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In an attempt to develop a method for rapid and accurate identification of six Vibrio species that are
clinically important and most frequently detected in Korea, 16S rDNA restriction fragment length
polymorphism (RFLP) of Vibrio type strains, as well as environmental isolates obtained from the
Korean coastal area, was analyzed using ten restriction endonucleases. Digestion of the 16S rDNA frag-
ments amplified by polymerase chain reaction (PCR) with the enzymes gave rise to 2~6 restriction pat-
terns for each digestion for 47 Vibrio strains and isolates. An additional 2~3 restriction patterns were
observed for five reference species, including Escherichia coli, Aeromonas hydrophila, A. salmonicida,
Photobacterium phosphoreum, and Plesiomonas shigelloides. A genetic distance tree based on RFLP of
the bacterial species correlated well with that based on 16S rDNA sequences. The very small 16S rDNA
sequence difference (0.1%) between V. alginolyticus and V. parahaemolyticus was resolved clearly by
RFLP with a genetic distance of more than 2%. RFLP variation within a species was also detected in
the cases of V. parahaemolyticus, V. proteolyticus, and V. vulnificus. According to the RFLP analysis, six
Vibrio and five reference species were assigned to 12 genotypes. Using three restriction endonucleases
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to analyze RFLP proved sufficient to identify the six pathogenic Vibrio species.
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The family Vibrionaceae forms one of the most important
bacterial groups among marine flora and comprises the
Vibrio, Photobacterium, Aeromonas, and Plesiomonas spe-
cies (Simidu ez al., 1977). These species are found most fre-
quently in seawater, plankton, and the intestines of marine
animals. According to studies carried out in the West Pacific,
80% of the bacteria found at the surface of seawater were
Vibrio species (Simidu er al., 1980). Some members of the
family Vibrionaceae are pathogenic to humans and animals.
In particular, the Vibrio species of V. cholerae, V. alginolyti-
cus, V. fluvialis, V. mimicus, V. parahaemolyticus, and V.
vulnificus are classified as clinically important human patho-
gens, since they cause diseases such as cholera, septicemia,
and gastroenteritis (Ostling et al., 1980). V. alginolyticus, V.
harveyi, V. vulnificus, and V. proteolyticus are known as fish
(and sometimes marine invertebrate) pathogens. During the
summer, when water temperatures rise above 20°C, Vibrio
species grow quickly in seawater and the intestines of marine
animals, thereby becoming a main pathway of human infec-
tion via ingestion of raw seafood or through wounds.
Rapid and accurate identification of these Vibrio species
based on their physiological and biochemical properties has
not been satisfactory, not only because the tests are laborious
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and time-consuming, but also because of inaccuracy due to
the biochemical diversity of Vibrio isolates from various
environmental samples. There are as many as 35 Vibrio spe-
cies listed in Bergey's Manual (Holt et al., 1994), but the
identification key is variable according to different research-
ers (Bryant et al., 1986; West et al., 1986; Austin et al.,
1992; Alsina and Blanch, 1994). Previous studies on the
diversity of Vibrio around the Korean coastal area using var-
ious physiological and biochemical tests revealed that V
parahaemolyticus and V. alginolyticus, pathogens causing
gastroenteritis, were the most frequently detected Vibrio spe-
cies (16% each) (Yoon et al., 1996). Other pathogens fre-
quently detected from the area included V. fluvialis (12%), V.
vulnificus (6%), and V. proteolyticus (5%). However, a great
range of biochemical variation was observed in most species
of natural isolates (Yoon et al., 1996).

