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A differential medium (VP8) and a specific probe, based on the variable region V3 of the 16S rRNA gene, for
the detection of Vibrio proteolyticus are defined. The medium contains 8% NaCl, which allows selective growth
of moderately halophilic Vibrio strains. p-Sorbitol, as the main carbon source, differentiates the species that
can ferment it by the pH indicators cresol red and bromothymol blue. V. proteolyticus and 8 of 418 strains
studied grew on the medium and used the p-sorbitol, forming bright yellow colonies. An oligonucleotide, based
on the variable region V3 of the 16S rRNA gene (5'CGCTAACGTCAAATAATGCATCTA3'), was used as the
specific probe (V3VPR). Only three strains of Vibrio sp. and one strain identified as V. natriegens cross-
hybridized with the probe. However, unlike V. proteolyticus, none of the strains grew on VP8. The combined use
of VP8 medium and the probe allowed an unequivocal identification of V. proteolyticus.

Vibrio proteolyticus is a gram-negative facultative anaerobic
rod which produces an extracellular thermostable aminopep-
tidase. The gene encoding this protease is expressed at high
saline concentrations, which is an outstanding characteristic
with respect to other microorganisms that produce proteases
(7, 16). An antagonistic effect of V. proteolyticus against V.
anguillarum has also been observed in vitro (10), and it may be
worthwhile to explore the interactions of these two species in
nature because of the importance of V. anguillarum as a fish
pathogen (9). However, there are no useful tools to perform
these studies, since the identification of V. proteolyticus by
standard methods requires at least 11 tests (1, 2). This makes
it difficult to monitor a large number of samples. Any proce-
dure that improved the identification of V. proteolyticus in
environmental samples would be very useful. Selective media or
highly specific molecular techniques (3, 4, 11, 13, 15, 17, 18) are
alternatives to the classical methods. We designed a probe,
V3VPR, based on a fraction of the variable region V3 of the 16S
rRNA, and developed a differential medium, VP8, which together
allow a reliable and specific detection of V. proteolyticus.

Forty-five isolates of gram-negative bacteria coming from
different collections were used. A total of 373 Vibrio strains,
which were isolated from different natural environments, were
used in the specificity studies (Table 1). These strains are
deposited in and available at the Laboratory of Microbiology
(Ghent, Belgium) collection. Standard biochemical tests and
assays on API 20E strips were performed for each strain. Then,
the strains were classified by using a matrix previously de-
scribed (1, 2) and the software Bacterial Identifier (5a).

The possible components of the medium were defined by
considering the metabolic characteristics of V. proteolyticus (1,
2, 9). After the different compositions and growth conditions
had been assayed, the selective medium chosen had the fol-
lowing composition: yeast extract, 4 g; p-sorbitol, 15 g; NaCl,
80 g; cresol red, 40 mg; bromothymol blue, 40 mg; agar, 15 g;
and distilled water, 1,000 ml. The ingredients were dissolved by
agitation and boiling. The pH was adjusted to 8.0 with 5 M
NaOH after the medium was cooled to 50°C. The VP8 was
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then poured into petri dishes. This medium does not need to
be autoclaved, and it was stored, with the lid down, at 4°C. VP8
is grey-blue, and the identification of V. proteolyticus is based
on the color change of the colonies when the D-sorbitol is
fermented. The colonies are bright yellow with a diffusion halo
of the same color. The specificity of the medium was studied by
the inoculation, for each strain, of 10 pl of a heavy-cell sus-
pension (McFarland standard 3), prepared as previously de-
scribed (3), on a plate of VP8. Inoculated plates were incu-
bated at 22°C and examined after 24, 48, and 72 h of
incubation. The efficiency of recovery of CFU was determined
by comparing the counts of V. proteolyticus on VP8 with counts
on marine agar (MA) (Pronadisa, Alcobendas, Spain) and on
thiosulfate-citrate-bile salt-sucrose agar (TCBS) (Oxoid, Bas-
ingstoke, England) following the procedure previously de-
scribed (3). The detection of V. proteolyticus in mixed cultures
was studied by spiking a previously calibrated pure suspension
of V. proteolyticus q113 (10° CFU/ml) with different kinds of
environmental samples which were also previously determined
to be free of V. proteolyticus. The suspension of V. proteolyticus
was calibrated by serial 10-fold dilutions in sterile phosphate-
buffered saline (PBS) complemented with 1.5% NaCl at pH 7.2
(marine PBS), inoculation of 100 pl of each dilution on MA,
and incubation of the plates at 22°C for 48 h. Twelve samples
were taken from a fish farm: two water samples and six, two,
and two samples from fish larvae, rotifers, and artemiae, re-
spectively. The whole larvae in 3 ml of marine PBS or the
rotifer or artemia samples were homogenized in a Potter-
Elvehjem homogenizer. Total counts of bacteria were per-
formed for each sample by serial 10-fold dilutions as described
above. The absence of wild strains of V. proteolyticus in the
samples was determined by using the VP8 medium and stan-
dard biochemical methods for the identification of vibrios (1,
2). After the environmental samples were spiked with V. pro-
teolyticus q113, serial 10-fold dilutions were performed, and
100 wl of each dilution was inoculated on VP8 and MA. The
cell ratios of V. proteolyticus to the total bacterial population in
the spiked samples were 1:10 for water, 1:10% for fish larvae
and rotifers, and 1:10° for artemiae. Plates were incubated at
22°C and examined after 24, 48, and 72 h of incubation.

