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Summary

In this study, we report the presence of the SXT
element and Class I integron in Vibrio cholerae non-
O1, non-O139 strains isolated from Varanasi, India.
Isolates were resistant to cotrimoxazole, trimethop-
rim and/or streptomycin, furazolidone and ampicillin.
None contained plasmids. Polymerase chain reaction
(PCR) and DNA sequencing revealed the presence of
antibiotic resistance gene cassettes, aadA1, aadA2,
aadA5 and dfrA15, in the Class I integron and SXT,
an integrative conjugative element containing dfr18,
sulII and strAB, in three and six of the isolates
respectively. Conjugation experiments, followed by
PCR analysis of transconjugants, provided evidence
for the transferable nature of intSXT and associated
antibiotic resistance gene cassettes. This is the first
report of the occurrence of SXT ICE, dfr18, sulII, strAB
and aadA5 genes in environmental V. cholerae non-
O1, non-O139 strains from Varanasi, India, that had
been isolated before 1992.

Introduction

Mobile genetic elements play a crucial role in the horizon-
tal transfer of genes in bacterial populations. These
include a heterogeneous array of elements, such as plas-
mids, phages, transposons, integrons, etc. The term ‘inte-
grative conjugative element (ICE)’ was coined to describe
mobile genetic elements that transfer via conjugation and
undergo replication by integrating with the host chromo-

some (Burrus et al., 2002). Unlike bacteriophages and
plasmids, these elements do not have autonomous
replication machinery and cannot undergo autonomous
replication. Moreover, ICEs share a set of genes perform-
ing specific functions, such as excision, transfer and inte-
gration, but differ in genes that are not essential for
transmissibility (Burrus et al., 2006a). In V. cholerae, anti-
biotic resistance determinants have been found associ-
ated with Class I integrons and an ICE, the SXT.

SXTMO10, also referred to as SXT element, is a conju-
gative, self-transmissible, integrative element discovered
in V. cholerae O139 strain MO10 isolated in 1992 from
India (Waldor et al., 1996). SXTMO10, ~100kb, was shown
to harbour genes encoding resistance to several anti-
biotics, viz. sulfamethoxazole (SUL), trimethoprim (TMP),
chloramphenicol and streptomycin (STR). The SXT
element contains a gene encoding an integrase, intSXT,
closely related to those found in lambdoid bacterioph-
ages, responsible for integration and excision of the
element (Beaber et al., 2002). SXT element can be con-
jugally transferred from V. cholerae O139 to V. cholerae
O1 and to Escherichia coli strains in a recA independent
manner, integrating in a site specific manner into the 5′
end of prf C- the gene encoding the peptide chain release
factor 3, via action of a site specific recombinase
(Hochhut and Waldor, 1999). Genetically, as well as func-
tionally, SXTMO10 is closely related to R391, an integrating
conjugative element derived from a South African strain
of Providencia rettgeri (Hochhut et al., 2001). Besides
SXTMO10 and R391, several other ICEs, such as R392,
R397, R705, R706, R997, pMERPH, SXTLaos and SXTET,
that encode intSXT-like integrase and conjugally integrate
into the prfC site are considered to belong to the SXT-
related ICE family (Burrus et al., 2006a).

Apart from the SXT element, V. cholerae also harbours
antibiotic resistant determinants in Class I integrons. Inte-
grons are characterized, depending upon the class of
integrase enzyme, into Class 1, 2, 3 or 4, the latter also
referred to as the super integron (Mazel et al., 1998;
2006; Fluit and Schmitz, 2004). Characteristically, Class I
integrons consist of the intI gene encoding an integrase,
the attI recombination site and a promoter that directs the
transcription of the captured gene cassettes. All integron-
inserted gene cassettes generally contain an imperfect
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repeat at the 3′ end of the gene, called attC site or 59 base
element (Stokes et al., 1997). Often, but not always,
Class I integrons at their 3′ end harbour genes encoding
resistance to quaternary ammonium compounds and sul-
fonamides, qacED1 and sul (Recchia and Hall, 1995;
Dalsgaard et al., 2000).

