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Abstract Aerolysin is a hemolytic toxin encoded by aero-
lysin gene (1482 bp) that plays a key role in the pathogene-
sis of Aeromonas hydrophila infection in fish. New species-
specific primers were designed to amplify 326 bp conserved
region of aerolysin gene for A. hydrophila. Twenty-five
isolates of A. hydrophila recovered from fish and pond water
were studied for detection of aerolysin gene. Aerolysin gene
was detected in 85% of the isolates during the study. The
designed primers were highly specific and showed no cross
reactivity with Escherichia coli, Aeromonas veronii, Vibrio
cholerae, Flavobacterium spp., Chyseobacterium spp. and
Staphylococcus aureus. The sensitivity limit of primers
for detection of aerolysin gene in the genomic DNA of
A. hydrophila was 5 pg.
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Introduction

Aerolysin is a hemolytic toxin protein secreted by
Aeromonas hydrophila. There are two precursor forms
of the toxin. It crosses the inner bacterial membrane as
preprotoxin containing signal peptide sequences, which is
removed from the N-terminus and activated by proteolytic
removal of nearly 25 amino acid from the C-terminus. The
active aerolysin protein binds to the specific glycophospha-
tidylinositol (GPI)-anchored proteins on the target surface
of eukaryotic red blood cells and forms pores in the cell
membrane causing lysis [1, 2]. Aerolysin is significant
and a stable molecular marker to detect the possible virulent
A. hydrophila.

A. hydrophila is an opportunistic and zoonatically im-
portant bacterial fish pathogen belonging to Aeromonada-
ceae family [3] and is associated with several diseases of
fish, such as hemorrhagic septicemia and fin and tail rot [4].
Conventional identification of A. hydrophila is achieved
through standard biochemical tests that are time consum-
ing, laborious and are not always conclusive. In India,
motile aeromonads have been isolated and characterized
from aquatic environment [5]. In another study, a total of
36 isolates of A. hydrophila were recovered from fish and
water samples. All isolates were tested for antibiotic sensi-
tivity and characterized [6].

A. hydrophila secretes many virulence factors such as
proteases, elastase, lecithinase, amylase, lipase, gelatin-
ase, chitinase [7, 8] cytotoxic enterotoxins [9], aerolysin
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(B-hemolysin) and a-hemolysin [10]. These virulence
factors contribute to its pathogenicity and provide the abil-
ity to attach to host cells in the development of diseases.
These factors can be used for detection and characteriza-
tion of the bacteria. Polymerase chain reaction (PCR) is a
sensitive, specific and rapid molecular tool for the detection
of bacteria. PCR is used to amplify a precise fragment of
DNA from a complex mixture of starting material usually
template genomic DNA. A number of reports are avail-
able for PCR amplification of conserved aerolysin gene
[11-13] and hemolysin gene of A. hydrophila [13-15].
Other virulence genes of A. hydrophila have also been de-
tected by PCR. Lipase gene is reported to be present consis-
tently in A. hydrophila isolates recovered from human and
environmental samples [16]. Similarly, all fish and water
isolates of A. hydrophila were also positive for lipase gene
[17]. The present report describes the development of new
species-specific PCR primers for amplification of pore-
forming aerolysin gene in fish isolates of 4. hydrophila.
PCR-based techniques will be useful for early detection and
control of possibly virulent A. hydrophila spreading in new
regions and provide support for health management of fish
and other animals.

Materials and methods

Bacterial isolates and genomic DNA isolation

All the isolates of A. hydrophila were recovered from
fish muscle and have been previously characterized by
biochemical tests [5] and on the basis of hemolysin gene
amplification [14]. Isolates of A. hydrophila were tested
for B-hemolytic activity on nutrient agar base (HiMedia)
supplemented with 5% rabbit erythrocytes with incuba-
tion at 37°C for 24 h. The bacterial cultures were revived
from —80°C for the isolation of genomic DNA. Genomic
DNA of A. hydrophila was isolated by method described
carlier [18]. Similarly, genomic DNA of other aquatic
bacteria viz. A. veronii, Escherichia coli, Vibrio cholerae,
Flavobacterium spp., Chyseobacterium spp. and Staphylo-
coccus aureus were also isolated.

