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morphology) did not change. This mutant showed
.1/1000 the acid resistance of wild-type strains under our
experimental conditions. This indicates that lysine decar-
boxylation plays a role in the acid resistance of V. para-
haemolyticus. This mechanism is generally considered to
be related to the decreasing intracellular proton concen-
tration through the decarboxylation reaction, and
improvement of the microenvironment by excretion of
the basic molecule, amine. This model has been proposed
by many authors, although to the best of our knowledge,
it has not been experimentally proven so far. Thus, fur-
ther study is required to further develop this model.
Alternatively, OmpU, an outer membrane protein, medi-
ates organic acid resistance in V. cholerae (Merrell et al.
2001). Merrell et al. (2001) reported that this was accom-
plished by inhibition of the permeation of organic acid
molecules. OMP-mediated acid resistance was also
reported in E. coli (Samartzidou et al. 2003).

In conclusion, we have identified lysine decarboxylating
pathway as the factor that allows survival under acidic
conditions. This was confirmed by gene mutation analysis
and mRNA quantification through SYBR Green I real-
time RT-PCR that precisely determined the transcrip-
tional aspects of V. parahaemolyticus cad genes. Acid
resistance is universal in V. parahaemolyticus and the level
does not diverge among strains. Recently, V. parahaemo-
Iyticus serotype 03:K6, which originated from a single
clone, is spreading worldwide. Although some enhanced
factor(s) might be involved in the pandemic spread of
this pathogen, acid resistance is not.
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ABSTRACT

Demand for aseptically steamed rice products has been increasing rapidly in Japan over the past 10 years. In our previous
study, we showed that proteolytic Clostridium botulinum produce toxins in steamed rice products packaged under a modified
atmosphere of =0.3% oxygen. In the present study, we examined the effect of pH to control botulism risk in steamed rice
products packaged under modified atmosphere (5% CO, and 95% N, as the balance) with the inclusion of a deoxidant pack
to produce an oxygen concentration of =0.3%. A mixture of 10 strains of proteolytic C. botulinwm (5 type A strains and 5
type B strains) was inoculated into steamed rice products at pH. values between 4.6 and 6.8 prior to packaging. All samples
were stored at 30°C for 24 weeks. Samples at higher pH showed earlier starts of neurotoxin production. Neurotoxin was
detected after 2 weeks of incubation in samples at pH 5.4 or above, whereas it took 4 weeks for the toxin to be detected in
samples at pH 5.2 to 5.3 and 12 weeks in samples at pH 5.0 to 5.1. In samples at pH 4.9 or below, no toxin was detected
during the experimental period. Apparent sample spoilage did not occur before C. botulinum produced neurotoxin in most of
the samples. Based on these results, we conclude that aseptically steamed rice products must be packaged at pH 4.9 or below -
under modified atmosphere containing =<0.3% oxygen, with the inclusion of a deoxidant pack.

Aseptic packaging, which is commonly used for milk,
soup, pasta, and other foods, has also been used for steamed
rice products in Japan. Packaged rice products can be stored
for 6 months, or even longer, at room temperature and only
require microwave oven heating preparation. These prod-
ucts are often packed under modified atmosphere: some
contain 5 to 10% oxygen, and some are packed under mod-
ified atmosphere with the inclusion of a deoxidant pack so
that oxygen concentration nearly reaches 0%. Modified at-
mosphere packaging (MAP) has become a popular means
of extending shelf life of precooked foods, such as fresh
pork (12), fish fillets (10, 13), vegetables (6, 11, 16), and
other food items (3, 17), by preventing growth of aerobic
bacteria, molds, and yeasts. However, MAP may permit
growth of and toxin production by anaerobic spore-forming
bacteria such as Clostridium botulinum. Although asepti-
cally steamed rice products are packaged after cooking and
steam sterilization, using an ultrahigh-temperature flash-
heating process (generally =8 s at 135°C; Fy > 3.1) to
eliminate primary contamination, these products still carry
a slight risk of secondary contamination of C. botulinum
spores. In fact, production of neurotoxin by proteolytic C.
botulinum was demonstrated in commercially manufactured
steamed rice with MAP (pH 6.5) (8). In our previous study

* Author for correspondence. Tel: +81-3-5463-0603; Fax: +81-3-5463-
0603; E-mail: kimubo@kaiyodai.ac.jp.

(8), therefore, we examined the effect of oxygen concen-
tration on preventing toxin production by this pathogen in
these products, and we determined 10% oxygen to be most
effective. However, we still considered lower oxygen c¢on-
centrations to be desirable in order to inhibit the growth of
aerobic microorganisms. In fact, atmospheric conditions of
nearly 0% oxygen with the inclusion of a deoxidant pack
has already been adapted for the manufacture of some of
these products in Japan in order to prevent the growth of
aerobes, including molds.

When C. botulinum spores alone were inoculated into
a medium made from cooked meat medium, toxin produc-
tion was strictly limited below pH 4.6 (21). However, since
aseptically steamed rice products with pH adjusted below
4.6 taste acidic, most products currently distributed in Japan
have a higher pH, mostly around 6.5.

In this study, we examined the pH threshold for con-
trolling the risk of C. botulinum packaging that achieves
=0.3% oxygen concentration through the used of modified
atmosphere and the inclusion of deoxidant pack. To deter-
mine the safety level of pH that prevents C. botulinum—
toxin production, proteolytic C. botulinum (types A and B)
were inoculated into steamed rice adjusted to pH values
between 4.6 and 6.8.

MATERIALS AND METHODS

Bacterial strains. Five type A strains (56A, 62A, 97A. Hall
A, and Renkon-1 A) and five type B strains (9B, 213B, 407-1 B,
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Fukuyama B, and Okra B) of proteolytic group I were used in
this study. The 56A, Hall A, Renkon-1 A, 213 B, 407-1 B, and
Fukuyama B strains were kindly provided from the culture col-
lection of H. Nakano (Laboratory of Food Microbiology and Hy-
giene, Hiroshima University, Hiroshima, Japan). The other C. bot-
ulinum strains (62A, 97A, 9B, and Okra B (proteolytic, group I)
were kindly provided by the National Institute of Infectious Dis-
eases (Tokyo, Japan).

Rice samples. Steamed, sterilized rice was prepared in a pilot
plant. Briefly, after the rice bran had.been sufficiently removed,
the rice was washed and soaked in water for 30 min. After re-
moving the water, the rice was steam sterilized using an ultrahigh-
temperature flash-heating process (generally =8 s at 135°C; Fy >
3.1). followed by cooling. Packaging and the entire processing
beyond the sterilization were carried out in a clean room (class
1,000). The sterilized rice was soaked in sterilized cooking water
adjusted using gluconic acid to yield steamed rice with a pH of
4.6 to 6.8. The pH of water before cooking was equal to the pH
of rice after cooking. And the rice was cooked at a rice:water ratio
of 1:1 to produce a final cooked product with a water content of
60% (water activity of 0.98 to 0.99), which is representative of
commercial products currently distributed in Japan. The soaked
rice was then steam cooked at approximately 100°C, without con-
trolling pressure for 30 min. The color of the acidically adjusted
rice did not change after cooking. and it was identical to rice
cooked normally. The steam-cooked rice was then aseptically
packed in commercial packaging, with sample sizes of approxi-
mately 110 g, using a plastic plate and aseptically sealing with
plastic film. These rice samples were stored at 30°C for 1 week
and were visually inspected prior to inoculation with C. boruli-
num.

Preparation of C. botulinum spores. Preparation of C. bot-
ulinum spores and the subsequent enumeration were conducted
under anaerobic conditions. C. botulinum strains were precultured
in cooked meat medium (Eiken Chemical Co., Tokyo, Japan) at
37°C overnight. Spores of each strain were produced at 37°C over
7 days in Trypticase Peptone yeast broth (pH 7.0) with 5% (wt/
vol) Trypticase Peptone (Difco, Becton Dickinson, Sparks, Md.),
0.5% (wt/vol) Bacto Peptone (Difco, Becton Dickinson), and
0.1% (wt/vol) Bacto yeast extract (Difco, Becton Dickinson). Be-
fore harvest, spores were checked with a phase contrast micro-
scope (Olympus Co., Tokyo, Japan) for the dominance of refrac-
tile spores (>90%). Spore crops of each strain were centrifuged
at 21,480 X g for 10 min at 4°C (SRX-201, Tomy Seiko Co.,
Tokyo Japan), and pellets were washed with sterile distilled water.
Each crop was resuspended in sterile distilled water and frozen at
—20°C until use. Spores of each strain were counted by the three-
tube most-probable-number method after heat-shock treatment
(80°C for 10 min, followed by rapid cooling).

Inoculation with C. botulinum. Equal numbers of C. botu-
linum spores from each of 10 different strains were mixed and
adjusted to a concentration of approximately 4 log spores per ml.
The spore mixtures were heat shocked (80°C for 10 min, followed
by rapid cooling) and then 100 pl of the spore mixture was in-
oculated into each rice sample at each of 10 points (total of 1 ml
of inoculum per rice sample) to avoid contingency differences
among the samples. Cell counts of the samples and time-zero in-
oculum were determined by the serial dilution and pouch method
(2, 5), using clostridia count agar (Nissui Pharmaceutical Co., To-
kyo. Japan). Inoculated samples were packaged in high-gas-barrier
film bags (Basela, Kureha Chemical Industry Co., Tokyo, Japan),
using a Tospack V 400 gas changer (Tosei, Ohito, Shizuoka, Ja-
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pan) along with a deoxidant pack (Mitsubishi Gas Chemical Co.,
Inc., Tokyo, Japan) under atmospheric conditions of 0% oxygen,
5% carbon dioxide, and 95% nitrogen. All samples were incubated
at 30°C. The samples were tested at weeks 0, 2, 4, 12, and 24.
All the experiments were conducted in triplicate.

pH and atmospheric composition measurements. Head-
space gas was analyzed for the concentration of carbon dioxide
and oxygen, using a GS000A gas chromatograph (Hitachi, Tokyo,
Japan). Subsamples (10 g) were placed in plastic bags (80 ml;
Organo Co., Tokyo, Japan) with 10 ml of sterilized distilled water
and mixed by hand for approximately 1 min to, achieve a suffi-
ciently homogeneous mixture without damaging the rice grains.
Prior to the experiments, we confirmed that hand mixing was suf-
ficient to mix the samples for microbiological counts while avoid-
ing shredding rice grains as occurs when samples are mixed with
a stomacher. pH was measured with a glass electrode pH meter
(Horiba, Kyoto, Japan). The remainder of each sample (approxi-
mately 100 g) was placed in a stomacher bags (400 ml; Organo)
with 100 ml of sterilized phosphate buffer (0.4% [wt/vol]
Na,HPO, and 0.2% [wt/vol] gelatin, pH 6.2) and mixed by hand
(1 to 2 min). A portion of the mixture was used for microbiolog-
ical analysis, and approximately 13 ml was transferred to sterilized
centrifuge tubes (15 ml; Labcon, Petaluma, Calif) and stored at
—20°C until neurotoxin assay.

