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DNA Probe for Aeromonas salmonicida
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A DNA fragment that is specific to Aeromonas salmonicida has been isolated from a genomic DNA library by
differential hybridization. The specificity of this fragment as a DNA probe for A. salmonicida was shown by
hybridization against reference strains and clinical isolates of A. salmonicida, related aeromonads, and species
from several other bacterial genera. The sensitivity of detection by a polymerase chain reaction test, based on
this fragment, was approximately two A. salmonicida cells.

Aeromonas salmonicida is the causal agent of furunculo-
sis, a disease which affects many species of fish and is of
major importance in salmonid farming (1). The absence of an
efficient selective medium and the poor plating efficiency of
the organism in mixed cultures (9) have severely hampered
the study of the ecology of this organism and the epidemi-
ology of furunculosis (1). The assumption that the organism
is an obligate pathogen of fish (11, 12) may be an artifact of
the limited ability of classical bacteriological techniques to
detect the organism in natural environments (1). Studies
based on DNA hybridization (7) and restriction fragment
length polymorphisms (5) have shown that 4. salmonicida is
a highly homogeneous taxon in the genus Aeromonas which
is classified as a member of the family Vibrionaceae. More
recently, molecular genetic evidence suggesting that the
species of the Aeromonas genus show sulfficient differences
from members both of the Vibrionaceae and of the family
Enterobacteriaceae that a new family, the Aeromona-
daceae, should be created (4) has been presented.

This paper reports the isolation of a DNA fragment from
an A. salmonicida genomic DNA library which is specific for
all strains of A. salmonicida tested to date. Along with the
specificity tests, sensitivity tests using the polymerase chain
reaction (PCR) (13) allow the detection of 2.4 4. salmonicida
genome equivalents. The use of this DNA fragment as a
specific DNA probe now facilitates a comprehensive study
of the ecology of A. salmonicida and the etiology of furun-
culosis.

Aeromonas strains used in this study were grown on or in
tryptone soya agar or broth. Total DNAs from Aeromonas
species were prepared as follows. Overnight cultures (10 ml)
(18 to 22°C for A. salmonicida strains and 30°C for motile
aeromonads) were centrifuged at 5,000 rpm (Heraeus Sepa-
tech Biofuge A) for 5 min, and the supernatant was dis-
carded. Cells were resuspended in 0.4-ml of solution 1 (50
mM Tris-HCI [pH 8.0], 50 mM EDTA, 25% sucrose). A
0.1-ml volume of lysozyme (10 mg/ml in solution 1) was
added, and the suspension was incubated at 37°C for 15 min.
A 0.4-ml volume of solution 2 (10 mM Tris-HCI [pH 8.0], 5
mM EDTA, 1% sodium dodecyl sulfate [SDS]) was mixed
gently with the cell lysate, 0.1 ml of proteinase K (4 mg/ml in
solution 2) was added, and the mixture was incubated at
55°C for 4 h, and then RNase A (10 mg/ml) was added and
the solution was incubated at 37°C overnight. The DNA was
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then extracted with phenol-chloroform and precipitated with
2 volumes of isopropanol before resuspension in 0.1 ml of
sterile H,O. Chemicals were purchased from BDH Ltd.
(Poole, England), and the enzymes were purchased from
Sigma Chemical Co. (St. Louis, Mo.).