Strategies for designing specific primers for amplification
of aerolysin gene

A. hydrophila aerolysin gene sequences were collected
from National Center for Biotechnology Information
(NCBI) with different accession no. AF485766, AF485767,
AF485769, M84709, M16495, DQ186611, AF410466
and AY136943. These nucleotide sequences were aligned
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Table 1 Primers used for the detection of aerolysin gene in
Aeromonas hydrophila

Product
Position length
Primer  within gene Sequences (5'-3") (bp)
AHAF2 463-484 5-CACAGCCAATATGT- 326
Forward CGGTGAAG-3
AHAR2 770-788 5-GTCACCTTCTCGCT-
Reverse CAGGC-3

by ClustalX 1.83 software and the open reading frame of
aerolysin gene was selected. Primers were designed with
Oligo 4.0 software and synthesized from Integrated DNA
Technology (IDT, USA). The highly conserved region
(nucleotide 463—788 bp) was selected for designing specific
primers (Table 1). The designed primers were then simulta-
neously compared to the other sequences in the GenBank
database to verify their identity and similarity to A. Aydroph-
ila aerolysin gene and with those of other bacterial species.

PCR conditions and amplification

The PCR reaction mixture (50 pl) consisted of 10 ng of
bacterial genomic DNA, 1.5 units of Tag DNA polymerase,
5 ul of 10X PCR amplification buffer (100 mM Tris-HCI,
15 mM MgCl, 500 mM KCI. pH 8.3), 200 uM deoxy-
nucleotide triphosphate (ANTP) and 5 pmoles of each prim-
er. Amplification included initial denaturation at 94°C for 3
min, followed by 30 cycles of denaturation at 94°C for 30 s,
annealing of primers at 52°C for 30 s and extension at 72°C
for 30 s. A final extension at 72°C for 10 min was used. Ten
ul of the reaction mixture was then analyzed by submarine
gel electrophoresis in 1.2% agarose with ethidium bromide
run at 8 V/em. The PCR products were visualized under gel
documentation system.

Sensitivity and specificity of primers

Genomic DNA (50 ng/pl) of A. hydrophila was diluted from
102to 10°® in ten-fold dilutions and amplification by PCR
was done using the diluted DNA template with conditions
as described above. The specificity of the aerolysin gene
primers was checked by genomic DNA amplification of
E. coli, A.
Chyseobacterium spp. and S. aureus.

veronii, V. cholerae, Flavobacterium spp,

Results and discussion

The sources of isolates of 4. hydrophila used in this study
are given in Table 2. Many of the sampled fish showed
signs of hemorrhage on the body surface, while some
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Table 2 Relation of hemolytic activity on blood agar and aerolysin gene in isolates of Aeromonas hydrophila
Aerolysin PCR product