The variable region V3 of the 16S rRNA was sequenced for
three V. proteolyticus strains (CECT 630, q136, and q138).
These sequences have been deposited in the GenBank data-
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TABLE 1. Summary of species used to evaluate VP8 medium and
probe V3VPR in this study

No. of strains

. No. of

Species strains” b : d

VP8”  V3VPR®  VPS-V3VPR'
Aeromonas hydrophila 1
Aeromonas salmonicida 1
Aeromonas sobria 1
Edwardsiella tarda 1
Escherichia coli 1
Pasteurella piscicida 1
Plesiomonas shigelloides 1
Pseudomonas aeruginosa 1
Pseudomonas multocida 1
Vibrio adaptus 1
Vibrio aestuarianus 16
Vibrio alginolyticus 25
Vibrio anguillarum 144
Vibrio anguillarum-like 12

Vibrio campbellii
Vibrio carchariae
Vibrio cincinnatiensis
Vibrio costicola
Vibrio cholerae
Vibrio damsela
Vibrio diazotrophicus
Vibrio fischeri
Vibrio fluvialis
Vibrio furnissii
Vibrio gazogenes
Vibrio harveyi
Vibrio logei

Vibrio marinus
Vibrio mediterranei
Vibrio metschnikovii
Vibrio mimicus
Vibrio natriegens
Vibrio navarrensis
Vibrio nereis

Vibrio ordalii

Vibrio orientalis
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Vibrio parahaemolyticus 1

Vibrio pelagius

Vibrio proteolyticus 1 1 1 1
Vibrio salmonicida 3

Vibrio splendidus 15

Vibrio tubiashii 2

Vibrio vulnificus 13

Vibrio sp. 12

Yersinia ruckeri 1

“ This number includes the collection strains.

® Number of strains that grew on VP8 and formed yellow colonies.

¢ Number of strains that hybridized with the probe V3VPR.

@ Number of strains that grew on VPS8, formed yellow colonies, and hybridized
with the probe V3VPR.