In this study, we discovered the presence of the SXT
element and Class I integrons in Vibrio cholerae non-O1,
non-O139 strains isolated from Varanasi, India, before
1992. This study has implications for comparative genetic
analysis that will develop an improved understanding of
the origin of the SXT element in V. cholerae.

Results and discussion

Most of the V. cholerae non-O1, non-O139 strains used in
the study were multiply drug resistant (Table 1). Multiple
antibiotic resistance and temporal and spatial changes in
antibiotic resistance profiles of V. cholerae are well known
(Mitra et al., 1996). Results of antibiotic susceptibility tests
revealed that most of the isolates in this study were
resistant to ampicillin (AMP), cotrimoxazole (COT), TMP
and/or STR, and all were sensitive to tetracycline (TET),
gentamycin, nalidixic acid (NAL) and/or ciprofloxacin
(CIP). Our results corroborate the findings of Amita and

colleagues (2003) who also observed widespread resis-
tance to STR and TMP but not to TET, gentamycin and
CIP in V. cholerae O1 El Tor strains isolated from Calcutta
after 1992. Thungapathra and colleagues (2002) reported
various combinations of multiple drug resistance among
environmental and clinical non-O1, non-O139 strains,
with multiple drug resistance more common among clini-
cal isolates. However, we found that, except for strain
VO219, all isolates showing multiple drug resistance were
from environmental sources.

Three of 25 isolates, VO219, VO222 and VO224, pos-
sessed the ~800 bp amplicon, when tested using Class I
integron primers targeted at 3′ CS and 5′ CS respectively.
Polymerase chain reaction (PCR) with in-F and in-B
primers yielded an amplicon of ~1000 bp from all three
isolates and strain VO224 yielded an additional amplicon
of ~750 bp (Fig. 1A), indicating that strain VO224 pos-
sessed two copies of Class I integron, confirmed by South-
ern hybridization of EcoRI digested genomic DNA, which
does not cut within Class I integron, using inDS-F and
inDS-B amplified product of VC20 as the probe (Fig. 1B).
As was expected, the isolates also amplified ~1000 bp
products with primers in-F and aadA-B. Sequencing
results confirmed the presence of STR/spectinomycin
resistance gene cassette aadA5 (VO219), not reported in

Table 1. Date, place and source of isolation of V. cholerae non-O1, non-O139 strains, antibiograms and results obtained by PCR for intSXT,
antibiotic resistance genes and Class I integron.

No Strain No. Date, Place and source of isolation Antibiogram

Strains showing presence of genes encoding for

SXT element-associated genes Class I integron

intSXT sul str dfrA1/dfr18 3′ CS 5′ CS

1. VO190 1979, Varanasi, stool AMP - - - -/- - -
2. VO191 1979, Varanasi, stool - - - - -/- - -
3. VO193 1988, Varanasi, Gangawater - - - - -/- - -
4. VO194 1986, Varanasi, Gangawater - - - - -/- - -
5. VO195 1988, Varanasi, Gangawater AMP - - - -/- - -
6. VO219 1976, Varanasi, Stool STR - - - -/- + +
7. VO220 1979, Varanasi, stool - - - - -/- - -
8. VO222 1987, Varanasi, Sewage STR + - - -/- + +
9. VO223 1988, Varanasi, Gangawater - - - - -/- - -

