Type three secretion system in non-toxigenic Vibrio cholerae O1,

Mexico

Cholera reemerged in Latin America in
1991, after being absent for more than 100
years (Sepulveda et al., 2006). Initially
appearing in Peru in January, cholera
reached Mexico in June, affecting 45977
people in Mexico alone until 2002
(Sepulveda et al., 2006). Vibrio cholerae,
the causative agent of cholera, has more
than 200 ‘O’ serogroups, but only O1 and
0139 cause epidemic cholera; the
remaining serogroups (non-O1/0139) are
associated with sporadic diarrhoea.
Serogroup O1 has two biotypes, namely
classical (CL) and El Tor (ET).
Historically, the CL biotype caused the
fifth, sixth and presumably the earlier
pandemics, while the ET biotype is
responsible for the ongoing seventh
pandemic that began in 1961. The major
virulence factors for V. cholerae O1/0139
include the potent cholera toxin (CTX)
and the toxin co-regulated pilus (TCP),
which promotes bacterial intestinal
colonization and serves as receptor for the
lysogenic CTX prophage (CTX¢).
Naturally occurring V. cholerae
populations can become toxigenic via
acquisition of CTX¢ and those lacking
CTX¢ are generally known as non-
toxigenic. V. cholerae non-O1/0139
usually lack CTX and TCP; however, they
possess virulence factors, namely ET-
specific haemolysin, repeat in toxin (RTX),
heat-stable enterotoxin (NAG-ST), cholix
toxin and type three secretion system
(T3SS) (Chatterjee et al., 2009; Dziejman
et al., 2005). The T3SS is a virulence factor
for several enteropathogens including
Escherichia coli, Salmonella enterica,
Shigella spp., Vibrio parahaemolyticus and
V. cholerae non-01/0139 (Dziejman et al.,
2005; Coburn et al., 2007). Although the
mechanism by which T3SS contributes to
virulence and disease remains largely
unknown, it has been shown to induce
diarrhoea in animal models (Dziejman

et al., 2005; Shin et al., 2011).

In the present study, 33 CTX™ strains from
a collection of 182 V. cholerae O1 isolates

were analysed for virulence and related
molecular traits. These isolates were
obtained from clinical and environmental
sources in Mexico between 1991 and 2008.
PCR results revealed the presence of genes
encoding ET-specific haemolysin and
RTX, and the absence of NAG-ST (stn).
Twenty-one CTX ™ strains had the tcpA
gene encoding TCP. Despite belonging to
biotype ET, most strains possessed TCP
and all strains lacked the targeted ORFs of
the Vibrio seventh pandemic island I
(VSP-I; ORFs: VC0175, VC0178, VC0180,
VC0183 and VC0185) and II (VSP-II;
ORFs: VC0490, VC0493, VC0498, VC0502,
VC0504, VC0511 and VCO0516) including
the ET marker VC2346. The non-toxigenic
V. cholerae O1 existing in natural aquatic
ecosystem can arise from toxigenic strains
through excision of the CTX¢ (Alam et al.,
2007). In Mexico, CTX™ ET strains lacking
the seventh pandemic ET markers VSP-I,
VSP-II and VC2346 represented the typical
genetic traits of the pre-seventh pandemic
ET (Chun et al, 2009). Presumably, these
CTX' strains were native to the ecosystem,
or evolved from toxigenic ET via excisions
of the gene islands such as CTX¢, VSP-I
and VSP-II. Nonetheless, T3SS™ non-
toxigenic V. cholerae O1 strains lacking
VSP-I and VSP-II in Mexico may have
evolutionary implications for the
bacterium.

Eight of the Mexican CTX™ ET strains
possessed the gene encoding the cholix
toxin (chxA), and six harboured T3SS
specific genes (structural: vcsj2, vspD,
vesVUQ?2 and vesRTCNS2; regulatory:
vitRA and vitRB; effector: vopF). Notably,
all T3SS™ strains lacked TCP. Year-wise
data revealed the presence of a T3SS gene
cluster from ET strains isolated from the
environmental samples in 2000, 2001, 2002
and 2003, and finally from human samples
in 2002 and 2003. DNA sequence analysis
of vttR, (630 bp), vttRg (432 bp) and vopF
(1590 bp) (GenBank accession nos
KJ641467-72) revealed the deduced amino
acid sequences share >98 % homology

with respective genes of AM-19226
(GenBank accession no. DQ124262), a
T3SS™ V. cholerae 039 clinical isolate
capable of colonizing infant mice and
developing diarrhoea in rabbits despite
lacking TCP and CTX (Dziejman et al.,
2005; Shin et al., 2011). T3SS™ V. cholerae
non-01/0139 has been reported from
wide-ranging ecosystems (Octavia et al.,
2013). PFGE of Notl-digested genomic
DNA revealed high genetic divergence
among the non-toxigenic V. cholerae O1
stains including the T3SS* ET, which
differed from the toxigenic isolates (Fig. 1).
Molecular fingerprinting data suggest that
the T3SS™* ET strains do not belong to a
specific clone, and likely arose
independently in the aquatic ecosystem of
Mexico (Alam et al., 2010).