Sensory evaluation. After incubation, the packages were
opened, and the appearance and odor of the samples were assessed
for spoilage by a panel of five judges with no special training. A
sample was regarded as spoiled when all five people judged the
sample as inedible, but an edible judgment by just one person was
sufficient to consider the sample unspoiled.

Microbiological analysis. Anaerobic cell counts were car-
ried out by serial dilution and pouch methods (2, 5) with Clos-
tridia count agar. Portions of the same samples were used for
contamination checks on PCA (Eiken) by the pour-plate method.
Uninoculated samples were also checked for aerobic and anaero-
bic counts to confirm the absence of all bacteria.

Neurotoxin assay. Frozen rice samples were thawed, mixed,

-~ and centrifuged at 2,190 X g for 10 min. Two mice (approxi-

mately 20 g) were each intraperitoneally injected with 0.5 ml of
supernatant. Samples were considered toxic if typical respiratory
symptoms of botulism occurred and both mice died during the
48-h observation period (19). For samples producing toxic reac-
tions, neurotoxin was tested for serum type by inoculating sample
into mice protected with A and/or B antiserum (two mice for each
treatment; six mice total) (Chiba Serum Institute, Chiba, Japan).
Following the manufacturer’s instructions, antiserum protection
was established with a 0.5-ml intraperitoneal injection of 2 U/ml
adjusted type A and/or B antiserum and the same volume of sam-
ple incubated for 1 h at room temperature. If mice protected with
B antiserum died while those protected with A antiserum lived
during the 48-h observation period, then the toxin was considered
to be type A. Conversely, if mice protected with A antiserum died
while those protected with B antiserum lived, then the toxin was
considered to be type B. If mice protected with both A and B
antiserum lived while the other mice died, then both toxin types
A and B were considered present.

RESULTS

Measurements of pH and atmospheric composition.
Atmospheric composition and pH values are shown in Ta-
ble 1. The oxygen concentration at the time of packaging
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TABLE 1. Analysis of rice samples inoculated with Clostridium botulinum (type A. B) spores®

Sample parameters

No. of samples Anaerobic

Incubation time spoiled/no. of ~ Sample with : Anaerobic count count

Initial pH (wk) samples tested toxin pH 0, (%) CO, (%) (log CFU/g) (log CFU/g)*
4.6-4.7 0 0/1 ND¢ 4.7 0.8 1.8 2.1 ND
2 0/3 ND 47 £ 0.0 0.2 £ 0.0 0.0 £ 0.0 2.1 0.1 ND
4 0/3 ND 47 * 0.1 0.2 x 0.1 00 = 0.0 20 * 00 ND
12 0/3 ND 48 * 0.1 0.2 = 0.1 0.0 £ 00 1.8 £ 0.1 ND
24 0/3 ND 48 £ 0.1 0.1 £0.1 00 x00 1.9 £ 0.0 ND
4.8-4.9 0 01 ND 4.9 0.8 1.8 2.1 ND
2 0/3 ND 48 = 0.1 02 £ 00 0.0 £ 0.0 23 *0.1 ND
4 0/3 ND 50 £ 00 02 £0.1 00 =00 20 £00 ND
12 0/3 ND 5.0 %= 0.1 03=x02 00 x 00 1.9 £ 0.1 ND
24 0/3 ND 5000 0.1 =00 00 *00 2502 ND
5.0-5.1 0 0/1 ND 52 0.8 1.5 2.1 ND
: 2 073 ND 5.1 %00 02 £0.0 00 =00 2303 - ND
4 0/3 ND 52 00 02 = 0.1 00 0.0 2.0 £ 0.1 ND
12 072 ND 5500 02 x0.1 00 =00 20 £ 0.1 ND
0/1 A 5.6 0.3 0 3.8 ND
24 0/3 A (3/3) 5400 0.1 =00 0.0 = 00 42 * 0.2 ND
52-53 0 0/1 ND 54 0.8 1.6 2.1 ND
2 0/3 ND 5300 02 £0.0 0.0 = 0.0 44 = 0.1 ND
4 0/3 A (1/3)¢ 54 *+ 0.1 03 = 0.1 00 *00 45 * 1.1 ND
12 0/3 ND 5501 0.2 £ 0.1 0.0 =00 2.7 £ 06 ND
24 0/3 A (3/3) 55 *0.1 0.1 = 0.1 0.0 *0.0 44 * 00 ND
5.4-55 0 0/1 ND 5.5 0.8 1.6 2.1 ND
2 073 A (3/3) 55 *00 0.2 £ 0.0 00 =00 49 = 0.0 ND
4 073 A+B (3/3) 5.6 £ 0.1 02 00 0.0 *00 4.7 = 0.1 ND
5.6-5.7 0 071 ND 5.6 0.8 1.6 2.1 ND
2 073 A+B (3/3) 5.7 £ 0.1 0.2 £ 0.0 00+ 0.0 54 = 0.1 ND
4 ND ND ND ND ND ND ND
5.8-5.9 0 01 ND 59 0.8 1.7 2.1 ND
2 0/3 A+B (3/3) 59 £0.1 02 £0.0 00 £00 5.6 £ 0.0 ND
4 ND ND ND ND ND ND ND
6.0-6.1 0 01 ND 6.1 0.8 1.6 2.1 ND
2 0/3 A+B (3/3) 6.0 = 0.1 0.2 £ 0.0 00 £ 0.0 56 £02 ND
4 ND ND ND ND ND ND ND
6.2-6.3 0 071 ND 6.2 0.8 1.7 2.1 ND
2 0/3 A+B (3/3) 6.2 * 0.1 02 %00 0.0 = 0.0 6.2 = 0.0 ND
4 ND ND ND ND ND ND ND
6.8-6.9 0 0/1 ND 6.8 0.8 1.7 2.1 ND
2 3/3 A+B (3/3) 6.8 = 0.1 0.2 £0.0 0.0 = 0.0 6.8 = 0.1 ND
4 ND ND ND ND ND ND ND

@ Rice sample had 60% water content.

bThe limit of detection of viable count is 2 CFU/g.

¢ ND, not detected.

4 Toxin was detected (0.1% oxygen, pH 5.4) in all three samples.

¢ Toxin was detected (0.3% oxygen, pH 5.4) in one of three samples.

was 0.8%, and it dropped to =<0.3% after 2 weeks in all
samples. The initial carbon dioxide concentration was
1.8%, but no CO, was detected after 2 weeks of incubation
in all sample types. There was no significant change in the
sample pH value over 24 weeks.

Growth of C. botulinum in steamed rice. Growth of
C. borulinum in steamed rice at 30°C is shown in Table 1.
Anaerobic counts were assumed to equal the C. botulinum
counts because rice samples were supposed to be sterile in
the absence of C. botulinum inoculation. Initial C. botuli-
num counts were an average 2.1 log CFU/g for all sample

types. Counts after 2 weeks of incubation increased signif-
icantly in samples initially adjusted to pH 5.2 or above,
ranging from 4.4 log CFU/g in samples at pH 5.2 to 6.8
log CFU/g in samples at pH 6.8. The only exception was
samples at pH 5.2 to 5.3 collected at week 12, in which the
anaerobic counts were lower than the counts of those col-
lected at week 4. Sample spoilage occurred only in samples
at pH 6.8. Increases in anaerobic counts were also detected
in samples of lower pH later in the experimental period.
One of the samples at pH 5.0 showed an increased anaer-
obic count of 3.8 log CFU/g after 12 weeks of incubation
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and an anaerobic count of 4.2 log CFU/g was detected in
all three samples.

No bacterial growth was detected by aerobic cell
counts in any of the samples, as expected.

Neurotoxin assay. Neurotoxin detection data are
shown in Table 1. The higher the sample pH value, the
earlier the start of neurotoxin production was observed.
Neurotoxin was detected after 2 weeks of incubation in
samples at pH 5.4 or above, while it took 4 weeks for the
toxin to be detected in samples at pH 5.2 to 5.3, and 12
weeks in samples at pH 5.0 to 5.1. In samples at pH 4.8 or
below. no toxin was detected during the experimental pe-
riod (24 weeks).

Type A toxin was detected in samples of pH = 5.0.
Type B toxin was detected only in samples of pH = 5.4.

Uninoculated samples were not included in the neu-
rotoxin assay as negative control because they were con-
firmed to be free of bacteria in aerobic and anaerobic
counts.,

" DISCUSSION

When C. botulinum spores alone were inoculated into
rice samples at a concentration of 2 log CFU/g, counts of
this pathogen increased, and neurotoxin was detected in
samples at initial pH 5.4 or above after 2 weeks of storage
at 30°C. This result indicates that MAP-steamed rice prod-
ucts, which are usually at pH 6.5, are at risk of C. botuli-
num—toxin formation when secondary contamination with
this organism occur. On the other hand, Kazama et al. (9)
reported that at least 1 month was needed before the toxin
could be detected in the same type of sample stored at 30°C,
with much higher inoculation load (4.2 log CFU/g). The
only difference between their experimental design and ours
was the control of atmospheric conditions in the packaging.
They used a deoxidant pack to decrease the O, content but
did not pack the samples under a modified atmosphere.
Their method might have allowed high initial and subse-
quent O, content in the package, as our previous experi-
ments showed that the use of deoxidant pack alone is not
sufficient to produce a completely anaerobic atmosphere
(data not shown). In fact, our data show that a long incu-
bation time (2 to 3 months) is required for C. botulinum—
. toxin production and growth in rice products stored at ox-
ygen concentration of 0.4% (data not shown). Since Ka-
zama et al. (9) did not indicate the oxygen concentration in
their report, it is not known what O, content prevents the
growth of C. botulinum. In contrast to their experiments,
our experiments were based on the worst-case scenario, us-
ing oxygen concentration of =0.3%, since we think that
risk assessment of any foodborne pathogen must be carried
out based on the worst-case scenario.