base with the accession numbers U37800, U37801, and
U37802, respectively. Sequencing was performed by the am-
plification of the 16S rDNA. A colony coming from overnight
growth on MA at 22°C was harvested with a solution contain-
ing 2.5 pl of 10X PCR buffer IT (Gene AMP, Perkin Elmer), 2
wl of MgCl, solution, and 20.5 pl of bidistilled sterile water.
The suspension was incubated at 95°C for 15 min and imme-
diately transferred to ice-cold absolute alcohol. After centri-
fugation at 16,000 X g for 5 min, 1 pl of the supernatant was
used for the amplification reaction with the universal primers
27f and 1492r (12). PCR was performed with the AmpliTaq
DNA polymerase kit (Perkin Elmer) according to the instruc-
tions of the manufacturer. The PCR program was 1 cycle at
95°C for 3 min; 35 cycles at 94°C for 1 min, 55°C for 1 min, and
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72°C for 2.5 min; and 1 cycle at 94°C for 1 min, 55°C for 1 min,
and 72°C for 5 min. The amplified DNA was purified by using
the Spin Bind PCR purification system (FMC Bioproducts).
The sequencing of the variable region V3 of the amplified 16S
rDNA was performed with the T7 sequencing kit (Pharmacia)
with the universal primer 519r (12) 5’ labeled with fluorescein
and with the Pharmacia LKB Alf-DNA sequencer, used ac-
cording to the instructions of manufacturer. The sequenced
fragments were analyzed and compared with the whole se-
quences of the 16S rRNA gene of 64 Vibrio strains and other
gram-negative bacterial species deposited in the EMBL
genomic database. Multiple alignment using the software
Pileup, based on the method of Needleman and Wunsch (14),
was performed, and the software Pretty Box was used to facil-
itate the visualization of homologies (8). An oligonucleotide 24
nucleotides in length (5’CGCTAACGTCAAATAATGCAT
CTAZ3'") was defined. It is located between positions 467 and
490 of the sequence of the 16S rRNA gene of Escherichia coli
(5). The oligonucleotide presents neither hairpins nor dimers
of more than 4 bp. The specificity of the selected oligonucle-
otide (V3VPR) was evaluated initially in comparison with the
sequences of the EMBL database by using the software FastA
(8). Later, the oligonucleotide was synthesized and labeled at
the 5’ position with digoxigenin and the specificity was evalu-
ated by colony hybridization using the 418 strains previously
described. After different stringencies (temperature and wash-
ing conditions) were tested, the hybridization was performed at
58°C under the conditions described previously (13) and a
difference of 1 nucleotide among the 24 of the probe was re-
vealed. In order to determine the efficiency and sensitivity of the
medium and the probe, sets of 10-fold dilutions of a standardized
mixed suspension of V. proteolyticus CECT 630 and V. alginolyti-
cus ATCC 17749 were prepared in marine PBS at 2% NaCl.
Several cell proportions of V. alginolyticus to V. proteolyticus (10:1,
10%1, and 10%:1) were assayed. Aliquots of 100 ul of each sus-
pension were inoculated in duplicate on VP8 and tryptic soy agar
(ADSA, Barcelona, Spain) complemented with 1.5% NaCl
(TSA2). Inoculated plates were incubated at 22°C for at least
48 h. The CFU in both media were counted, and yellow colonies
(V. proteolyticus) were differentiated from blue colonies (V. algi-
nolyticus) on VP8. Then, colony hybridization was performed on
nylon membranes under the same conditions described above.
VPS8 is a medium that is partially selective and differential
for V. proteolyticus. The 13 strains of V. proteolyticus tested
presented small, opaque, bright yellow colonies on VPS8 be-
cause of the fermentation of the p-sorbitol. Other gram-neg-
ative bacteria (397 strains; mostly Vibrio species) either did not
grow or gave blue or green-yellow colonies on VP8. The mod-
erate alkalinity and the high salinity act as inhibitors for bac-
teria other than halophilic species, especially those belonging
to the genus Vibrio. In environments colonized mostly by Vibrio
species, a clear differentiation for strains that ferment p-sor-
bitol and are able to grow in high levels of salinity is observed.
According to taxonomical studies on the genus Vibrio (1, 6, 9),
a short list of species have strains which can present both
metabolic characteristics (percentages in parentheses): V. pro-
teolyticus (75), V. gazogenes (50), V. mediterranei (49.5), V.
aestuarianus (25), V. natriegens (25), V. metschnikovii (24.75),
V. fluvialis (15), a V. anguillarum-like species (7.5), and V.
harveyi (3). However, for the following species we detected the
indicated numbers of strains able to ferment sorbitol and grow
at 8% NaCl (percentages in parentheses): V. metschnikovii, 1
of 7 (14.28); V. harveyi, 4 of 39 (10.2); V. aestuarianus, 1 of 16
(6.25); V. alginolyticus, 1 of 25 (4.0); and V. anguillarum, 1 of
144 (0.69). These eight strains formed bright yellow colonies
on VP8 (Table 1). According to these results and attending to
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the number of strains studied, lower percentages for V. medi-
terranei, V. aestuarianus, V. metschnikovii, V. natriegens, V. flu-
vialis, and the V. anguillarum-like species and higher percent-
ages for V. proteolyticus, V. harveyi, V. alginolyticus, and V.
anguillarum were found.

