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Relacidn entre virulencia y presencia de plasmidos en
. bacterias Vibrio fluvialis y Vibrio furnissii, aisladas de pez
L dorado (Carassius auratus)

A

Q\E Relation between virulence and presence of plasmids
~in bacteria Vibrio fluvialis and Vibrio furnissi isolated from
goldfish (Carassius auratus)

Pilar Negrete Redondo*  Jorge Romero Jarero**  José Luis Arredondo Figueroa***
Marisol Lopez Lépez*

Abstract

Bacterial strains were isolated from kidneys of ornamental fish of the Carassius auratus species. Two bacterial families of ictio-
pathogenic relevance were presumptively identified: Aeromonadaceae and Vibrionaceae, through the API-20E, API-20NE meth-
ods. The identity of these bacteria was confirmed through complementary biochemical tests. The presence of Aeromonas
hydrophila and two different strains of the genus Vibrio: Vibrio fluvialis and Vibrio furnissii were also confirmed using the poly-
merase chain reaction. We confirmed the ability of the Vibrio species to induce infection in healthy susceptible fish of the spe-
cies Carassius auratus, according to Koch’s postulates. The strains of both species were cultured in agar- blood plates, observing
-hemolysis in 97% of the grown strains. Alkaline DNA extraction yielded R-plasmids in 87.5 % of the isolated strains with molecu-
lar weights from 25 000 bp to 6 000 bp. The relation between the -hemolytic capacity of the studied strain and the presence of
plasmids was confirmed by the lack of hemolysis in agar-blood plates and the inability to produce inhibition halos in the antibiot-
ics test, after curing the plasmids with acridine-orange.
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Resumen

Se aislaron cepas de bacterias del rifndn de peces de ornato de la especie Carassius auratus, que manifestaron signos y lesiones de
infeccion. Seidentificaron especies de dos familias bacterianas de importancia ictiopatogénica: Aeromonadaceae y Vibrionaceae,
mediante la técnica API-20E, API-20NE y pruebas bioquimicas complementarias. Se confirm¢ la identidad de dichas bacterias de
acuerdo con la técnica de lareaccidon en cadena de la polimerasa y se confirmo presencia de la especie A. hydrophilay dos especies
diferentes del género Vibrio: Vibrio furnissii y Vibrio fluvialis. Se comprobd la capacidad de provocar infeccion de las dos especies
mencionadas, en peces susceptibles sanos de la especie Carassius auratus, segun los postulados de Koch. Las dos especies se
sembraron en placas de agar sangre, se obtuvo crecimiento con hemolisis. El 97% del total de las cepas estudiadas mostraron
este comportamiento. Se efectud la extraccion alcalina de ADN y se detectaron plasmidos R en 87.5% de las cepas aisladas con
pesos moleculares entre 25 000 pb y 6 000 pb. Se comprobé la relacién entre la capacidad -hemolitica de las cepas estudiadas
y la presencia de plasmidos al no observar crecimiento con hemolisis en agar sangre ni registrar halos de inhibicién en la prueba
de antibiosis, después ser curadas las cepas con naranjada de acridina
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Introduction

ith the increase of aquaculture activities,

there has been an increment in the

importation and exportation of exotic species
due to their beauty, which attracts the attention of
aquarium owners, as well as public in general. As
a consequence, there has also been mobilization
of the normal bacterial flora that these individuals
have, and as they change environments and come
into aquacultural farms with different environmental
and sanitary conditions than those in their native
environments, their infectious capability could vary
and cause serious losses to farms when the strain’s
virulence is manifested.

In studies by Negrete and Romero' performed in
farms of the States of Mexico and Morelos, Mexico,
bacterial strains such as Vibrio fluvialis and Vibrio
Jfurnissii, were systematically found in samples of
kidneys of fish with signs of infection, in water from
the production ponds, as well as in balanced and
non-conventional feed for fish. These strains were
originally reported and isolated by Lee ¢t al.,” from
estuary water samples and feces samples taken from
clinical cases. Afterwards, Brenner et al.,’ reported
having isolated them from vomit samples of human
patients with intestinal infection.

When fish contaminated with virulent bacteria
are introduced into production farms and signs of
infection appear, the use of antibiotics as prevention
and control for the treatment of bacterial infections
has caused the selection of bacteria that carry
R-plasmids. They are considered to be a potential risk
from the public health point of view, since they may
be transmitted to bacteria that are also pathogenic for
humans.*

Even though plasmids do not carry genes that are
essential to the host, they may have an important
influence in cell phenotype. In some cases, they
may codify properties that are fundamental for the
bacteriaunder consideration. The main characteristics
that determine pathogenicity or virulence of
microorganisms are the capacity to adhere to and
colonize specific host sites, as well as the formation
of substances such as toxins, enzymes and other
molecules that may cause damage to the host." In
certain pathogenic bacteria each of the pathogenicity
characteristics are coded in plasmids. In Escherichia coli,
at least two toxins are known to be coded by plasmids:
hemolysin, which lyses erythrocytes, and enterotoxin
that induces massive water and salt secretion in the
intestine.”

Hemolysins are extra-cellular proteins that are
considered to be virulent factors produced by
pathogenic microorganisms that contribute to the

30

Introduccion

on el incremento de la actividad acuicola y el

cultivo de especies exéticas de peces que por

su belleza atraen el interés de los acuaristas y
del publico en general, su importacion y exportacion
aument6. Como consecuencia de ello, se propicié la
movilizacion de la flora bacteriana normal que portan
esos individuos, la cual, al cambiar de ambiente
e ingresar a granjas acuicolas con condiciones
ambientales y sanitarias de produccion diferentes
a las nativas, puede variar su capacidad infecciosa
y provocar importantes pérdidas en los cultivos al
manifestarse la virulencia de las cepas.

Negrete y Romero' informan que en granjas del
Estado de México y de Morelos, México, se aislaron
las cepas Vibrio fluvialisy Vibrio furnissii (inicialmente
notificadas y aisladas por Lee et al.*) de muestras de
rinén de peces con signos de infeccion, asi como de
agua de estanques de cultivo y de alimento balanceado
y no convencional para peces, a partir de muestras
de agua de estuarios y de muestras clinicas de heces.
Posteriormente, Brenner et al.® notifican haberlas
aislado en muestras de vomito de pacientes humanos
con signos de infeccién intestinal.

