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- The stability of plasmids, 3.3 kb- -200 kb, in 8 strains of Vibrio angui/larum display­
ing different plasmid profiles and reactions with 0-antisera was investigated over an 18 
months period. All plasmid profiles proved to be resistant to storage at different temper­
atures but strains stored at 37°C were only viable for a short period of maximum 2 
months. Strains stored at 5° C and 20°C were viable for a longer period. Viable strains 
maintained their plasmid profile throughout the experiment, except in 2 cases where a 
67 kb and a 200 kb plasmid were lost. Strains stored at - 80°C all remained viable and 
maintained their plasmid profile throughout the study. By subcultivating daily for up to 
I 00 successive days, most strains maintained their plasmid profiles. Only 2 strains lost 
their plasmid. When picking 100 single colonies from agar plates, none of the colonies 
showed plasmid profiles deviating from the expected. The results suggest that plasmid 
profiles among V. anguil/arium are very stable during subculturing, storage and labora­
tory handling using standard laboratory procedures, and thus, reliable for epidemiolog­
ical investigations. In a second experiment, 2 pairs of 2 strains were grown together in 
mixed cultures. They were identical in all traits, except that one strain in each pair har­
boured the 67 kb pJM I-like virulence plasmid, whereas the other had lost this plasmid. 
The result showed that the growth rate was the same for strains with and without the 
plasmid, indicating that under laboratory conditions, this plasmid is neither a benefit nor 
the opposite for bacterial growth. 

Introduction 
Vibrio anguillarum is an important marine fish 
pathogen for farmed as well as feral fish in salt 
waters, but it is also a bacterial species that 
plays a role as a member of the natural marine 
bacterial flora (Austin & Austin 1993, Larsen 
1990). V. anguillarum has been shown to exist 
in several 0-serovars of which serogroup 0 I, 
02, and 03 seem to be the most important ones 
as fish pathogens whereas remaining sero­
groups are considered to be mainly environ-

mental strains (Austin et al. 1995, Larsen 1990, 
Serensen & Larsen 1986). Some strains carry 
plasmids, although plasmids are more frequent 
in some 0-serogroups than in others (Austin et 
al. l 995, Olsen & Larsen l 993, Pedersen et al. 
I 996b ). Plasmids in V. anguillarum are interest­
ing from several points of view. Thus, some 
large plasmids have been described - especially 
from Japan - to carry antibiotic resistance fac­
tors (Aoki et al. 1974, 1985), and among sero-
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group 0 l strains, a 67 kb plasmid - or deriva­
tives of it - is important for virulence by encod­
ing an iron-sequestering system (Crosa 1980, 
Pedersen et al. l997b). Plasmid profiles have 
also been suggested as one of several typing 
methods and as epidemiological markers in V. 
anguillarum (Larsen & Olsen 199 l , Pedersen 
et al. 1996b, Skov et al. 1995, Tiainen et al. 
1995). However, in order to use plasmid pro­
files as a reliable typing method, these profiles 
should not change during the isolation process 
and subsequent laboratory handling, including 
subculturing, storage, and shipment to other la­
boratories. In a report by Olsen et al. ( 1994), it 
was found that some plasmids in Salmonella 
berta and Salmonella enteritidis were lost dur­
ing storage, but with a frequency increasing 
with the temperature from 5°C to 30°C. Like­
wise, in a recent study of atypical Aeromonas 
salmonicida, some variation in plasmid profiles 
among strains isolated repeatedly from the 
same outbreak was demonstrated, suggesting 
instability of plasmids in vivo in this species 
(Pedersen et al. l 996a). Similar observations 
have also recently been reported for Vibrio 
damsela (Pedersen et al. 1997a). New informa­
tion on the pJM l-like 65 - 67 kb virulence plas­
mid of V. anguillarum serogroup 0 l indicates 
that this plasmid is stable in vivo and not trans­
ferred to other strains (Pedersen & Larsen 
1995). In contrast, in another study, it was indi­
cated that strains may loose this plasmid spon­
taneously (Skov et al. 1995). Likewise, it has 
been possible to cure V. anguillarum strain 775 
from this plasmid ( Crosa et al. 1980). Informa­
tion on other plasmids from V. anguillarum is 
not available. The purpose of the present study 
was to evaluate the stability of various plasmids 
with different molecular weights from V. an­
guillarum strains displaying different reactions 
with 0-antisera and originating from various 
sources, during storage and laboratory han­
dling. 
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Materials and methods 
Bacterial strains and culture conditions 
Ten strains of V. anguillarum were studied 
(Table I). Eight strains were used for the plas­
mid stability investigations (Table 2) and 2 for 
study of growth in mixed cultures. The strains 
were selected from the culture collection of the 
laboratory and kept at -80°C. When resusci­
tated from the freezer, they were propagated on 
blood agar (BA) (marine agar (Difeo) supple­
mented with 5% calf blood) and incubated at 
20 ° C for 48 h. From the blood agar cultures, 
the strains were subcultured and stored as de­
scribed below. 