A genomic DNA library was prepared from EcoRI-di-
gested DNA from A. salmonicida 7222V (see Table 1) in the
vector Agtll (6, 8). A library of 10° recombinant phage was
generated in Escherichia coli Y1090 (6). A total of 10° phage,
which is representative of approximately five A. salmonicida
genome equivalents, was screened in situ with [a-**P]dCTP-
labelled total DNAs from A. salmonicida 7222V and Aero-
monas hydrophila AE120 (see Table 1). A. hydrophila was
chosen for the differential hybridization because we had
noted a high degree of homology between the 16S rRNA
sequences of A. Salmonicida and A. hydrophila when we
had examined this approach to obtaining unique DNA se-
quences for use as specific DNA probes (2). This analysis
was also supported by evidence from DNA homology stud-
ies which revealed a close genetic relationship between both
Aeromonas species (3, 7, 10). Successful differential hybrid-
ization was achieved only when the total DNA was reduced
to a small molecular size (less than 2 kb) with a 4-bp
recognition restriction enzyme (e.g., Sau3A or Haelll) and
when 1 pg of radiolabelled probe was applied per 132-mm-
diameter nitrocellulose filter. The results show that under
stringent hybridization conditions (5x SSC [1x SSC is 0.15
M NaCl plus 0.015 M sodium citrate] at 65°C for 8 h) and
washes (0.2x SSC at 65°C for 30 min), 50% of the plaques
hybridized strongly with the A. salmonicida 7222V probe,
whereas the intensities of the hybridization signals with the
A. hydrophila AE120 probe were less easy to discriminate
(Fig. 1). This presumably is a consequence of sequence
divergence, even among conserved genes of the related
aeromonads.

Two clones were chosen for further analysis: AS15, which
showed a strong hybridization signal with the A. salmonicida
7222V probe and no signal with the 4. hydrophila AE120
probe, and AS7, which hybridized with both probes. The
inserts from AS15 and AS7 were amplified by PCR and
primers complementary to sequences flanking the EcoRI
cloning site of Agtll (15). The amplification reaction mixture
consisted of 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCl,, 50
mM KCl, 200 uM deoxynucleoside triphosphates (ANTPs),
200 pmol of each primer (Agtll forward- and reverse-se-
quencing primers; Boehringer GmbH, Mannheim, Germa-
ny), and 1.5 U of Taq polymerase (Promega Corp., Madison,
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FIG. 1. Differential hybridization. Shown is A. salmonicida
7222V library probed with A. salmonicida 7222V radiolabelled total
DNA (A) and with A. hydrophila AE120 radiolabelled total DNA
(B)-

Wis.). The reaction volume was 100 pl, and cycling condi-
tions were 94°C for 1 min (denaturation), 50°C for 1 min
(annealing), and 72°C for 1 min (extension); 30 cycles were
performed. The results show that clones AS7 and AS15
contain inserts of 0.7 and 0.5 kb, respectively (Fig. 2A). A
secondary differential screening of Southern blots of both
fragments, performed under hybridization and washing con-
ditions identical to those of the in situ screening described
above, confirmed that AS7 hybridized with total DNAs from
both A. salmonicida 7222V and A. hydrophila AE120,
whereas AS15 was positive only with A. salmonicida 7222V
(Fig. 2B and C).

To further analyze its specificity, the AS15 fragment was
used as an [a-*?P]dCTP-radiolabelled probe in a slot blot
hybridization with genomic DNAs prepared from typed and
clinical isolates of 4. salmonicida, related aeromonads, and
several other bacterial genera (Table 1). These included
strains of E. coli, Pseudomonas aeruginosa, Corynebacte-
rium glutamicum, Clostridium perfringens, Serratia marces-
cens, Bacillus subtilis, Staphylococcus aureus, and Entero-
coccus faecalis and marine and salmon isolates identified as
Pseudomonas and Vibrio species, respectively. The aero-
monads analyzed included different strains of A. hydrophila,
Aeromonas caviae, Aeromonas sobria, and Aeromonas me-
dia. A. salmonicida strains included typed strains; clinical

FIG. 2. Southern blot analysis of AS7 and AS15. Shown are
PCR-amplified AS7 (lanes 2) and AS15 (lanes 3) inserts separated on
a 1% agarose gel, along with AHindIIl molecular weight size
markers (lane 1) (A), and Southern blots of the gel probed with 4.
salmonicida 7222V radiolabelled total DNA (B) and with A. hydro-
phila AE120 radiolabelled total DNA (C). The AS7 (arrow 1) and
AS1S5 (arrow 2) amplified DNA fragments are indicated.
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TABLE 1. Bacterial strains

