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It has been 50 years since Vibrio parahaemo-
Iyticus was discovered by Dr. Fujino in 1950 on
the occasion of the "Shirasu food-poisoning" case
occurred in Osaka. Since the discovery, this org-
anism has been a major cause of food-poisoning
in Japan, mainly associated with seafood consum-
ption, and accounts for approximately 30~50% of
the cases of bacterial food poisoning. Not only in
Japan, now it is clear that this organism is present
widely around the world as a causative agent of
acute gastroenteritis. Recent report from the United
States demonstrated that, besides gastroenteritis,
parahaemolyticus can be a cause of wound infec-
tions and septicemia (1). Strains with invasive ph-
enotype (2) could be responsible for such severe
infections. In this symposium, I will talk on our
recent study on the pathogenesis and genome of V.
parahaemolyticus.

Presence of two circular chromosomes in
Vibrio species. We have reported a physical map
of the genomic DNA (5.1 Mb) for a clinical Vibrio
parahaemolyticus strain AQ4673 by combining
17 adjacent Nod fragments (3). Surprisingly, the
map showed two circular replicons of 3.2 and 1.9
Mb. Pulsed-field gel electrophoresis (PFGE) of
undigested genomic DNA revealed two bands of
corresponding sizes. Analysis both by Nofl dige-
stion and by Southern blot of the two isolated
bands confirmed the existence of two replicons.
The presence of genes for 16S rRNA on both the
replicons indicates that the replicons are chromo-

somes rather than megaplasmids. The two bands
were also seen after PFGE of undigested genomic
DNA of V parahaemolyticus strains other than
AQA4673, and of strains belonging to other Vibrio
species, such as ¥ vulnificus, V. fluvialis and var-
ious serovars and biovars of ¥ cholerae (3). These
results suggest that a two-chromosome structure is
common throughout Vibrio species.

Genetic linkage between trh and ure. We
have demonstrated that possession of the gene for
thermostable direct hemolysin-related hemolysin
(trh) coincides with the presence of the urease
gene among clinical Vibrio parahaemolyticus stra-
ms (4) and that the location of the two genes are in
close proximity on the chromosome (5). Very re-
cently, we cloned and sequenced the 15,754-bp
DNA region containing the A gene and the gene
cluster for urease production from the chromo-
some of clinical ¥ parahaemolyticus (TH3996)
(6). We found 16 open reading frames (ORFs) and
a lower G+C content (41%) compared with the
total genome of this bacterium (46 to 47%). The
ure cluster consisted of eight genes, namely, ure-
DABCEFG and ureR. ureR was located 5.2 kb
upstream of the other seven genes in the opposite
direction. The genetic organization and sequences
of the ure genes resembled those found in Proteus
mirabilis. Between ureR and the other ure genes,
there were five ORFs, which are homologous with
the nickel transport operon (nik) of Escherichia
coli. We disrupted each of the ureR, ureC, and
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nikD genes in TH3996 by homologous recombi-
nation and analyzed the phenotype of the mutants.
In the presence of urea these mutant strains had
dramatically less urease activity than the strain
they were derived from. Disruption of ureR, nikD,
or ureC, however, had no effect on TRH produc-
tion. The DNA region containing the #+h, nik, and
ure genes was found in only #h-positive strains
and not in Kanagawa phenomenon-positive and
environmental ¥ parahaemolyticus strains. At the
end of the region, an insertion sequence-like ele-
ment existed. These results suggest that the DNA
region was introduced into V. parahaemolyticus in
the past through a mechanism mediated by inser-
tion sequences. This is the first reported case that
the genes for an ATP-binding cassette-type nickel
transport system, which may play a role in nickel
transport through bacterial cytoplasmic membrane,
are located adjacent to the uwre cluster on the ge-
nome of an organism.

A filamentous phage associated with recent
pandemic V. parahaemolyticus 03:K6 strains.
A specific serotype, O3:K6, of V. parahaemoly-
ticus has recently been causing epidemics of gas-
troenteritis in Southeast Asia, Japan, and North
America (1,7,8). To examine whether the new O3:
K6 strains possess characteristics that may exacer-
bate outbreaks, we compared V. parahaemolyticus
03:K6 strains with non-03:K6 strains using strains
isolated from individuals with traveler's diarrhea
at Kansai International Airport Quarantine Station,
Osaka, Japan (9). All 24 03:K6 strains possessed
a common plasmid, pO3K6 (DNA size, 8,784 bp,
with 10 open reading frames [ORFs]). The gene
organization of pO3K6 was similar to that of
CTX®, a filamentous phage previously described
in ¥ cholerae, which encodes the genes for the
cholera enterotoxin (10). We isolated a phage
(phage f237) from the culture supernatant of ¥
parahaemolyticus O3:K6 strain KXV237, which
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formed a turbid plaque on an indicator strain. The
genome of {237 was single-stranded DNA, and the
double-stranded DNA obtained by treatment of
the genome with DNA polymerase was identical
to that of pO3K6 when analyzed by agarose gel
electrophoresis after HindIIl digestion. Furthermore,
the N-terminal amino acid sequence of the 237
major coat protein was found in ORF4 of pO3Ke6.
Our results showed that pO3K6 is a replicative
form of f237. Among the ORF's found in the 237
genome, the sequence of ORF8 had no significant
homology to those of any proteins in databases.
ORF8 was located on a region corresponding to
the distinctive region of CTX®, and its G+C con-
tent was apparently lower than that of the remain-
ing DNA sequence of £237. By colony hybridiza-
tion, ORF8 was detected only in O3:K6 strains
isolated since 1996 and was not found in O3:K6
strains isolated before 1996 and clinical ¥ para-
haemolyticus strains other than those of serotype
03:K6. Thus, this study shows that £237 is exclu-
sively associated with recent V parahaemolyticus
O3:K6 strains. The ORF8 gene can be a useful
genetic marker for the identification of the recently
widespread O3:K6 strains of ¥, parahaemolyticus.
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