Serotyping 
Serotyping on the basis of heat stable 0 -anti­
gens was carried out as described by Larsen et 
al. (1993), using rabbit antisera against the se­
rogroups 01 - 010 (Serensen & Larsen 1986) 
and 4 additional serogroups, introduced by Aus­
tin et al. (1995) and further described by 
Pedersen et al. ( 1998). 

Plasmid profiling 
Plasmid DNA was extracted using the method 
of Kado & Liu (1981) and separated by electro­
phoresis in 0.8% agarose gels in TAE buffer. 
DNA was visualized by staining with ethidium 
bromide and photographed at 254 nm UV tran­
sillumination whereafter plasmid molecular 
weights were calculated as described by Tiai­
nen et al. (1995). 

Examination of plasmid stability in vitro 
Three different approaches to evaluate plasmid 
stability were attempted. First, stability was 
studied by storage at different temperatures. 
From blood agar plates, broth cultures were 
prepared in Luria Bertani broth (LB, Gibco) 
supplemented with 0.5% (w/vol) NaCL From 
each broth culture, a sample was supplemented 
with 30% - 50% glycerol and stored at -80 ° C 
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and in addition, a series of stab cultures were 
made in stock culture agar (STC agar, Difeo) 
and stored at 5 °C, 20 °C and at 3 7 °C, respec­
tively. At intervals, a stab culture, stored at each 
temperature, was broken and streaked onto BA. 
Each time a new stab culture was used, and the 
broken vial was discarded. Simultaneously, ma­
terial from the vials kept in the freezer at -80 °C 
was streaked on BA. From BA, a single colony 
culture of each strain was prepared in LB for 
plasmid profiling. On one occasion, l 0 single 
colonies instead of one were collected from 
each of the still viable cultures and propagated 
separately in LB for profiling. In a second ex­
periment, strains were subcultured daily in LB 
for l 00 successive days by transferring one 
loopful of overnight broth culture to 5 ml of 
fresh LB medium followed by incubation over­
night at 20 °C. Once every week, the cultures 
were examined for plasmid content and 
streaked on BA for control of purity and iden­
tity with the original strains. In the third experi­
ment, material from an overnight broth culture 
was streaked onto BA and incubated for 2 days 
at 20 °C. Then, l 00 single colonies were picked 
and each transferred to a tube with LB, incu­
bated overnight at 20 °C and studied for plas­
mid contents. 

Mixed cultures 
The 2 strains, 87-9-116 and 87-9-117 (Table I), 
were used in a study of mixed cultures. These 2 
strains had been isolated from the same out­
break and were identical in all traits, except that 
87-9-116 carried the pJMl-like virulence plas­
mid, whereas 87-9-117 had no plasmids. Like­
wise, the pJM I -containing strain VIB l and the 
plasmid-free derivative of it, obtained in the 
present study by subculturing, were examined 
in mixed cultures. By dilution and spreading on 
tryptone soya agar (Oxoid) supplemented with 
0.5% NaCl, it was found that overnight broth 
cultures of each of the 2 pairs of strains had the 
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Figure I. Plasmid profiles of the Vibrio anguil­
/arum strains. Lane I: VIB 225, 147 kb; lane 2: VIB 
243, 5.3 and 67 kb; lane 3: VIB 207, 36 kb; lane 4: 
VIB 188, 3.3 and 12.3 kb; lane 5: VIB 103, -200 kb; 
lane 6: VIB 56, 67 and 84 kb; lane 7: VIB 18, 50 and 
67 kb; lane 8: VIB I, 67 kb. Molecular weight 
markers are indicated to the right. 

same concentration of bacteria. Broth cultures 
of both pairs of strains were therefore prepared 
whereafter 5 ml LB were inoculated with 100 µl 
broth culture of each strain, one broth culture 
for each pair of strains, and incubated at 20 °C 
overnight. Then, one loopful of the mixed cul­
ture was streaked on BA and incubated at 20 °C 
for 2 days. Eighty and 48 single colonies, re­
spectively, from each pair of strains were 
picked and analysed for plasmid content. 