ooder Origin” Species withAS1se
— Marine isolate Pseudomonas spp. -
— Marine isolate Pseudomonas spp. -
— Laboratory strain  P. aeruginosa -
— Laboratory strain  E. coli -
— Laboratory strain  C. glutamicum -
— Laboratory strain  C. perfringens -
— Laboratory strain  B. subtilis -
— Laboratory strain  S. marcescens -
— Laboratory strain  E. faecalis -
— Laboratory strain S. aureus -
— Salmon isolate Vibrio spp. -
7222V Ireland A. salmonicida +
AE120 United States A. hydrophila -
F265 Iceland A. salmonicida +
8112 Ireland A. salmonicida +
1102 NCIMB A. salmonicida +
CP91 Ireland A. salmonicida +
FWTSA  Ireland A. salmonicida +
ZS-28 England A. salmonicida +
AE205 Switzerland A. hydrophila -
AE250 Peru A. hydrophila -
AE203 Bangladesh A. caviae -
AE130 United States A. hydrophila -
910L/19 Ireland A. salmonicida +
AE254 Peru A. hydrophila -
AE230 Spain A. hydrophila -
A20 Ireland A. salmonicida +
AE10 Italy A. hydrophila -
AE67 Italy A. caviae -
028 United States A. salmonicida +
NPT Ireland A. salmonicida +
ESB13 Ireland A. salmonicida +
MT206 Scotland A. salmonicida +
LP90/2 Ireland A. salmonicida +
SRT480 Ireland A. salmonicida +
A475 Ireland A. salmonicida +
81P/P Ireland A. salmonicida +
LP50 Ireland A. salmonicida +
7222vA~  Ireland A. salmonicida +
495 Canada A. salmonicida +
A8 Scotland A. salmonicida +
MT030 Scotland A. salmonicida +
MT206 Scotland A. salmonicida +
LPT2 Ireland A. salmonicida +
AE20 Italy A. caviae -
AE215 Switzerland A. sobria -
AE236 United States A. media -
AE188 Spain A. hydrophila -
AE184 United States A. sobria -
8112Hq  Ireland A. salmonicida +

“ FDG, Fish Disease Group; —, no FDG code.
» NCIMB, National Centre for Industrial and Marine Bacteria.
< By slot blot hybridization: — negative reaction; +, positive reaction.

disease isolates from Ireland, England, Scotland, and the
United States; and A. salmonicida subsp. achromogens
from Iceland.

Typically, 1 pg of total DNA was denatured by addition of
a half volume of 1 M NaOH and incubation at 55°C for 5 min.
Samples were then neutralized by the addition of an equal
volume of 1 M HCI prior to application onto a Nytran
membrane (Schleicher & Schuell) with a Schleicher &
Schuell slot blot apparatus. Gel-purified radiolabelled AS15
probe (1 pg) was used in a standard hybridization (5x SSC,
5x Denhardt’s solution, 0.1% SDS) for 8 h at 65°C. The
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FIG. 3. Slot blot hybridization: autoradiograms of the sensitivity
of the AS15 probe. (A) Hybridization against serial dilutions (100 ng
to 1 fg) of A. salmonicida total DNA; (B) hybridization against the
PCR-amplified products of the individual serial dilutions (100 ng to 1
fg) of A. salmonicida total DNA.

stringency of the final wash was 0.2x SSC for 30 min at
65°C. The results show that the probe hybridized strongly to
DNAs from all A. salmonicida strains tested; however, no
signal could be detected with other bacterial genera or with
fellow aeromonads (Table 1).