In samples at pH 4.9 or below, anaerobic counts did
not increase from the initial counts, and neurotoxin was not
detected during the entire experimental period used in this
study. It is well reported that toxin production is not limited
above pH 4.6 in pure cultures of C. botulinum isolated from
food contamination cases (27). This inconsistency of pH
threshold may be attributed to the unique properties of
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aseptically steamed rice samples. Rice is composed almost
entirely of starch, with little protein (/8), and proteolytic
C. botulinum has limited ability to utilize starch as a carbon
source (15), although under optimized conditions, at least
some strains could utilize starch (20), and high-starch foods
such as potatoes could be the source of an outbreak (7).
Moreover, when C. botulinum and Bacillus subtilis were
grown together on rice, B. subtilis was reported to promote
the growth and toxin production of C. botulinum (8), as
amylase produced by B. subtilis digests starch that then
stimulates the growth of C. botulinum. Other researchers
have also reported that the presence of other microbial spe-
cies allows C. botulinum to grow and produce neurotoxins
(6, 14). For example, the presence of molds results in in-
creased C. botulinum growth and allows neurotoxin pro-
duction at pH 4.2 (7). This is possible because molds not
only produce amylase, but also locally increase the pH (7).
In the present study, we inoculated C. botulinum alone into
rice samples. Thus, the effects of co-inoculation with other
microorganisms should be studied further. Also, since bot-
ulinum toxin type A was produced at pH 4.75 and water
activity of 0.97 in vacuum-packed potatoes acidified with
organic acid, other factors contributing to inhibition remain
to be identified (4).

Unexpectedly low anaerobic count corresponding with
no toxin production was observed for samples at pH 5.2 to
5.3 collected at week 12 (Table 1). All three samples had
similar anaerobic counts, and the pH values and atmospher-
ic compositions were sufficient for C. botulinum to multiply
and produce toxins. Therefore, the reason for these results
is not known.

In conclusion, we demonstrated the worst-case scenario
of botulism in steamed rice products after inoculation of C.
botulinum spores alone under an atmosphere of =0.3% ox-
ygen. We conclude that aseptically steamed rice products
must be adjusted to pH 4.9 or below to avoid the risk of
botulism from consumption of these MAP foods.
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ABSTRACT

The grouping method for isolated strains from foods using single-strand conformation polymorphism (SSCP) after PCR
amplification of a portion of 16S rDNA was developed. This method was able to group the strains from various food samples
based on 16S rDNA sequence. As 97.8% of the isolated strains from various foods were grouped correctly, use of the PCR-
SSCP method enables the prompt and labor-saving analysis of microbial population of food-derived bacterial strains. Advan-
tages in speed and accuracy of bacterial population identification by the PCR-SSCP method have practical application for food

suppliers and testing laboratories.

For food manufacturers, aerobic plate count (APC) is
widely used as a standard method for microbiological qual-
ity control. Although the importance of the APC remains
unchanged, the demand for identification techniques of bac-
terial species is increasing to obtain the detailed information
about APC result. An abnormal APC, a result that deviated
from specification(s) formulated by public administration or
the food industry, requires further analysis in order to iden-
tify isolates to analyze the microbial population.

Denaturing gradient gel electrophoresis (DGGE) (76),
one of the electrophoretic typing methods of DNA, is wide-
ly used to analyze microbial communities in combination
with DNA sequencing of the separated DNA fragments (6,
10, 21-23). DGGE is a useful method for rapid and com-
parative analysis of complex bacterial flora. However, as
the DGGE method uses DNA extracted directly from the
sample and amplified by PCR, comparative analysis with
APC is difficult because the nonculturable bacteria on the
APC plate are also detected by DGGE. In addition, the
quantitative differences of bacterial species in a sample are
not clearly identified by the DGGE method. The microbial
population analysis by the food manufacturers is generally
carried out by identifying 10 to 20 of the randomly isolated
strains from the countable APC plates. Analysis of micro-
bial populations by this conventional method enables the
semiquantitative comparison of the constituents. However,
identification of 10 to 20 of the bacterial isolates is both a
time- and labor-intensive process.

The strategy of selecting representative strains from
isolated strains following DNA typing is an easy and simple
way to decrease the identification operation. The PCR-re-
striction fragment length polymorphism (RFLP) method is
frequently used for this purpose. We consider that the PCR-

* Author for correspondence. Tel/Fax: 81-3-5463-0603;
E-mail: kimubo@kaiyodai.ac.jp.

RFLP targeting 16S rDNA is a simple and useful technique;
however, it is limited in terms of analyzing bacterial pop-
ulations promptly. The technique is time-consuming in
terms of restriction enzyme processing, and the resolution
is not sufficient. DGGE, temperature gradient gel electro-
phoresis, and single-strand conformation polymorphism
(SSCP) are widely used for microbial community analysis.
The SSCP method can recognize a single polymorphism in
a DNA fragment (/9), and recently, this method has been
applied to microbial community analysis (9, /15, 20), in-
cluding the identification of specific species (25. 28). SSCP
electrophoresis separates the single-stranded DNA not only
according to its base length, but also according to the sec-
ondary structures of DNA. The secondary structure of
DNA is affected by its sequence. We consider that SSCP
is highly advantageous for grouping many strains in terms
of rapidness and resolution. In this study, we evaluated a
strategy based on the PCR-SSCP method for analyzing the
microbial populations found in food products. We tested the
accuracy of this grouping method in the samples of fresh
fish products, meat, and vegetables.

MATERIALS AND METHODS

Bacterial isolation. Foods purchased from retail food shops
in Tokyo and comprising three samples each of fish, meat, and
vegetables were transported to the laboratory on ice. Twenty-five
grams of each sample was homogenized with 225 m! of 0.85%
NaCl saline, using a stomacher (Seward Co., Ltd., London. UK)
for 1 min. Serial 10-fold dilutions (10-! to 10~5%) were prepared.
and 100 ul from each was plated in duplicate onto modified tryp-
tic soy agar (Difco, Becton Dickinson, Sparks, Md.) supplemented
with 1% NaCl and incubated at 30°C for 24 h. Colonies were

pg839 #1

counted, and 20 colonies from each sample type were randomly

isolated from countable plates, without considering the appearance
of colonies, and identified using the method below.
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TABLE 1. The result of PCR-SSCP analysis and identification results of 16S rDNA sequencing of food isolates

No. of Confirmation of PCR-SSCP grouping by 16S rDNA sequencing®
Bacterial groups of
counts isolated strains Closest relatives of 16S rDNA sequence No. of
Sample (CFU/g) by PCR-SSCP  SSCP group (accession no. of closest relative)® % similarity  strains
Horse mackerel 43 X 103 9 1A Psendoalteromonas elyvakovii (AF082562) 98 7
1B Psvchrobacter glacincola (U85877) 98 6
1C Arthrobacter globiformis (AB098573) . 94 1
1D Brochothrix thermosphacta (AY543029) 98 i
1E Flavobacterium frigidarium (AY771722) 99 1
IF Photobacterium angustum (D25307) 96 1
1G P. phosphoreum (AY780009) } 98 1
1H Pseudonmonas tolaasii (EF111117) ) 97 1
11 Vibrio rumoiensis (DQ530292) 98 1
Tuna 1.0 X 104 9 2A Acinetobacter johnsonii (X81663) 97 7
2B¢ Chryseobacterium/Flavobacterium — 2
2C Acinetobacter haemolvticus (X81662) 98 3
2D Psychrobacter glacincola (U85878) 99 2
2E Stenotrophomonas maltophilia (AY367030) 97 2
2F Arthrobacter bergeri (AJ609633) 99 i
26 Pseudomonas fluorescens (AY512614) 97 1
2H P. lurida (AJ581999) 98 1
21 Sphingobacterium spiritivorum (EF090267) 92 1
Young yellowtail 1.2 X 103 6 3A Shewanella frigidimarina (U85902) 99 7
3B A. johmsonii (DQ911549) ) 98 4
3C Acinetobacter lwoffi (U10875) 89 C 2
3D P. fluorescens (DQO84459) 99 3
3E Chryseobacterium benhlgensis (EF154516) 97 3
3F Pseudomonas putida (EF690402) 99 1
Pork . 8.1 x 103 11 4A Carnobacterium maltaromaticum (AF270798) 99 5
4B A. johnsonii (EF204268) 98 4
4C P. putida (AY456706) 99 2
4D Staphylococcus spp. 99 2
4E Acinetobacter bawnannii (X81667) 96 1
4F Aeromonas hydrophila (AY264937) 100 |
4G Carnobacterium maltaromaticum (AF184247) 98 1
4H Chryseobacterium soldanellicola (AY883415) 96 1
41 Enterobacter agglomerans (AF157694) 97 1
4] Pseudomonas migulae (AF074383) 99 ]
4K Staphylococcus spp. 99 i
Chicken 52 X 104 12 SA Pseudomonas libanensis (DQ288882) 99 7
' 5B A. hydrophila (X87271) 98 3
5C Acinetobacter junii (EF429000) 99 i
5D Brochothrix thermosphacta (AYS543017) 99 1
SE Carnobacterium divergens (AY543016) 99 1
SF Chryseobacterium indoltheticum (M58774) 97 1
5G P. fluorescens (AF228367) 98 1
SH P. fluorescens (DQ178230) 99 1
5T Pseudomonas meridiana (AJ537602) 99 1
5J P. fragi (D84014) 98 1
5K P. migulae (AY047218) . 97 1
: SL P. fluorescens (DQ178232) 99 1
Beef- 8.8 X 10° 3. 6A Carnobacterium maltaromaticum (AY543018) 99 18
6B Moraxella osloensis (Y15855) 99 1
6C Staphvlococcus spp. 99 1
Daikon radish 2.0 X 108 9 7A Stenotrophomonas maltophilia (AJ293473) 99 8
sprout 7B S. rhizophia (AJ293463) 97 3
7C S. maltophilia (AB021406) 99 3
D Chryseobacterium piscium (AM040439) 99 1
7E Comamonas testosteroni (AF519533) 99 1
7F A. johnsonii (AB099655) ’ 99 1
7G Pseudomonas fulgida (AJ492830) 99 i
7H P. putida (AY647158) 98 1
71 Sphingobacterium multivorum (AB100738) 99 1
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TABLE 1. Continued
No. of Confirmation of PCR-SSCP grouping by 16S rDNA sequencing”
Bacterial groups of
counts isolated strains Closest relatives of 16S rDNA sequence No. of
Sample (CFU/g) by PCR-SSCP  SSCP group (accession no. of closest relative)? % similarity  strains
Lettuce 5.6 X 107 7 8A Pseudomonas cichorii (AB021398) 99 11
8B4 Enterobacter/Erwinia — 3
8C P. putida (AY456706) 99 2
8D Chryseobacterium formosense (AY315443) 98 1
S8E Pseudomonas veronii (AB056120) 99 i
8F P. marginalis (Z76663) 99 1
8G P. borealis (AJO12712) 99 1
Bean sprout 2.2 X 107 7 9A° Enterobacter/Erwinia/Raoultella — 11
9B Pseudomonas spp. 98 4
9C P. oryzihabitans (AM262973) 98 1
9D E. agglomerans (AF130961) 96 1
9E E. amnigenus (EF426859) 98 1
9F E. asburiae (EF059885) 99 ]
9G . P. orvzihabitans (AY850170) 99 1

a Isolated strains from each food samples were grouped by PCR-SSCP, and all strains were identified by 16S rDNA sequencing.

b Identification by 16S rDNA sequencing was performed using an approximately 500-bp portion of 165 rDNA (E. coli position 50 to
500). After the database was searched, strains were identified as the closest relatives.