Al ingresar peces contaminados con bacterias
virulentas y presentarse signos de infeccion en la
produccion, el uso de antibiéticos como prevencion y
control en el tratamiento de infecciones provocadas
por estas bacterias, ha ocasionado la seleccion de
bacterias portadoras de plasmidos R, que constituyen
un peligro potencial desde el punto de vista de salud
publica, ya que pueden ser transmitidos al ser humano
a través de bacterias que son igualmente patégenas
para el humano.*

Aunque los pldsmidos no llevan genes esenciales
para el portador, son de importancia en el fenotipo
celular. En algunos casos codifican propiedades
esenciales parala bacteria en cuestion. Las principales
caracteristicas que determinan la patogenicidad o
virulencias de los microorganismos son su capacidad
parafijarsey colonizarlugares especificos del portador,
y la formacion de sustancias como toxinas, enzimas y
otras moléculas que causan dano a éste." En algunas
bacterias patoégenas cada una de estas caracteristicas
de patogenicidad estd codificada en plasmidos. En
Escherichia coli se conocen al menos dos toxinas
que estan codificadas en plasmidos: hemolisina, que
lisa los glébulos rojos; y enterotoxina, que induce
secrecion masiva de agua y sales en el intestino.”

Las hemolisinas son proteinas extracelulares,
asi como factores de virulencia; las producen
microorganismos patégenos que contribuyen al
establecimiento y mantenimiento de la infeccion
y actian en la membrana citoplasmatica de la



establishment and maintenance of infection and act
on the cytoplasmic membrane of the host cell causing
their lysis. Virulence of certain pathogenic bacteria
in fish has been related to different factors. Toranzo
and Barja® associated this capacity with different
biochemical characteristics in Vibrio anguillarum, while
Crosa et al.,”® have demonstrated that V. anguillarum
virulence is related to the presence of plasmids with
molecular weight of 47 x 10° bp.

Fish obtained from the studied farms, from
which A. hydrophila, V. fluvialis and V. furnissii
strains have been systematically isolated, have shown
signs and lesions of infection corresponding to the
clinical syndrome of ulcerative dermonecrosis and
hemorrhagic septicemia,” and thus the relationship
between the presence of plasmids with virulence of
these bacterial speciesis to be taken into consideration.
Therefore, the objective of this study is to establish
the relationship between virulence as a factor of
pathogenicity with the presence of plasmids in V.
Sluvialis and V. furnissii.

Materials and methods

During a retrospective analysis of the sanitary
conditions of handling in aquaculture farms in
Morelos, Mexico, in the year 2000, sick fish of the
Carassius auratus species were observed with signs and
lesions of infection. These individuals were extracted
from the ponds with a spoon net. The fish were placed
in a tub with water and were anesthetized with tricaine
sulfomethane (0.1 g/L). After euthanasia was carried
out, kidney samples were obtained from the fish with
a sterile bacteriological loop,'”'" and spread in tubes
with alkaline peptone water (pH9) and incubated at
20 °C for 24 h. Later they were spread into saccharose-
bile salts-citrate-thiosulfate agar plates (SBCT) and
were incubated at room temperature for another 24 h.
The colonies that were obtained were subjected to a
purification process by successive spread in agar plates
with the same medium. When the homogeneity of
the cellular morphology was obtained, gram staining
was carried out. Finally, the gram-negative strains
were identified through API-20 and API-20NE'*"
commercial test sets, as well as complementary
biochemical tests according to the criteria set out
by different researchers.>**'® With the identified
biochemical profiles a similitude analysis was carried
out in order to select the best possible identification.
For this, the Jaccard index was applied comparing the
biochemical profile obtained for each strain with the
theoretical profiles proposed by both API data bases
and complementary tests that were carried out.

All identification techniques were also applied to
collected strains: Aeromonas hydrophila (ATCC 356554),

célula portadora, los eritrocitos, provocando su lisis.
La virulencia de algunas bacterias patégenas de
peces ha sido relacionada con diferentes factores.
Toranzo y Barja®asocian esta capacidad con diferentes
caracteristicas bioquimicas en Vibrio anguillarum, y
Crosa et al.”® han demostrado que la virulencia en V.
anguillarum se relaciona con la presencia de plasmidos
con peso molecular de 47 x 10° bp.

Los peces obtenidos de las granjas estudiadas,
a partir de los cuales se aislaron las cepas A.
hydrophila, V. fluvialis y V. furnissii, mostraron signos
y lesiones de infeccion que indican el sindrome
de dermomionecrosis ulcerativa y septicemia
hemorrégica,” lo cual plantea la relacion de los
factores de virulencia de dichas especies con presencia
de plasmidos. Por tanto, este estudio pretende
establecer la relacion de la virulencia como factor
de patogenicidad con presencia de plasmidos en V.
Sluvialisy V. furnissii.

Material y métodos

Durante el analisis retrospectivo de las condiciones
sanitarias de manejo de granjas acuicolas de Morelos,
México, en 2000, se observaron peces enfermos
de la especie Carassius auaratus, que manifestaban
signos y lesiones de infeccion. Estos individuos fueron
extraidos de los estanques con una red de cuchara.
Los peces se colocaron en una tina con agua y
fueron anestesiados con sulfometano de tricaina (0.1
g/L). Después de ser practicada la eutanasia, se
obtuvieron muestras del rin6n de los peces con una asa
bacteriolégica estéril,'”!" éstas se sembraron en tubos
con agua peptonada alcalina (pH 9) y se incubaron
a 20°C durante 24 h. Posteriormente se sembraron
en placas de agar de tiosulfato-citrato-sacarosa-sales
biliares (TCBS) y se volvieron a incubar a temperatura
ambiente durante 24 h. Las colonias obtenidas fueron
sometidas a resiembras sucesivas en placas agar
del mismo medio de cultivo y una vez obtenida
homogeneidad en la morfologia celular, se efectu6 la
tinciéon de gram. Finalmente las cepas gramnegativas
fueronidentificadas mediante los estuches comerciales
API-20 y API-20NE'™" 'y pruebas bioquimicas
complementarias segin los criterios de diferentes
investigadores.>>"*™ Con los perfiles bioquimicos
identificados se efectué un analisis de similitud, a fin
de seleccionar la mejor identificacién, y se aplico el
indice de Jaccard, comparando el perfil bioquimico
obtenido para cada cepa con los perfiles teéricos de
las propuestas por las bases de datos de ambos API y
de las pruebas complementarias efectuadas.

Las técnicas de identificacion fueron aplicadas a
las cepas de coleccion: Aeromonas hydrophila (ATCC
3565b4), Aeromonas caviae (ATCC 15468), Vibrio
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Aeromonas caviae (ATCC 15468), Vibrio parahaemolyticus
(ATCC17802), Vibrio alginolyticus (ATCC 17749), Vibrio
Sluvialis (NCTC 11327) and Vibrio furnissii (ATCC
35016).

