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Vibrio cholerae 0139 is a recently identified non-Ol V. cholerae strain responsible for outbreaks of epidemic
cholera in India, Bangladesh, and Thailand in the past 2 years. Other workers have demonstrated the presence
of the cholera toxin genetic element in V. cholerae 0139, unlike the situation for other non-O1 V. cholerae
strains. We sought to compare further this strain with strains of V. cholerae 01, classical and El Tor biotypes,
by classic microbiologic methods, Southern blot analysis for restriction fragment length polymorphisms with
probes for iron-regulated genes of V. cholerae 01, and comparisons of outer membrane protein profiles. Our
results were similar for V. cholerae 0139 and the El Tor biotype of V. cholerae 01, with the exception of the
constitutive expression in V. cholerae 0139 of OmpS, an outer membrane protein that was maltose inducible
in comparison strains of V. cholerae 01.

In the past, epidemic cholera has been uniquely associated
with infection by Vibrio cholerae of the 01 lipopolysaccharide
serotype. Strains of V. cholerae 01 are further differentiated
biochemically into two biotypes, classical and El Tor. The
present extensive pandemic of cholera, ongoing since 1961, is
due to the El Tor biotype. V cholerae strains of other 0
serotypes (non-O1 V. cholerae) generally cause diarrheal syn-
dromes and extraintestinal infections but not classical cholera.
In October 1992, however, an outbreak of epidemic cholera
caused by a non-O1 strain of V. cholerae began in Madras and
subsequently spread throughout India, Thailand, and Bang-
ladesh. The causative organism of this outbreak has been
designated V. cholerae 0139 (or V. cholerae Bengal), as it does
not agglutinate with 01 antisera or with any of the 137
previously described non-O1 antisera (18). V. cholerae 0139 is
distinguished by a high attack rate in young adults, indicating
that there is little immunologic protection against this organ-
ism in patients previously exposed to V. cholerae 01 (3, 17).
The origin of V cholerae 0139 and its relationship to V.
cholerae 01 are unknown.

Previous preliminary investigations showed that V. cholerae
0139 contains virulence genes of V cholerae 01 not normally
found in non-O1 strains, including the genes for cholera toxin,
zonula occludens toxin, and the toxin-coregulated pilus (2, 7,
17). In addition, previous preliminary biochemical character-
izations suggested that V cholerae 0139 is similar to the El Tor
biotype of V. cholerae 01 and possibly arose from the latter (1,
7). We wished to characterize V cholerae 0139 in more detail
by using biochemical tests, hemolysis, susceptibility to antibi-
otics, restriction fragment length polymorphisms (RFLPs) in
three previously characterized iron-regulated genes of V. chol-
erae 01, and examination of outer membrane protein profiles
to obtain further hints regarding its relationship to V cholerae
01.
The two V cholerae 01 isolates used in this study were 0395
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(classical biotype, Ogawa serotype) and C6709 (El Tor biotype,
Inaba serotype, isolated from a patient with cholera in Peru).
V cholerae 0139 isolate MO10, from the Madras, India,
outbreak, was provided by R. Bradley Sack via John J. Mek-
alanos. Classical and El Tor biotypes of V cholerae 01 are
most characteristically differentiated by the Voges-Proskauer
reaction, hemolysis of sheep blood, and susceptibility to poly-
myxin B. When tested with an API 20E system strip (bio-
Merieux Vitek, Inc., Hazelwood, Mo.), V cholerae 0395 re-
peatedly tested Voges-Proskauer negative, whereas both
C6709 and MO10 were Voges-Proskauer positive. Hemolysis
by the strains was tested on Trypticase soy agar containing 5%
sheep erythrocytes (Becton Dickinson, Cockeysville, Md.);
isolate 0395 was nonhemolytic, while both isolates C6709 and
MO10 were hemolytic at 24 h. Hemolysis by MO10 was more
marked than that by C6709, with hemolysis even around single
colonies at the edge of the streak. The susceptibility of each
isolate to polymyxin B was tested on Mueller-Hinton agar with
antibiotic disks containing 300 IU of polymyxin B (Becton
Dickinson) (16). While 0395 was susceptible to polymyxin B
(15-mm zone of inhibition), both C6709 and MO10 were fully
resistant.
We next explored the possibility of RFLPs in these three