< Group 2B consisted of two species: two strains of C. piscium (DQ862541, 97%) and a strain of Flavobacterium denitrificans (AJ308927,

95%).

d Group 8B consisted of two species: two strains of E. agglomerans (296083, 99%) and Erwinia persicina (AM184098, 97%).
¢ Group 9A consisted of three species: nine strains of E. agglomerans (AF130939, 98%), Erwinia rhapontici (AJ233417, 100%), and

Raoulrella planticola (Y17663, 97%).

Identification of isolated strains by 16S rDNA sequencing.
Samples of DNA for PCR templates were extracted based on
chaotropic extraction, followed by absorption onto silica-coated
magnetic beads using a commercially available DNA extraction
kit (Mag Extractor-Genome, Toyobo Co., Ltd., Tokyo, Japan) ac-
cording to manufacturer’s instructions. Briefly, 1 ml of the over-
night culture of each isolated strain in tryptic soy broth (Difco,
Becton Dickinson) supplemented with 1% NaCl was centrifuged
(15.000 X g, 5 min), resuspended in 850 pl of lysis buffer, applied
to 40 ul of silica-coated magnetic beads, and vortexed vigorously
for 10 min. The magnetic beads were then precipitated by tabletop
centrifugation (2,000 X g, 15 s), washed twice in 900 pl of wash-
ing buffer and once in 900 ul of 70% ethanol, and finally resus-
pended in 100 pl of Tris-EDTA buffer. After the suspension was
vortexed vigorously for 10 min, the magnetic beads were precip-
itated by tabletop centrifugation (2,000 X g, 15 s), and the su-
pernatant was collected for use in PCR reactions.

All strains were identified by amplifying and sequencing an
approximately 450- to 500-bp portion of 16S rDNA (Escherichia
coli positions 50 to between 450 and 500) (2). Amplification was
performed using universal primers 27F and 1492R (27), and prod-
ucts were purified by ultrafiltration (Montage PCR centrifugal filter
devices, Millipore Corp., Bedford, Mass.). Purified products were
then directly sequenced using Texas Red-labeled primers 27F and
536R (27) by the DNA sequencer SQSS00E (Hitachi, Ltd.. Tokyo,
Japan) with the Thermo Sequenase primer cycle sequencing kit (GE
Healthcare UK, Ltd., Amersham Place. Little Chalfont, Buckingh-
amshire, UK). The BLAST 2.0 algorithm was used to compare
the derived sequences with 16S rDNA sequences in the DDBJ
database (http://www.ddbj.nig.ac.jp, Shizuoka, Japan).

SSCP analysis of 165 rDNA V3 region. In the PCR-SSCP
analysis. we used precast polyacrylamide gel, followed by silver
staining because of the high sensitivity of silver staining. This

method visualizes even a small amount of nonspecific amplifica-
tion product; therefore, several PCR primers and thermal profiles
were tested for specificity and the difference of PCR efficiency.
The primer set SRV3-1 (5'-CGG YCC AGA CTC CTA CGG G-
3") (15) for forward primer and V3R53 (5'-GTA TTA CCG CGG
CTG CTG GC-3'), which was newly designed based on 536R
(27) with minor modifications for reverse primer, gave acceptable
results. PCR amplification was performed in 100-pl reaction mix-
tures composed of 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5
mM MgCl,, 50 pmol each of primer, 0.2 mM each of four dNTPs,
2.5 U of TaKaRa Tag DNA polymerase (Takara Bio, Shiga, Ja-
pan), and 50 ng of template DNA. To minimize amplification of
nonspecific products, touchdown PCR (7) was performed; the ini-
tial annealing temperature was set at 6°C above the target an-
nealing temperature and decreased by 0.6°C every second cycle
until the target annealing temperature, 61°C, was reached, and
then 5 additional cycles were carried out with the target annealing
temperature. Amplifications were carried out in a GeneAmp 9700
thermal cycler (Applied Biosystems, Foster City, Calif.), using the
following cycle: denaturation at 94°C for 30 s, annealing at the
temperature regime described above for 30 s, and primer extension
at 72°C for 10 s for touchdown cycles, and 72°C for 30 s for the
last 5 additional cycles.

SSCP analysis of PCR products was performed as described
previously (23). Briefly, PCR products were mixed !:2 with load-
ing buffer (98% formamide~10 mM EDTA-0.5% bromophenol
blue), denatured by heating for 10 min at 100°C, cooled on ice,
loaded in a precast, ready-to-use gel (GeneGel Excel 12.5/24 kit,
GE Healthcare). and electrophoresed on a GenePhor electropho-
resis unit (GE Healthcare) at 650 V, 25 mA, and 15°C until the
bromophenol blue front reached the anode buffer strip (about 90
min). The gel was stained with a PlusOne DNA silver staining kit
(GE Healthcare). Scanned photographs of SSCP gels were stored
as TIFF images.
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FIGURE 1. Representative SSCP analysis A) Group 9G Precdomonas aryzibabitans
results of the V3 region PCR product [ Group 9  Enterobacter asburize
. . .. Group 9E  Enterocbacter smnigen:
(bean sprout isolates). (A) Lanes: 1-3, Croup 50 Emmm: :':ns
7-11, 14, 18. and 20 are group 9A; lanes Group 9C  Pseudomonas oryzihatitans
6. 12, 17 and 19 are group 9B; and lanes l i T Group 98 Pscudomonas spp.
4. 13.15. 16. and 5 are group 9C 10 9G, T T L L T e EnemiecierfEnna Raneia

as shown in Table 1. The 100-bp DNA size
marker was loaded on both sides, without
heat denaruration. The bands that corre-
spond to approximately 200 bp were dou-
ble-stranded DNA. (B} Representative se-
quence alignment of the V3 region of
group 9A strains. The fragments generared-
from these three genera were not separat-
ed by the PCR-SSCP method because of
the high sequence similarity. (C) Sequence
alignment of the V3 region of group 9B
strains. The SSCP electrophoresis could
not discriminate the polymorphisms indi-
cated by the box, as described in the text.

B)
R.planticols (lane 1)  331:COGTCCRGACTCOTACGGOAGCCAGCASTOCSGINIATTGCRACINTEGCOGCAA-CTSAN 388
E.agglomerans{lane 1i} I31:CSCTCCACRTTOSTACCHOAGCCACCATTOOGCAATATTACACAATCOCONCAA - CTICA 389
E.rhapontici {lanc 33 331:0CC0T CCA\UR’TCCTAC‘.;GCWC"»GCACTCCCCAA"A‘!T"CnCAATCGCC(-CMJ'T“ A 333
PROSPOYIAPSDIIE ISP I A D
R.planticola (lane 13 390: THGCAGCTATGL TGTATGAAGRARGLGUCT TOHATTUT AMAGTACTTTUAGCG A GAG 449
E.agglomeranm(lane 11} AGCCRTGCCG GTGTATGARGAARGICT TOGGGTTRTARAGTACTTTCAGCRIIGAG 449
R.rhapontici (lane 3} AGCCATGLCGCGTOTATGAAGARASGCCTTOGGG TTOTARAGTACTTTCAG GIGGRG 449
D e P
R.plantizola (lane :GAAGGCSATSTGSTTAATAACCICGTCOATTSACGTTACCTOCAGAAGARGCACCSEOTA 509
E.agglomerans (lane GAAGGCSACGLSGTTAATAACCCTOTCOATTOACCTTACCCOCAGRAGAAGCACTGGITA 509
E.rhapontici {lane s GAAGGCIATSTOOTT AATAACL GO TCOATTCACG TTACCCG CAGAAGAAGCACCOOCTA 509
SuereEer e esEeveNeTe.  eavaveresiserateseserrirerriteetvert
f.planticola {lane 516
E.agulomeranslane 516
E.rhapontici {(lane 516
<
Group 98 lanell 331:COGTCOAGACTCCTACGGGAGOCASCAGTEIEARTATTCCACAATGCGOGCARCTSGAT 390
Group 9B lanel?  331:CGOTCCASACTOCTACGGGASCIAGCAGTCOGCAATATTGCACAATOGICCCAACTGTAT 390
Group 98 lan2l9  321:COOTOCAGACTCCTACCGCACSCACCAGTCOCCAATATTCCACAATGOGCCCAACTCTAT 390
Group 9B laneé 33L: J'}‘CCM.A(."! CCTACSGGAGGCAGCAUTCGGOAR TATTSCACAATSGGCUCARCIGGAT 350
P T T T T R L N T R R N T TR P Pt
Group 98 laneil 1 1 GEAGCORTGOCGCETRTATRAAGAAGGC CTTCRGGTTRTARAGTACTTTCAGUIGHGAGE 450
Group S8 lanel? GCAGICATCCCGOGTGTATARAGAAGHCCTTCRIGTTGTAAAGTACTTTCAGLGSAGAGG 450
Group SB lareld :BCASCCATGCCGCGTGTATCANGAAGGCCTTOGGTTGTAAAGSTACTTTCAGLGSGGACG 150
Group YB laneé 1 : GOASCORTGLCGOSTGTATSRAGAAGGL CTTORGGTTSTRAASTACTTTCAGCEGGGAGE 450
ELTIPPYRPPPPOSEDCITAANAPOSOIPINPE S PO PSR PO b
Croup 9B lonell 451:AACGEIATCCCCTTAATAACCICOTC AT‘LACCT"‘ACCCGCA(ML.AI\G;AC«.CG’TAA 510
Croup 98 lanci? AAG TOCGUTTAATAACTCCTCUCR AGAA! AA S
Group B lanel?d : 3 TARGUGTTAATAALCTTGT
Group 9B lanes 451 ANGEAGTAAGCRRATACCTTGOTG
sesel .. e . eeve s,
Group 9B lanei2 RS GUCAGCAGCTGCGETRAATAL . 937
. Group $B lanei? 5 WGCAGCOBCGGTAATAL 537
Group 98 lanels H X WGCAGCCSCOGTRATAC 837
Group 9B lanes 511: CAGICGOGETARTAC 537
vevrrcoverevease
RESULTS AND DISCUSSION fresh fish products and 20 isoldted strains from chicken;

. . Table 1), the primer pair and the touchdown PCR condi-
. Optimization of SSCP analysis. We selected the V3 ionq broduced sufficient amounts of amplification products,
region of 16S rDNA as the amplification target of the PCR- yith no undesired products (data not shown). The electro-