Identification of Aeromonas hydrophila, Vibrio fluvialis
and Vibrio furnissii strains was confirmed using the
polymerase chain reaction. Both the wild strains, as
well as the collected ones were spread in Luria-Bertani
(LB) agar, and were incubated at 30 °C for 24 h. The
colonies that were obtained were spread in tubes with
agar broth of the same media and were incubated in a
water bath at 300°C for 24 h with a stirrer set at 4666
g for 30 s. Cell cultures were centrifugalized at 4666
g/s for 10 min and lysed with 5.5% SDS and 0.125
mg/mL of proteinase-K. A 1 mL aliquot was extracted
from the culture that was obtained and passed into
a 1.2 mL Eppendorff microtube. Plasmid DNA was
extracted using a QIAGEN DNA-EASY-KIT system,
following the instructions of the manufacturer.
The product was kept in Eppendorff microtubes
at —20°C. In order to determine the presence of
Aeromonas ologonucleotides®* Aer8 5-CTGCTGG
CTGTACGTTACTCGCAG.3’andAer95-TTCGCCAC
CGGTATTCCTCCAAGATC-3’ proposed by Khan and
Cerniglia' were used.

Oligonucleotides Vibl 5-TCACTACCGAGAGGA
ACATC-3" and Vib25- GGTGGAGGTGCCGTGCA-3”
designed by Zanetti ¢ al.,” were used to amplify
Vibrio.

The amplification reaction was carried out using a
thermocycler®** and the PCR reaction Kkit. *#*

The following mix was prepared in flat cap PCR
microtubes: 65 pl sterile water free from RNA and
DNA, 5 pL buffer [100 mmol-1] tris -HCL(pH 8.3),
10 pL 2mM d-NTP mix, 10 pL oligonucleotide I, 10
pL oligonucleotide II, 6 pL 25mM MgCle, 10 pL DNA,
and 10 pLL Taqg DNA polymerase. The samples were
run with the following amplification program: pre-
incubation at 95°C, for 2 min; followed by thirty cycles
of, denaturing at 94°C, 1 min; annealing at 68°C, 1
min; extension 72°C, 1 min. After the last cycle, the
tubes with the PCR product were incubated for a final
extension at 72°C for 3 min.”

Later 5 pL of the reaction product were placed
in an Eppendorff microtube and 45 pL of SIGMA-
CHEMICAL load buffer were added.t These were
then run in 1% agar gel electrophoresis. Products were
visualized with 30 pL 0.5 mg/mL ethidium bromide
stain under ultraviolet light. In the first well of each
run a 10 000 bp molecular weight marker was placed.
Photographs were taken with a photographic camera.*
The procedure was repeated with the oligonucleotides
mentioned above and with all the strains previously
identified such as A. hydrophila, V. fluvialis and V.
Jurnissii.
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parahaemolyticus (ATCC17802), Vibrio alginolyticus
(ATCC 17749), Vibrio fluvialis (NCTC 11327) y Vibrio
Surnissit (ATCC 35016).

Se identificaron las cepas de Aeromonas
hydrophila, Vibrio fluvialisy Vibrio furnissii con reaccion
en cadena de la polimerasa, con ese fin se sembraron
cepassilvestresy de coleccion en agar de Luria-Bertani
(LB) y se incubaron a 30°C por 24 h. Las colonias
obtenidas se sembraron en tubos con caldo de agar
del mismo medio y se incubaron en bano Maria con
agitacion de 4 666 g por 30 seg a 30°C por 24 h.
El cultivo de células se cosech6é por centrifugaciéon
a 4 666 g/seg por 10 min y lisadas a 5.5% de SDS
en 0.125 mg/mL de proteinasa K. Con una pipeta se
extrajo una alicuota de 1 mL del cultivo y se paso
a un microtubo Eppendorff de 1.2 mL. Se extrajo
el ADN plasmidico con el sistema ADN-EASY-KIT
de QIAGEN, se siguieron indicaciones del fabricante.
El producto se guardé en microtubos Eppendorff a
—20°C. Para determinar la presencia de Aeromonas se
emplearon los oligonucle6tidos™ Aer8 5-CTGCTGGC
TGTACGTTACTCGCAG.3’ 'y Aer9 5-TTCGCCA
CCGGTATTCCTCCAAGATC-3’ propuestos por Khan
y Cerniglia."

Para amplificar  Vibrio se utilizaron los
oligonucleétidos  Vibl  5-TCACTACCGAGAGGAA
CATC-37 y Vib2 5-GGTGGAGGTGCCGTGCA-3"
disenados por Zanetti et al.*

La reaccién de amplificacion fue llevada a cabo
con un termociclador®** y el equipo de reaccion para
CRP##%

En microtubos para PCR planos se conformé la
siguiente mezcla: 65 pL de agua estéril libre de ARN
y ADN, 5 pL de amortiguador [100 mmol-1] tris
-HCL(pH 8.3), 10 pL. 2 mM de NTP mix, 10 pL del
oligonucleétido I, 10 pL del oligonucleétido I1, 6 pL. 25
mM MgClesol, 10 pLADN, 10 pL. Taq ADN polimerasa.
Las muestras fueron sometidas al siguiente programa
de amplificacién: preincubacién a 95°C, durante 2
min, una vez; treinta ciclos desnaturalizacién, 94°C, 1
min; 1 alineaciéon 68°C; 1 min; extension 72°C, 1 min.
Después del tltimo ciclo los tubos con el producto de
PCR fueron incubados a 72°C por 3 min.”

Posteriormente se depositaron 5 pLL de la mezcla
de la reacciéon en un microtubo Eppendorff y se
anadieron 45 pL del amortiguador de carga,} después
se corrié en electroforesis en gel de agarosa al 1%.
Los productos fueron visualizados por tincién con
30 pL de bromuro de etidio (0.5 mg/mL) bajo luz
ultravioleta. En los primeros pozos de cada corrida
se coloc6 el marcador de peso molecular de

*BQ Providers.
**Techgen.
***Fermentas.
tSigma-Chemical.



Virulence of the isolated wild strains was evaluated
experimentally in the following manner.

Thirty clinically healthy fishes of the Carassius
auratus species were selected and observed for eight
days before inoculation; the individuals that showed
any infection sign or lesion were substituted by
another healthy one of the same species. This was
done so that only healthy individuals would be used.
Immunoglobulins were tittered in order to know if
these fish had any prior contact with the pathogen
species under study. Two mL of blood were extracted
from the fish under observation, the sample was
centrifuged and the serum used for an agglutination
reaction test using the parallel dilution technique.”'