Nucleotide sequence of 16S rDNA has been widely
used to understand phylogenetic relationships among
prokaryotes (Barry et al., 1990; Weisburg et al., 1991).
Graham et al. (1991) applied phylogenetic relationships to
species-specific identification of bacteria using hybridiza-
tion between DNA and 16S rRNA, and aligning the
nucleotide sequences of 16S rDNA. Phylogenetic rela-
tionships of various Vibrio species have also been char-
acterized in detail using the sequences of 16S rDNA
(Dorsch er al., 1992; Kita-Tsukamoto et al., 1993). How-
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ever, these processes are inappropriate for routine identi-
fication of bacterial strains due to the length of time
required. Therefore, restriction fragment length polymor-
phism (RFLP), using 16S rDNA genes amplified by poly-
merase chain reaction (PCR), has been introduced for
rapid and accurate identification of bacteria at the species
level (Ralph et al., 1993; Choudhury et al., 1994; Moyer
et al., 1994; Urakawa et al., 1999). The randomly ampli-
fied polymorphic DNA (RAPD) PCR method, developed
for use in detecting V. vulnificus, also clearly differenti-
ated this Vibrio species from the other members of the
genus Vibrio (Warner and Oliver, 1999).

In this study, 16S rDNA of six Vibrio species that were
known to be clinically important and/or detected most fre-
quently in the Korean coastal area (Yoon et al., 1996)
were amplified by PCR and subjected to RFLP analysis
using ten restriction endonucleases in an effort to develop
a method that could be applied for rapid and accurate

Table 1. Bacterial strains used in this study

RFLP in 16S rDNA of Vibrio species 313

identification of Vibrio isolates. RFLPs of both Vibrio
type strains and environmental isolates were determined
for this purpose. A phylogenetic tree of the Vibrio species
was established based on the RFLP pattern to verify its
relevance to genetic fingerprinting.

Materials and Methods

Bacterial strains and medium

The Vibrio strains and isolates as well as those closely
related bacteria that were used in this study are listed in
Table 1. All the Vibrio isolates were obtained from various
regions of the Korean coastal area and from marine animals
as described previously (Yoon et al., 1996). The Vibrio
strains were cultured at 30°C in Luria-Bertani (LLB) broth
[1.0% (w/v) Bacto-tryptone, 0.5% (w/v) Bacto-yeast extract,
3.0% (wiv) NaCl] with shaking (200 rpm), or on thiosulfate
citrate bile salt sucrose agar plates [TCBS; 0.5% (w/v)

Taxon Strains Source?

ATCC 17749 ATCC
IKHSM3-1, 1S SM1, 3, 8 Sea mud

V. alginolyticus CHSWI, ISSW4,1S SW4 Sea water
IKHCM2-1, IKHTS2-2 Clam, shell
IYCBA4 Sea bass

V. cholerae ATCC 25872, IKHSMG, 10, IKHSWS, 9 NIH, Seamud, Seawater

V. fluvialis ATCC 33809 ATCC
IYCSWS5 Sea water
ATCC 17802 ATCC

V. parahaemolyticus I° IKHSM3-3, ISSM3 Sea mud
IYCSW3, 6 Sea water
ATCC 33844 " ATCC

V. parahaemolyticus I CHDSW35, CSYSW3, IKHSW2-1, 2-2 Sea water
IYSW11, YCSM2 Sea mud
IYCCMS5 Clam
ATCC 15338 ATCC

V. proteolyticus T° IYSM 8 Sea mud
ISSwW6 Sea water

V. proteolyticus TI° 1ISSW7 Sea water

V. vilnificus I ATCC 27562, 29306 ATCC
WDOS61, YKCB13 Opyster and Crab
ATCC 29307, CDC C7184 ATCC,CNNU
CHUSW24, ISCSW3-2 Sea water

. b MPRF33 Rock fish

V. vuinificus 1T KGCB25 Crab and Clam
SAOS38 Oyster
KGS022 Octopus

A. hydrophila ATCC 7966 IMSNU

A. salmonicida 1IFO 13896 IMSNU

Pl shigelloides IMSNU 10187 IMSNU

P. phosphoreum IMSNU 12026 IMSNU

Ecoli ATCC 11775 IMSNU

*ATCC, American Type Culture Collection; CDC, Centers for Disease Control; CNNU, Chonnam National University, Kwangju, Korea; IFO, Insti-
tute for Fermentation; IMSNU, Institute of Microbiology, Seoul National University, Seoul, Korea; NIH, National Institute of Health, Seoul, Korea.
All isolates were isolated from various regions of the Korean coastal area and from marine animals as described previously (Yoon ef al., 1996).