SSCP .anal_ysis b.ec.ause t}?e V3 region of 16S rDNA Ais in-Q phoresis temperatures were also optimized for optimal sep-
formative in the differentiation of bacterial strains. Nine of aration of the 16S rDNA V3 fragment, and the optimal
the V (hypervariable) regions, which contain many poly- running temperature was determined to be 15°C. Theoreti-

morphisms among species, ‘are present in bacterial 16S cally, denaturation of a double-stranded DNA fragment pro-
rDNA (18), and some are useful for bacterial classification vides two single-stranded DNA with different sequences.
alone or in combinations of two or more regions (3). The For this reason, two bands should be observed in PCR-SSCP
V3 region is the third V region from the 5’ end of 168 analysis. However, some samples produced three or four
rDNA and is positioned at 330 to 530 by E. coli numbering bands by the PCR-SSCP method used here (Fig. 1; e.g.,
(14) and is widely used for typing or sequence identification  Janes 13 and 16). This occurred due to the high resolution

of bacteria (/2, 29). of the PCR-SSCP method which can detect substitutions of
Amplification was performed using the touchdown just a few bases. These results had no effect on the groupings
PCR method (7), in order to minimize nonspecific ampli-  since the banding was due to the heterogeneity among mul-

fication products. In 80 strains (60 isolated strains from ntiple copies of 168 rDNA (4, 11, 17, 20).
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Evaluation of the accuracy of SSCP analysis. We
isolated 180 bacterial strains from nine food samples of
fresh fish products, meat, and vegetables. All isolated
strains were typed by the PCR-SSCP method (Fig. 1, rep-
resentative result of bean sprout isolates), and then all
strains were identified by 16S rDNA sequencing to confirm
the grouping by PCR-SSCP. The 180 strains isolated in our
study (20 strains each from nine food samples) were ana-
lyzed by PCR-SSCP, and 20 isolates from each food sample
category were classified into 3 (beef) to 12 (chicken)
groups (Table 1). Groupings by PCR-SSCP and 16S rDNA
sequencing showed good correlation to the genus level (Ta-
ble 1). For example, the groupings based on PCR-SSCP
analysis of beef samples showed perfect correspondence to
those of 16S rDNA sequencing analysis (Table 1). The per-
fect correspondences of grouping by PCR-SSCP analysis to
16S rDNA sequence were obtained for the other samples
except tuna, lettuce, and bean sprouts as discussed below.
These results indicate that PCR-SSCP is useful for grouping
strains isolated from food samples. There is not a large
influence in microbial population analysis results, although
some of the isolates from tuna, lettuce, and bean sprout
samples were not grouped perfectly.

Undesirable discrimination patterns of PCR-SSCP
would be the grouping together in the same SSCP group
of different strains belonging to different genera. Such im-
perfect grouping leads to the overlooking of the constituent
bacteria in the sample. In this study, it was difficult to cat-
egorize some strains into the correct group. As shown in
Table 1, two strains of Chryseobacterium and one strain of
Flavobacterium from tuna fillets were grouped together. In
isolates from lettuce, two strains of Enrerobacter and a
strain of Erwinia were grouped together (Table 1). In iso-
lates from bean sprouts, nine strains of Enterobacter, one
strain of Raoultella, and one strain of Erwinia were
grouped together (Table 1 and Fig. 1A). When minority
strains in a group for which two genera were observed,
PCR-SSCP, as performed in this study, misidentified these
4 strains (2.2%) among a total of 180 strains. These incon-
sistencies were caused by the close genetic relationships
among these strains. In fact, Chryseobacterium and Fla-
vobacterium (isolates of both were found in tuna fillets) had
been formally classified as the same genus Flavobacterium
(26). Enterobacter and Raoultella (formally classified in
Klebsiella, (8)) found in lettuce and bean sprouts could not
be discriminated by 16S rDNA sequencing because they
have sequence differences of only a few bases in the V3
region of their 16S rDNA (Fig. 1B). Also, the 16S rDNA
sequence of Erwinia spp. found in bean sprouts was very
similar to that of Raoultella in a DNA database search
(98.5%). The results in our study indicate that substitutions
of at least five bases in the V3 region of the 16§ rDNA
(2.5% difference) were reflected in the banding patterns of
PCR-SSCP, except the substitutions at a specific position
(E. coli position 457 to 480; Fig. 1C). The region 457 to
480 contains stem-loop structure of the 165 rRNA, and
some of the base changes occurring at the loop area would
not influence the secondary structure of the 16S rRNA.
Since the banding patterns of SSCP ‘electrophoresis reflect

GROUPING OF FOOD ISOLATED BACTERIA BY PCR-SSCP IN FOOD
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the single-strand conformation of the DNA, mutations at
the position 457 to 480 are not always reflected in the PCR-
SSCP banding patterns. This insufficiency did not lead the
isolated strains belonging to the different genus into the
same SSCP group, and only observed in SSCP group 9B
of bean sprout sample used in this study. In general, mo-
lecular identification using 16S rDNA is a powerful tool in
bacterial identification. However, it is not always sufficient
for identification to the species level among groups con-
taining genetically diverged species (Bacillus group) (1),
genetically closed species (Staphylococcus group) (24), or
ambiguously defined species (Clostridium group) (5, 13).
These cases indicate the resolution limitations of the meth-
od using the V3 region of 16S rDNA. It is remarkable that
our PCR-SSCP method did not fail to discriminate distant
genera and clearly reflected the results of 16S rDNA se-
quencing.

In this study, nine food samples were tested and the
20 isolates from each food sample category were grouped
into 3 to 12 (average of 8) groups by the PCR-SSCP meth-
od, and the same isolates were grouped into 3 to 8 (average
of 6) genera by 16S rDNA sequencing (Table 1). Although
the PCR-SSCP method occasionally grouped the same spe-
cies into different groups (Table 1, SSCP group 4A and 4C,
5G and 5H, 7A and 7C, 9C and 9G), this did little to in-
fluence the accuracy of the analysis. Cost of analysis is
increased because sequencing is carried out for the strains
grouped together where it is not necessary. These problems
occur due to the high resolution of this method, which can
discriminate even a few bases of mutation.

We also analyzed the similarities of PCR-SSCP band-
ing patterns and 16S rDNA sequences between the isolated
strains using band imaging software (BioNumerics, Applied
Maths BVBA, Kortrijk, Belgium), which identifies the
strains by banding patterns. There were no correlations ob-
served between the similarities of SSCP banding patterns
and 16S rDNA sequences, because SSCP banding patterns
are not directly affected by sequence substitutions, but rath-
er by differences in secondary structure of the single-strand
DNA caused by sequence substitution (/5). The SSCP
banding pattern database may be provided in future exper-
iments for the strain identification by only using this PCR-
SSCP method.

The analyses carried out in this study required a total
of 4 days. On the first day, we plated food samples onto
medium; on the second day, colonies were counted and
were picked. On the third day, chromosomal DNA of iso-
lated strains were extracted using the commercially avail-
able kit, the V3 regions of 165 rDNA were amplified, and
the DNA samples were applied to SSCP analysis and the
representative strains selected from each SSCP group. The
16S rDNA sequences of the representatives were deter-
mined and strains were identified on the fourth day. Since
precast gels and all reagents are commercially available as
a ready-to-use package, the PCR-SSCP method has excel-
lent reproducibility among experiments and technicians.
Moreover, the multiprocessor (GE Healthcare) is now avail-
able and makes technician-free operation possible for the
staining step. The total cost to analyze 20 isolates (one food
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sample) was almost $70 for the PCR-SSCP analysis, fol-
lowed by 16S rDNA sequencing. The cost of the PCR-
SSCP method can be reduced because the high reproduc-
ibility of PCR-SSCP enables the grouping of strains be-
tween different samples.

In this study, we evaluated the PCR-SSCP process as
a grouping method for isolated strains from plate count
analysis and showed good correlation between the PCR-
SSCP analysis and 16S rDNA sequencing. Among 180
strains from vartous foods, 2.2% were misgrouped due to
their phylogenetic relationships. This is not a substantial
problem of the PCR-SSCP method because the most im-
portant aspect of this grouping method for isolates used by
food suppliers is the practical usefulness. The PCR-SSCP
method meets these requirements in various aspects, such
as sufficient accuracy, high throughput, high reproducibil-
ity, and ease of operation. This PCR-SSCP method can also
be used as the grouping method of isolates followed by
identification using the identification kits and classical iden-
tification by biochemical characterization.
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Abstract

A specific serotype of Vibrio parahaemolvticus, 03:K6, has recently been linked to epidemics of gastroenteritis in Southeast Asia, Japan, and
North America. These pandemic O3:K6 strains appear to have recently spread across continents from a single origin to reach global coverage,
based on profiling of strains by several molecular typing methods. In this study, variable-number tandem repeats (VNTR)-based fingerprinting
was applied to clinical and environmental V. parahaemolyticus O3:K6 strains in an attempt to develop a molecular method with increased
sensitivity for discriminating strains; the relative discriminatory powers were compared with ribotyping and pulsed-field gel clectrophoresis
(PFGE). All clinical strains tested were independent human isolates obtained from different outbreaks or from sporadic cases in Tokyo dunng the
period from 1996 to 2003. Multiple-locus VNTR analysis (MLVA) was shown to have high resolution and reproducibility for typing of V.
parahaemolyticus clones. MLVA analysis of 28 pandemic ¥ parahaemolvticus 03:K6 strains isolated from human cases produced 28 distinct
VNTR patterns. The VNTR loci displayed between 2 and 15 alleles at each of eight loci with Nei’s diversity index ranging from 0.35 and 0.91.
These data demonstrated that MLVA is useful for individual strain typing of new 03:K6 strains, which appear to be closely related by other
molecular methods.
© 2008 Elsevier B.V. All rights reserved.

Keywords: DNA typing; MLVA; Vibrio parahaemolyticus; VNTR

1. Introduction that is characterized by the potential to spread and to be

associated with infections more often than other serotypes. In

Vibrio parahaemolyticus is a gram-negative marine bacter-
ium that causes seafood-bore gastroenteritis; but not all strains
have the same pathogenic potential. Infections are usually
caused by V. parahaemolyticus of diverse serotypes, and until
1996, infections were characterized by sporadic cases caused by
multiple, diverse serotypes. However, recent studies have
shown the emergence of serotype O3:K6, a unique serotype

* Corresponding author. Mailing address: Department of Food Science and
Technology, Faculty of Marinc Scicnce, Tokyo University of Marince Science
and Technology, 4-5-7 Konan, Minato, Tokyo 108-8477, Japan. Tel./fax: +81 3
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E-mail address: klmubo(/l\alvodal ac.jp (B. Kimura).