With a calibrated bacteriological loop, three
loopfuls of each strain were inoculated in 50 mL Brain-
heart-infusion broth (BHI). The mixes were incubated
in a water bath with stirring at room temperature for
24 h. Dilutions were prepared from 107 to 10° to be
able to identify the colony forming units per inoculum
milliliter (cfu/ml).*® The inoculum concentration
that defined LDso for each strain was established
according to criteria determined experimentally for
V. fluvialis and V. furnissii, by Negrete and Romero.*
Simultaneously, three aquariums were installed with
ten fish within each one. The first lot of fish was
inoculated with 1 mL of sterile saline solution per
100 g fish weight® in order to detect the impact
of the experiment on the fish. The other fish were
inoculated with the same dose at 10° cfu/mL inoculum
concentration of V. fluvialis and V. furnissi.

The growth inhibition method was used to detect
susceptibility of the identified strains to the different
antibiotics.” Luria-Bertani (LB) agar plates were
spread and incubated at 30°C, for 24 h. Once the
colonies grew, they were transferred to a tube with
5 mL LB broth, until 0.5 Mc Farland turbidity
was reached.” Following that, Méeller-Hinton agar
plates were spread with a sterile swab; after 15 min,
multidiscs for gram-negative bacteria were placed
on the plates** The following antibiotics at the
concentrations indicated were included: cephalothin
(CF),30 pg; chloramphenicol (CL), 30 pg; ceftriaxone
(CRO), 30 pg; ampicillin (AM), 10 pg; amikacin
(AK), 30 pg; trimethoprim (SXT), 30 pg; cefotaxime
(CTX), 30 pg; netilmicine (NET), 30 pg; pefloxacin
(PEF), 5 pg; carbenicillin (CB), 100 pg; nitrofurantoin
(NF), 300 pg Additionally filter paper disks were
placed, which had the same characteristics and were
impregnated with the following antibiotics: kanamycin
(K), 30 pg; and tetracycline (T), 30 pg* They were
incubated at 30°C for 24 h, and then the inhibition
halos were measured with a Vernier caliper. Strains
were classified as resistant (R), intermediate (I) or
susceptible (S), depending on the diameter of the

10 000 pb. Para las fotografias se utilizé una camara
fotografica.* El procedimiento se repiti6 con dichos
oligonucleétidos y con todas las cepas identificadas
previamente como A. hydrophila, V. fluvialis y V.
Jurnissii.

Se evalu6 experimentalmente la virulencia de las
cepas silvestres aisladas, con ese proposito se procedio
como se describe en seguida.

Previamente se seleccionaron 30 peces sanos de
la especie Carassius auratus, que fueron observados
durante ocho dias, antes de ser inoculados; los peces
que manifestaron algun signo o lesiéon de infecciéon
fueron sustituidos por otro de la misma especie,
pero sano. Lo anterior con la finalidad de que se
dispusiera s6lo de ejemplares sanos. Para saber si
estos peces habian tenido contacto previo con alguno
de los patogenos de las especies problema, se titularon
inmunoglobulinas, extrayendo 2 mL de sangre a
los peces en observacion. La muestra de sangre fue
centrifugada y con el suero sanguineo se efectuo la
reaccion de aglutinacion usando la técnica de dilucion
paralela.”!

Los diferentes in6culos fueron preparados
sembrando tres asadas de las cepas en 50 mL de
caldo de infusion cerebro-corazon (IBH), con una asa
bacteriologica calibrada. Lasmezclasfueronincubadas
en bano Maria con agitacion a temperatura ambiente
durante 24 h. Los in6culos se diluyeron desde 107 hasta
10’ para conocer las unidades formadoras de colonias
por mililitro de in6culo (cuf/mL).** la concentracién
de los inéculos que definié la Dsol. para cada
cepa se estableci6o sobre la base de los criterios
establecidos experimentalmente para V. fluvialisy V.
furnissii, por Negrete y Romero.” Simultaneamente
se instrumentaron tres acuarios con diez peces cada
uno. En un primer lote los peces fueron inoculados
con 1 mL de solucion salina estéril por cada 100 g
de peso de pez*! con el propésito de reproducir el
impacto experimental sobre los peces. Los peces de
los restantes acuarios fueron inoculados con la misma
dosis a la concentracién del in6culo de 10° ufc/mL de
las cepas de Vibrio fluvialisy Vibrio furnissii.

La susceptibilidad de las cepas identificadas a
diferentes antibioticos se determiné con el método
de difusion en placa.” Para ello se sembraron
en placas de agar de Luria-Bertani (LB) vy
se incubaron a 30°C, por 24 h. Luego las colonias
crecidas se trasladaron a un tubo con 5 mL de caldo
de LB, hasta obtener turbidez de 0.5 de McFarland.?®
Con un hisopo estéril se sembraron los cultivos en
placas de agar de Moéeller-Hinton, después de 15 min
se colocaron multidiscos para gramnegativas,** que
incluyen antibidticos en las concentraciones indicadas:

*Polaroid.
## Sanofi, México.
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halos, which included the diameter of the discs. (6
mm) .22

Plasmid extraction was carried out using the
alkaline lyses technique.30 Once more the strains were
spread in Luria-Bertani (LB) agar plates, incubated
at 30°C for 24 h; and then the colonies were placed
in tubes with 5 mL LB broth and incubated in a
water bath at 30°C for 24 h with stirrer. Two mL of
the culture were transferred into another Eppendorff
sterile microtube and centrifuged at 4666 g for 30 s,
and the resulting supernatant was discarded.

The pellet at the bottom of the Eppendorff tube
was re-suspended in 100 pL of lysozyme solution by
a 1 min vortex. After that it was incubated on ice
for 30 min, then 200 pL of duodecil sodium sulfate
were added, mixed softly by inversion and incubated
for 5 min on ice. Later 150 pL of 3M sodium acetate
were added, softly mixed by inverting the tube and
incubated for another 60 min. The tubes were then
centrifuged for 5 min at 4666 g/s, the supernatant was
transferred to another sterile Eppendorff microtube,
1000 pL of ice-cold ethanol were added, incubated
for 30 min and then centrifuged once more for 30
min at 4666 g/s. The supernatant was removed, and
the remaining pellet was dissolved in 100 pL of 0.1M
sodium acetate and 0.05M pH 8 tris. This product was
precipitated again with 300 pL of ice-cold ethanol.

