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Vibrio mimicus (V. mimicus) is a causative agent of
human gastroenteritis and food poisoning. Although
several toxic or virulence factors have been iso-
lated from the bacterium, an enterotoxic hemolysin
is a sole toxin produced by all clinical isolates.
In the present study, we found that the antibody
against the hemolysin significantly inhibited the fluid-
accumulating action of the living cells inoculated
into a rabbit ileal loop, and that the hemolysin gene
(vmhA) was probably expressed by the bacterium in
the ileal loop. Additionally, in spit of the comparable
motility and similar proteome profiles, a vmhA mu-
tant revealed the reduced fluid-accumulating activ-
ity. Theses findings suggest that the hemolysin con-
tributes to full virulence of V. mimicus.
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INTRODUCTION

Vibrio mimicus (V. mimicus) is a Gram-negative
bacterium closely similar to Vibrio cholerae
(V. cholerae) causing epidemic cholera, while this
species is an etiologic agent of sporadic acute
human gastroenteritis and food poisoning.1, 2) Al-
though production of several kinds of protein tox-
ins by the bacterium has been documented,2, 3)

an enterotoxic hemolysin designated V. mimicus
hemolysin (VMH)4) may be a primary candidate
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of a virulence determinant. For instance, Shinoda
et al.5) documented that the gene encoding VMH,
but not other toxins, is present in all strains iso-
lated from various clinical and environmental spec-
imens. VMH is secreted from the bacterial cell as
an 80-kDa (80399 Da) precursor and, in turn, con-
verted to a 66-kDa (65997 Da) mature form through
proteolytic removal of a N-terminal propeptide.6)

When administrated into a rabbit ligated ileal loop,
the mature toxin elicits the fluid accumulation (FA)
in a dose-dependent manner.4) Recent in vitro ex-
periments using cultured mammalian cells revealed
that the FA by VMH might be linked to activation
of the cyclic adenosine 5′-monophosphate (AMP)-
dependent and Ca2+-dependent Cl− secretory path-
ways.7, 8) In order to verify the importance of VMH
as a virulence determinant, we herein studied the
inhibitory effect of the specific anti-VMH antibody
on the FA caused by V. mimicus living cells and the
possible expression of the hemolysin gene (vmhA)
in the ileal loop. Furthermore, we constructed a
vmhA-negative mutant and carried out its character-
ization including the FA ability.

MATERIALS AND METHODS

Bacterial Strains —— V. mimicus strains CS-5 and
CS-20, which were isolated from patients suffer-
ing from gastroenteritis in India and Japan respec-
tively, were used in the present study. The vmhA
mutants, TKT1, TKT2 and TKT3, were constructed
from strain CS-20 through the single crossover ho-
mologous recombination technique as described by
Nishibuchi et al.9)

The Ligated Ileal Loop Test —— The ligated ileal
loop test to evaluate the enteropathogenicity of the
living cells was carried out with an anesthetized
male Japanese White rabbit (1.8 kg) as reported.4)

