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The hemolytic activity and siderophore production of several strains of motile aeromonads were determined.
The hemolytic activity of Aeromonas caviae and Aeromonas eucrenophila was enhanced after trypsinization of the
samples. The enhancement of hemolysis was observed in strains that carried an aerolysin-like gene, detected
by a PCR procedure. Siderophore production was demonstrated in all but one strain of Aderomonas jandaei. No
apparent relationship was observed between the presence of plasmid DNA and hemolysis or siderophore

production.

Members of the genus Aeromonas have long been consid-
ered to be human pathogens. They are implicated in a number
of diarrheal and extraintestinal infections, including septice-
mia, wound infections, burn-associated sepsis, and respiratory
tract infections (10, 11). However, the ultimate mechanisms of
pathogenicity are not clearly understood, and several virulence
factors have been proposed. Of these factors, hemolytic mol-
ecules seem to be related to enterotoxigenicity. Aerolysin (8) is
the best-studied hemolysin, but Aeromonas strains can produce
more than one hemolytic toxin with virulence properties (4,
22). In addition, production of siderophores has been reported
for different species of Aeromonas (1, 23) and might be related
to the virulence properties.

Of the 14 species of Aeromonas currently described, only five
(A. hydrophila, A. veronii, A. caviae, A. jandaei, and A. schu-
bertii) are recognized as human pathogens, but other species,
like A. trota and A. eucrenophila, caused fluid accumulation in
the rabbit ileal loop test after serial passages, indicating a
pathogenic potential (19, 20), and it has been demonstrated
that at least one strain of A. trota produces aerolysin (12).

For the present article, we investigated the hemolytic activity
of strains of different species of Aeromonas isolated from fresh-
water fishes and the presence in them of the aerolysin gene (by
PCR), as well as the production of siderophores.

Bacterial strains. Three strains of Aeromonas caviae (AC 15,
AC 16, and AC 17), two of A. eucrenophila (AE 1 and AE 2),
one of A. jandaei (AJ 1), and one of A. hydrophila (AH 154)
were used throughout this work. The strains were isolated from
samples of freshwater fish (pike, [Esox lucius], brown trout
[Salmo trutta], and rainbow trout [Oncorhyncus mykiss]) and
identified to the species level by biochemical methods (5).
Working cultures of the microorganisms were kept on Trypti-
case soy agar (Oxoid) slants at room temperature and routinely
cultivated in Trypticase soy broth (TSB) (Oxoid) at 28°C.

Determination of hemolytic activity. The strains were tested
for beta-hemolytic activity on Columbia agar base (Oxoid)
supplemented with either 5% rabbit erythrocytes or 5% sheep
erythrocytes with incubation at 28°C for 48 h.

All of the strains were beta-hemolytic when assayed on rab-
bit blood agar plates, and strains AC 17, AE 1, AE 2, and AH
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154 were also beta-hemolytic on sheep blood agar plates. How-
ever, strains AC 15 (4. caviae) and AJ 1 (A. jandaei) were
nonhemolytic, and strain AC 16 (A. caviae) was alpha-hemo-
lytic on sheep blood agar plates.

For quantification of hemolysin, bacteria were cultured in
TSB at 28°C for 18 h, cells were pelleted by centrifugation at
10,000 X g for 10 min, and 500 wl of the supernatant (filtered
through 0.22-pum-pore-diameter filters) was added to 1 ml of a
1% suspension of washed sheep or rabbit erythrocytes in phos-
phate-buffered saline (PBS; Oxoid). For activation of hemoly-
sin precursor, the supernatants were treated with 50 pg of
trypsin for 15 min at 37°C before adding the erythrocyte sus-
pension. Both nonactivated and activated reaction mixtures
were incubated at 37°C for 60 min and briefly centrifuged to
remove unlysed erythrocytes, and 4,5 was measured to deter-
mine erythrocyte lysis. Blanks were prepared by mixing the
erythrocyte suspension with sterile TSB (treated similarly to
the samples), and the absorbance corresponding to 100% of
hemolysis was determined by adding a small amount of sodium
dodecyl sulfate to blank tubes.

The quantification of the extracellular hemolytic activity
(Fig. 1) indicated that rabbit erythrocytes are more sensitive to
the action of the hemolysin(s). Apart from the strain of A.
hydrophila (AH 154), none of the strains showed an important
extracellular hemolytic activity towards sheep erythrocytes, but
treatment of the supernatants with trypsin resulted in signifi-
cant increments of this activity in two strains of A. caviae (AC
15 and AC 16) and in both A. eucrenophila strains, being
particularly important in AE 1 (Fig. 1A).

The extracellular activity against rabbit erythrocytes was
stronger, and again, trypsin activation significantly increased
the activity of strains AC 17 and AJ 1 (Fig. 1B).

The production of hemolytic toxins has been regarded as
strong evidence of pathogenic potential in aeromonads. How-
ever, nonhemolytic aeromonads have been implicated as hu-
man pathogens (16). Regarding this, the routine use of sheep
blood agar appears to be inappropriate, considering that sheep
erythrocytes are less sensitive than erythrocytes from other
mammals (3, 13). In our study, we observed stronger activity
against rabbit blood, both on agar plates and in quantification
assays.