Results 
The plasmid profiles of the V. anguillarum 
strains are shown in Fig. I and the size of the 
plasmids is reported in Table 1. 

Storage experiments 
Most cultures maintained their plasmid profile 
during storage. Plasmids were lost only in 2 
cases: VIB 103 stored at 5 °C and VIB 243 
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Table I. Vibrio anguillarum strains used in a study of plasmid stability. 

Strain Source and origin 0-serotype plasmid content, kb 

VIB 11 Rainbow trout, Denmark 01 67 
VIB 181 Rainbow trout, Denmark 01 50,67 
VIB 561 Sea bass, Italy 01 67,84 
VIB 1031 Cod, Denmark 02 -200 
VIB 1881 Sea bream, Spain Cross reacting 3.3, 12.3 
VIB 2071 Rotifers, Greece Non-typeable 36 
VTB 225 1 Water, Greece Non-typeable 147 
VTB 243 1 Sockeye salmon, USA 01 5.3, 67 
87-9-1162 Rainbow trout, Finland 01 67 
87-9-1172 Rainbow trout, Finland 01 0 

1l Strains are described in more detail by Austin et al. (1995). 
2l Strains are described in more detail by Skov et al. (1995). 

stored at 37 °C had lost a 200 and a 67 kb plas­
mid, respectively, when screened after 1 month 
of storage (Table 2). However, most of the 
strains did not remain viable at certain temper­
atures during the whole experiment. When 
stored at -80 °C, all strains remained viable 
during the whole period of 18 months, and they 
always displayed the same plasmid profile. 
When stored at 37 °C for one month, two strains 
had a very weak growth in broth, and one strain 
grew almost normally, but had lost one of its 2 
plasmids. The remaining cultures were dead. 
After 2 months, no cultures kept at 37 °C were 
viable. When stored at 5 °C or 20 °C, most 
strains remained viable for several months, but 
only 2 strains remained viable during the whole 
period (Table 2). Some cultures could display a 
very weak growth in broth after resuscitation 
(Table 2). In these cases, plasmids were never 
detected. On one occation, when 10 single col­
onies from each of the resuscitated cultures 
were tested instead of just one colony, these 10 
colonies all had the same plasmid profile. 

Subculturing experiments 
In the subculturing experiments, loss of plas­
mids or change in plasmid profile were re-
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corded for 2 of the strains. Strain VIB 1 lost its 
67 kb plasmid after 73 subculturings, and after 
31 subculturings, VIB 225 had lost its large 14 7 
kb plasmid. 

Mixed cultures 
When growing the 2 strains, 87-9-116 and 
87-9-117, with and without the pJMl plasmid, 
respectively, together, and examining 80 colo­
nies for plasmid content, 39 colonies carried 
the plasmid and 41 colonies had no plasmid 
(X2 = 0.05). Likewise, when VIB 1 was cultured 
together with a cured VIB 1 derivative, 27 of 48 
colonies carried the plasmid, whereas 21 were 
plasmid-free (X2 = 0.75). 

Discussion 
Storage experiments 
It is well known that bacteria may loose their 
plasmids at elevated temperatures, in fact, 
growing bacteria at elevated temperatures is a 
common curing method (Summers, 1996). It 
has also been described that during starvation, 
the bacterium may degrade its plasmids as a 
source of energy and nucleic acids (Caldwell et 
al. 1989). In general, the V. anguillarum plas-
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Table 2. Loss of plasmids and viability of Vibrio anguillarum stored at different temperatures1• 

Strain 
Time of storage, months 

Temp. 