Briefly, V. mimicus was cultivated at 37◦C for
5–6 hr in heart infusion broth (Becton, Dickinson
and Company, Franklin Lakes, NJ, U.S.A.), and
the bacterial cells were harvested by centrifugation
(7000× g, 30 min) and suspended into DHIB, heart
infusion broth diluted 10-fold with PBS (20 mM
phosphate buffer containing 0.9% NaCl, pH 6.8), at
a cell density of 2× 109 cell/ml. The cell suspension
prepared (0.5 ml) was mixed with 0.5 ml of PBS, the
IgG antibody against purified VMH (450 µg/ml), or
control IgG (450 µg/ml). Thereafter, the admixture
was injected into the ileal loop, and the extent of FA
was observed at 16-hr postinjection. The FA activ-
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ity was expressed as the ratio of fluid volume (ml)
per loop length (cm).
Expression of the vmhA Gene —— The ex-
pression of vmhA was studied by reverse tran-
scription (RT)-PCR with primers VMH-P1 (5′-
GGACATGACAAACAAACCGG-3′) and VMH-
P2 (5′-GCGATCTTCATGAGCATTGC-3′), which
correspond respectively to bases at 2493–2512
and 2884–2903 of the vmhA gene (GenBank Ac-
cession No. U68271). The bacterial cells in
DHIB (1× 109 cell/ml) was cultivated at 37◦C for
16 hr without shaking, and total RNA was isolated
with Sepasol-RNA I Super (Nacalai tesque, Ky-
oto, Japan) according to the manufacturer’s man-
ual. The total RNA thus obtained was added to
the Ready-to-Go RT-PCR Kit (GE Healthcare Bio-
sciences, Piscataway, NJ, U.S.A.) and incubated at
42◦C for 30 min for reverse transcription. There-
after, the reverse transcriptase was inactivated by
heating at 95◦C for 5 min, and PCR was carried out
for 30 cycles as follows; 30 s denaturation at 95◦C,
30 s annealing at 60◦C, and 1 min extension at 72◦C.
The PCR products (401-bp) were subjected to elec-
trophoresis with 1.5% agarose gel and visualized by
staining with ethidium bromide.
The Motility Test —— The semisolid agar medium
(DHIB supplemented with 0.3% agar, pH 6.8) was
prepared in a U-shaped tube. The bacterium was in-
oculated on the top of the medium and cultivated at
37◦C without shaking. At an appropriate cultivation
period, the bacterial motility (mm/h) was measured.
Extracellular Proteins and Outer Membrane
Proteins —— To prepare the sample of the ex-
tracellular proteins, the bacterial cells in DHIB
(1× 109 cell/ml) was cultivated at 37◦C for 16 hr
without shaking. The culture supernatant was col-
lected by centrifugation (7000× g, 30 min) and con-
centrated through fractionation with 80% saturated
ammonium sulfate.

To prepare the sample of the outer membrane
proteins, after cultivation at 37◦C for 16 hr in DHIB,
the bacterial cells were harvested and disrupted by
the repeated freezing and thawing. The outer mem-
brane was collected by treatment with 1% Sarkosyl
followed by centrifugation (100000× g, 60 min),10)

and then, the membrane preparation was mixed
with an equal volume of 125 mM Tris-HCl buffer
containing 2% sodium dodecyl sulfate (SDS), 20%
grycerol and 0.05% bromophenol blue (pH 6.8).
Thereafter, the outer membrane proteins were sol-
ubilized by heat treatment at 100◦C for 5 min, and
to remove SDS, the solubilized proteins were pre-

cipitated by the addition of 5% trichloroacetic acid
and rinsed with acetone. Then, the outer membrane
proteins isolated were dissolved into the mixture of
60 mM Tris, 5 M urea, 1 M thiourea, 1% CHAPS
and 1% Triton X-100.
Two-Dimensional Gel Electrophoresis —— First,
the sample (50 µg) was subjected to isoelectric fo-
cusing using the discRun AE-6541 system with the
agar GEL pH 3–10 (ATTO, Tokyo, Japan). After
the electrophoresis at 300 V for 3.5 hr, the gel was
treated with 2.5% trichloroacetic acid for 3 min and
soaked in distilled water for 2 hr. Thereafter, it was
treated with 2% SDS in 50 mM Tris-HCl (pH 6.8) at
room temperature for 10 min and subjected to SDS-
polyacrylamide gel electrophoresis (PAGE) using
the pageRun AE6531 system with the e-PAGEL 5–
20% (ATTO). After the electrophoresis at 20 mA for
80 min, the gel was rinsed with 7.5% acetic acid-5%
ethanol and stained with 0.1% Coomassie Brilliant
Blue R-250.

For identification of the protein, an appropri-
ate protein was picked up from the gel and treated
with the Protein In-Gel Tryptic Digestion Kit (Ag-
ilent Technologies, Santa Clara, CA, U.S.A.) ac-
cording to the manufacturer’s manual. Then, the
protein fragments generated were analyzed with the
Nanoflow LC/MS System (Agilent Technologies).