Production of hemolysin as a precursor activatable by trypsin
has been reported in several strains of Aeromonas (8, 13). In
our case, trypsinization enhanced hemolytic activity in some of
the strains tested (even though all of the strains were highly
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FIG. 1. Extracellular hemolytic activity of the strains of Aeromonas towards

sheep (A) and rabbit (B) erythrocytes. EZ, untreated samples; K, trypsin-
treated samples.

proteolytic) (5), especially when less-sensitive sheep erythro-
cytes were used. The hemolytic activity present before
trypsinization in some strains might be due to hemolysin(s)
other than aerolysin. In a recent report, Wong et al. (22)
demonstrated the presence of two unrelated hemolytic genes
in one strain of A. hydrophila, both involved in virulence, but
not the only genes responsible for pathogenesis.

PCR detection of aerolysin genes. DNA was isolated from
the strains of Aeromonas by a common procedure (14). The
published sequences of aerolysin-like genes of several Aeromo-
nas species (7-9, 12, 21) were screened for conserved regions,
and a pair of oligonucleotide primers were synthesized. A
forward primer, 5'-GC(A/T) GA(A/G) CCC (A/G)TC TAT
CC(A/T) G (positions 69 to 87 of the aerolysin gene [8]), was
designed to target a conserved region in all of the available
aerolysin sequences. The reverse primer 5'-TTT CTC CGG
TAA CAG GAT TG (positions 321 to 302) was the Aerolb
primer described by Pollard et al. (17).

PCR was performed on a Mastercycler Personal apparatus
(Eppendorf). Initial denaturation was done at 94°C for 3 min
followed by 30 cycles with denaturation at 92°C for 30 s, an-
nealing at 55°C for 30 s, and extension at 72°C for 1 min. A
final extension step was done at 72°C for 1.5 min. Aliquots
from each reaction were analyzed by 1% agarose gel electro-
phoresis and viewed, after ethidium bromide staining, under
UV light.

An amplification product of the expected size (252 bp) was
observed with DNA template from strains AC 15, AC 16, AE
1, and AH 154 (Fig. 2). The amplification of the aerolysin gene
was observed in strains that also showed enhancement of the
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FIG. 2. Detection of the aerolysin gene by PCR in different species of Aero-
monas. Lanes: M, 123-bp ladder; 1, AC 15; 2, AC 16; 3, AC 17; 4, AE 1; 5, AE
2,6, AJ 1; 7, AH 154.

hemolytic activity by trypsinization, suggesting that some A.
caviae and A. eucrenophila strains can produce an aerolysin-
like gene activable under certain conditions.

Siderophore detection. The chrome azurol S siderophore
detection agar (CAS agar) (18), prepared as described by
Barghouthi et al. (1), was used to detect siderophore produc-
tion. Single colonies of each isolate were transferred to this
medium, and the plates were incubated at 30°C for 48 h. The
presence of an orange halo around the colonies was recorded
as positive for siderophore production. Production of sid-
erophore was detected in all but one isolate. Only one A.
jandaei strain (AJ 1) showed no orange halo on CAS agar
plates.

The production of siderophore for the isolates of Aeromonas
is not remarkable, because it is a well-documented trait for this
genus. More interesting is the lack of siderophore activity by a
strain of A. jandaei, a species previously reported as sid-
erophore producing (23). Naidu and Yadav (15) found that
environmental isolates of A. hydrophila were less efficient than
clinical strains for production of siderophores.

Plasmid analysis and curing. The strains of Aeromonas were
cultured in TSB at 28°C for 14 to 16 h, and plasmid DNA was
isolated by the procedure of Birnboim and Doly (2). Plasmids
were separated by electrophoresis in 0.8% agarose gels,
stained with ethidium bromide, and visualized under UV light.

Two strains of A. caviae (AC 15 and AC 16) carried several
plasmids, whereas no plasmid DNA was isolated from the
remaining strains of Aeromonas under the conditions used in
this study. The strains AC 15 and AC 16 were selected for
plasmid curing experiments. The strains were cultured in TSB
with ethidium bromide (10 to 300 pg/ml) at 28°C for 48 h, and
the cultures were diluted and plated onto Trypticase soy agar.
Some colonies were picked from the plates, and plasmid DNA
was isolated and analyzed as described above. Hemolytic ac-
tivity and siderophore production of cured strains were tested
in agar plates as described above. No phenotypic changes in
hemolytic activity or siderophore production were observed in
the cured strains.

Hanes and Chandler (6) found that an R plasmid of A.
hydrophila regulated attachment and hemolytic activities and a
cured strain showed greater activities than the parental strain.
In our experiments, no differences were found in hemolytic
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activities and siderophore production in A. caviae, indicating
that these activities are not directly regulated by plasmid DNA.

In conclusion, the presence of an aerolysin-related gene was
demonstrated by PCR in some strains of 4. caviae and A.
eucrenophila of environmental origin. The presence of this
gene is related to the hemolysis of sheep erythrocytes after
activation of the hemolytic protein with trypsin. We are con-
ducting further studies to elucidate the nature of the hemolytic
activities found in our strains.

This work was supported by a grant from the Spanish CICYT
(Project ALI 97-0601).
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