10. VO224 1986, Varanasi, Gangawater COT, STR, TMP - - - -/- + +
11. VO226 1987, Varanasi, Gangawater - - - - -/- - -
12. VO321A 1986, Varanasi, Gerris spinolae AMP - - - -/- - -
13. VO322 1987, Varanasi, Gangawater COT, TMP + - - -/- - -
14. VO323 1986, Varanasi, Gangawater - - - - -/- - -
15. VO324 1987, Varanasi, Gangawater COT, STR, TMP + + + -/- - -
16. VO325 1986, Varanasi, Gangawater - - - - -/- - -
17. VO325A 1987, Varanasi, Gangawater AMP - - - -/- - -
18. VO327 1986, Varanasi, Gangawater AMP - - - -/- - -
19. VO327A 1986, Varanasi, Gangawater AMP - - - -/- - -
20. VO328 1987, Varanasi, Gangawater COT, STR, TMP, FUR + + + -/- - -
21. VO329 1986, Varanasi, Gangawater AMP, COT, STR, TMP, FUR + + + -/+ - -
22. VO331 1984, Varanasi, Gangawater AMP - - - -/- - -
23. VO332 1986, Varanasi, Gangawater COT, STR, TMP + + + -/+ - -
24. VO333 1987, Varanasi, Gangawater AMP - - - -/- - -
25. VO334 1987, Varanasi, Gangawater AMP, FUR - - - -/- - -
26. VC20 1989, Kolkata (Control strain) AMP - - - - + +
27. MO45 ATCC 51394 (Control strain) COT, FUR, STR, SUL, TMP + + + -/+ - -
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V. cholerae, aadA1 (VO222) and aadA2 (VO224). These
results are similar to those reporting aadA gene cassettes
to be the most widely distributed gene cassettes in the
Class I integrons of V. cholerae (Dalsgaard et al., 1999;
2001; Iwanaga et al., 2004; Ceccarelli et al., 2006; Shi
et al., 2006). Subsequent sequencing of the additional
amplicon of ~750 bp of strain VO224, confirmed the pres-
ence of TMP resistance gene cassette dfrA15 (Figs 1A
and 2). Thus, this observation suggests that strain VO224
also possessed the TMP resistance gene cassette dfrA15,
along with aadA2 gene cassette. Schematic representa-
tion of Class I integron and resistance gene cassette found
in V. cholerae non-O1, non-O139 strains is shown in
Fig. 2.

Four of the 25 strains of V. cholerae non-O1, non-O139
showed resistance to antibiotics COT, STR and TMP, but
were devoid of Class I integron, determined by PCR. While
screening isolates for the presence of intSXT and sulII, strB

and dfrA1/dfrA18 genes by multiplex PCR assay, six iso-
lates; VO222, VO322, VO324, VO328, VO329 and VO332,
yielded the expected amplicon of 946 bp for intSXT
(Fig. 3A, Table 1). Two isolates, VO329 and VO332,
yielded the expected amplicons of 626 bp for sulII, 515 bp
for strB and 389 bp for dfr18 genes, whereas two other
isolates, VO324 and VO328, yielded expected amplicons
of 626 bp for suIIl, 515 bp for strB, but did not amplify
products for the dfr18/dfrA1 gene, although both showed
phenotypic resistance to TMP. The remaining two isolates,
VO222 and VO322, although positive for the intSXT gene,
were negative by PCR for sulII, strB, dfrA1/dfr18 genes
(Fig. 3A, Table 1). However, strain VO222 also possessed
the Class I integron. All four isolates, with the amplified
fragment of strB gene, also had the expected amplicon of
~383 bp for strA gene, indicating the presence of a com-
plete set of STR resistance genes. Furthermore, the self-
transmissible and integrative nature of the element was
confirmed by conjugation experiments using E. coli strain
MTCC 1652 or DH5a as the recipients and representative
V. cholerae strains VO324, VO328, VO329 and VO332, as
donors. The conjugational transfer frequencies for these
strains were 4.76 ¥ 10-5, 1.95 ¥ 10-6, 0.57 ¥ 10-6 and
4.5 ¥ 10-5 respectively. The transconjugants, when tested
by PCR/multiplex PCR, gave positive results for the
intSXT, sulII, strAB and/or dfr18 genes identical to those
found with donor strains (Fig. 3B), indicating that intSXT
and associated genes were transferable. Overall, the anti-
biotic susceptibility of V. cholerae non-O1, non-O139
transconjugants indicated that the resistance gene con-
tained in the SXT element was transferred and expressed
in each of the transconjugants. DNA sequencing of the
purified 946 bp PCR product, followed by sequence align-
ment and comparison of intSXT with other GenBank
sequences, using BLAST software, showed 95–96% iden-
tity with five strains, VO322, VO324, VO328, VO329 and
VO332, whereas strain VO222 showed 93% identity and
the control strain, MO45, showed 97% sequence identity
with the intSXT gene of V. cholerae O139 strain MO10
(Accession No. AF099172).