0167-7012/3 - sce front matter © 2008 Elscvier B.V. All rights rescrved.
doi: 10.1016/j.mimet.2007.12.014

February 1996, strains belonging to the O3:K6 serotype were
first documented in Calcutta, India, and accounted for 50 to
80% of the strains of ¥ parahaemolyticus responsible for
infections occurring annually since then (Okuda et al., 1997).
Furthermore, strains belonging to the new O3:K6 serotype have
been isolated from other Southeast Asian countries, from
travelers at a quarantine station in Japan (Okuda et al., 1997),
and from a food-bome outbreak in the United States (Centers
for Discase Control and Prevention, 1999). These isolates
possessed the tdh gene encoding thermostable direct hemolysin
(TDH), lacked the tr# gene encoding TDH-related hemolysin,
and showed very similar profiles by several molecular methods
(Matsumoto et al., 2000; Nasu et al., 2000; Wong et al., 2000),
suggesting the presence of a common ancestor.
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A variety of molecular typing methods have been applied to
V. parahaemolyticus; ribotyping (Bag et al., 1999; DePaola et al.,
2003; Gendel et al., 2001), pulsed-field gel electrophoresis
(PFGE) (Bag et al., 1999; Marshall et al., 1999), group-specific
PCR (GS-PCR) (Matsumoto et al., 2000), arbitrarily primed PCR
(AP-PCR) (Hara-Kudo et al., 2003; Matsumoto et al., 2000;
Okuda et al., 1997), and multilocus sequence typing (MLST)
(Chowdhury et al., 2004). However, newly identified 03:K6
strains are shown to be genetically homogeneous, and it makes
difficult to distinguish them by above methods. Therefore, we
decided to develop a method that targets the short tandem repeat
sequences (TRs), which undergo rapid evolution in the bacterial
genome. Increasingly, variable-number tandem repeats (VNTRs)
have been used to discriminate among individual strains within
several food- or waterbome pathogen with little genetic variation,
including Escherichia coli O157:H7 (Lindstedt et al., 2004a;
Noller et al., 2003), Pseudomonas aeruginosa (Onteniente et al.,
2003), Staphyvlococcus aureus (Sabat et al., 2003), Salmonella.
enterica subsp. enterica serovar Typhimurium (Lindstedt et al.,
2004b). Short sequence repeats, including VNTRs, consist of
unique DNA elements that are repeated in tandem. Individual
strains within a bacterial species often maintain the same
sequence elements but with different copy numbers, variation
introduced by slipped-strand mispairing during DNA replication
(Metzgar et al., 2001). Since sequence homologies between
strains exist in the flanking-sequences, specific primers can be
used to determine the variation in copy numbers of repeat units,
reflecting intraspecific genetic diversity.

The primary aim of this study was to develop a high-resolution
typing system for ¥, parahaemolyticus serotype 03:K6 based on
polymorphisms at genomic VNTR loci. We demonstrate the
utility of this approach by comparing PFGE results for clinical
strains of V. parahaemolyticus serotype 03:K6é from different
outbreaks in Tokyo occurring from 1996 to 2003. This study
shows for the first time that clonal pandemic 03:K6 strains are
distinguishable by differing VNTR patterns.

2. Materials and methods
2.1. Bacterial strains

All V. parahaemolyticus strains (n=234) were collected by the
Tokyo Metropolitan Institute of Public Health and provided to the
Food Microbiology Laboratory at the Tokyo University of Marine
Science and Technology (Table 1). Among them, 28 were clinical
strains isolated from single patients associated with different
outbreaks or sporadic cases in Tokyo during the period from 1996
to 2003 and the other 6 strains were environmental strains isolated
from either food or seawater during the period from 1999 to 2003.
ANl V. parahaemolyticus strains were grown in LB broth or on
LB agar (1.5% agar) with 3% sodium chloride. All strains were
serotyped by the slide agglutination test with O- and K- antigen
using commercially available antisera (V. parahaemolyticus
antisera Seiken set, Denka Seiken, Tokyo, Japan), and the
presence of the tdh gene and trh gene in the isolates were
determined by the primers described previously (Okura et al.,
2003).

2.2. GS-PCR

GS-PCR for toxRS sequence of the newly emerging
V. parahaemolyticus serotype O3:K6 clones (toxRS/new) and
old 03:K6 strains (toxRS/old) was performed according to the
reports by Okura et al. (2003), and ORF8 PCR for detection of
the f237 filamentous phage which is unique to the newly
emerged 03:K6 clones (Nasu et al., 2000) was also performed
(Okura et al., 2003).

2.3. Automated ribotyping

Ribotyping was carried out using the Qualicon RiboPrinter
Microbial Characterization System (Qualicon, Inc., Wilmington,
Del.) according to the manufacturer’s instructions. Riboprint
patterns for each strain were compared to the patterns produced
for all other strains using the same restriction enzyme using the
software supplied with the Riboprinter system. Strain-to-strain
comparisons were used to define ribogroups, each consisting of
patterns that were >0.90 similar. The sample number of the first
pattern in each group became the label used to identify that group.
The analysis software derived a single average pattern for each
ribogroup, as well as information on the similarity of each patten
within the group to the group average pattern.

2.4. Typing 03:K6 strains by PFGE

PFGE typing of strains was performed on genomic DNA
digested with restriction enzyme Not 1, as described elsewhere
(Hara-Kudo et al., 2003; Yeung et al., 2002) with minor
modifications. All strains were grown overnight at 30 °C in LB
broth. Bacteria were harvested by centrifugation and resuspended
in 100 pl resuspension buffer (Bio-Rad Laboratories Ltd.,
Richmond, Calif.). Agarose plugs were prepared by mixing
equal volumes of bacterial suspensions. Suspensions were
transferred to disposable plug molds and cooled to 4 °C. Bacterial
cells in the agarose plugs were treated with lysozyme solution at
25 °C for 2 h, after which, the plugs were suspended in 300 ul of
proteinase buffer containing 3 pl of proteinase K and incubated at
50 °C for overnight. Agarose plugs were washed once with wash
buffer, once with 1 mM PMSF, twice with wash buffer, and once
with 0.1 x wash buffer with wash time of 1 h each. Agarose plugs
containing genomic DNA were digested with 10 U of Not 1
(Takara Bio Inc., Shiga, Japan) at 25 °C ovemight. PFGE was
performed with 1% agarose gel (Seakem Agarose Gold; FMC
Bioproducts, Rockland, Me.) on a CHEF-DR 1 apparatus (Bio-
Rad) in 0.5 x TBE buffer at 14 °C. Electrophoresis was performed
at 6 V/em for 18 h with a 2- to 40- s linear ramp time.

2.5. Searching potential VNTRs

All VNTR loci were selected using MICAS (http://www.
cdfd.org.in/micas/) (Sreenu et al., 2003) and the Tandem Repeat
Finder program (http://tandem.biomath.mssm.edu/trf/trf html)
(Benson, 1999) from the entire genomic sequence of
V. parahaemolyticus RIMD2210633, Kanagawa-phenomenon
positive, serotype O3:K6 (Makino et al., 2003), GenBank
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Table |
Vibrio parahaemolyticus strains uscd in this study
GS-PCR Riboprinting
Source Strains® Scrotype” Ycar® 1dh© rh® toxRS/new*® ORF8*¢ DuPont ID Ribogroup
Clinical V96-110 03:K6 1996 + -~ + + <nonc> 172-48-s-3
V96-178 03:K6 1996 + - + + DUP-6626 172-48-s-3
V96-223 03:Ké 1996 + - + + DUP-6626 172-48-s-3
V97-19 03:Ké6 1997 + - + + DUP-6626 172-54-5-4
V97-49 03:K6 1997 + - + + DUP-6626 172-48-s-3
V97-204 03:Ké6 1997 + - + + DUP-6626 172-48-s-3
V98-10 03:Ké6 1998 + - + + DUP-6626 172-48-s-1
V98-290 03:Ké6 1998 + - + + DUP-6626 172-48-s-3
V98-324 03:K6 1998 + - + + DUP-6626 172-48-s-3
V99-38 03:K6 1999 + - + + DUP-6626 172-48-s-3
V99-107 03:Ké6 1999 + - + + DUP-6626 172-48-s-3
V99-205 03:Ké6 1999 + - + + DUP-6626 172-48-5-3
V00-76 03:K6 2000 + - + + DUP-6626 172-48-s-3
V00-145 03:K6 2000 + - + + DUP-6626 172-48-s-3
Vo00-16l 03:Ké6 2000 + - + + DUP-6626 172-48-s-3
V01-38 03:K6 2001 + - + + DUP-6626 172-48-s-3
VoI-141 03:K6 2001 + - + + DUP-6626 172-48-s-3
V01-151 03:Ké6 2001 + - + + DUP-6626 172-48-s-3
V02-21 03:K6 2002 + - + + DUP-6626 172-48-s-1
V02-36 03:K6 2002 + - + + DUP-6626 172-48-s-1
Vo02-64 03:K6 2002 + - + + DUP-6626 172-48-s-3
V02-106 03:K6 2002 + - + + <nonc> 172-48-s-4
V02-123 03:Ké6 2002 + - + + DUP-6626 172-48-s-3
V02-207 03:Ké 2002 + - + + DUP-6626 172-48-s-3
V02-279 03:Ké6 2002 + - + + DUP-6626 172-48-s-3
V03-80 03:K6 2003 + - + + DUP-6626 172-48-s-1
V03-108 03:K6 2003 + - + + DUP-6626 172-48-s-3
V03-159 03:Ké 2003 + - + + DUP-6626 172-56-5-8
Environment Vi9 03:K6 1999 - - - - <non¢> 172-58-s-1
V37 03:K6 1999 - - - - <nonc> 172-58-s-2
V71 03:K6 1999 - - - - <nonc> 172-58-s-3
V237 03:K6 2000 - - - - <nonc> 172-58-s-4
V238 03:K6 2000 - - - ~ <nonc> 172-58-s-5
V282 03:Ké6 2003 - - - - <nonc> 172-58-s-5
# All strains were isolated in Tokyo, Japan.
® Year of isolation.
¢ The presence of these genes were determined by the PCR as described previously (Okura ct al., 2003).
9 Determined by the group-specific PCR for the newly emerged 03:K6 strains, performed as described previously (Okura ct al., 2003).

accession nﬁmbers BA000031 and BA000032 (Fig. 1). PCR
primers were designed from sequences flanking the respective
loci (Table 2).

2.6. MLVA typing

Chromosomal DNA was extracted and purified from ovemnight
cultures by phenol-chloroform extraction and ethanol precipita-
tion according to the method of Murray and Thompson (1980).