The colony counts of V. proteolyticus in the three media
tested showed some differences. The total viable colony counts
on MA were higher than on TCBS (8.62 X 10® and 7.0 X 108
CFU/ml, respectively), and these in turn were higher than
counts on VP8 (2.21 X 10 CFU/ml). These counts are the
averages of duplicate experiments performed with 10 strains of
V. proteolyticus. No significant differences among the strains
were found. The standard deviations for the logarithmic values
of the counts on MA, TCBS, and VP8 were 0.13, 0.16, and 0.18,
respectively. The counts reflect the stressing effect of the se-
lective medium on the bacteria. On the other hand, though
VP8 seems to be more stressing than the selective TCBS, the
former allows much clearer and more consistent differentiation
of V. proteolyticus than it does for other Vibrio species.

V. proteolyticus was easily differentiated and recovered from
the VP8 plates inoculated with the experimental environmen-
tal samples. Only V. proteolyticus grew on VP8 and presented
the bright yellow colonies in the 12 environmental samples
tested. Yellow colonies were confirmed as V. proteolyticus by
standard biochemical methods. The total counts on VP8 were
always lower than those on MA because of the selectivity of the
VP8 medium. The recovery of V. proteolyticus was in agree-
ment with the ratios described previously for the different
spiked environmental samples. The selectivity of the VP8 me-
dium and the yellow coloration of the colonies of V. proteolyti-
cus made its detection on VPS8 easy, clear, and more consistent
than it was on MA.

All 13 strains of V. proteolyticus hybridized with the probe
V3VPR. Of the 405 strains other than V. proteolyticus, only 4
strains presented a positive hybridization with this oligonucle-
otide (three strains of Vibrio spp. and one strain of V. natrie-
gens). However, the comparison of the sequences for the
V3VPR region with sequences for different species that are on
deposit in the EMBL database indicated a sufficient lack of
homology to allow cross-hybridization. All the entire 16S
rRNA gene sequences of those Vibrio species that are available
in the EMBL database differ in at least one base from the 24
bp oligonucleotide sequence used to define the V3VPR probe.
The sequences of the 16S rRNA gene available for V. natrie-
gens in the EMBL database (sequence numbers X74714 and
X56581) differ in one base (position 470) from the oligonucle-
otide V3VPR. Attending to the cross-hybridization we found
with one strain of this species with the probe, any additional
sequences of this species could be very useful in the future to
determine the homology of the 16S rRNA in V. natriegens.
There is no available information on the sequence of the other
three strains presenting cross-hybridization because they do
not belong to any of the recognized Vibrio species. Additional
phenotypic and molecular characterization should be per-
formed before these can be considered as new species for
phylogenetic studies or their interest in biodiversity.

The combination of the VP8 medium and the probe V3VPR
was highly specific for V. proteolyticus. None of the 405 strains
tested other than V. proteolyticus had yellow colonies on VP8
and hybridized with the probe V3VPR. Only the 13 strains of
V. proteolyticus studied were positive in both tests. Thus, none
of the other strains growing on VP8 was recognized by the
probe, and none of those strains recognized by the probe
presented yellow colonies on VP8 (Table 1).

In the experiment with mixed cultures, the colonies of V.
proteolyticus were also easily differentiated from V. alginolyti-
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cus, which produced round blue colonies without the swarming
that this species usually shows in other rich media. We were
able to detect 1 colony of V. proteolyticus among 10° colonies of
V. alginolyticus when using the selective medium followed by
the colony hybridization with the probe V3VPR. This level of
detection is difficult to surpass because of the limitations of the
visualization of separate colonies growing on the plate.

In summary, VP8 medium allows a partial selection and
differentiation of V. proteolyticus among other vibrios and even
some other gram-negative bacteria. The probe V3VPR is spe-
cific, though a limited number of strains of a few Vibrio species
could be misidentified. The combined use of the medium and
probe is highly specific for V. proteolyticus, allowing a clear and
unequivocal identification. This combined biochemical-molec-
ular technique for detection of bacteria could be practical for
environmental and monitoring studies.
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