Based on these results, we investigated relationships, if
any, between the intSXT of non-O1, non-O139 strains and
V. cholerae MO10. The phylogenetic tree constructed
using intSXT displayed two distinct clusters, one consist-
ing of MO10, MO45, along with non-O1, non-O139
strains, except for VO222, which diverged and formed
a separate cluster (Fig. 4). Strain MO45 clustered with
MO10, while strains VO322, VO324, VO328, VO329
and VO332 formed a separate subcluster (Fig. 4). High
bootstrap values were obtained at both cluster nodes,
whereas the low branch length values obtained sug-
gested less variation in the nucleotide sequences. DNA
sequencing of the purified 389 bp PCR amplified product
obtained for strains VO329 and VO332, followed by

Fig. 1. A. Agarose gel of PCR products stained with ethidium
bromide, obtained using in F and in B primers specific for the
variable region of Class I integron in V. cholerae non-O1, non-O139
strains. Lanes M, 100 bp DNA ladder; lane 1, V. cholerae non-O1,
non-O139 strain VO219; lane 2, V. cholerae non-O1, non-O139
strain VO222; lane 3, V. cholerae non-O1, non-O139 strain VO224;
lane 4, V. cholerae O1 strain VC20 (positive control); lane 5, PCR
mixture (negative control).
B. Southern hybridization of genomic DNA of V. cholerae non-O1,
non-O139 strains digested with EcoRI and probed with intI1 gene.
Lane 1, V. cholerae non-O1, non-O139 strain VO219; lane 2,
V. cholerae non-O1, non-O139 strain VO222; lane 3, V. cholerae
non-O1, non-O139 strain VO224; lane 4, V. cholerae O1 strain
VC20 (positive control).
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sequence alignment and comparison with other GenBank
sequences, showed 100% identity, while MO45 showed
99% identity with the dfr18 gene of the Vibrio cholerae
O139 strain MO10 (Accession No. AY034138).

Based on the results of the preceding sections, strains
containing Class I integron and/or SXT element were
tested for presence of plasmids. Repeated attempts to
isolate plasmids did not yield plasmid DNA, when com-
pared with the control strain E. coli V517. Thus, it is con-
cluded that the strains containing either Class I integron
and/or SXT element did not harbour plasmids.

Analysis of V. cholerae non-O1, non-O139 strains iso-
lated from environmental and clinical sources between
1997 and 1998 showed the presence of intSXT (Thunga-
pathra et al., 2002). However, there are no reports of the
occurrence of intSXT in environmental non-O1, non-O139
strains isolated before 1992. Amita and colleagues (2003)
showed that in V. cholerae there was a clear difference in
strains isolated before, during and after 1992. About 80%
of the strains in the sampling from before 1992 had inte-
grons, while less than 20% had intSXT. This percentage
dramatically changed in samples obtained during and
after 1992. More than 90% of the strains harboured
intSXT and about 10% harboured integrons. However, in
the present study about 24% of the non-O1, non-O139
environmental strains isolated before 1992 had intSXT,
while less than 12% harboured integrons.