isolates by using three previously described iron-regulated
genes of V cholerae 01, irgA (a virulence gene [6]), viuA (the
gene for the receptor for the siderophore vibriobactin [4]), and
fur (an iron regulatory gene [14]). The probes used were each
internal to the respective genes and radiolabelled as previously
described (4, 6, 14); Southern hybridizations of restriction
enzyme-digested chromosomal DNAs were done under high-
stringency conditions as previously described (4, 14). Chromo-
somal DNAs from all three isolates hybridized with the viuA
and fur probes, with no RFLPs seen with three and four
different restriction enzymes, respectively (data not shown).
Chromosomal DNAs from all three isolates also hybridized
with the irgA probe (Fig. 1), with RFLPs seen between 0395
and C6709 following digestion with the enzymes EcoRV and
HindIll. With both enzymes, isolate MO10 shared identical
restriction fragment lengths with the El Tor isolate C6709.

V. cholerae 0139 has been reported to be more resistant to
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FIG. 1. Southern blot hybridization with a probe internal to irgA.
Lanes: I to 3, chromosomal DNAs from isolates MOIO, 0395, and
C6709 digested with Clal, respectively; 4 to 6, same isolates digested
with HindIll; 7 to 9, same isolates digested with both EcoRI and
EcoRV; 10 to 12, same isolates digested with EcoRI. Numbers to the
left of the gel reflect the positions of size markers in kilobase pairs.

antibiotics than strains of V. cholerae 01 (1, 5, 9). We
compared the antibiotic susceptibilities of the three isolates on
Mueller-Hinton agar by using disk susceptibility techniques
(16). On the basis of interpretative criteria for members of the
family Enterobacteriaceae, both 0395 and C6709 were suscep-

tible to tetracycline, trimethoprim-sulfamethoxazole, chloram-
phenicol, and ciprofloxacin (data not shown). Isolate 0395 was

resistant to streptomycin as the result of a laboratory mutation,
while isolate C6709 was susceptible. Isolate MOIO retained
susceptibility to tetracycline and ciprofloxacin but was resistant
to trimethoprim-sulfamethoxazole and streptomycin and
tested intermediate for susceptibility to chloramphenicol. All
isolates were ampicillin susceptible.

Extracts of outer membrane proteins were made following
growth under high- and low-iron conditions as previously
described (6, 8) and compared by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). The outer
membrane protein profiles under both growth conditions were

highly similar (Fig. 2; data for low-iron conditions are not
shown), with the exception of a unique protein band slightly
larger than 40 kDa in extracts of MO10 (Fig. 2) that was not
iron regulated. This protein band was recovered from the gel
for amino-terminal protein sequencing (15), and the first 20
amino acid residues were shown to be identical to the sequence
(EMBL accession number X69379) of a previously described
43-kDa, maltose-inducible outer membrane protein of V.
cholerae 01, designated OmpS (12, 13). The growth of isolates
0395 and C6709 in the presence of 0.4% maltose (Fig. 2)
showed the induction of a protein of a size identical to that of
the protein in MO10.
The 0-antigenic specificity of V cholerae is encoded in the

rfb gene cluster (19). Recently, other investigators showed that
eight 0139 isolates failed to hybridize with an 01 antigen-
specific oligonucleotide probe derived from rfbS. This result
suggests that 0139 isolates lack the 01 antigen gene cluster
(10).
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FIG. 2. SDS-PAGE of outer membrane proteins prepared from V
cholerae 0395 (lanes 1 and 4), MOIO (lanes 2 and 5), and C6709 (lanes
3 and 6) after growth in media without maltose (lanes 1 to 3) and with
0.4% maltose (lanes 4 to 6). The arrow to the right of the gel identifies
OmpS. Numbers to the left of the gel reflect the positions in lane MW
of the prestained molecular weight markers, in thousands.

One current hypothesis is that V. cholerae 0139 arose from
an El Tor biotype strain of V. cholerae 01 by mutation or loss
of the 01 antigen gene cluster (1, 7). Most of our results are
consistent with this hypothesis, including biochemical testing,
hemolysis, and Southern blot analysis for RFLPs in three
iron-regulated genes of V. cholerae 01. Isolate MOIO, how-
ever, did constitutively express OmpS, unlike isolates 0395 and
C6709. Occasional isolates of both classical and El Tor bio-
types which constitutively express OmpS have been described;
in addition, this protein has been shown to be induced during
in vivo infection (11). The significance of the constitutive
expression of OmpS for the pathogenesis of V cholerae 0139
infection is currently being examined.
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