The supernatant was discarded and 10 pL of
a 5X sample buffering solution were added (25%
saccharose, 5 mM sodium acetate, 0.05% bromophenol
blue and 0.1% SDS)

The extractions were treated with I-AS type bovine
pancreatic RNAse at a concentration of 0.01 pg/mL
and incubated in a water bath at 60 °C for 10 min.

A total of 10 pL of these samples were placed in
the wells of 0.6 % agar gels for electrophoresis together
with a known molecular weight marker: Gener Ruler
TM 1 Kb DNA Ladder.” The gels were prepared with
0.5X TB borate running buffer and 0.6X agarose.
The gels were run at 70 V, 250 W for 45 minutes and
stained with a 0.5 pg/mL ethidium bromide solution
in distilled water. Once the gels were stained they were
washed with water for 30 s to remove the excess of
ethidium bromide and then placed in a short wave UV
ray transilluminator. The gels were photographed with
an instant Polaroid camera* with 667 film cartridges,
fitted to the transilluminator.®*

Relative motility of the plasmids and the reference
marker were measured. Then by applying an inverse
rule of three the number of base pairs was obtained,
as a function of the number of base pairs known in the
marker (10 000 bp).

The strains that had plasmids were spread onto
blood agar to which 5% defibrinated blood from sheep
was added and were incubated at room temperature
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cefalotina (CF), 30 pg; cloranfenicol (CL), 30 pg;
ceftriaxona (CRO), 30 pg; ampicilina (AM), 10 pg;
amikacina (AK), 30 pg; trimetoprim (SXT), 30 pg;
cefotaxima (CTX), 30 pg; netilmecina (NET), 30 pg;
pefloxacina (PEF), 5 pg; carbeniclina (CB), 100 pg;
nitrofurantoina (NF), 300 pg. Ademas se colocaron
discos de papel filtro con las mismas caracteristicas,
impregnados con kanamicina (K), 30 pg; y tetraciclina
(T), 30 pg* Se incubaron a 30°C por 24 h, después
se midieron los halos de inhibicién con un Vernier.
Las cepas se clasificaron en resistente (R), intermedio
(I) o susceptible (S), segin el diametro de los halos,
incluyendo el didmetro de los discos (6 mm).*"

La extraccion de plasmidos se hizo con la técnica
de lisis alcalina.?® De nuevo las cepas se sembraron en
placas de agar de Luria-Bertani (LB), y se incubaron
a 30°C durante 24 h; luego las colonias crecidas en
tubos con 5 ml de caldo de LB se incubaron en bano
Maria con agitacion a 30°C por 24 h, 2 mL del cultivo
se transfirieron a otro microtubo estéril Eppendorff
y se centrifugd a 4 666 g por 30 seg, el sobrenadante
se removio.

La pastilla que permanecié en el fondo del tubo
Eppendorff se resuspendi6 con 100 pL de solucion de
lisosima y se resuspendi6 agitindose con un vortex
durante 1 min. Después se incub6 en hielo durante
30 min, se agregaron 200 pL de duodecil sulfato de
sodio; se mezclé suavemente por inversion y se incub6
durante 5 min en hielo, después se anadieron 150
pL de acetato de sodio 3 M, otra vez se mezcl6 de
manera suave por inversion del tubo y se incub6 por
60 min, nuevamente se centrifugé6 durante 5 min
a 4 666 g/seg, el sobrenadante se transfiri6 a otro
microtubo Eppendorff estéril, anadiendo 1 000 pL de
etanol frio, se incub6 30 min y se centrifugé 30 min
a 4 666 g/seg, el sobrenadante se removio, la pastilla
se disolvio con 100 pL de acetato de sodio 0.1M y tris
0.05M pH 8, reprecipitando en 300 pL de etanol frio.

El sobrenadante se eliminé y se agregaron 10 pL
de soluciéon amortiguadora de muestra 5X (sacarosa
al 25%; acetato de sodio, 5 mM; azul de bromofenol al
0.05% y SDS al 0.1%).

Las muestras se trataron con RNAsa pancreatica
de bovino tipo I-AS, a concentraciéon de 0.01 pg/mL,
se incubaron en bano Maria a 60°C durante 10 min.

Se aplicaron 10 pL de las muestras obtenidas en
los pozos de los geles de agarosa al 0.6% para el
analisis por electroforesis. Los geles se prepararon
con amortiguador borato TB de corrida al 0.5X y
0.6X de agarosa. La electroforesis se llevo a cabo a
70 V de voltaje, 250 W de poder. Los geles fueron
tenidos durante 45 min y revelados con una solucién
de bromuro de etidio disuelto en agua destilada a
concentracion de 0.5 pg/mL. Una vez tenidos los

*Sigma Chemical.



during 24 h. After this, plasmid curing was carried
out.

Plasmid carrying strains were spread onto LB agar
and incubated at room temperature during 24 h.
Next day, samples were taken with a sterile swab
from the colonies that grew and were inoculated into
5 mL tubes with LB broth and incubated at room
temperature during 24 h. After that, 2 mL of this
culture with the grown strains were transferred into 2
mL tubes with LB broth with added acridine-orange
at a concentration of 0.9 pg/mL during 9 days and
then incubated at room temperature during 24 h.

After that time, each strain was spread onto the
following medium: a)blood agar with 5% defibrinated
blood from sheep; b)in LB agar plates; and ¢)in Moller
and Hinton agar plates to carry out another antibiosis
test, following the plate diffusion technique (Difco),
all plates were incubated at room temperature for 24
h.

Alkaline extraction of plasmids was carried out on
the strains that grew in LB, and electrophoresis was
performed in agar gel following the steps previously
described.

All of the above procedures were mirrored with
the collected strains: Aeromonas hydrophila (ATCC356),
Aeromonas caviae (ATCC154), Vibrio alginolyticus
(ATCC177), Vibrio parahaemolyticus (ATCC178), Vibrio
Sluvialis (NCTCC35654) and Vibrio furnissii (ATCC
35016).

Results

Several bacteria species were isolated from 30 C.
auratus fish, belonging to the following families:
Pseudomonadaceae, Enterobacteriaceae, Aeromona
daceae and Vibrionaceae.

As a result of the complementary tests that were
carried with the strains of the last two families, which
are of interest for this study, the presence of strains of
the A. hydrophila species, V. furnissii species as well as
of V. fluvialis species was confirmed (Table 1).

