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Abstract

The present study investigates pathogenicity of local Aeromonas hydrophila strains by molecular
characterisation of two virulence factor genes: aerolysin (aerA) and haemolysin (Ahh1) using polymerase chain
reaction (PCR) technique. Phenotypically identified presumptive Aeromonas isolates recovered from diseased
Labeo rohita were genetically analysed using type-specific primers by amplifying 309 bp and 130 bp conserved
regions of aerolysin and haemolysin genes respectively. The partial nucleotide sequences of aerA and Ahhl
were determined from representative strains in which aerA was confirmed in 75% isolates, whereas Ahh1 was
confirmed in 50% isolates. The nucleotide blast results of the representative strains revealed close homology
of 95% (aerolysin) and 97% (haemolysin) with published sequences.
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1 | INTRODUCTION
Aeromonas hydrophila is a bacterial pathogen associated
with infectious diseases of freshwater fish cultured in
South Asia. Aeromonas hydrophila carries many virulence
factors such as aerolysin, haemolysin, elastase, lipase and
hidrolipase genes. Extracellular enzymes such as haemol-
ysis, lipases, proteases, B-lactamases, amylases, chi-
tinases and nucleases produced by Aeromonas have been
involved in their ecology, survival and pathogenicity
(Stratev et al. 2015) which contribute to their ability to
attach with host cells and finally promote disease devel-
opment.

The fish diseases caused by A. hydrophila are re-
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sponsible for major economic losses of local fish farmers
in Pakistan. Diseases in inland aquaculture are currently
being treated by antibiotic products. Several studies brief-
ly elucidate the incidence of A. hydrophila among differ-
ent fish species in Pakistan such as Shahzad et al. (2016)
and Igbal (2016). Studies on the pathogenicity, molecular
typing and biodiversity of A. hydrophila infection, particu-
larly those are based on carp aquaculture of Pakistan has
only been recently reported (Tooba et al. 2022). The cur-
rent study aimed to emphasize the prevalence and path-
ogenicity of A. hydrophila in cultured fish. The genetic
typing of all retrieved strains and their heterogeneity
were evaluated using polymerase chain reaction (PCR).
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The resulting bacterial isolates are to be used for subse-
quent remedial actions for prevention of disease in
farmed fish species of Pakistan and elsewhere.

2 | METHODOLOGY

Ninety specimens of naturally infected and moribund
individuals of Labeo rohita weighing 175 + 25 g and aver-
age length of 10 + 1 cm, were collected from private and
government fish farms situated in Kasur (31°05'N
74°30'E), Okara (30°50'N 73°31'E) and Gujranwala
(32°10'N 74°12'E) districts of Punjab, Pakistan. For isola-
tion of bacteria nutrient agar, nutrient broth and Mac-
Conkey agar media were used with standard composi-
tions (Al-Fatlawy and AL-Hadrawy 2014; Cagatay and Sen
2014). The isolates were phenotypically characterised
using ten biochemical tests (Fatima et al. 2022).

The DNA extraction was done from representative
isolates of the biochemical results using GeneAll®
ExGene™ DNA purification kit (model: Clinic SV, Korea)
following manufacturer's protocol (Byers et al. 2002). The
cells were harvested by centrifugation. The supernatant
was discarded and then re-suspended to 20 pl of protein-
ase K solution (20 mg mli™) and 200 ul of CL buffer. The
mixture was heated in water bath at 56°C for 15 min.
Then concisely spin down the tube to eliminate drops
from the lid. The tube was filled with 200 ul BL buffer.
Then placed in the water bath for 10 min at 70°C and the
mixture was concisely spin down the tube to eliminate
drops from the lid. Absolute ethanol (200 pl) was added
in tube, mixed by vortex and was spin to eliminate the
drops. The mixture was carefully moved to SV column
then centrifuged at 8000 rpm for one minute. After that
600 ul BW buffer was added and centrifuged at 8000 rpm
for one minute. Mixture was transferred into new SV col-
umn. After adding 700 ul TW buffer mixture was centri-
fuged at 8000rpm for one minute and supernatant was
removed. Then SV column was transferred into collection
tube. The residual wash buffer was eliminated by centrif-
ugation for one minute at 13000 rpm. SV column was
placed in 1.5 ml of micro centrifuge tube and 200 pul of AE
buffer was added. As a last step, tubes were incubated
and centrifuged for one minute at 13000 rpm. The super-
natant containing bacterial template DNA was used di-
rectly in the specific-PCR for the detection of aerolysin
(aerA) and haemolysin (Ahh1) genes.