Primers were designed for the amplification and sequencing
of the target repeat region (Table 2) to verify that the observed
differences were due to variability in the tandem repeat region
and not other genetic characteristics. Each 50 pl PCR mixture
contained 5 pl of 10xPCR buffer, 4 ul each deoxyribonucleo-
tide, 5 pM of each primer, 0.25 ul of Tag DNA polymerase
(Takara Bio Inc.), and 1 pl of DNA template. The samples were
placed on a GeneAmp PCR System 9700 (Applied Biosystems,
Foster City, Calif.) and the temperature was raised to 94 °C for

Ribogroups were designated such that identical riboprint patterns arc grouped into the same ribogroup.

5 min, foliowed by 25 cycles of 94 °C for 30 s, 60 °C for 30 s,
and 72 °C for 60 s. The final hold was for 7 min at 72 °C. All
steps in the PCR thermal cycling program were identical for the
7 primer pairs, except for annealing temperatures (given in
Table 2). The PCR products were then purified by polyethylene-
glycol precipitation (Sambrook et al., 1989).

The forward and reverse strands of the PCR products were
sequenced using an ABI PRISM 310 Genetic Analyzer
(Applied Biosystems) and BigDye Terminator Cycle Sequen-
cing kit (Applied Biosystems). Contigs were created using the
base calling and fragment assembling software programs,
GENETYX/ATSQ (Software Development, Tokyo, Japan)
and the numbers of repeats in aligned sequences were counted.
The resulting data were imported back into BioNumerics
software version 4.0 (Applied-Maths, Kortrijk, Belgium) for
use clustering analysis with the categorical coefficient and Ward
clustering parameter. Use of the categorical coefficient im-
plies that the character states are considered unordered. The
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VPTRS

V. parahaemolyticus

RIMD2210633
Chromosome |
3.3Mb

V. purahaemvlylﬁ*us
RIMD2210633

Chromosome 11
1.9 Mb

Fig. 1. VNTR maker locations within the physical map of the ¥, parahaemolyticus RIMD2210633 genome. Positions are given with reference to predicted origin of

replication (sct as position 0).

same weight is given to a large or a small number of differences
in the number of repeats at any locus. The information index
or Nei’s diversity index (D) was calculated for each markers as
1—3(allele frequency)?®.

3. Results

The serotypes, virulence altributes, the results of GS-PCR for
toxRS and ORF8, ribotyping and the sources of the 34 tested
v parahbemolylfcus strains are shown in Table 1. PCR analysis
confirmed the presence of tdh and the absence of v/ in all
28 clinical strains of ¥ parahaemolyticus serotype O3:K6, while
all 6 environmental strains of V. parahaemolyticus serotype O3:

K6 lacked both tdh and trh. In addition, all 28 clinical strains were
confirmed to be pandemic strains by the GS-PCR assay for t0xRS
and the ORF8 PCR assay which detects the presence of the 237
phage (Nasu et al., 2000). On the other hand, all 6 environmental
strains were distinguished as nonpandemic strains by these PCR
assays.

3.1. Automated ribotyping

Riboprint patterns generated for all 34 strains of
V. parahaemolyticus O3:K6 using EcoRI (Table 1) showed
that among the 28 clinical strains, 26 strains were identified as
DuPont ID 6626 (DUP-6626; V. parahaemolyticus). Two

Table 2

Characteristics of the VNTR locus in ¥ parahaemolyvticus and primers for MLVA

Locus - Rcpeat Repeat  Function Diversity®  Primer Primer scquence (5'-3") Anncaling Product

motif times ® temperature (°C)  size (bp)
VPTR1  ATAGAG . 28 hypothcetical protcin -~ 0.91 VPTRI-F  TAACAACGCAAGCTTGCAACG 60 255
. VPTRI-R  TCATTCTCGCCACATAACTCAGC

VPTR2 CAGCAA 28 hypothetical protcin ~ 0.90 VPTR2-F  GTTACCAAACTGGCGATTACGAAG 60 615
VPTR2-R  CGGAATTCAGGATCATCCTGAT

VPTR3  ATCTGT 6 putative collagenase  0.35 VPTR3-F  CGCCAGTAATTCGACTCATGC : 60 333
VPTR3-R  AAGACTGTTCCCGTCGCTGA

VPTR4 TGTGTC 7 putative hemolysin 0.43 VPTR4-F  AAACGTCTCGACATCTGGATCA 61 ©229

. . " VPTR4-R  TGTTTGGCTATGTAACCGCTCA
VPTRS CTCAAA 7 Non-coding rcgion 0.56 VPTR5-F  GCTGGATTGCTGCGAGTAAGA 60 202
‘ VPTRS-R  AACTCAAGGGCTGCTTCGG

VPTR6  GCTCTG 17 hypothetical protcin ~ 0.79 VPTR6-F  TGTCGATGGTGTTCTGTTCCA 60 312
VPTR6-R  CTTGACTTGCTCGCTCAGGAG

VPTR7 CTGCTC.. 6 hypothctical protcin . 0.38 VPTR7-F  CAACAGTTCTGCTCTAATCTTCCG 56 221

) . . VPTR7-R  CAAAGGTGTTACTTGTTCCAGACG
VPTR8 CTTCTG 7 Cell division protein ~ 0.44 VPTRS-F ACATCGGCAATGAGCAGTTG 60 306
' VPTR8-R  AAGAGGTTGCTGAGCAAGCG :

2 Numbcrs of tandem repeats were counted using the genome sequence of ¥ parahaemolyticus RIMD2210633 (Makino ct al.. 2003).

® Diversity is based on Nei's marker diversity, which is -2 (allcle frequency)’.

-211 -



B. Kimura et al. / Journal of Microbiological Methods 72 (2008) 313-320

strains not identified as DUP-6626, V96-110 and V02-106,
showed similarities with DUP-6626 of 84% and 74%,
respectively (Table 1). The majority (22 strains) of the 28
clinical strains were grouped in ribogroup 172-48-s-3 (average
internal similarity, 95.9%), and 4 strains in ribogroup 172-48-s-
1 had an average internal similarity 97.5%. Ribogroup 172-48-
s-3 has similarity of 93%, and 172-48-s-1, 91%, with DUP-
6626. All the environmental strains had no DuPont ID (Table 1).

3.2. PFGE profiles

In this study, PFGE was carried out with Not 1. Previous
experiments indicated that pandemic O3:K6 clones show

317

similar PFGE pattemns (Arakawa et al., 1999; Chowdhury
et al., 2000; Yeung et al., 2002). In this study, obvious distinc-
tion between clinical and environmental strains was noted
(Fig. 2). Furthermore, clinical 03:K6 group strains had highly
similar PFGE patterns; all pandemic strains tested in this study
displayed PFGE pattern A, except for the isolates V00-76, V00-
145, V00-161, V02-21 and V02-36, which were internally
identical and showed small one-band differences from the pat-
tern A PFGE profile (PFGE pattern B). Three strains, VO1-141,
VO01-151, and V02-207, were untypeable producing only a
smear of bands on the gels. This is in accordance with previous
studies (Marshall et al., 1999; Yeung et al., 2002) and suggests
that the utility of PFGE for differentiating ¥ parahaemolyticus

xR R g a2 PFGE
EEEEELEEE Stain Source pattern DuPont ID Ribogroup ~ MLVA pattern
vI9 Environ. D <nonc> 172-58-51  10-31-04-07-09-17-06-07 |
V37 Envirn. D <none> 172-58-5-2  11-31-04-06-09-17-06-07
V237  Emwvirn. D <none> 172-58-5-4  10-26-04-06-09-14-06-10
v282  Emviron. D <nonc> 1725855 10-28-04-06-08-11-04-17 | |
V71 Envirn.  E <nonc> 172-585-3  14-37-07-07-02-2106-18 | €
V238 Envirn. D <none> 172-58-s-5  10-24-04-08-07-15-06-00 |8
i V00-76  Clin. B DUP-6626  172-48-s-3  24-31.06-05-09-1707-07 |
__E i V00-145  Clin. B DUP-6626  172-48-5-3  38-31-06-05-09-17-07-07
V00-161  Clin. B DUP-6626  172-48-5-3  42-31-06-05-09-17-07-07
e [ V02-2L  Clin. B DUP-6626  172-48-s-1  43-31-06-06-09-18-07-07 _]
K V9938 Clin. Al DUP-6626 172:48-5-3  27-38-06-06-07-17-06-07 |
_[E V02-279 Clin. A6 DUP-6626 172-485-3  08-27-06-06-07-17-06-07
| V96-110 Clin. Al <none> 17248-5-3  42-33-06-06-07-17-07-07 '
V99-107 Clin. A3 DUP-6626 1724853  30-34-06-06-07-20-06-07
E V03-80  Clin. Al DUP-6626 17248-s-1  24-37-06-06-07-14-06-07
VOI-141  Clin. UT  DUP-6626 172-48s-3  27-33-06-06-07-20-05-08
": V03-108  Clin. Al DUP-6626 172-485-3  27-33-06-06-06-19-06-07
V9749  Clin. Al DUP-6626 17248-s-3  29.28-06-06-07-17-06-09
—_E V97-204 Clin. Al DUP-6626 172-48-s-3  28-36-06-06-07-17-06-08
VOI-151  Clin. UT  DUP-6626 17248s-3  07-21-06-06-07-19-06-08
I V02-207 Clin. UT  DUP-6626 1724853 39-30-06-06-07-20-07-10 |
: V02-64  Clin. A4 DUP-6626 17248s-3  22:29-06-07-07-19-06-07 |E
E V02-106  Clin. Al <none> 172-48-54  18-28-06-07-07-19-0607 |8
V02-123  Clin. AS  DUP-6626 1724853  24-26-06-07:07-19-0607 |~
V96-178  Clin. Al DUP-6626 172-48-s-3  27-35-06-06-07-18-06-07
V96-223 Clin. A2 DUP-6626 172-48-5-3  26-35-06-06-07-18-06-07
V03-159 Clin. A5  DUP-6626 172-56-5-8  21-27-06-06-07-18-06-07
V97-19  Clin. Al DUP-6626 172-54-s-4  25-37-06-06-07-18-06-07
V98324 Clin. Al DUP-6626 17248-s-3  26-37-06-06-07-18-06-07
V98-290 Clin. Al DUP-6626 172-48-5-3  26-30-06-06-07-18-06-07
V98.10  Clin. Al DUP-6626 172485-1  29-31-05-06-07-18-06-07
v99-205 Clin. Al DUP-6626 172-48-s-3  27-13-06-06-08-18-06-07
V02-36  Clin. B8 DUP-6626  172-48-s-1  42-27-06-06-08-18-06-07
VOI-38  Clin, A3 DUP-6626 172-48-s-3  29-19-06-06-08-14-06-07 _|