From the comparison of the biochemical profiles
of the strains mentioned with those of V. fluvialis, we
showed that the latter was similar to nine species of the
Aeromonas genus: A. sobria, 0.95; A. eucrophilia, 0.95; A.
shubertii, 0.90; A. media, 0.85; and A. sal. salmonicida,
0.85. When similitude analysis was applied to API-
20E and API-20NE complementary biochemical tests
and Bergeys” Manual to differentiate A. hydrophila
from V. fluvialis, the Jaccard index was 0.95, with
a greater similitude between A. hydrophila with V.
Jurnissii (0.99).

Applying oligonucleotides Aer8 and Aer9, as well
as Vibl and Vib2 in a polymerase chain reaction, we
achieved amplification of bacterial DNA from those

geles, se lavaron con agua durante 30 seg con el fin
de eliminar excesos de bromuro de etidio, fueron
colocados en un transiluminador de rayos UV de
longitud de onda corta. Las fotografias de los geles
fueron tomadas con transiluminador con cdmara
fotografica* instantdnea con cartuchos de pelicula.**

Las extracciones de ADN plasmidico procedentes
de las cepas aisladas se corrieron en gel con el
marcador de peso molecular Gene Ruler TM Ikb DNA
Ladder;* finalmente se midié la movilidad relativa
de los plasmidos y del marcador de referencia, con
una regla de tres inversa para obtener los pesos
moleculares en nimero de bases de pares, en funcién
del nimero de pares de bases conocido del marcador
(10 000 pb).

Las cepas que presentaron plasmidos se sembraron
en agar sangre al que se le anadi6 5% de sangre
de borrego desfibrinada, y se dejaron incubar a
temperatura ambiente durante 24 h. Posteriormente
se llevo a cabo la curacion de plasmidos.

Las cepas portadoras de plasmido sembraron en
agar de LB y se dejaron incubar a temperatura
ambiente durante 24 h. Al otro dia, con un hisopo
estéril se tomo6 una muestra de las colonias crecidas y
se sembraron en tubos 5 mL de caldo de LB, se incub6
a temperatura ambiente 24 h. Luego 2 mL de este
cultivo conteniendo las cepas se transfirieron a tubos
con 2 mL de caldo de LB con naranja de acridina a
concentracion de 0.9 pg/mL durante nueve dias, y se
incubaron a temperatura ambiente durante 24 h.

Después de ese tiempo cada cepa se sembroé: a) en
cajas con agar sangre con 5% de sangre de borrego
desfribinada; b) en cajas con agar LB;y ¢) se dejaron
crecer en placas con agar de Moller y Hinton y de
nuevo efectuar antibiograma, siguiendo la técnica de
difusion de placa (Difco), todas las cajas se dejaron
incubar a temperatura ambiente durante 24 h.

Con las cepas que crecieron en LB se efectu6
de nuevo la extracciéon alcalina de pldsmidos y se
corrieron en gel de agarosa siguiendo los mismos
pasos que se describieron anteriormente.

Todo el procedimiento se replicé con cepas de
coleccion: Aeromonas hydrophila (ATCC356), Aeromonas
caviae (ATCC154), Vibrio alginolyticus (ATCC177)
y Vibrio parahaemolyticus (ATCC178), Vibrio fluvialis
(NCTCC35654) y Vibrio furnissii (ATCC 35016).

Resultados

Se aislaron diferentes especies de bacterias de
las familias Seudomonadaceae, Enterobacteriaceae,
Aeromona-daceae y Vibrionaceae a partir de 30 peces
C. auratus.

* Polaroid.
## Polaroid 667.
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in this study allowing differentiation at the genus
level, thus establishing a difference between strains
that belonged to the Aeromonas and Vibrio genera.
This technique was applied to 60 strains that had
been previously identified with API 20-E and API
20NE as well as with complementary biochemical
tests as Aeromonas hydrophila, Vibrio fluvialis or Vibrio
Jfurnissii. The results coincided in genus identification
in 59 of the cases. Only strain 131 previously
identified as A. hydrophila did not coincide.

The PCR technique was performed using the
collection of strains (mentioned above) and both
the biochemical and the PCR technique also gave
correct identification (Figures 1 and 2).

Ninety-seven percentof the strains of A. hydrophila,
V. fluvialis as well as V. furnissi, grew in blood agar,
forming a brownish-green zone surrounding the
colony (Figure 3).

We experimentally replicated the clinical signs
of infection that were present in fish of the farms
where the strains were isolated from. Clinical

Como resultado de las pruebas complementarias
efectuadas a las cepas de las dos ultimas familias, de
interés para el presente estudio, se confirmé presencia
importante de cepas de la especie A. hydrophila, cepas
de la especie V. furnissii y cepas de la especie V. fluvialis
(Cuadro 1).

De la comparacién de los perfiles bioquimicos de
las cepas con los perfiles para V. fluvialis, se obtuvo
que esta ultima present6 similitud con nueve especies
del género de Aeromonas: A. sobria, 0.95; A. eucrophilia,
0.95; A. shubertii, 0.90; A. media, 0.85; A. sal. salmonicida,
0.85. Al aplicar el analisis de similitud de las pruebas
bioquimicas complementarias API-20E y API-20NE y del
Manual de Bergeys para diferenciar a A. hydrophila de V.
Sluvialis el indice de Jaccard fue de 0.95, siendo mayor la
similitud (0.99) entre A. hydrophila con V. furnissii.

Con la aplicaciéon de los oligonucleétidos Aer 8y
Aer9, asi como Vibl y Vib2 durante la reacciéon en
cadena de la polimerasa, se logré la ampliaciéon de ADN
de las bacterias estudiadas, pero a nivel de género,
con lo que se logré establecer la diferencia entre las

Cuadro 1

CARACTERES BIOQUIMICOS ESPECIFICOS PARA DIFERENCIAR V. furnissii (ATCC 35016), V.
fluvialis (NCTC 11327), A. hydrophila (ATCC 35649) Y CEPAS SILVESTRES
SPECIFIC BIOCHEMICAL CHARACTERS TO DIFFERENTIATE V. furnissii (ATCC 35016), V.
fluvialis (NCTC 11327), A. hydrophila (ATCC 35649) AND WILD STRAINS

