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Abstract  Thirty-six environmental isolates of Vibrio vidnificus
obtained from seawater. sediments, and raw scafoods. and
(8 chinical isolates from Vibrio septicemia patients were
typed by restriction endonuclease digestion profiles (REDP)
ol genomic DNA with Sfil. The resalts revealed o high-

level of variation - REDPs, indicating a vast genomic

diversity among V. valnificus strains, Genetie relatedness of

the strains showed similarities ranging. from 104 to 1005,
Different REDPS for isolates from various raw  scatoods

were obtained. and clustering of strains according to type of
scafoods was not obscerved. In contrast, clinical isolates of

V. vulnificus showed higher similarity (o one another, and
could be subdivided into one separate group. The difterence
in REDPs of the V.
and from raw scafoods substantiates the previous obscrvation

vilnificus isolates from clinical origin

that only a single type ot pathogenic strain was involved in
cach human infection, despite the numerous genetically
polvmorphic strains found from implicated oysters,
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The pathogenic marine bacterium Vibrio vulnificus can
be isolated from scawater and the estuarine environment
{16, 22]. It also occurs in raw scatoods including oysters
and fish from coastal waters [15. 23] V. vudnificns has
been identified as the causative agent of food-borne discases
such as vastroenteritis and life-threatening septicemia in
immuno-compromised individuals {3 10]. 1t also has
been reported that wound infections have resulted from
exposure to scawater or from huandling ot shellfish
contaminated with the organism. Mortality from septicemia
is quite high (exceeding S0%2). and death may oceur as tast
as within | to 2 days after the first signs of illness {15, 19}
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As found in many other pathogenic bacteria, the
species Vo vadnificus is comprised of a diverse array of
strains, The strains are remarkably variable in many
phenotypic and  genetic traits. and  cven show  wide
variations i virulence. Therctore, proper differentiation
and charactenization ot V.
Jevel has been demanded for epidemiological purposes.
Since the first attempt o distinguish Vo vadnificus into
two hiotypes hased on the host range [21]. biochemical
andsor scrological methods that define several phenotypic
features were widely used for intraspecific differentiation
ol the pathogers |20 T4 Although these carly studies provided
viluable  methods to distinguish variable  phenotypic
featares. the methods are less diseriminatory and  used

viehificus at the subspecies

for primary identification or broad differentiation of the
pathogen {20 1T4].

Recently. methods have been developed for comparison
ol strains by looking dircctly at their genomic DNA rather
than at phenotypes. Among them, DNA - fingerprinting
technologies such  as REDP restriction  endonuclease
digestion profiles), RAPD (random ampliticd polymaorphic
DNA). and 1nibotyping are curiently used for reliable
differentiation of Vo vulnificus strains [1. 40 6. 20]. REDP-
PHGL (pulse held gel electrophoresisy analysis difterentiates
Vovadnificns eells found inindividual ovsters into numerous
genctically  polymorphic strains [4]. Additionally . this
technique gives opportunitics 10 the epidemiologist 1o
trace specilic strains from human vibriosis back (o the
implicated scatoods. 1t has been demonstrated  that
single strain of Vo vadnificus is predominantly identified
in the blood of an infected individual despite the multiple
straims found in the implicated ovster (Crassostrea virginica)
consumed [20]0 1t has been suggested that the discase
was caused byoone or o few virulent Vo vulnificus strains
among hundreds of strains present in oysters. Therefore,
the infectious dose must be determined for the specitic
strains, and not the total Voovednificns number in ovsters [R].



Compared with the substantial number of reports on
genetic variability of Vo vudnificus strains in contaminated
oysters, very little is known about the genctic diversity
of the pathogen from other seafoods. Besides ovsters,
other scafoods such as small octopi (Octopus variabilis),
arkshells (Anadara broughtonii), rocktish (Sebastes inermis),
conger cels (Anago anago). thinshelled surt clams (Ruditupes
philippinarum). blue crabs (Portunuys trituberculans). and
shrimp (Penacus japonicus) arc commonly consumed raw
or undercooked in Korea and Japan |7. 9]. As a result.
mmcreasing numbers of outbreaks of fatal septicemia due
to consumption of these scatoods have been reported in
Korea (Joon Haeng Rhee, Personal communication. Chonnam
University  Hospital,  Kwang-ju.  Korca).  In  this  study.,
extensive analysis of the genetic variability of V. vulnificus
isolates from these scafoods. associated scawater. and
scdiments collected on the southwestern coast of Korea
was carried out using REDP-PFGE. The REDPs of these
V. vudnificus strams were also compared 1o isolates from