These results demonstrated that a specific DNA probe for
A. salmonicida had been isolated. To determine whether this
DNA probe might prove to be a useful tool in the study of the
ecology of A. salmonicida and the epidemiology of furuncu-
losis, we decided to determine the detection limits of the
DNA probe. Slot blot analysis of serial dilutions of A.
salmonicida 7222V DNA revealed that 1 pg of radiolabelled
ASI1S fragment clearly detected 10 ng of total DNA after 8 h
of autoradiography (Fig. 3A). This is equivalent to the DNA
content of 2.4 x 10° A. salmonicida cells (3). As this degree
of sensitivity is insufficient for an environmental study of A.
salmonicida, we developed a PCR-based detection system.
Subcloning into the vector M13mpl18 (16) and sequencing
with dideoxynucleotides (14) allowed the determination of
the nucleotide sequence of the AS1S5 fragment (Fig. 4).
Comparison of the DNA sequence with the GenBank se-
quence data library revealed no significant homologies.
Comparison of inferred protein sequences from several small
open reading frames found in AS15 with the translated
products of the GenBank sequence data library also revealed
no significant homologies.

Primers for PCR were designed from the AS15 sequence
(Fig. 4; underlined sequences). These primers specifically
amplify a 423-bp DNA fragment from DNA prepared from
A. salmonicida strains, and all amplified fragments hybridize
with an oligodeoxynucleotide complementary to an internal
sequence in AS15 (data not shown). In a sensitivity experi-

1 GTTTACCACGTAATCTGAATTGTTCTTTTCCGTTGGATATGGCTCTTCCT
51 ATCTCACTAGGTAAGTCTATTAGGTTCGACACAAAATTCAAATTTAACCC
101 CACATGCTTATTGTTGGCTGCCTCGATAAGCAATGGCATTTTACCTAGAT
151 CTATGCTGGCGTAATTTTCATGTGAGGTGAAAAACTCACCGCTAGCCAAC
201 TCTCTTTCCATGGTTGCAATCAAAAGTTGCAATTCTTCTTTAGTTGCCTC
251 TTGGATTGTGGTTTTTTCATCTTGGTTGGTTAGGTCGGTTTTTATATGGA
301 TGGGGGGTATATTCATAACGCCTTCCTTTTTCACATTGTCATTTCAAAAC
351 GGAATTTTGAGCATCAATTTTAAATAAAATTAAATTTTTGGGTTTTATTT
401 TTAATATCATAAATATATCACTTTCAGACATCGIGGTACGCAGCCGTTTT
451 GAGAT

FIG. 4. Nucleotide sequence of the AS15 DNA fragment. Both
20-base regions used for primer design are underlined.
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ment comparable to that described above, similar serial
dilutions of A. salmonicida 7222V DNA were prepared and
amplified by PCR with the designed primers. The amplifica-
tion reaction mixture contained 10 mM Tris-HCI (pH 8.3),
3.5 mM MgCl,, 50 mM KCl, 200 uM dNTPs, 200 pmol of
each primer (5'-CGTTGGATATGGCTCTTCCT-3' and 5'-
CTCAAAACGGCTGCGTACCA-3'), and 1.5 U of Tagq poly-
merase (Promega Corp.). The reaction volume was 100 pl,
and cycling conditions were 94°C for 1 min (denaturation),
55°C for 1 min (annealing), and 72°C for 1 min (extension); 30
cycles were performed. The amplification products from
each serial dilution of genomic DNA were slot blotted as
described above and probed with 1 pg of radiolabelled AS15
fragment under a hybridization and washing regimen similar
to that stated above. The sensitivity of detection was in-
creased by approximately 10° times; i.e., 10 fg of total DNA
gave a positive signal after 4 h of autoradiography (Fig. 3B).
This is equivalent to the DNA content of 2.4 A. salmonicida
cells (3).

On the basis of the specificity and sensitivity results
presented and the lack of methods to specifically define and
cultivate A. salmonicida, particularly from environmental
samples, this DNA probe should now prove a very useful
tool in furthering our understanding of the habitat(s) of A.
salmonicida and the mode of transmission of furunculosis.

Nucleotide sequence accession number. The nucleotide
sequence data reported in this paper will appear in the
EMBL, GenBank, and DDBJ nucleotide sequence data
bases under the accession number X64214.

We thank Tom Barry, Gerard Colleran, and Fidelma Boyd for
helpful discussion and the provision of bacterial strains and the
National Diagnostics Centre, BioResearch Ireland, for synthesis of
synthetic oligodeoxynucleotides.
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