RESULTS AND DISCUSSION

In vivo and in vitro Experiments with Clinical
Isolates

Purified VMH has been reported to elicit the FA
in an animal ileal loop.4, 7) To test the FA activity of
living V. mimicus cells, the rabbit ileal loop test was
carried out. Two clinical strains (CS-5 and CS-20)
were injected into the ileal loop, and the FA activ-
ity was measured at 16-hr postinjection. As well
as the purified toxin, the living cells of either strain
caused steady accumulation of slightly bloody fluid
into the ileal loop (Fig. 1). Next, we tested the neu-
tralizing effect of the IgG antibody against purified
VMH. This antibody was highly specific because,
in Western blot analysis of the culture supernatant,
only the VMH antigen was reacted with the anti-
body.6) As shown in Fig. 1, the antibody signifi-
cantly (p < 0.05) neutralized the FA ability of either
strain. Namely, the FA by strain CS-5 and CS-20
were respectively reduced to 42% and 48% by the
addition of the anti-VMH antibody. We previously
documented that the FA ability of a highly entero-
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Fig. 1. Fluid Accumulation Elicited by V. mimicus Living
Cells and Its Neutralization by the Antibody against
VMH

The bacterial cells in 10-fold diluted heart infusion broth (pH 6.8)
were mixed with saline, anti-VMH IgG or control IgG. Each of the
admixtures was injected into an ileal loop, and FA was measured at
16-hr postinjection. Each value represents the mean and S.D. of five
experiments. *, p < 0.05.

toxicgenic environmental isolate, strain E-33, was
markedly abolished by the antibody against VMH.4)

The anti-VMH antibody also showed the compa-
rable neutralizing effect in the present study using
clinical strains. These findings strongly support the
conclusion that VMH is a major enterotoxic factor
produced by V. mimicus.

For in vitro multiplication under the mimic con-
dition of the ileal loop, the bacterial cells were sus-
pended into DHIB (1× 109 cell/ml) and cultivated
at 37◦C for 16 hr without shaking, and both the bac-
terial cells and culture supernatant were collected.
First, expression of the vmhA gene was studied by
RT-PCR using a total RNA preparation from the
bacterial cells. In both strain CS-5 and CS-20,
the single 401-bp amplicon was detected when the
RT-PCR products were subjected to electrophore-
sis. Next, production of active VMH was examined
by measuring the hemolytic activity of the culture
supernatant. The sample from either strain showed
the significant hemolytic activity (about 55 unit/ml)
when allowed to act on horse erythrocytes. These
results suggest expression of the vmhA gene and
production of active VMH in the ileal loop. How-
ever, since pathogenic as well as commensal bacte-
ria are known to express different sets of genes in
the gastrointestinal tract,11, 12) the follow-up exper-
iments using the bacterial cells recovered from the
loop fluids may be needed to confirm the in vivo ex-
pression of the vmhA gene.

Construction and Selection of a vmhA Mutant
TKT-2

In order to clarify the pathological role of
VMH, vmhA-negative mutants were constructed

Table 1. Motility and Enteropathogenicity of V. mimicus
Strains

Strain Motility Fluid accumulation
(mm/h)a) (ml/cm)a)

CS-20 1.53± 0.11 0.76± 0.14
TKT-1 1.20± 0.12b) N.T.c)

TKT-2 1.59± 0.13 0.28± 0.25b)

TKT-3 1.08± 0.04b) N.T.c)

a) Each value represents the mean and S.D. of five experi-
ments. b) p < 0.05. c) Not tested.

from strain CS-20 through the homologous recom-
bination technique,9) in which a suicide vector con-
taining a chloramphenicol resistance gene was used.
The 0.9-kb fragment of the vmhA gene was lig-
ated to the suicide vector, and the hybrid plas-
mid constructed was transferred to Escherichia coli
(E. coli). Thereafter, for conjugation, the transfor-
mant was incubated with V. mimicus strain CS-20
at 20◦C for 24 hr. Three mutants (TKT-1, TKT-
2 and TKT-3) showing the chloramphenicol resis-
tance and forming no hemolytic zone on the blood
agar plate (Nissui Pharmaceutical, Tokyo, Japan)
were isolated. Southern blot analysis of the mu-
tants evidently revealed disruption of the vmhA gene
through insertion of the hybrid plasmid. Namely,
when the digoxigenin-labeled probe for vmhA was
allowed to act on chromosomal DNA digested with
SalI and PstI, the 5.5-kb DNA fragment reacting
with the probe was recognized in the wild type
strain while the larger 8.0-kb fragment was detected
in the mutants.