The consistent isolation of CTX™ V.
cholerae O1 strains was unique between
1999 and 2004, a time when V. cholerae O1
isolated from human and environmental
samples were predominantly CTX ™ in
Mexico (data not shown). Notably, CTX ™
ET strains were T3SS™ in Mexico since
2000, following CTX™ ET was first
confirmed from the environment in 1999;
the CTX ™, T3SS™ ET strains were found
in human samples from 2002. This is
unique and may have epidemiological
significance as T3SS is present in non-O1/
0139 and rarely in CTX™ V. cholerae O1
(Octavia et al., 2013). The mechanism
explaining how CTX ", TCP ET strains
acquired the island encoding the T3SS is
unclear, although the naturally occurring
V. cholerae population can become
competent in the presence of chitin and
can horizontally acquire genes and gene
clusters such as those encoding the T3SS
(Morita et al., 2013). Recently, toxigenic V.
cholerae O1 altered ET, ET and CL biotype
strains have been reported from human
and surface water sources in Mexico
between 1991 and 1997 (Alam et al., 2010).
Toxigenic V. cholerae O1 lacks genetic
elements such as T3SS; thus, it is plausible
that non-toxigenic O1 strains acquired
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S-B type Source

Year Genotype

2000 chxA, rtxC, hlyA, T3SS
2002  chxA, rtxC, hlyA, T3SS
1999 tcpA, chxA, rixC, hlyA

2001 tepA, rtxC, hlyA
2004 tepA, rtxC, hlyA
2001 tepA, rtxC, hlyA

2000 chxA, rtxC, hlyA
2000 chxA, rtxC, hlyA
2000 chxA, rtxC, hlyA
2002 rtxC, hlyA, T3SS

2001 chxA, rtxC, hlyA, T3SS
2001 rtxC, hlyA

1999 tepA, CTX, rtxC, hlyA
2000 tepA, CTX, rtxC, hlyA
2000 tepA, CTX, rtxC, hlyA
2000 tepA, CTX, rtxC, hlyA
1999 tcpA, CTX, rixC, hlyA

2001 tepA, rtxC, hlyA

2004 tepA, rtxC, hlyA
2004 tcpA, rtxC, hlyA
2003 tepA, rtxC, hlyA

2001 tepA, rtxC, hlyA

2003 rtxC, hlyA, T3SS
2003 rtxC, hlyA, T3SS
2002 tepA, rtxC, hlyA

Fig. 1. Dendrogram of PFGE patterns showing the genomic fingerprinting of V. cholerae O1 CTX™ ET isolates including those
possessing T3SS gene clusters in Mexico. The dendrogram was prepared by Dice similarity coefficient and the unweighted pair
group method with arithmetic mean (UPGMA) clustering methods by using PFGE images of Notl-digested genomic DNA. The
scale bar at the top (left) indicates the correlation coefficient (%). No clustering of the PFGE patterns revealed divergence
among the V. cholerae CTX™ ET possessing T3SS gene clusters, suggesting that they are not clonal. INET, Inaba ET; OGET,
Ogawa ET; env, environment; clin, clinical.

T3SS horizontally rather than the
assumption that T3SS* non-O1/0139
strains switched serologically and
converted to O1 by acquiring O1
biosynthesis genes. Previously, T3SS and
CTX¢ have been shown to be present in
the same V. cholerae non-O1/0139 host,
although the number of isolates was
relatively few (Octavia et al., 2013).
Nevertheless, it remains a possibility that
the non-toxigenic T3SS™ strains could
become CTX ™ via acquisition of TCP, a
receptor for CTX¢ (Rahman et al, 2008).
The clinical relevance of the naturally
occurring V. cholerae O1 carrying T3SS in
Mexico can pose health threat considering
that such CTX™ V. cholerae Ol can cause
disease and also serve as a progenitor to

become toxigenic by laterally acquiring the
CTX prophage.
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