human Vibrio septicemia cases in Korea, Examination of

the genetic diversity of Vo vulnificns strains and their
persistence in particular scafoods is essential to understand
whether individual strains or subsets of strains are associated
with particular types of scatoods. Monitoring specific V.
villnificus  strains - from  the  septicemia patients  and
comparison with isolates from raw scafoods will help to
trace the transmission route of the human pathogenic
strains, and to confirm the causative food sources.

MATERIALS AND METHODS

Bacterial Isolates and Culture Conditions
A total of 54 strains of V. vulnificus were used in this
study and their origins are listed in Table 1. Thirty-six
environmental isolates were  obtained  from scawater.
sediment samples. and various raw scafoods collected
from the southwestern coast of Korea during the summer
of 1996 or 1997 (Fig. 1). Eighteen clinical strains, isolated
from paticnts of Vibrio septicemia. were  generously
provided by Dr. Joon Haeng Rhee (Chonnam University
Medical School. Kwang-Ju, Korea). For primary identification,
the isolates were characterized by conducting standard
physiological and biochemical tests with an AP 201
kit (Bio Meriux SA. France) [I8]. and confirmed as
V. vulnificus by testing for hemolysin production using
ELISA [13]. PCR amplification of the vvhA gene [22].
specific 1o V. vulnificus, was also used for confirmation
of the isolates [T1.12]. Most strams  had  opaque
colony morphotypes on brain heart infusion (BHI) agar,
with the cexception of o few strains as indicated in
Table 1.

After identification. all V. vulnificus strains were grown
in BHI broth optimized by adding 1% salt. and kept
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Table 1. Designations. sources. and  relevant  characteristics
ol Vo vulnificus 1solates analyzed by REDP in this study.

PCR

Strain [sofaton site Source Morphotype S
amplification
Environmental isoiates
SCO716 Changhung seawater T +
SCW717 Changhung sediment O +
SCU720 Kangjin sediment O +
SC721 Kangjin seawater O +
S(9722 Kangjin sediment 0 +
SC9724 Chunghung sediment T +
SCI703 Chinghing seawaler T +
SCH793 Yongkwang seawater O +
SCO794 Yongkwiang sediment O +
SCY793 Yongkwang seawater O +
SC9728 Mokpo scawater T +
SCIT7IY Mokpe seawater O +
SCO730 Mokpo sediment (9] +
SCYU734 Shinan seawater O +
NOYYAY) Shinun sediment O +
SCV740 Sunchen seawater 1 +
SCO71HI4 Posung sediment O +
SCOTLHIS  Posung sediment 0 +
SCU613 Yongkwung crab T +
S22 Kangjin small octopus O +
SCO024 Kangiit: conch ¢} +
SCO625 Kangiin blue crab (9] +
SCO629 Chunehung thin-shelled l +
surf clam
SCO63T Kangjin thin-shelled O +
surt clam
SCU64 Hampyong, small octopus 1 +
SCO648 Changhung, clam Q +
SCONH0 Mokpo turban shell O +
SCO72S Chunghung thin-shelled ) +
surl clam
SCUT733 Mokpo rock  lish O +
SCOT38 Shinan OVSICT O +
SCUT61 Wando OVSIer (@] +
SCUT06 Changhung thin-shelled O +
surl” clam
SCO77] Mokpo ark shell QO +
SCOU7H0 Kohung conch O +
SCO7HH6 Posung crab 1 +
SCO7126 Muan oysler 0 +
Clinical isolates
N7 I'he Chonnam Human | +
CNK National Univ. Humun O +
CNO Hospital Human O +
CNUTIO43 Human 0 +
CNUTO44 Human (§] +
CNUHO460 Human 0 +
CSUT]33 Human ) +
Vi Human I +
VI6 Human 0 +
AR Human 0 +
WK3 Wonkwang Human 0 +
WKo Univ. Human ¢} +
WKI13 Hospitat, Human O +
WKIS Human 0 +
WK {6 Human T +
WKI18 Human O +
WK 20 Humuan QO +
WK22 Homan ) +

O, Opaques T, Translucent.
Pretermined from observation ot characieristic 704-bp band by gel
clectrophoresis analysis of PR products [ 11
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Fig. 1. Map of southwestern coast ol Korca showing sampling
locations Tor environmental isolates ol Vo vuluificus.