In human pathogenic Vibrio species including
V. cholerae, the motility is essential for full viru-
lence.13, 14) However, it was suspected that the less-
motility clones might have the advantage of con-
jugation with E. coli transformant. Therefore, the
motility test using a semisolid agar medium was car-
ried out. Among the mutants, strain TKT-2 revealed
an equal motility to strain CS-20, but strain TKT-1
and TKT-3 showed the reduced motility (Table 1).
Strain TKT-2 was further demonstrated to have the
comparable viability in DHIB. In both strain CS-20
and TKT-2, no significant decrease in the bacterial
cell numbers was observed after cultivation at 37◦C
for 16 hr in DHIB (data not shown). Hence, only
strain TKT-2 was selected and used in the following
experiments.

Characterization of a vmhA Mutant TKT-2
Since artificial disruption of a functional gene

may cause transcription of a silent gene,15, 16) the
profiles of extracellular and outer membrane pro-
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Fig. 2. Profiles of Extracellular Proteins Isolated by Two-Dimensional Gel Electrophoresis
The sample (50 µg) from V. mimicus strain CS-20 or TKT-2 was separated by isoelectric focusing followed by SDS-PAGE and stained with 0.1%

Coomassie Brilliant Blue R-250, and proteins marked with a circle were subjected to LC/MS analysis. The sample from strain CS-20 contained about
50 units (0.5 µg) of VMH; however, the spot of VMH could not be identified.

Fig. 3. Profiles of Outer Membrane Proteins Isolated by Two-Dimensional Gel Electrophoresis
The sample (50 µg) from V. mimicus strain CS-20 or TKT-2 was separated by isoelectric focusing followed by SDS-PAGE, and stained with 0.1%

Coomassie Brilliant Blue R-250. The proteins marked with a circle are a 39-kDa major outer membrane protein mediating attachment of the bacterial
cell.17, 19)

teins of strain TKT-2 were compared with those of
strain CS-20. The sample of the extracellular pro-
teins prepared from the 16-hr culture supernatant
was subjected to isoelectric focusing followed by
SDS-PAGE, and the profiles of proteins separated
were compared. The overall protein profiles were
similar each other, whereas the amounts of some
proteins were increased or decreased in the mu-
tant (Fig. 2). However, these proteins could not
be identified by liquid chromatography (LC)/MS
analysis because no genomic database for V. mim-
icus is available. Also, no presumed homologue
was determined from the databases of other Vib-
rio species including V. cholerae. Therefore, the
proteins analyzed may be not products of V. mim-
icus cells. Previously, our group has documented
that V. mimicus may attach to the intestinal mu-
cosa via outer membrane proteins17) and that the in-
testinal adhesiveness of the bacterium may correlate
with pathogenicity.18) So that, the profiles of outer

membrane proteins were also compared. As shown
in Fig. 3, in two-dimensional gel electrophoresis,
no remarkable difference in the protein profiles in-
cluding a 39-kDa major outer membrane proteins
mediating bacterial attachment17, 19) was observed.
These findings suggest that disruption of the vmhA
gene does not trigger expression of the genes, which
encode extracellular or cell-associated proteins but
are silent in the wild type strain.

As anticipated, a vmhA mutant TKT-2 showed
significantly reduced FA activity when inoculated
into the ileal loop (Table 1). Therefore, it was veri-
fied that VMH had an important role in pathogenic-
ity of V. mimicus. However, it should be noted that
the mutant revealed variable FA activity (0.0–0.60).
By contrast, the wild type strain constantly showed
the high activity (0.56–0.94). The variability of
the FA activity observed suggests that V. mimicus
may contain an additional virulence determinant(s)
of which expression level is depend on the experi-
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mental condition.
Although V. mimicus has been reported to pro-

duce several extracellular toxic factors,2, 3) VMH is
an unique factor elaborated by all clinical isolates.5)

The present study supports the current opinion that
VMH is a putative virulence determinant of V. mim-
icus. Some other enteropathogenic species such as
V. cholerae non-O1/non-O139 and Vibrio fluvialis
are known to produce orthologues of VMH.20) The
results in this paper may suggest these orthologues
also contribute to virulence of the enteropathogenic
Vibrio species.
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