"The Vibrio strains and isolates were grouped based on the RFLP analysis in this study.
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Bacto yeast extract, 1.0% (w/v) Bacto proteose peptone No.
3, 1.0% (w/v) sodium citrate, 1.0% (w/v) sodium thiosul-
fate, 0.8% (w/v) Bacto oxgall, 2.0% (w/v) Bacto saccharose,
1.0% (w/v) sodium chloride, 0.1% (w/v) femric citrate,
0.04% (w/v) Bacto brom thymol blue, 1.5% (w/v) Bacto
agar; Difco Laboratories Co., U.S.A.] (Lotz et al., 1983).
Other bacterial strains were cultured in LB broth containing
0.5% NaCl with shaking (200 rpm) at 37°C.

Chromosomal DNA extraction

Chromosomal DNA of bacteria was purified by the spooling
method (Sambrook et al., 1989) from 50 ml of overnight cul-
ture or was extracted by a freezing-thawing method. For the
freezing-thawing method, overnight bacterial culture (1.5 ml)
was harvested in a microcentrifuge (10,000 rpm, for 2 min)
and resuspended in 100 pl of sterile distilled water. The cells
were frozen and thawed 3~4 times and the supernatant was
removed after centrifugation at 12,000 rpm for 5 min. The
pellet was resuspended in 20 W of sterile distilled water.

Polymerase chain reaction (PCR)

PCR was carried out according to Shirai ef al. (1991) with
some modifications. The PCR mixture consisted of 1~100
ng/ul of chromosomal DNA as template, 200 UM of dNTPs
(Perkin-Elmer Cetus, USA), 25 mM of MgClL, 0.4 uM of
each primer (universal primers; fD2, 5'-AGAGTTTGATC-
ATGGCTCAG-3'; P1, 5'-ACGGTTACCTTGTTACGACT
T-3'; Bioneer Co., Korea), and Taq polymerase (Perkin-
Elmer Cetus, USA; 2.5~5.0 Units) in 50 pl of reaction buffer
{50 mM KCl, 100 mM Tris-HCI (pH 8.0)]. PCR was carried
out using a GeneAmp PCR System 2400 (Perkin-Elmer
Cetus, USA) as follows: an initial denaturation at 94°C for 5
min, 40 cycles of denaturation (94°C, 1 min), annealing
(65°C, 1.5 min), extension (72°C, 2 min), and a final exten-
sion at 72°C for 5 min. Amplified DNA was examined by
electrophoresis on a 0.8% agarose gel in TBE buffer [89 mM
Tris-borate, 89 mM boric acid, 2 mM EDTA (pH 8.5)].

Restriction fragment analysis
16S rDNA fragments amplified by PCR were digested using
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10 restriction endonucleases (Alul, Haelll, Hhal, Hinfl,
Hsp9211, Mbol, Mspl, Pstl, Rsal, and Tagl, BRL, USA) indi-
vidually, and according to the manufacturer's instructions.
These enzymes were chosen based on the sequences of the
recognition sites to obtain a good number of fragments from
the Vibrio 16S rDNAs. Digestions using the enzymes were
carried out at 37°C for 1~2 h, except in the case of digestions
using Tagl, which were carried out at 65°C. Resulting restric-
tion patterns were analyzed using 2.0 (w/v) agarose gel elec-
trophoresis. RFLPs of the type strains, including Vibrio and
related bacterial species, were also predicted using the
sequences of 16S rDNA available in the DNA database
(GenBank, USA) and DNASIS program (IBI, USA).