Isolates name Sources of isolates Location production 326 bp
A. hydrophila MTCC 1739 strain IMTECH repository IMTECH - -
A. hydrophila TK4 Water sample NBFGR, Quarantine Wet Lab - -
A. hydrophila S9-6 Diseased Channa punctatus NBFGR, Quarantine Wet Lab - +
A. hydrophila S10-8 Channa punctatus NBFGR, Quarantine Wet Lab - +
A. hydrophila S7-1 Channa punctatus Telibagh fish market, Lucknow - +
A. hydrophila PN3-4 Water sample NBFGR Pond no. 3 + +
A. hydrophila GFG 5 Gold fish gill Alambagh Aquarium, Lucknow - +
A. hydrophila PN3-5 Water sample NBFGR Pond no. 3 + +
A. hydrophila TKS Water sample NBFGR, Quarantine Wet Lab - -
A. hydrophila S10-1 Channa punctatus NBFGR, Quarantine Wet Lab + +
A. hydrophila LR3 Labeo rohita Telibagh fish market, Lucknow + +
A. hydrophila AH11 Diseased Channa punctatus Kalli fish market, Lucknow + +
A. hydrophila AH12 Diseased Channa punctatus Nimoha, Lucknow + +
A. hydrophila AH13 Diseased Channa punctatus Nimoha, Lucknow + +
A. hydrophila AH14 Diseased Channa punctatus Nimoha, Lucknow + +
A. hydrophila AH15 Channa punctatus Nimoha, Lucknow + +
A. hydrophila AH16 Channa punctatus Nimoha, Lucknow + +
A. hydrophila AH17 Channa punctatus Nimoha, Lucknow + +
A. hydrophila AH18 Labeo rohita Karora, Lucknow - +
A. hydrophila AH19 Labeo rohita Pachhu Parau, Lucknow + +
A. hydrophila AH20 Diseased Channa punctatus Pachhu Parau, Lucknow +
A. hydrophila AH21 Diseased Channa punctatus Pachhu Parau, Lucknow - -
A. hydrophila AH22 Diseased Labeo rohita Mohaan, Lucknow + +
A. hydrophila AH23 Diseased Labeo rohita Mohaan, Lucknow + +
A. hydrophila AH24 Diseased Labeo rohita Mohaan, Lucknow + +
A. hydrophila AH25 Diseased Labeo rohita Mohaan, Lucknow - +

IMTECH: Institute of Microbial Technology, NBFGR: National Bureau of Fish Genetic Resources

Aerolysin negative isolate

Aerolysin positive isolate

Fig. 1. In vitro demonstration of aerolysin activity of Aeromonas hydrophila on 5% rabbit blood agar. Clear zone indicates the positive
production of aerolysin and translucent zone indicates negative aerolysin producing 4. hydrophila isolates.
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Fig. 2. PCR amplification of 326-bp aerolysin gene of different A. hydrophila isolates on 1.2% agarose gel. Lane M: Express DNA
100-bp ladder (Fermentas), Lane 1: AH14, Lane 2: AH15, Lane 3: AH16, Lane 4: AH17, Lane 5: AH20, Lane 6: AH23, Lane 7: AH24,
Lane 8: AH25, Lane 9: AH MTCC 1739, Lane 10: AH GFGS and Lane 11: without template (negative control).

fish appeared apparently healthy, but still tested positive
for A. hydrophila. 1t is known that pathogenic isolates of
A. hydrophila secrete aerolysin toxin that causes the lysis
of the RBCs and results in hemorrhagic signs on the skin
and internal organs of fish. In present study, the hemo-
lytic activity of aerolysin toxin was observed on blood agar
medium (Fig. 1). Our results showed that out of the 25
isolates, only 15 were positive for aerolysin production
on blood agar. In support of the phenotypic characteriza-
tion of aerolysin toxin, the detection of aerolysin gene of
A. hydrophila was done by PCR.