SXT-associated TMP resistance genes viz. dfr18, dfrA1
have been reported in V. cholerae. That is, in V. cholerae
O139 strain MO10, resistance to TMP was encoded by
the dfr18 gene, located within the antibiotic gene cluster of
SXTMO10, while in the V. cholerae O1 El Tor strain, the TMP
resistance gene dfrA1 was located ~70 kbp away from the
antibiotic resistance cluster of SXTET (Hochhut et al.,
2001). It is known that dfr18 is specific for V. cholerae
O139 strains, while dfrA1 is specific for V. cholerae O1 El
Tor strains (Ramachandran et al., 2007). Two isolates
showed presence of the intSXT, strB, sulll and dfr18
genes, a first reporting of the occurrence of intSXT and
dfr18 genes, with sulII and strAB genes, identical to those
of V. cholerae O139 strain MO10, in environmental
V. cholerae non-O1, non-O139 strains isolated before
1992. SXT-related ICE from V. cholerae O1 El Tor strains
isolated from Laos (SXTLaos) contained ~3.34 kbp of an
internal deletion in the dfr18 region, but harboured the
TMP resistance determinant elsewhere in the chromo-
some, which was co-transferrable during conjugational
transfer of SXT (Iwanaga et al., 2004). Similar to the
SXTLaos, V. cholerae non-O1, non-O139 strains VO324
and VO328 showed phenotypic resistance to TMP, but
failed to amplify either the dfrA1 or dfr18 gene. Unlike the
Laotian strains, TMP resistance was not co-transferred
via conjugation, suggesting at the presence of the TMP
resistance determinant elsewhere in the chromosome,

Fig. 2. Schematic representation of Class I integron structure and resistance gene cassettes found in V. cholerae non-O1, non-O139 strains,
VO219, VO222 and VO224. : 5′ CS (containing the intlI gene); : 3′ CS (containing the qacED1 and sulI genes); : individual antibiotic
resistance gene cassette with recombination site, 59 bp element.
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not co-transferable with the SXT element. Moreover, PCR
amplified products could not be obtained with the SXTLaos

specific primers EXO-F and EXO-R (targeted at orf1)
used to characterize intSXT in these strains (data not
shown). The results of this study thus indicate that
SXT-related ICEs of the two strains, VO324 and VO328,
differ from SXTET as well as SXTLaos, perhaps another
interesting variant in the family of SXT-related ICEs.
Further characterization of these SXT elements is in
progress.

Presence of antibiotic resistance gene clusters is not a
hallmark feature of the SXT related ICEs. As in case of
strains; VO222 and VO322, the SXT-related ICEs,
ICEVchMex1 in an environmental V. cholerae strain from
Mexico and ICEVchHKO1 in a V. cholerae O139 strain
from Hong Kong, lack the antibiotic resistance genes
(Hochhut et al., 2001; Burrus et al., 2006b). ‘Empty SXT
constins’ have also been reported from many of the
Laotian strains (Iwanaga et al., 2004).

In conclusion, the results obtained in the present
study show existence of the SXT element and associated

antibiotic resistance genes, including the V. cholerae
O139 specific TMP resistance gene dfr18, in V. cholerae
non-O1 non-O139 strains isolated before 1992 from the
water of the Ganga river. It is not known whether SXTMO10

derived from, or is related to, these V. cholerae non-O1,
non-O139 strains. Only a comprehensive analysis of the
SXT element in non-pathogenic environmental isolates
of V. cholerae can provide definitive answers to these
questions.

Experimental procedures

Bacterial strains

A total of 25 V. cholerae non-O1, non-O139 strains from our
laboratory stock collection that had been previously identified
were included in the study. Vibrio cholerae O1 strain VC20,
positive for Class I integron and O139 strain ATCC 51394
(MO45), positive for intSXT and associated genes encoding
for SUL, STR and TMP, were used as controls. The year and
source of isolation of the strains are presented in Table 1. All
bacterial strains were maintained in LB broth supplemented
with 30% glycerol at -80°C. Before use, the identity of cul-
tures was confirmed by selected biochemical and serological
tests (WHO, 1987).