Construction of a genetic distance tree

A similarity matrix of the Vibrio species and the related
bacterial 16S rDNA was constructed by the neighbor-join-
ing method (Saitou and Nei, 1987). Informative DNA frag-
ments, derived from restriction endonuclease digestion and
longer than 100 bp, were scored for their presence or
absence, and similarity and divergence were calculated.
The genetic distance trees were constructed based on the
RFLP data or the 16S rDNA sequence similarity using the
numerical taxonomy system of a multivariate statistical
program (NTSYS-pc, Exeter Software, USA).

Results and Discussion

Predicted 16S rDNA RFLP of the Vibrio and related bac-
terial strains

16S rDNA nucleotide sequences of the Vibrio and related
bacterial type strains were obtained from the database and
their RFLPs, generated using ten restriction endonu-
cleases, were predicted. The ten restriction endonucleases
employed in this study included eight tetrameric, one pen-
tameric (Hinfl), and one hexameric (Psfd) restriction
enzymes. Similarity of 16S rDNA among the Vibrio
strains tested ranged from 83 to 99.9% (Table 2). Other
bacterial strains of the family Vibrionaceae had 16S
rDNA sequences that were 73.3-92.0% homologous to

Table 2. Similarity matrix of the Vibrio and related bacterial 16S rDNA sequences

o Identity (%)
Bacterial Strains 1 2 3 4 5 6 7 8 9 10 11
1. E. coli 100.0

2. V. alginolyticus 74.0 100.0

3. V. cholerae 833 83.3 100.0

4. V. fluvialis 73.0 89.0 83.7 100.0

5. V. parahaemolyticus 73.3 99.0 83.3 93.0 100.0

6. V. proteolyticus 76.7 96.3 85.3 94.3 95.7 100.0

7. V. vulnificus 87.0 84.0 94.0 83.0 843 86.3 100.0

8. A. hydrophils 84.0 81.3 88.7 73.3 78.3 79.3 86.3 100.0
, 9. A. salmonicida 84.0 81.3 88.0 78.0 78.3 79.0 86.0 99.0 100.0

10. PL. shigelloides 77.0 90.7 83.7 89.7 91.3 92.0 82.3 76.3 83.7 100.0

11. P. phosphoreum 84.0 83.0 89.7 81.0 82.0 83.7 89.0 92.6 93.0 87.7 100.0
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those of the Vibrio strains, while a reference strain, E. coli
ATCC11775, had a 16S rDNA sequence that was 73~87%
similar to those of the Vibrio strains. E. coli 16S tDNA
was 76~84% similar to those of other bacterial strains in
the family Vibrionaceae.

Since end points of each sequence were variable, and
detection of restriction fragments shorter than 100 bp
from 2% agarose gels would be inaccurate, these frag-
ments were excluded when comparing RFLP. Predicted
RFLPs for ten Vibrio and five other bacterial 16S rDNAs
based on ten restriction endonuclease recognition sites
gave rise to a total of 58 different patterns. Genetic dis-
tance based on RFLPs of the bacterial strains ranged from
70~100% (Fig. 1), which correlated well with the 16S
IDNA similarity. RFLPs of the Vibrio strains obtained
from culture collection centers exhibited 84~100% simi-
larity. The most striking difference between 16S rDNA
similarity and RFLP was observed among A. hydrophilia,
A. salmonicida, and PI. shigelloides. Neither the 1.0% dif-
ference between A. hydrophilia and A. salmonicida 16S
tDNA sequences nor the 23.7% difference between A.
hydrophilia and Pl shigelloides was detected by RFLP.
However, the 7.0~16.3% differences among these bacteria
and P. phosphoreum were clearly detected by RFLP. The
difference between E. coli and other bacterial 16S rDNAs
(73~87%) was resolved well by RFLP using the ten
restriction endonucleases. From the analyses, RFLP of the
Vibrio species using the enzymes was likely to be relevant
to genotyping of the genus.