V. A.
Test V furnissii - Wild strains  fluvialis ~ Wild strains  hydrophila ~ Wild strain

Glucose gas (+) 100 (+) 33 G o e 43 (+) 100 (+) 24
Cellobiose e 14 G 61 (+) 30 (+) 38 A 1 - 38
Growth in NaCl%
0% O 0 *) G 0 ® (+) 100 )
1% (+) 99 (+) (+) 99 (+) (+) 100 +)
3% (+) 99 (+) 80 (+) 99 (+) 80 + 7 e 20
7% (+) 78 (+) 80 O 71 (+) 80 O o O 10
Putrecin (+) 100 (+) 93 (+) 31 e 7 ® o A 7
Citrulin (S (-) 10 O 31 (+) 90 ©® o © 10
Propionate +) 0 +) e 27 e (& o (@]

) Blue-
TCBS Yellow (+) Yellow  Yellow Yellow Blue-green  green
Sensitivity to vibriostatics 0/129, 10 ug G o G o O 31% (O (+) (+)

(+) 90-100% positive reaction
() 0-10% negative reaction

* Reaction in collection strains

Complementary biochemical tests according to: Colwell, 1984; Cown, 1974; Furniss et al., 1977; Lee et al., 1981; Brenner et al.,
1983; Altewegg et al., 1990; Daslgaard et al., 1998; Bergey Manual, 1999.
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signs caused by V. fluvialis were characterized by
nervousness in most of the inoculated individuals,
hemorrhagic and folded fins, gasping at the surface of
the water, protruding abdomen, and excessive mucous
on the surface of the body. At the necropsy of dead
individuals, generalized hemorrhages were observed
in all internal organs.

Clinical signs of individuals inoculated with V.
Jfurnissii showed, in general, the same semeiology than
the previous pathogen, with the difference that in this
case ocular hemorrhages were also observed in the
inoculated individuals.

Inhibition halos were present for the following
antibiotics: cephalothin, tetracycline, netilmicine,
ampicillin, carbenicillin, kanamycin, cefotaxime,
nitrofurantoin, and ceftriaxone (Figure 4).

Strains of the A. hydrophilaspecies showed resistance
to the following antibiotics: CF, T, NF, AMP, CB, and
K, and contained R-plasmids between 25.7 and 6.6
kbp; V. fluvialis strains showed resistance to CF, AMP,
T, NF and K, R-plasmids that were present in these
strains were between 15 and 6.9 kbp; V. furnissii strains
were resistant to CF, AMP, T, NF, CB and K with
R-plasmids between 15 and 6.6 kbp. In the same
manner, the collection of strains had resistance to the
antibiotics mentioned above. All collected strains had
R-plasmids between 25 and 7 kbp. Of the strains that
grew in agar blood 87.5% had R-plasmids, of different
molecular weights in the range of 25 to 6.6 kbp, 30%
of these were 7 kbp long (Figure 5).

Vibrio strains that were cured of their plasmids
with acridine orange and spread in agar blood grew
without causing any type of hemolysis. Strains, not
withstanding the Vibrio species in question, after
having been spread in Méeller and Hinton agar, after
plasmid treatment, did not show inhibition halos for
any of the antibiotics that were used (Figure 6). In

cepas pertenecientes a ambos géneros Aeromonas y
Vibrios. Esta técnica se aplic6 a 60 cepas identificadas
previamente como Aeromonas hydrophila, Vibrio fluvialis
o Vibrio furnissii, con el API tanto 20-E como 20N-E y
pruebas bioquimicas complementarias, coincidiendo
la identificacién de los géneros en 59 de los casos,
s6lo la cepa 131 identificada previamente como A.
hydrophila no coincidié.

La técnica de PCR se hizo con cepas de colecciéon
(ya mencionadas) que también dieron identificacién
correcta con ambas técnicas (Figuras 1y 2).

El 97% de las cepas, A. hydrophila, V. fluvialis'y V.
Jfurnissii, crecieron en agar sangre, formando una zona
verdosa-parduzca alrededor de la colonia (Figura 3 ).

Se replicé experimentalmente el cuadro clinico de
la infeccién que mostraron los peces cultivados en las
granjas y de los cuales se aislaron las cepas.

El cuadro clinico causado por V. fluvialis se
caracterizé por nerviosismo en la mayoria de los
individuos inoculados, aletas hemorragicas vy
replegadas, boqueo en la superficie de los acuarios,
vientre abultado, mucosidad excesiva sobre la
superficie del cuerpo. Después de efectuar lanecropsia
alos individuos que murieron, se observé hemorragia
interna generalizada en todos los 6rganos internos.

El cuadro clinico presentado por los individuos
inoculados con V. furnissiimostrod, en general, la misma
semidtica que el patégeno anterior, con la diferencia
de que en este caso se registré también hemorragia en
globo ocular de los individuos inoculados.

Se presentaron halos de inhibicién para los
antibioticos cefalotina, tetraciclina, nefilmecina,
ampicilina, carbecilina, kanamicina, cefaxantina,
nitrofurantoina, ceftriaxina (Figura 4).

Las cepas de la especie A. hydrophila presentaron
resistencia a los antibiéticos CF, T, NF, AMP, CB y
K, con plasmidos-R entre los intervalos de 25.7 bp-

1000 bp
600 bp

9 10

Figura 1. Gel de agarosa al 1%. Pozo
1, marcador de 1 000 pb. En Vitrogen.
Pozos 2 a 9, cepas silvestres, pozo 10,
cepa de coleccion Vibrio alginolyticus.
Producto de PCR con peso molecular de
600 pb. Oligonucleétidos Aer8 y Aer9
(Khan y Cerniglia, 1997).

Figure 1. Agarose gel at 1%. Well 1,
1 000 bp marker. In Vitrogen. Welles 2-
9, wild strains; well 10, strain collection
Vibrio alginolyticus. PCR product with
molecular weight of 600 bp. Aer8 and
Aer9 oligonucleotides (Khan y Cerniglia,
1997).
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1000 bp
400 bp

8 9 10

Figura 2. Gel de agarosa al 1%. Pozo 1,
marcador de 1 000 pb. Fermentas. Pozos
2- 9, cepas silvestres; pozo 10, cepa de
coleccion Aeromonas hydrophila. Producto
de PCR con peso molecular de 400 pb.
Oligonucledtidos Vibl y Vib2 (Zanetti et al.,
1992).

Figure 2. Agarose gel at 1%. Well 1,
1 000 bp marker. Ferments. Welles 2-
9, wild strains; well 10, strain colection
Aeromonas hydrophila. PCR product with
molecular weight of 400 bp. Vibl and Vib2
Oligonucleotides (Zanetti et al., 1992).

the same manner, none of these strains showed the
presence of plasmids in the agarose gels after having
been exposed to acridine-orange (Figure 7).