Fig. 2. The dendrogram of all the MLVA-typed ¥ parahaemolyticus O3:K6 strains. The frequencics of tandem repeats of cach locus were visualized by the grayscale
matrices (the color density indicates the frequency of cach tandem repeats). The PFGE profile and DuPont ID gencrated from ribotyping arc also shown. Ribogroups
were designated such that identical riboprint pattems were grouped into the same ribogroup. Abbreviations: <nonc>. No corresponded DuPont ID; UT, untypcable.
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Table 3

The number of tandem repeats of the V. parahaemolyticus strains uscd in this study

Repeat times (Repeat motif)

VPTRI VPTR2 VPTR3 VPTR4 VPTRS VPTR6 VPTR7 VPTRS
Source Strains (ATAGAG) (CAGCAA) (ATCTGT) (TGTGTC) (CTCAAA) (GCTCTG) (CTGCTC) (CTTCTG)
Clinical V96-110 42 33 6 6 7 17 7 7
V96-178 27 35 6 6 7 18 6 7
V96-223 26 35 6 6 7 18 6 7
V97-19 25 37 6 6 7 18 6 7
V97-49 29 28 6 6 7 17 6 9
V97-204 28 36 6 6 7 17 6 8
V98-10 29 31 5 6 7 18 6 7
V98-290 26 30 6 6 7 18 6 7
V98-324 26 37 6 6 7 18 6 7
V99-38 27 38 6 6 7 17 6 7
V99-107 30 34 6 6 7 20 6 7
V99-205 27 13 6 6 8 18 6 7
V00-76 24 k3! 6 5 9 17 7 7
V00-145 38 31 6 5 9 17 7 7
V00-161 42 31 6 5 9 17 7 7
VOI-38 29 19 6 6 8 14 6 7
V01-141 27 33 6 6 7 20 5 8
VO01-151 7 21 6 6 7 19 6 8
V02-21 43 31 6 6 9 18 7 7
V02-36 42 27 6 6 8 18 6 7
V02-64 18 29 6 7 7 19 6 7
V02-106 18 28 6 7 7 19 6 7
V02-123 24 26 6 7 7 19 6 7
V02-207 39 30 6 [3 7 20 7 10
v02-279 8 27 6 6 7 17 6 7
V03-80 24 37 6 6 7 14 6 7
V03-108 27 33 6 6 6 19 6 7
V03-159 27 27 6 6 7 18 6 7
Environment vi9 10 31 4 7 9 17 6 7
V37 11 31 4 6 9 17 6 7
V71 14 37 7 7 2 21 6 8
V237 10 26 4 6 9 14 6 10
V238 10 24 4 8 7 15 6 9
V282 10 28 4 6 8 i1 4 17

might be limited by some of isolates untypeable due to DNA
degradation.

3.3. PCR amplification and sequence analysis of potential
VNTRs

A total of eight VNTR loci were analyzed in the
V. parahaemolyticus genome, which consists of two circular
chromosomes; six VNTRs were localized on chromosome |,
and two were localized on chromosome Il (Fig. 1). All eight
VNTR loci were successfully amplified, and sufficient vari-
ability was confirmed in the eight VNTR loci by sequencing,
We found that all eight loci had multiple alleles with substantial
variability. In all cases, the size variation observed among PCR
products was attributable to the number of TRs.

The VNTRs loci displayed a wide range of polymorphisms
in the O3:K6 strains, with the VPTR1 and VPTR2 being the
most polymorphic (Table 3). Among 28 clinical strains, VPTR1
had 18 different alleles, and VPTR2 had 16, VPTR6 had 5,
VPTRS and VPTRS each had 4, VPTR4 and VPTR7 each had

3, and VPTR3 had only 2. The Nei’s diversity index (D) is
based on the number of alleles and the allele frequency and
provides a better measure of discriminatory power than allele
number; D values for VNTR markers in this study ranged from
0.35 for VPTR3 to 0.91 for VPTR1. VNTR analysis showed a
high degree of discrimination of the O3:K6 strains.

3.4. MLVA dendrogram

The extent of genetic diversity among the tested strains based
on the MLVA dendrogram revealed that each strain has a dis-
tinct profile; that is, 34 strains produced 34 patterns (Fig. 2).
Only minor discrepancies were noted between the cluster
pattern profiles generated by MVLA and the PFGE (Fig. 2). In
MLVA analysis, two main groups, denoted as groups I and II,
each were comprised of smaller groups or individual isolates.
Cluster I contained all environmental O3:K6 strains and 6
pandemic O3:K6 strains. Cluster Il contained the remaining
pandemic O3:K6 strains. Closer inspection of cluster I, how-
ever, revealed that the pandemic O3:K6 isolates in this
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cluster (V00-76, V00-145, V00-161, V02-21) in MLVA had
distinct,one-band differences from the major group of the
pandemic O3:K6 strains identified by PFGE (data not shown).
On the other hand, the majority of strains that clustered together
in PFGE produced distinct VNTR profiles, suggesting that
distinct populations of ¥ parahaemolvticus serotype 03:K6
strains may have circulated during sporadic cases or in out-
breaks in Tokyo during the period from 1996 to 2003. The lack
of multiple isolates from the same outbreak did, however,
prevent a through analysis of isolate populations.

4, Discussion

The main finding of this study was the high discrimination

power of MLVA for the pandemic serotype 03:K6 strains of
V. parahaemolyticus. All 28 of pandemic serotype O3:K6
strains tested here could be discriminated as individual strains
(28 different MLVA profiles, Fig. 2). This is important since no
other available typing method provides high-resolution dis-
crimination among pandemic serotype O3:K6 strains. Previous
studies using molecular analysis of O3:K6 isolates collected
recently from several countries had suggested the genetic
homogeneity of 03:K6 (Arakawa et al, 1999; Chowdhury
et al., 2000; Matsumoto et al., 2000). The genetic homogeneity
of these newly isolated 03:K6 strains were also confirmed by
GS-PCR, ribotyping, and PFGE in this study. Although the
“clinical strains used in this study were isolated from difterent
outbreaks or from sporadic cases during period from 1996 to
2003 in Tokyo, almost all were shown to be identical by these
methods (Table 1, Fig. 2), supporting the view of previous
studies that pandemic strains might have originated from the
same clone (Chowdhury et al., 2000; Okuda et al., 1997).
However, our MLVA results showed a high resolution for these
pandemic strains, indicating substantial genetic heterogeneity at
the VNTR loci among pandemic V. parahaemolyticus O3:K6
strains. The finding of great diversity within the small set of
V. parahaemolyticus O3:K6 strains studied here suggests
that there is still a great deal of unsampled V. parahaemolyticus
03:K6 diversity to be discovered. One potential concern is that
VNTRs evolve so rapidly that multiple MLVA types emerge
during outbreak or cultural transfers. A number of studies,
however, have revealed that the composition of the VNTR loci
is relatively stable and does not change even after prolonged
storage or subculture in laboratory settings (Adair et al., 2000,
Keim et al., 2000; Sabat et al., 2003; Truman et al., 2004). In this
study, we have not tested the stability and heterogeneity within
the bacterial population after extensive subculturing of individual
colonies of V. parahaemolyticus. Thus, further studies on cul-
tural stability and larger collections from various ongins including
outbreak strains are necessary to validate the application of
VNTRSs for the characterization of V. parahaemolvticus.

The functions of VNTRs used for MLVA typing in this study
remain unknown, and the relationships between VNTRs and
potential mechanisms for metabolic regulation as well as anti-
genic variation and environmental adaptation should be further
examined. The VNTR loci analyzed here are widely distributed
across chromosome I and Il of RIMD2210633 (Fig. 1). With the
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exception of VPTRS, which is located in a non-coding region,
VNTRs analyzed here are all located in open reading frame
regions. The repeat units in the VNTRs studied in this study
were all 3-bp multiples, indicating that variation in the number
of repeats in these genes results in altered amino acid sequence,
but not in inactivation of genes due to frame shifting. VPTRI,
VPTR2, VPTR6, and VPTR7 are located in open reading
frames that hypothetically codes for proteins. Allele states of the
VPTRI and VPTR2 loci are highly variable, having 18 and 16
alleles respectively. VPTR3 is located in an open reading frame
that codes for the putative collagenase gene. Collagenase
digests collagen, affecting the basic structure of membranes in
eucaryotic cells. Studies in ¥ parahaemolvticus and V. cholerae
have shown that collagenase activity may play a role on the
virulence and be a factor in host infection and pathogenesis.
Apparently, variation in VPTR3 for this gene is limited, and
clinical strains, except for V98-10, have 6 repeats, indicating the
essential role of putative collagenase gene in the bacterial cell.
VPTR4 is located in an open reading frame that codes for the
putative hemolysin gene. Pathogenicity of V. parahaemolyticus
has been correlated to well-characterized hemolysin, TDH and
TRH (Honda and lida, 1993; Naim et al., 2001). Thermolabile
direct hemolysin (TLH) (Taniguchi et al., 1990) and lectin--
dependent hemolysin (LDH) (Shinoda et al., 1991) have also
been reported as the virulence factors of this bacterium. How-
ever, the putative hemolysin gene which includes VPTR4 is
apparently different from the above hemolysin genes. Since
both clinical and environmental strains of V. parahaemolyticus
have this gene with variation in VPTR4, these genes do not to
seem to be key to the virulence of this organism. Examination of
the observed allelic differences of these genes among pandemic
strains and the relationship to virulence or physiological dif-
ferences will be interesting for future studies.

In this study, we have shown that MLVA is a valuable typing
technique for characterizing recently emerged and highly
homogeneous pandemic strains of V. parahaemolyticus serotype
03:K6. The data presented here demonstrate the utility of this
approach for individual strain identification. Although MLVA
loci in pandemic O3:K6 strains seem to mutate too rapidly to be
useful in determining global phylogenetic relationships, they are
useful for strain identification and may identify rapidly evolving
polymorphisms that are useful for discriminating very closely
related strains, such as V. parahaemolyticus serotype O3:K6
strains. In addition to high resolution power, MLVA is a simple
and rapid method, which can be used to produce strain profiles
that are easily exchanged electronically via the BioNumerics
database as character strings. In this study, we sequenced
VPTRI to VPTRS amplicons to verify PCR specificity and to
confinn that any observed length polymorphisms were due
solely to variation in VNTR copy number. However, for prac-
tical purposes, sequencing will not be necessary and this method
can be further improved by using primers tagged with multiple
fluorescent dyes, allowing accurate sizing of amplicons by
automated DNA sequencer analysis. This method therefore
gives fast, discriminative, and reproducible results for epide-
miological surveillance of V. parahaemolyticus pandemic
strains.