Amplification of the 16S rDNA

Optimal concentration of template DNA was determined
to be in the range of 0.5~100 ug per reaction. Chromo-
somal DNA that was prepared by the spooling method,
including phenol-chloroform extraction, produced a suf-
ficient amount of PCR product, in the range of 0.5~10 ug
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E. coli (ATCC 11775)

P. phosphoreum (IMSNU 12026)

V. alginolyticus (ATCC 17749)

V. parahaemolyticus (ATCC 17802)
V. proteolyticus (ATCC 15338)

V. parahaemolyticus (ATCC 33844)

V. vulnificus (ATCC 29307)
V. vulnificus (CDC C7184)

V. vulnificus (ATCC 27562)
V. vulnificus (ATCC 29306)

L ¥ fluvialis (ATCC 33809)

V. cholerae (ATCC 25872)

A. hydrophila (ATCC 7966)

PI. shigelloides IMSNU 10187)

A. salmonicida (IFO 13896)

Fig. 1. A genetic distance tree based on predicted RFLPs of 165 rDNA
of the Vibrio and reference species.

per reaction (data not shown). On the other hand, 1 ug of
chromosomal DNA per reaction was most appropriate for
the DNA samples prepared by the freezing-thawing
method (data not shown). PCR products produced by the
two methods did not exhibit any difference at the back-
ground level or in digestion efficiency by various restric-
tion endonucleases. In this study, the latter method was
chosen for efficient and rapid amplification of 16S rDNA
from various bacterial cells since this method took much

Table 3. Genotypes of the Vibrio and related bacterial strains based on RFLP using ten restriction endonucleases

Racteria Enzyme Aful  Haelll Hhal  Hinfl Hsp92ll  Mbol  Mspl PstT Rsal  Tagl Genotype®
V. alginolyticus 1 1 1 1 1 1 1 1 1 1 1
V. cholerae 4 1 2 3 2 2 4 1 2 2 2
V. fluvialis 4 3 1 1 4 3 3 2 3 3 3
V. parahaemolyticus 1 1 2 1 1 3 1 2 1 1 1 4
V. parahaemolyticus 11 6 2 1 1 3 1 2 1 1 1 5
V. proteolyticus 1 3 3 1 1 2 1 3 1 1 1 6
V. proteolyticus 11 1 2 ! 1 2 1 3 1 1 1 7
V. vulnificus 1 5 4 3 2 4 1 3 1 1 3 8
V. vulnificus 11 2 4 1 1 5 1 3 1 4 4 9
A. hydrophila 7 S 4 4 6 4 5 3 5 3 10
A. salmonicida 7 5 4 4 6 4 5 3 5 3 10
P. phosphoreum 9 7 5 5 8 3 7 1 6 3 11
Pl shigelloides 7 5 4 4 6 4 5 3 5 3 10
E. coli 8 6 5 5 7 I 6 1 6 4 12

“The 16S rDNA genotypes based on the combination of RFLPs obtained using ten restriction endonucleases.
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less time and cost less. All chromosomal DNAs of the 47
Vibrio and five other bacterial strains and isolates that
were analyzed in this study gave rise to a single 1.5 kb
DNA fragment that corresponded to the predicted size of
the 16S rDNA genes.