Discussion

Aeromonasand Vibrio families form a part of a complex
group of pathogens in humans, as well as in different
aquatic species, either in the wild or in aquatic farms.
Therefore, it is important that studies of etiology, as
well as epidemiology be carried out for these species
in order to establish whether some of their phenotype
characteristics may be related to virulence.

Some biochemical, enzymatic and cellular
properties have been described as potential indicators
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Figura 3. Crecimiento en agar
sangre.

Figure 3. Growth on blood agar.

6.6bp; las cepas de V. fluvialis presentaron resistencia
a CF, AMP, T, NF, K, los plasmidos-R presentes en
estas cepas registraron intervalos entre 15 bp-6.9 bp;
finalmente las cepas de V. furnissii fueron resistentes
a CF, AMP, T, NF, CB y K con plasmidos-R de
pb entre los intervalos 15-6.6 pb. Las cepas de
coleccién igualmente presentaron resistencia para los
antibi6ticos mencionados, todas las cepas de coleccion
portaron plasmidos-R de 25-7 pb. E187.5% de las cepas
con crecimiento en agar sangre portaron plasmidos-R,
de diferentes pesos moleculares entre los rangos 25-6.6
kb, 30% de éstos son de 7 bp (Figura 5).

Las cepas de los vibrios que fueron sometidas
a curacion de plasmido con naranja de acridina, y
posteriormente sembradas en agar sangre, crecieron



Figura 4. Resistencia a antibiéticos (Multidiscos,
Sanofi).

Figure 4. Antibiotic resistance (Multidisk, Sanofi).

of virulence in Aeromonas strains: Hsu et al.;** Kaper
et al.;*® Wakabayashi and Joseph;* Turbull et al.;*
Morgan et al;** and Angka report that virulent
strains of A. hydrophila obtained from ulcer tissue
of catfish have hemolysis genes that are capable, in
vitro, of causing lysis of erythrocytes of several animal
species. This hemolytic activity was established in this
study for V. fluvialis and V. furnissii strains, that when
spread in agar blood, formed brownish-green zones
surrounding the bacterial colonies, indicating a loss
of potassium due to the o-hemolytic activity of the
strains.

Results of this study with V. fluvialis and V. furnissii
strains isolated from infected C. auratus fish clearly
demonstrated their capacity to cause pathogenicity
and virulence effects when injected intramuscularly
at different doses into healthy C. auratus fishes.”
Signs and lesions that were obtained experimentally
replicated those thatwere recorded during the original
infection, both strains corresponding to an ulcerative
mionecrosis syndrome and hemorrhagic septicemia
as reported by Roberts’ for infections caused by
Aeromonas and Vibrio.

It has been demonstrated in V. anguillarum that a
PJMI-type plasmid of 25-65 kbp is needed to codify
the virulence component system (Crosa et al,”*).
Experiments by Wiik et al,” on infections by A.
salmonicida, indicate that if virulence is mediated
by plasmids, then plasmid 24 MDa is important.
Furthermore, in this study we found that virulent
strains V. fluvialis and V. furnissii had plasmids that
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10,000bp

Figura 5. Electroforesis en gel de agarosa al 1%.
Pozos 1 y 10 marcado de peso molecular Fermentas
de 10 000 pb. Pozos 2-9, plasmidos-R extraidos de
diferentes cepas de Vibrio fluvialis, Vibrio furnissiy
Aeromonas hydrophila.

Figure 5. Electrophoresis in agarose gel at 1%.
Wells 1 and 10, molecular weight marker. Ferments
of 10 000 bp. Wells 2-9, plasmids-R obtained from
different strains of Vibrio fluvialis, Vibrio furnissi and
Aeromonas hydrophila.

en agar sangre sin presentar ninguin tipo de hemolisis.
Las cepas, indistintamente de la especie de Vibrio de
que se tratara, después de ser sembradas en agar
de Moeller y Hinton, posterior a la curacién de los
plasmidos, no presentaron halos de inhibicién para
ningun antibiético (Figura 6). Asimismo, ninguna
de estas cepas registré presencia de plasmido en la
corrida de gel de agarosa efectuada después de su
exposicion en naranja de acridina (Figura 7).

Discusion

Las familias de las Aeromonasy de los Vibrios integran
un grupo complejo de patégenos tanto para el
humano como para diferentes especies acudticas,
tanto de vida natural como en cultivo. Por tanto, es
importante efectuar estudios tanto de etiologia como
de epidemiologia de estas especies para establecer si
algunas de sus caracteristicas fenotipicas pueden ser
relacionadas con la virulencia.

Algunas propiedades bioquimicas, enzimdticas
y celulares han sido descritas como indicadores
potenciales de la virulencia en cepas de Aeromonas:
Hsu et al.;” Kaper et al;*® Wakabayashi y Joseph;®*
Turnbull et al.;*® Morgan et al.;** y Angka® informan
que cepas virulentas de A. hydrophila obtenidas de
tejido ulcerado de pez gato poseen genes de hemolisis
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Figura 6. A) Crecimiento comparativo en
agar sangre antes y después de tratar
los plasmidos con naranja de acridina.
B) Sensibilidad a antibiéticos después de
curacion de plasmidos.

Figure 6. A) Comparative growth in blood
agar before and after treating the plasmids
with acridine orange. B) Antibiotic sensibility
after treating plasmids.
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10,000 bp

Figura 7. Electroforesis en gel de agarosa al
1%. Pozo 1, marcador de peso molecular de
10 000 pb. Pozos 2-13 ADN de diferentes cepas
de Vibrio fluvialis, Vibrio furnissiy Aeromonas
hydrophila.

Figure 7. Electrophoresis in agarose gel
at 1%. Wells 1, molecular weight marker
of 10 000 bp. Wells 2-13, DNA of different
strains of Vibrio fluvialis, Vibrio furnissi and
Aeromonas hydrophila.

ranged between 15 kbp and 6.6 kbp while the
Aeromonas group strains that were analyzed had
25.7 kbp R-plasmids. We also found that strains that
were plasmid carriers had resistance to the following
antibiotics: cephalothin, ceftriaxone, cefotaxime,
carbenicillin, kanamycin, tetracycline, and ampicillin,
these last three are commonly used in aquaculture.

The relationship between the presence of plasmids
and o-hemolytic capacity of both Vibrio species,
understood as a virulence factor,” was confirmed when
hemolysis disappeared when the strains went through
a plasmid treatment process, since the strains that
expelled their plasmids did not grow in blood agar
or did not cause hemolysis. Also, these strains
did not have inhibition halos when the antibiosis
study was performed for all the antibiotics mentioned
above.
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