The circles represent the sites where Vo vadndficns was often isolated.

frozen at =70°C with 5% dimethylsulfoxide (DMSQ)
untl later use.

Enzyme and Chemicals

The restriction enzyvme Sfil and agarose were purchased
from New England Biolabs (Beverly. U.S AL and Gibeo
BRL (Gaithersburg, U.S.AL)L respectively. Thev were used
as suggested by the sappliers. Reagents for the media
were  purchased  from Difco  (Detroit, ULS.AL and
chemicals from Sigmia (S Louis, UUS.AD at the highest
purity available.

Isolation, Digestion, and Fractionation of Genomic
DNA

A single colony of cach strain was inoculated into 1) m]
of BHI broth containing 1% NaCl and incubated for 4~5h
with shaking at 37°C. Then. the cells were harvested.
washed twice with phosphate buffer. and resuspended in
0.5 to 1.0 ml of I M NaCl-10 mM Tris-50 mM EDTA
to adjust to the appropriate density. The resuspended
cells were mixed with an cqual volume of 197 fow
melting point agarose for preparation ol agarose plugs.

The plugs containing cells of Vo valnificus were divided
to it into the wells with glass cover slips, and incubated
m b ml of deproteination solution (2 mg proteinase K
with 0.3 M FDTA and 0.5% A-laurylsarcosiney at S0'C
overnight. Then, 4 ml of PMSFE (phenvimethylsulfonylfluoride)
solution (40 peymly were added (o inactivate the proteinase
K and the resulting mixture was mcubated for 30 min at
S5°C. The plugs were then washed twice with 4 ml of
T buatier (10mM Tris-CL T mM EDTA). Genomie
DNA within the agarose plugs was digested with the
cendonuclease  Sfil. High molecular weight  restriction
frapments  were resolved  using o CHEL (Clamped
Homogeneous Electric Field-DRIL Bio-Rad, Richmond,
HSAD PHFGE system with 1% clectrophoresis-grade
agarose. Running conditions for PEGE were 200 volts
14~ 18°C
Switching  pulses were used ranging  from 3 see of

tor 24 h at o temperature range  between

starting pulse to 33 sec of final pulse. Lambda concatemers
were used as DNA molecular size markers. The
separated bands in the gel were visualized with a UV
transillumimater.

Analysis of REDP Similarity

The size of DNA bands fractionated by PEGE were
measured visaally and calculated with regression analysis
against size standards run concurrently. Then, the presence
or absence of bands was translated into binary scores.
Stmnlarity indices between pairs of strains were caleulated
using. Dice's coineidence index [3]0 The REDP similaritics
tor strais x and yo S0 ocqual o the number of bands
common i both strains (n,) divided by the average
number of bands in strains X () and Y (n). [S,. = 2n,./
(n+n)]. A clustering analysis was carried  out with
average-linkage methods 1o cxamine the  relationship
among strains and (o infer a dendogram [17]. Data analysis
was carried out with a statistical analvsis system (SAS
Institute. Cary. LS AL, and o cluster dendogram and
PEGE profiles were plotted by using the S-plus software
(Statistical Scrvice, Inc.. Scattle. UL.S AL).

RESULTS AND DISCUSSION

Torty one Vo valdndficus solates originated from difterent
cnvironmental samples such as scafoods. sediments, and
seawater. and twenty isolites from human Vibrio septicemia
cases were vped by REDP-PEGE analysis. We observed
that S/l digestion of DNA from V. vadnificus  strains
venerated the appropriate number and best distribution of
restriction fragments [ Theretores Sfil was used and
the digests vielded up 1o 23 visible bands ranging in
molecular size from 20 to H30.5 kb, The PFGE analvsis
revealed stable and reproducible REDPs when some strains

were repeated. However, 7 ot 61 1solates were untypeable



since their DNA persistently produced smears and no
REDP could be determined. The degradation of DNA
might have been caused by endogenous nucleases or
other properties specific to these strains.