A pair of specific primers targeting a 326 bp conserved
region of the aerolysin gene was used in PCR. A total of
25 isolates of A. hydrophila from fish were tested for
detection of aerolysin gene (326 bp) by PCR at an optimal
concentration of 1.5 mM MgCl, and primer annealing at
52°C (Fig. 2). Out of the 25 isolates, only 15 isolates were
phenotypically positive for aerolysin on the blood agar
medium. However, 22 isolates were positive for presence
of 326 bp aerolysin gene by PCR amplification. It is pos-
sible that some of the isolates though positive for aerolysin
gene did not cause hemolysis on blood agar either due to
disruption of gene or due to mutation in gene [13]. Another
interesting finding is that there appears a positive cor-
relation between the phenotypic production of aerolysin
toxin and the pathogenicity of A. hydrophila. The presence
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of aerolysin toxin was demonstrated in all the isolates
recovered from hemorrhagic fish, whereas 60% of
A. hydrophila isolates recovered from apparently normal
fish showed the production of aerolysin toxin. Therefore it
can be safely assumed that aerolysin plays a role in the bac-
terial pathogenicity along with other virulence factors.
Phenotypic detection of the aerolysin toxin has been
reported from different species of Aeromonas, such as
A. hydrophila, A. caviae, A. sobria, and A. veronii. A 209 bp
fragment of the aerolysin gene was detected in PCR us-
ing specific primers in hemolytic strains of A. hydrophila.
However, aerolysin gene was not detected in non-hemolytic
A. hydrophila and even in hemolytic A. caviae and 4. sobria
[11]. PCR assay has also been used to detect the aerolysin
gene in A. hydrophila and A. sobria strains isolated from
drinking water, fish and foods. These strains were also
characterized for the production of virulence factors such
as hemolysin, protease and cytotoxin. In this study also,
the primers used in the PCR targeted a 209 bp fragment
of the aerolysin gene coding for f-hemolysin. The aero-
lysin gene was detected only in hemolytic 4. hydroph-
ila strains. The hemolytic 4. sobria and non-hemolytic
A. hydrophila were consistently PCR negative [12]. Detec-
tion of hemolysin gene and aerolysin gene has been also
done by multiplex PCR in Aeromonads. Out of 82 hemo-
lytic isolates of A. hydrophila, hemolysin gene was present
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Fig. 3.

PCR sensitivity for aerolysin gene amplification of genomic DNA of 4. hydrophila AH14 isolate on 1.2% agarose gel. Lane M:

Express DNA 100 bp ladder (Fermentas), Lane 1: 50 ng, Lane 2: 5 ng, Lane 3: 0.5 ng, Lane 4: 50 pg, Lane 5: 5 pg and Lane 6: 0.5 pg.

in 35 isolates, whereas 46 isolates were positive for both he-
molysin and aerolysin gene. In non-hemolytic A. Aydroph-
ila isolates (5 no.), three were positive for hemolysin and
remaining two for both genes [13]. Recently, specific prim-
ers based on B-hemolysin gene (208 bp) have been designed
for the detection of pathogenic isolates of A. hydrophila of
fish from China [15].

Our primers were designed to specifically detect
aerolysin gene of A. hydrophila. Comparison of these
primers to the sequences in NCBI GenBank showed
100% sequence identity to acrolysin gene of A. hydrophila
(AF485766, AF485767, AF485769, M84709, M16495,
DQ186611, AF410466, AY136943 X65045, DQ302123,
AF539467). No cross-reactivity of our species—specific
primers was observed in NCBI-BLAST as well as in PCR
amplification with other aquatic bacteria viz. E. coli, A.
veronii, V. cholerae, Flavobacterium spp, Chyseobacterium
spp. and S. aureus. This indicates that the designed prim-
ers were highly specific for detection of A. hydrophila by
PCR.

Besides specificity, sensitivity of these primers was also
checked by PCR. The amplification of aerolysin gene was
observed when the template genomic DNA used ranged
from 50 ng to 5 pg. The PCR product was obtained only
between these concentrations. Above these concentra-
tions, PCR product was not obtained. Therefore, the PCR
sensitivity limit of specific primers for detection of aero-
lysin gene was calculated to be 5 pg of genomic DNA of

A. hydrophila (Fig. 3). This sensitivity limit was better as
compared to earlier reports of 2 ng for hemolysin gene
[14] and 1 ng for aerolysin gene [11]. A sensitivity limit of
10 pg for detection of B-hemolysin gene using specific
primers has also been reported previously [15]. Higher
sensitivity of our primer may be due to its high GC content
(56%), which creates strong hydrogen bonds during anneal-
ing of primers with the template in PCR. In conclusion, new
specific and sensitive primers for detection of conserved re-
gion of aerolysin gene of 4. hydrophila isolated from fish
and water samples were developed.
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