VIB l 5°C 
20°c 
37°C 

VIB 18 5°C 
20°c 
37°C 

VIB 56 5°C 
20°c 
37°C 

VIB 103 5°C 
20°c 
37°C 

VIB 188 5°C 
20°c 
37°C 

VIB207 5°C 
20°c 
37°C 

VIB225 5°C 
20°c 
37°C 

VIB243 5°C 
20°c 
37°C 

1> empty cells= no plasmids lost. 
2> ng = no growth. 
3) wg = weak growth. 

2 

ng wg3 

wg wg 

ng wg 
200 kb lost ng 

ng ng 

ng ng 

wg ng 

ng ng 

67 kb lost ng 

mids were stable at storage. Only in 2 cases 
were a plasmid lost, one at 5 °C and one at 
37 °C. It should be mentioned, though, that the 
method used had some statistical limitations. 
Usually, only a single colony was tested for 
plasmid content, and thus, a low percentage of 
plasmid loss could have gone undetected. A sta­
tistically better result would have been obtained 
by always screening several colonies from each 
strain. In this experiment this was only done on 
a single occation, where l 0 colonies from each 
strain were tested, and these l 0 colonies of each 
strain all had identical plasmid profile. The cul­
tures were only viable for a limited period at 

3 6 9 18 

ng2 
ng 

ng ng ng ng 
ng 

wg ng 
ng ng ng ng 

ng ng ng 

ng ng ng ng 
ng ng ng ng 
ng ng ng ng 
ng ng ng ng 
ng ng ng ng 
wg ng ng ng 
ng ng ng ng 

ng ng ng 
ng ng ng 

ng ng ng ng 
ng ng ng 

ng ng ng ng 
ng ng ng ng 

ng ng ng 
wg 

ng ng ng ng 

5 °C, 20 °C and - in particular - 37 °C. the con­
clusion of this would be that stock cultures of 
V. anguil/arum should always be kept at - 80 °C, 
and care should be taken when sending strains 
from one laboratory to another; especially dur­
ing warm summer periods, such shipping may 
affect both viability and plasmid content. After 
18 months of storage, only 2 cultures kept at 
20 °C were viable, but none at 5 °C or 37 °C, in­
dicating that room temperature is the best tem­
perature to keep working cultures. Olsen et al. 
(1994) reported no problems with viability of 
the Salmonella strains included in their experi­
ment. 
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Subculturing experiments 
Most plasmids were stable during all 100 sub­
culturings. Only 2 cultures lost a plasmid after 
73 and 31 subculturings, respectively. This in­
dicates that V. anguillarum plasmids are in gen­
eral stable during standard laboratory handling, 
which also comprizes subculturing, but that 
plasmids may be lost on a few occasions during 
such procedures. 

Mixed cultures 
The presence or absence of the pJMl-like plas­
mid did not seem to affect growth rate in vitro. 
In mixed cultures of a plasmid-carrying and a 
plasmid-free strain, both strains were recovered 
in almost equal numbers. This is in contrast to 
the results of studies of a number of other bac­
teria. Thus, in a study of Vibrio harveyi, (Hoyt 
& Sizemore 1982) a plasmid-carrying, bacteri­
ocin-producing strain dominated over a cured 
mutant in a mixed culture, indicating that the 
plasmid-encoded bacteriocin was important in 
the competition against other strains. In con­
trast, in a study of a plasmid-carrying Tetr strain 
of Lactobacillus reuteri, (Sarra et al. 1989) the 
cured, tetracyclin sensitive strain dominated 
over the parent strain in competition experi­
ments using mixed cultures, and in pure cul­
tures, the cured strain grew faster and reached 
higher end cell density than the parent strain. 
These results show that plasmids can be benefi­
cial for the growth of the bacterium that carries 
them or they can be a burden that inhibit 
growth. However, neither seemed to be the case 
for the pJM I -like plasmid under non-selective 
conditions in vitro. The x2 results showed no 
differences in the numbers of plasmid-contain­
ing and plasmid-free cells in the mixed cul­
tures. This also means that the growth rates of 
the plasmid containing and plasmid free cul­
tures are the same. 
The present investigation indicates that plas­
mids of V. anguillarum are relatively stable in 
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vitro. However, their stability in vivo has not 
been studied. As mentioned earlier, plasmid in­
stability or rather plasmid variability has been 
observed in other fish pathogens, V. damsela 
(Pedersen et al. I 997a) and atypical A. salmo­
nicida (Pedersen et al. 1996a). Likewise, the re­
sistance of V. anguillarum plasmids to various 
curing methods needs to be further investi­
gated. 