The 54 REDPs from the Sfil digests of V. vulnificus
genomic DNA were divided into 52 distinguished REDP
types. The band profiles were converted into binary scores
for more precise comparisons and are depicted in Fig. 2.
A high-level of diversity among the REDPs of the 36
environmental Vo valnificus isolates was obscrved. All
isolates from scdiments, scawaler. and various seafoods
yiclded respective REDP types with Sfil, and no REDP
was common among these environmental isolates. This
is in agreement with the previous report of Tamplin and
collaborators  who demonstrated numerous  genetically
polymorphic strains in various cnvironmental samples [4].

Specilic grouping of striins was not revealed by visual
comparisons of REDPs with Sfil. Therefore.  genctic
relatedness among strains was examined by calculation

GENOMIC DIVERSITY OF VIBRIO YULNIFICUS SIRAINS - 8]
ol similarity matrices as mentioned in Materials and
Mcthods. The results showed that the similarities ranged
from 10% to 100% for all the REDPs analyzed. However,
it was apparent that the majority of strains had similarity
indices of less than 30% with Sfil. indicating that great
eenomic diversity exists among Vo valnificus strains, In
additton, there was no linkage between the REDPs and
type of colony morphology (Fig. 3). It is not uncommon
to encounter variability in REDP among V. vulnificus
strains isolated from different types of specimens. For strains
isolted from environmental samples, the REDP similarity
ranged from 2077 to 80%. At any rate, these results also
suggest that Vo vudnificus strains in environmental samples
are very  heterogencous. Specific clustering  of - strains
according to type of scafood was not observed, indicating
that some individual strains or group of strains are not more
frequently associated with a particular type of raw scatoods,
Vo valnificus strains from various geographical locations
also displayed ditferences in REDPs with Sfil.
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Fig. 2. Diagram of Sfil REPDs of 54 V. vadnificus strains, PFGE band patterns of’ S/il digests of genomic DNA - from cach strain

were recorded in binary scores.

The migrations of 2. DNA concatemers are indicated to the lettin kb

as molecular size standards.
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Fig. 3. Dendogram based on Sfil REPDs cluster analysis of
S4 Vo valnificus strains,

Numbers on the et axis indicate  dissimitarity (0.0 100 similarity)
determined by using Dicd's eoincidence index.

Grouping of the REDPs with similarities higher than
30% did not separate the isolates into distinet environmental
and clinical isolates. However. o higher degree of
homology was observed for clinical than for environmental
isolates. Analysis of REDPs ol groups with approximately
256  similarity showed that 787 of all V. valnificus
populations of clinical origin (14 among I8 strains) can
be subdivided into one separate group (cluster A). Among,
the strains in cluster AL ON7CCNS, and CNY had identical
REDPs with S/il. This homology was expected because
both CN7 and CNY strains are spontincous mutants ol
CN& with variations in colonial morphology. Apparently,
CN7 is more translucent and CNO is more opaque in
colony morphotype than CNS. but they very likely differ
in other physiological characteristics and possibly show
different REDPs it other endonucleases are used. In
addition. strains WK3 and WKY appeared 1o be similar
at approximately 88%. These strains were isolated from
two  separate clinical cases ol septicenmic vibriosis in
Chonbuk Province. Korea. The higher similarity observed
among clinical isolates is in agreement with the previous
observation that only a few type of strains were associated

with human Vibrio scpticemia cases among  hundreds
ol heterogencous Vo valnificus strains found from the
implicated ovsters [8]. The grouping observed in clinical
salates waus not found in the solates of environmental
origin of which only three belonged to cluster A

Apparentive REDPs between the V.o valnificus populations
from humans and those ol 1solates from raw scafoods are
different. Although other explianations are possible. this
difference mdicates that the Vo vulnificus strains present
in raw scalood is rarcly involved m human infections.
Most environmental isolates  differ substantially  from
isolates from patients in characteristies associated with
their pathoeenicity. This difference in virulence may also
explain why REDPs of isolates from raw scafoods do
not mateh those of chimical solates despite the frequent
contanunation and growing consumption of raw scafoods
in Korca. This result emphasizes the need 1o take into
account the number of specitic pathogenic strains, not
the total Vo vulnificus numbers. when the infective dose
is determined. Additionallv. opportunities for public health
agencies o differentiate Vo vulnificus strains according to
their pathogenicity, and to trace the pathogenic strains
from human infections back (¢ the implicated scatoods,
will ensure the appropriate response to minimize the
potential  health hazards presented by the pathogenic
strains.,
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