16S rDNA genotyping of the Vibrio strains

Digestion of the amplified 16S rDNA fragments by ten
restriction endonucleases gave rise to 2~6 restriction patterns
for the ten Vibrio strains and 37 Vibrio natural isolates from
the Korean coastal area. Each unique restriction pattern con-
sisted of 2~6 clearly distinct DNA bands. An additional 2~3
restriction patterns were observed for the five reference spe-
cies, including E. coli, A. hydrophila, A. salmonicida, F.
phosphoreum, and Pl. shigelloides, which were used to test
the specificity of RFLPs in identifying Vibrio species.
Among the enzymes used, Alul produced the most diverse
restriction patterns for the bacterial strains and isolates
tested, followed by Hsp92Il. In most of the cases, RFLP of
the amplified 16S rDNA matched well to the predicted one.
As the results show, nine different 16S rDNA genotypes for
six Vibrio species and three for five reference species were
derived from the restriction patterns (Table 3). A genetic dis-
tance tree based on the RFLP data was very similar to the
similarity matrix of 16S rDNA sequences and fit well with
the tree established based on the predicted data. Genetic dis-
tance among the Vibrio species was in the range of
79~100% (Fig. 2). In the case of V. alginolyticus and V.
parahaemolyticus, 0.1% sequence differences between the
species were detected clearly by RFLP with a genetic dis-
tance of 2~7%. V. proteolyticus, with a 4% sequence differ-
ence, showed 4~7% genetic distance from the two Vibrio
species. The V. vulnificus group had 12% genetic distance
from the above three Vibrio species, which were 14~17%
different from them at the sequence level. V. fluvialis and V.
cholerae were grouped farthest from the rest of the Vibrio
species with 18% and 20% distance, respectively. Their
sequence difference from the rest of the Vibrio species was
6~17%. V. fluvialis was unique among the Vibrio species
tested in having a restriction site for Psfl, a hexameric
restriction endonuclease. These data suggest that RFLPs of
16S 1DNA have potential as a tool for rapid and accurate
identification of these pathogenic Vibrio isolates at the spe-
cies level, clearly distinguishing them from other members
of the family Vibrionaceae and E. coli.

RFLP variations in a Vibrio species

Among the Vibrio strains analyzed, 11V alginolyticus
strains and five V. cholerae strains showed a single unique
RFLP for each species (Fig. 2). On the other hand, variation
in RFLP among strains of a defined species was observed
for V. parahaemolyticus, V. proteolyvticus, and V. vulnificus
species (Fig. 2 & Table 3). V. parahaemolyticus ATCC
33844, an isolate from a gastroenteritis patient, showed a
restriction pattern different from that of the type strain, V.
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V. alginolyticus (ATCC 17749)
V. alginolyticus (13,SM 1)

V. alginolyticus (1S,SM {8))

V. alginolyticus (1ISSW @)

V. alginolyticus (IKHTS 2-(2))
| v alginotviicus (IKHCM 2-0)
V. alginolyticus (1$,SM @)

V. alginolyticus (IKHSM 3-()
V. alginolyticus (IS,SW @)

V. alginolyticus (CHSW 11)

V. alginolyticus (IYCBA 4)

V. parahaemolyticus (ATCC 17802)
V. parahaemolyticus (ISSM )
V. parahaemolyticus AKHSM 3-3)

V. proteolyticus (ATCC 15338)

V. proteolyticus (IS,SW ®)
V. proteolyticus (IS,SW @)

V. proteolyticus (IYSM ®)

V. parahaemolyticus (ATCC 33844)
V. parahaemolyticus (CHDSW 5)

V. parahaemolyticus (IKHSW 2-()
V. parahaemolyticus (IKHSW 2-2))
V. parahaemolyticus (CSYSW 3)

V. parahaemolyticus (1YCSW 3)

V. parahaemolyticus (IYCSW 6)

V. parahaemolyticus (1YCSW 11)
V. parahaemolyticus (IYCSM 2)

V. parahaemolyticus 1YCCM 5)

V. vulnificus (ATCC 29307)
V. vulnificus (CDC C7184)
V. vulnificus (CHSM 24)

V. vulnificus (CHDSW 4)

V. vulnificus (1SCSW 3-2)
V. vutnificus (KGCB 25)

V. vulnificus (KGSO 22)

V. vulnificus (SAOS 38)

V. vulnificus (ATCC 27562)
V. vulnificus (ATCC 29306}
V. vulnificus (WDOS 61)
V. vulnificus (YKCB 13)

V. fluvialis (ATCC 338Q9)
V. fluvialis (IYCSW 5)

V. cholerae (ATCC 25872)
V. cholerae (IKHSM 6)

V. cholerae (IKHSM 10)
V. cholerae (IKHSW 5)

V. cholerae (IKHSW 9)

Fig, 2. A genetic distance tree of the Vibrio strains including natural iso-
lates based on 16S rDNA RFLP similarity indices.