Antibiotic susceptibility

Each of the strains was tested for susceptibility to 14 anti-
biotics, using the disc diffusion method described by Bauer
and colleagues (1966). Commercial antibiotic disks (Hi
Media, Mumbai, India) with the following potency were used:
AMP (10 mg); cephotaxime (30 mg); cephalexin (30 mg);

Fig. 3. A. Ethiduim bromide-stained agarose gel electrophoresis of
multiplex PCR products from V. cholerae non-O1, non-O139
strains. Lanes M, 100 bp DNA ladder; lane 1, V. cholerae non-O1,
non-O139 strain VO222; lane 2, V. cholerae non-O1, non-O139
strain VO322; lane 3, V. cholerae non-O1, non-O139 strain VO324;
lane 4, V. cholerae non-O1, non-O139 strain VO328; lane 5,
V. cholerae non-O1, non-O139 strain VO329; lane 6, V. cholerae
non-O1, non-O139 strain VO332; lane 7, V. cholerae O139 strain
ATCC 51394 MO45 (positive control); lane 8, PCR mixture
(negative control).
B. Ethidium bromide stained agarose gel electrophoresis of
multiplex PCR products obtained from transconjugants following the
transfer of intSXT and associated antibiotic resistance gene(s) from
donor V. cholerae non-O1 non-O139 strains to recipient E. coli
strain. Lanes M, 100 bp DNA ladder; lane 1, V. cholerae non-O1,
non-O139 strain VO324; lane 2, V. cholerae non-O1, non-O139
strain VO328; lane 3, V. cholerae non-O1, non-O139 strain VO329;
lane 4, V. cholerae non-O1, non-O139 strain VO332; lane 5,
V. cholerae O139 strain ATCC 51394 MO45 (positive control);
lane 6, E. coli strain (negative control).

 VO322

 VO329

 VO328

 VO332

 VO324

 MO45

 MO10

 VO222

62

80

58

0.005

Fig. 4. Neighbour joining tree constructed by the modified
Nei–Gojobori (p-distance) method, with the nucleotide sequence of
intSXT gene fragment of V. cholerae non-O1, non-O139 strains and
V cholerae O139 strains MO10 and MO45. Construction and
bootstrapping of the trees were carried out using MEGA 3.0 suite
programs. One thousand bootstrap replicates were performed for
each analysis and bootstrap values are given at the nodes.

870 H. Mohapatra et al.

© 2008 The Authors
Journal compilation © 2008 Society for Applied Microbiology and Blackwell Publishing Ltd, Environmental Microbiology, 10, 866–873



chloramphenicol (30 mg); CIP (5 mg); COT (25 mg); furazoli-
done (FUR, 50 mg); gentamicin (10 mg); neomycin (30 mg);
NAL (30 mg); norfloxacin (10 mg); STR (10 mg); TET (30 mg);
and TMP (5 mg). Escherichia coli strain ATCC 25922 was
used as control for each assay. The diameter of the inhibition
zones was recorded and interpreted following NCCLS stan-
dards proposed for the family Enterobacteriaceae (NCCLS,
1998).

Bacterial DNA isolation

Chromosomal DNA was extracted from overnight cultures
grown at 37°C for each of the strains, using CTAB (cetyltri-
methyammonium bromide), as described by Ausubel and
colleagues (1995).

Plasmid DNA was isolated from the overnight cultures of
each strain, following the alkaline lysis protocol of Birnboim
and Doly (1979). The plasmid DNA was dissolved in 20 ml of
0.1¥ Tris-EDTA buffer, separated in 0.8% agarose gels,
stained with ethidium bromide and visualized using the gel
documentation system (Bio-Rad, USA). Plasmid sizes were
estimated from the migration distance in agarose gel, relative
to the migration distance of reference plasmids in E. coli
V517 (Macrina et al., 1987; Dalsgaard et al., 1999).

