP 434730.1 were utilized as outgroup. 

Alignment of amino acid sequences. The delimited amino acids (position 91 to 98) correspond to binding site in 
Clostridium septicum alpha toxin.  

de São Paulo (IBSP) 
collection, belonged to the same group of L-1 and L-3 
vaccine strains (Group 1), while homologous sequences 

4 strains belonged to Group 2. The 
analysis of the vaccine strain derived sequences showed 

1 and L-3 did not 
show any substitution of amino acid when compared to 
the consensus sequence. However, L-2 and L-4 
sequences presented respectively, eight and seven 
amino acid substitutions. Figure 2 shows the substitutions 

large divergence between group 1 and 
group 2 in phylogenetic tree. It was possible to observe 

the majority of mutations were conserved (Figure 2). 

The phylogenetic analysis indicated that Itaperuna and
Aperibe strains had a high genetic similarity, 
Antônio de Pádua isolate was not directly genetically 
related with the previous. This result suggests a different 
origin for these outbreaks. In comparison with other strain 
alignments, the Santo Antônio de Pádua isolate showed 
high number of non silent mutations in a conserved 
region.  

The in silico analysis of protein sequence enabled the 
study to make some considerations concerning the 
mutations. The Selecton software analysis showed that 
the sequenced region was not under significative posit
pressure,   indicating    that

S. anthonio 

Shewanella baltica 

Hahella chejuensis YP 434730.1

 

Clostridium septicum alpha toxin gene. 
Shewanella baltica YP 

 

Alignment of amino acid sequences. The delimited amino acids (position 91 to 98) correspond to binding site in 
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origin for these outbreaks. In comparison with other strain 
alignments, the Santo Antônio de Pádua isolate showed 

on silent mutations in a conserved 

analysis of protein sequence enabled the 
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mutations. The Selecton software analysis showed that 
the sequenced region was not under significative positive 

that    substitutions    have    been  
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accumulated over time. This model was in agreement 
with the neutralist theory of evolution, which affirms that 
most of the mutations fixed in the evolution course are 
selectively neutral, and its fixation occur randomly 
(Kimura, 1983). Such mutations were not accumulated in 
short space of time. Thus, it seemed that the Santo 
Antônio de Pádua strain came from another region with 
high divergence.  

Alpha-toxin genetic variability studies are important for 
understanding C. septicum clinical manifestation. This 
toxin is essential for the pathogenesis and little mutations 
may prevent some of its functions, for instance forming 
pores (Kennedy et al., 2009). The nucleotide non-
synonymous substitutions lead to amino acids changes 
that may modify important biological characteristics, for 
instance, biological activity or action against the immune 
system. Animoto et al. (2006) studied alpha toxin of 
different genetic profile and there were no differences in 
the neutralization tests, indicating that no major epitope 
was modified by amino acids changes. 

Amino acid substitutions may be relevant as the protein 
activity. The Hopp and Woods method (1981) 
demonstrated that relevant change in hydrophilic profile 
occurred on a hotspot located between the nucleotides 
824 and 850. The main change was the substitution of a  
glycine by an aspartic acid (residue 97), which could 
interfere in pore complex forming, and consequently 
influence the toxin activity (Melton et al., 2006). The 
ConSeq server results confirmed the substitution of 
residue 97. Melton et al. (2006) described that a simple 
substitution by alanine in residues 94, 95, 97 or 98 can 
decrease toxin lethality in lineage cells at almost 100% 
when compared to the wild-type. 

This work seemed to be the first in molecular 
epidemiology realized with Brazilian field and vaccine 
strains of C. septicum. Differences in the alpha toxin 
sequences of field and vaccine strains were been 
demonstrated. And, more investigations are necessary 
about these and others genetic differences for the future 
understanding of strains toxicity.  
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