parahaemolyticus ATCC 17802, upon Alul digestion. Two
of the natural isolates showed the same RFLP as the latter,
while nine natural isolates had the same pattern as the
former. Genetic distance based on the RFLP using ten
restriction endonucleases indicated that the former group
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Fig. 3. RFLP of 16S rDNA amplified from V, vulnificus ATCC 27562 (A) and CDC C7184 (B). Lanes ! and 13 were loaded with ®X 174 DNA/
Haelll markers; lane 2, Alul digestion; lane 3, Haelll digestion; lane 4, Hhal digestion; lane 5, Hinfl digestion; lane 6, Hsp9211 digestion; lane 7,
Mbol digestion; lane 8, Mspl digestion; lane 9, Psi digestion; lane 10, Rsal digestion; lane 11, Tagl digestion; lane 12, no restriction.

A. B.
1.2 345678

bp

1,353
1,078
872 =P

603 =

310
281
234
194

118 9

Fig. 4. RFLP of 16S tDNA amplified from six Vibrio species using three restriction endonucleases. Panel A represents RFLP generated by Hinfl diges-
tion; panel B, Hsp92Il digestion; and panel C, Rsal digestion. Lane 1 were loaded with a marker, ®X174 DNA digested with Haelll; lane 2, 16S
rDNA of V. alginolyticus ATCC 17749; lane 3, V. cholerae ATCC 25872; lane 4, V. fluvialis ATCC 33809; lane S, V. parahaemolyticus ATCC 17082;
lane 6, V. proteolyticus ATCC 15338; lane 7, V. vulnificus ATCC 27562; lane 8, no restriction.

diverged from the latter group further than from V. proteolyt-
icus species. A group of V. vulnificus strains (ATCC 29307
and CDC C7184) also showed variation in RFLP from the
type strain group (V. vulnificus ATCC 27562 and ATCC
29306). The two groups differed from each other in five
restriction patterns, including those generated by Alul, Haelll,
Hinfl, Hsp921l, and Mspl (Fig. 3). However, these two groups
were genetically closer to each other than to any other Vibrio
species. Warner and Oliver (1999) reported that V. vulnificus
species were genetically quite heterogeneous based on RAPD
analysis. In the case of V. proteolyticus, two genotypes were
observed based on RFLPs; one for the type strain
(ATCC15338) and a couple of natural isolates, the other for a
strain isolated from seawater (IS SW7). The two groups were
genetically closer to each other than to other Vibrio species.
These results indicate that RFLP of 16S rDNA is useful in
detecting genetic variation occurring within a species. They
also suggest that intraspecific relationships might need to be
considered when interpreting RFLP analysis of 16S rDNA
genes (Navarro et al., 1992; Park ef al., 2003).

Identification of the Vibrio strains using three restriction
endonucleases

From the results obtained in this study, RFLP using three
restriction endonucleases tarned out to be enough for rapid
identification of the Vibrio species. Three restriction endonu-
cleases including Hinfl, Hsp92Il, and Rsal gave rise to 17
signature restriction fragments and a total of nine genotypes
among six pathogenic Vibrio species (Fig. 4; Table 4). V.
parahaemolyticus group II exhibited one restriction fragment
different from those of V. parahaemolyticus group 1 upon
Rsal digestion, while V. proteolyticus group Il and V. vuinifi-
cus group II also exhibited one restriction fragment different
from those of V. proteolyticus group I and V. vulnificus group
I, respectively, upon Hinfl digestion. The differences made it
possible to differentiate the subgroups (Table 3).