PCR amplification

The presence of Class I integron in V. cholerae non-O1,
non-O139 strains was determined sequentially by PCR using
the method of Dalsgaard and colleagues (1999) with primers
targeted at 5′ and 3′ conserved segments of the integron. In
brief, PCR was performed with 25 ml of reaction mixture in a
200 ml PCR tube containing 100 ng of template DNA with
initial denaturation of 94°C for 2 min, followed by 35 cycles
consisting of denaturation at 94°C for 1 min, annealing at
63.5° and 58°C, respectively, extension at 72°C for 1 min

and final extension at 72°C for 10 min in a thermal cycler
(Bio-Rad, USA). Isolates showing positive results with either
of the primers were further amplified using primers targeted
at the variable region of the integron at an annealing tem-
perature of 55°C for 1 min.

The presence of intSXT and associated antibiotic resis-
tance genes was determined by multiplex PCR following the
method of Ramachandran and colleagues (2007), in 200 ml
PCR tubes containing reaction mixture volumes of 30 ml.
PCR was programmed as follows: an initial denaturation at
94°C for 2 min, followed by 35 cycles consisting of 94°C for
1 min, 60.5°C for 1 min and 72°C for 1 min, and a final
extension at 72°C for 10 min. Whereas a single PCR assay
for detection of the strA gene was carried out in reaction
mixture volumes of 25 ml, with 2.0 ml of forward and reverse
primers at an annealing temperature of 65°C for 1 min,
other conditions remained the same as for the multiplex
PCR. Amplified products were separated by agarose
(1.5%, w/v) gel electrophoresis in Tris-acetate-EDTA (1¥
TAE), stained in ethidium bromide and visualized using the
Gel Doc-XR system (Bio-Rad). PCR negative and positive
strains were verified by Southern blot hybridization. Follow-
ing screening, primers targeted at the intSXT and dfr18
genes, was used to amplify a segment of the intSXT and
dfr18 for sequencing. Primers used in PCR amplification are
listed in Table 2.

DNA sequencing and analysis

Polymerase chain reaction products of variable regions of
Class I integron, intSXT (946 bp) and dfr18 (389 bp) genes
were purified using GFXTM PCR DNA Gel Band purification kit
(Amersham Biosciences, UK) and the nucleotide sequences
were determined using the CEQ Dye Terminator Cycle
Sequencing quick start reaction kit in an automated
CEQ8000 Genetic Analysis System (Beckmann Coulter, CA,

Table 2. Sequences of primers used for detection of the intSXT, intI1 and antibiotic resistance genes.

Primers Sequence (5′ to 3′) Locus (direction)a Reference

qacED1F ATCGCAATAGTTGGCGAAGT qacE1 (+) Dalsgaard et al. (1999)
sul1B GCAAGGCGGAAACCCGCGCC sul1 (-) Dalsgaard et al. (1999)
inDS-F CGGAATGGCCGAGCAGATC intI1 (+) Dalsgaard et al. (1999)
inDS-B CAAGGTTCTGGACCAGTTGCG intI1 (-) Dalsgaard et al. (1999)
inF GGCATCCAAGCAGCAAGC 5′ CS Dalsgaard et al. (1999)
inB AAGCAGACTTGACCTGAT 3′ CS Dalsgaard et al. (1999)
aadA-B ATTGCCCAGTCGGCAGCG aadA gene (-) Dalsgaard et al. (1999)
SXT-F TCGGGTATCGCCCAAGGGCA intSXT (+) Bhanumathi et al. (2003)
SXT-R GCGAAGATCATGCATAGACC intSXT (-) Bhanumathi et al. (2003)
strA-F TTGATGTGGTGTCCCGCAATGC strA (+) Hochhut et al. (2001)
strA-B CCAATCGCAGATAGAAGGCAA strA (-) Hochhut et al. (2001)
strB-F CCGCGATAGCTAGATCGCGTT strB (+) Ramachandran et al. (2007)
strB-R CGACTACCAGGCGACCGAAAT strB (-) Ramachandran et al. (2007)
sul-F AGGGGGCAGATGTGATCGAC sul (+) Hochhut et al. (2001)
sul -R TGTGCGGATGAAGTCAGCTCC sul (-) Hochhut et al. (2001)
dfrA1DH1-F CAAGTTTACATCTGACAATGAGAACGTAT dfrA1 (+) Ramachandran et al. (2007)
dfrA1DH2-R ACCCTTTTGCCAGATTTGGTA dfrA1 (-) Ramachandran et al. (2007)
Tmp-F TGGGTAAGACACTCGTCATGGG dfr18 (+) Hochhut et al. (2001)
Tmp-B ACTGCCGTTTTCGATAATGTGG dfr18 (-) Hochhut et al. (2001)