Acknowledgements 
The technical assistance of Ms. Farah Bahrani, Ms. 
Annette Rasmussen, and Mrs. Dianne F. Rasmussen, 
and the financial support of The Danish Agricultural 
and Veterinary Research Council, grant no. 9503658, 
and the European Union, grant no. AIR-CT92-0341, 
are gratefully appreciated. 

References 
Aoki T, Egusa S, Arai T: Detection ofR factors in nat­

urally occurring Vibrio anguillarum strains. Anti­
microb. Agents Chemother. 1974, 6, 534-538. 

Aoki T, Kanasawa T, Kitao T: Epidemiological sur­
veillance of drug resistant Vibrio angui/larum 
strains. Fish Pathol. 1985, 29, 199- 208. 

Austin B, Alsina M, Austin DA, Blanch A, Grimont F. 
Grimont PAD, Jofre J, Koblavi S, Larsen JL, 
Pedersen K, Tiainen T, Verdonck L, Swings J: 
Identification and typing of Vibrio anguillarum: 
a comparison of different methods. System. 
Appl. Microbial. 1995, 18, 285-302. 

Austin B, Austin DA: Bacterial Fish Pathogens - Dis­
ease of Farmed and Wild! Fish, 2nd edn. Ellis 
Horwood. Chichester, England, 1993. 

Caldwell BA, Ye C, Griffith RP. Moyer CL, Morita RY: 
Plasmid expression and maintenance during 
long-term starvation-survival of bacteria in well 
water. Appl. Environ. Microbiol. 1989, 55, 1860-
1864. 

Crosa JH: A plasmid associated with virulence in the 
marine fish pathogen Vibrio anguillarum speci­
fies an iron-sequestering system. Nature 1980, 
284, 566-568. 

Crosa JH, Hodges LL, Schiewe MH: Curing of a 
plasmid is correlated with an attenuation of viru­
lence in the marine fish pathogen Vibrio anguil­
/arum. Infect. Immun. 1980, 27, 897-902. 



Viability during storage and stability of plasmids 321 

Hoyt PR, Sizemore RK: Competetive dominance in a 
bacteriocin-producing Vibrio harveyi strain. 
Appl. Environ. Microbiol. 1982, 44, 53-658. 

Kado Cl. Liu ST: Rapid procedure for detection and 
isolation oflarge and small plasmids. J. Bacteriol. 
1981, 145, 1365-1373. 

Larsen JL: Vibrio anguillarum: characterization, 
ecology, and pathogenicity. Dissertation. DSR 
Press, Copenhagen, Denmark, 1990. 

Larsen JL. Olsen JE: Occurrence of plasmids in 
Danish isolates of Vibrio anguillarum serovars 
0 I and 02 and association with phenotypic char­
acteristics. Appl. Environ. Microbiol. 1991, 57, 
2158-2163. 

Larsen JL, Pedersen K, Dalsgaard I: Vibrio anguil­
/arum serovars associated with vibriosis in fish. J. 
Fish Dis. 1994, 17, 259-267. 

Olsen JE, Brown DJ, Baggesen DL, Bisgaard M: 
Stability of plasmids in five strains of Salmonella 
maintained in stab culture at different tempera­
tures. J. Appl. Bacteriol. 1994, 77, 155-159. 

Olsen JE, Larsen JL: Ribotypes and plasmid con­
tents of Vibrio anguillarum strains in relation to 
serovar. Appl. Environ. Microbiol. 1993, 59, 
3863-3870. 

Pedersen K, Dalsgaard /, Larsen JL: Characteriza­
tion of atypical Aeromonas salmonicida isolates 
by ribotyping and plasmid profiling. J. Appl. Bac­
teriol. 1996a, 80, 37-44. 

Pedersen K, Dalsgaard J, Larsen JL: Vibrio damsela 
associated with disease in fish in Denmark. Appl. 
Environ. Microbiol. 1997a, 63, 3711-3715. 