E. coli and other members of the family Vibrionaceae
showed RFLPs that could differentiate them clearly from
the Vibrio species. Urakawa et al. (1999) analyzed RFLPs
of 31 Vibrio species using five restriction enzymes and
grouped them into 24 genotypes. According to their analysis,
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Table 4. Signature restriction fragments and genotypes generated from 16S rDNA using three restriction endonucleases

Bacteria Enzyme Hinfl Hsp921l Rsal

V. alginolyticus 942, 353, 180 bp 1y 370, 218 bp b 673, 503 bp )
"V parahaemolyticus 1 942, 353, 180 bp W 370, 218, 180 bp @ 673,503 bp (1)

V. parahaemolyticus T 942, 353, 180 bp 370, 218, 180 bp 673, 450 bp (1"

V. fluvialis 942,353, 180 bp 5 370, 218, 180 bp 10) 503,450 bp @)

V. proteolyticus 1 942, 353, 180 bp 1) 370, 350, 180 bp 3 673, 503 bp I

V. proteolyticus 11 942, 353, 160, 180 bp 8} 370, 350, 180 bp 673,503 bp

V. vulnificus 1 666, 322, 180 bp @ 370, 218, 180 bp 2 673, 503 bp "

V. vulnificus 11 942, 322, 180 bp [03) 370, 218, 180 bp 673, 503 bp

V. cholerae 370, 270 bp 3 370, 350, 180 bp 3) 430, 400 bp ?3)

A. hydrophila 600, 390 bp 790, 170 bp 530, 430 bp

A. salmonicida 600, 390 bp “ 790, 170 bp (4) 530, 430 bp e

Pl shigelloides 600, 390 bp 790, 170 bp 530, 430 bp

P. phosphoreum 650, 320 bp ) 560, 350 bp 5) 520, 490 bp )

E. coli 650, 320 bp 410,370 bp (6) 520, 490 bp
*Genotypes

| 168 rDNA |

v

Hinfl digestion

V. cholerae

V. proteolyticus 1l

V. vulnificus 11 V. vulnificus 1 |

l Hep9211 digestion

| V. proteolyticus |

V. parahaemolyticus 1

l Rsal digestion

V. alginolyticus

V. fluvialis

1 Rsal digestion

V. parahaemolyticus 11

Fig. 5. An identification key for the six Vibrio species based on RFLP using three restriction endonucleases.

8 Vibrio species, including V. alginolyticus, V. parahaemolyt-
icus, V. proteolyticus, and V. vulnificus, were grouped into a
single genotype. However, in the present study, each of the
Vibrio species was assigned to an individual genotype using
another set of restriction endonucleases. Predicted RFLPs of
other Vibrio species (V. campbellii, V. carchariae, V. harveyi,
V. aestuarianus, V. diazotrophicus, V. anguillarum, V. ordalli,
and V. metchinikovii) were identical or very similar to those
of V. algiolyticus, V. parahaemolyticus, V. proteolyticus, V.
vulni-ficus, and V. fluvialis, according to the study conducted
by Urakawa er al. (1999). However, RFLPs of the former
group were different from those of the latter 5 species when
analyzed by the restriction enzymes used in this study (data
not shown). In particular, the latter five species had a 180 bp
Hinfl fragment, which was not detected in the former group.
These two groups of Vibrio species were reported to form a
large phylogenetic cluster in the genus Vibrio based on 16S
DNA sequence (Kita-Tsukamoto er al., 1993). V. cholerae
and V. mimicus were reported to be very closely related to
each other, both phenotypically and genotypically (Davis et
al., 1981), forming a distinct group in the genus Vibrio

(Kita-Tsukamoto et al., 1993). However, predicted RFLP
of V. mimicus ATCC33653 indicated that it had RFLP
different from that of V. cholerae when digested with
Hinfl.

Therefore, the nine genotypes of six Vibrio species
might be identified easily and accurately by following the
key established based on their RFLPs of 16S rDNA (Fig.
5). The results also suggest that 16S rDNA RFLP, ana-
lyzed using a small number of tetrameric restriction endo-
nucleases, would be sufficient for identification of bacterial
strains at the species level, although closer investigation
should be carried out for those Vibrio species emerging
recently. A set of restriction enzymes to be used could be
determined by a computer-simulated RFLP analysis as
described by Moyer et al. (1996).
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