a. +, oligonucleotide corresponding to the coding strand (forward primer); -, oligonucleotide corresponding to the non-coding strand (backward
primer).
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USA). Nucleotide sequences were analysed using BLAST and
ClustalW programs. A phylogenetic tree for the SXT element
was constructed using the MEGA 3.0 software package
(Kumar et al., 2004) and the Neighbor joining method, includ-
ing non-synonymous substitutions with 1000 bootstrap
replicates. The pairwise distance was analysed using the
Modified Nei-Gojobori (p-distance) model.

Conjugation analysis

Biparental conjugation experiments were carried out in LB
broth using the NAL-resistant E. coli strain MTCC1652 or
rifampicin-resistant E. coli DH5a as recipients, following the
method of Anderson and Threlfall (1974). Briefly, donor
V. cholerae and recipient E. coli strains were mixed in 1:1
ratio and incubated overnight at 37°C. The following day,
E. coli transconjugants were selected against unmated
recipients on LB agar plates containing STR (50 mg ml-1),
TMP (32 mg ml-1), SUL (160 mg ml-1) and rifampicin
(100 mg ml-1) or NAL (50 mg ml-1). The frequency of conjuga-
tion was determined by dividing the number of transconju-
gants obtained by the total number of recipient cells.
Transconjugants were analysed to determine if transfer of
Class I integrons, intSXT, STR, SUL and TMP resistant deter-
minants by PCR occurred as described above.

Probes and hybridization

For preparation of DNA blots, 4 mg of DNA was digested with
appropriate enzyme (New England Biolabs, USA), separated
by electrophoresis in 0.8% agarose gels and blotted onto
nylon membrane (Hybond N+, Amersham International, UK)
by Southern blotting (Southern, 1975). The gene probe used
to detect the Class I integron was an ~800 bp fragment ampli-
fied by PCR from V. cholerae strain VC20 using primers
inDS-F and inDS-B. The rRNA probe was a 7.5 kb BamHI
fragment of pKK3535 (Brosius et al., 1981), which is a
pBR322-derived plasmid containing an E. coli rRNA operon
consisting of one copy each of the genes encoding 5S rRNA,
16S rRNA, 23S rRNA and tRNAGlu. The probes were labelled
by random priming (Feinberg and Vogelstein, 1983) using
a random primer labelling kit (New England Biolabs, USA)
and [a-32P] deoxyadenosine triphosphate (3000 Ci mmol-1,
Bhabha Atomic Research Centre, Mumbai, India). Southern
blots were hybridized with labelled probes and autoradio-
graphs were developed using a PhosphorImager (Fuji Photo
Film, Tokyo, Japan).

Nucleotide sequence accession number

The nucleotide sequences of aadA5, aadA1, aadA2, dfrA15,
SXT integrase and dfr18 have been assigned accession
numbers EF539212 to 539225.
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