Pedersen K, Grom L, Austin DA, Austin B: Pathoge­
nicity of Vibrio anguillarum serogroup 0 I 
strains compared to plasmids, outer membrane 
protein profiles and siderophore production. J. 
Appl. Microbiol. 1997b, 82, 365-371 . 

Pedersen K, Grisez L, van Hout R, Tiainen T, 01/evier 
F. Larsen JL: Revised and extended 0-serotyping 
scheeme for Vibrio anguillarum. 1998 (submit­
ted). 

Pedersen K, Larsen JL: Evidence for the existence of 
distinct populations of Vibrio anguillarum sero­
group 01 based on plasmid profiles and ribotyp­
ing. Appl. Environ. Microbiol 1995, 61, 2292-
2296. 

Pedersen K, Tiainen T. Larsen JL: Plasmid profiles, 
restriction fragment length polymorphisms and 
0-serotypes among Vibrio anguillarum isolates. 
Epidemiol. Infect. 1996b, 117, 471-478. 

Sarro PG, Vescovo M. Bottazzi V.· Antagonism and 
adhesion among isogenic strains of Lactobacil/us 

reuteri in the caecum of gnotobiotic mice. Micro­
biologica 1989, 12, 69-74. 

Skov MN. Pedersen K, Larsen JL: Comparison of ri­
botyping, pulsed- field gel electrophoresis and 
plasmid profiling for typing of Vibrio anguil­
larum serovar 01. Appl. Environ. Microbiol. 
1995, 61, 1540-1545. 

Summers DK: The biology of plasmids. Blackwell 
Science Ltd., Oxford, UK, 1996. 

Serensen UBS, Larsen JL: Serotyping of Vibrio an­
guil/arum. Appl. Environ. Microbiol. 1986, 51, 
593-597. 

Tiainen T, Pedersen K, Larsen JL: Ribotyping and 
plasmid profiling of Vibrio anguil/arum serovar 
02 and Vibrio orda/ii. J. Appl. Bacteriol. 1995, 
79, 384-392. 

Sam mend rag 
Overlevelse under opbevaring samt stabilitet af plas­
mider under opbevaring og subkultiveringfor stam­
mer af Vibrio anguillarum. 

Stabiliteten af plasmider, 3,3 - -200 kb, hos 8 Vibrio 
anguillarum stammer med forskellige plasmidpro­
filer og reaktioner med 0-antisera blev studeret over 
en 18 mAneders periode. Stammer, der blev opbeva­
ret ved 37°C, holdt sig irnidlertid kun levende i en 
kort periode pA h.0jst 2 mAneder, mens stammer op­
bevaret ved 5 °C og 20 °C holdt sig levende i la:ngere 
rid. Levende stammer bibeholdt til gengreld deres 
plasmidprofiler gennem hele eksperimentet, bortset 
fra 2 tilfa:lde, hvor henholdsvis et 67 kb og et 200 kb 
plasmid blev misteL Stammer opbevaret ved -80 °C 
holdt sig alle levende og opretholdt deres plasmid­
profil gennem hele stud.iet. Ved subkultivering dag­
ligt i op til 100 p4 hinanden felgende dage beholdt 
6 ud af 8 stammer deres plasmidprofil. Kun 2 stam­
mer mistede et plasmid. Ved opsamling af I 00 en­
keltliggende kolonier fra agar plader havde alle kolo­
nier samme plasmidindhold. R·esultateme tyder p4, at 
plasmidprofiler hos V. anguillarium er meget stabile 
overfor subkultivering, opbevaring og laboratorie­
mressig hAndtering ved anvendelse af standard labo­
ratorie procedurer, og derfor som marksrer 
ved epidemiologiske undersegelser. I et andet eks­
perirnent blev 2 par af stammer dyrket sammen i 
blandingskulturer. De var belt identiske, bortset fra, 
at den ene stamme i hvert par indeholdt det 67 kb 
pJMl-lignende virulens plasmid, mens den anden 
havde mistet dette plasmid. Resultateme herafviste, 
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at vrekstraten var ens for stammer med og uden plas­
mid. Dette tyder pA, at i hvert fald under laboratorie-

forhold er dette plasmid hverken til fordel eller 
ulempe for bakteriens vrekst. 
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