The virulent gene aerolysin was first targeted for
confirmation of pathogenicity described as AH-aerAR
(5'ACG AAG GTG TGG TTC CAG T'3) and AH-aerAF (5'CAA
GAA CAA GTT CAA GTG GCC A’3) with amplicon size 309
bp (Wang et al. 2003; Furmanek-Blaszk 2014). The viru-
lent gene haemolysin was targeted for confirmation of
pathogenicity described as Ahh1F (5'GCC GAG CGC CCA
GAA GGT GAG TT'3) and AhhlR (5'GAG CGG CTG GAT
GCG GTT GT'3) with amplicon size 130 bp (Wang et al.
2003; Furmanek-Blaszk 2014). For both PCRs, reaction
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mixture of 25 pl was comprised of followings: master mix
(12.5 pl), DNA sample (2 pl), forward primer (1 ul for aer-
olysin: 0.6 ul for haemolysin), reverse primer (1 pl for
aerolysin: 0.6 pl for haemolysin) and nucleus free water
(8.5 pl for aerolysin: 8.1 pl for haemolysin). The composi-
tion of the master mixture for both reactions was: 0.05
U/uL Tag DNA polymerase, reaction buffer, 4 mM MgCl,
and 0.4 mM of each dNTP (dATP, dCTP, dGTP and dTTP).
Colony PCR method was used for PCR amplification of
both genes using BIO-RAD® T100 Thermal CyclerTM. The
thermal conditions for both PCR reactions are provided in
Table 1.

TABLE 1 Thermal conditions for PCR to detect aerolysin
and haemolysin. Temperature (Temp) and time values
represent °C and minute respectively.

Aerolysin Hemolysin

St
eps Temp Time Cycle Temp Time Cycle

Initial denaturation 95 5 1 95 5 1

Denaturation 95 05 50 95 1 35
Annealing 569 05 50 58 1 35
Elongation 72 05 50 72 1 35

Final extension 72 7 1 72 10 1
Storage 4 oo 1 4 oo 1
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The genomic DNA of representative isolates was ex-
tracted as per protocols described by GeneAll® for
ExGeneTM DNA purification kit. The aerolysin gene was
amplified from genomic DNA of isolates. For this purpose,
PCR was run for type-specific gene (aerolysin) by using
specific primer pair (AH-aerA). The DNA bands were doc-
umented and pictured in Gel documentation system (Bio-
rad® Gel Doc XR system, United States).

3 | RESULTS AND DISCUSSION

The PCR product of representative isolates was examined
by electrophoresis on 1% agarose gel with 100 bp ladder
for estimating the bands. Resulting bands having am-
plicon size 309 bp were observed in gel electrophoresis as
shown in Figure 1 which confirms the identity of patho-
genic gene aerolysin of A. hydrophila in three isolates.

The haemolysin gene was also amplified from ge-
nomic DNA of isolates. For this purpose, another PCR was
run for type-specific gene (haemolysin) by using specific
primer pair (Ahh1). The resulting amplified product size
was 130 bp which confirms the identity of pathogenic
gene haemolysin of A. hydrophila in two isolates. The
results of gel electrophoresis are depicted in Figure 2(b) in
which bands for test samples are visible in Lane 3 and
Lane 6 respectively. The two haemolysin sequences ob-
tained in present study are formally submitted at NCBI
database with accession numbers MZ223859 and
MW972019.

The sequences of the A. hydrophila strains acquired
in this study were checked for similarity with bacterial
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nucleotide sequence data available at GenBank database
using online BLASTN program (Basic Local Alignment
Search Tool) by National Center for Biotechnology Infor-
mation (NCBI), USA. The phylogenetic tree of aerolysin
sequence presented close similarity with A. hydrophila
aerolysin gene partial sequences isolated from intestine
of Carassius carassius in Wuhuan, China with accession

a3
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no. JQ003204 and JQ003205 (Figure 2). The phylogenetic
tree of haemolysin sequence showed close genetic rela-
tionship with Aeromonas sp. ASNIH3 (Accession no.
CP026222), Aeromonas media strain T5-8 (Accession no.
CP038444) and Aeromonas caviae DNA (Accession no.
AP022254) as shown in Figure 3.

FIGURE 1 (a) Electrophoresis of PCR amplification products
on 1% agarose gel, Lane 1: marker (100-1000) bp; Lane 2:
positive control; Lane 3: negative control; Lane 4: negative
control; Lane 5: Other strain; Lane 6: Test-1; Lane 7: Test-2;
Lane 8: Test-3; Lane 9: Test-4 representative aerolysin gene
in Aeromonas hydrophila; (b) Electrophoresis of PCR ampli-
fication products on 1% agarose gel, Lane 1: marker 100bp;
Lane 2: negative control; Lane 3: Test-1; Lane 4: Test-2;
Lane-5: Test-3; Lane 6: Test-4 representative haemolysin
gene in A. hydrophila.
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FIGURE 2 Phylogenetic tree of aerolysin sequence (R_UVAS) of Aeromonas hydrophila isolate was computed using maxi-
mum likelihood method showing similarity to aerolysin (aerA) sequences.

In present study, the selection of isolates from dif-
ferent fish farms allowed the observation of different
virulence factor combinations, confirming the multifacto-
rial virulence profile in Aeromonas spp. Among the tested
virulence genes, aerolysin was more common gene and
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prevalent in 71.8% of the isolates. These genes play an
important role in the pathogenicity observed in dropsy
disease in fresh water cultured systems (Rahman et al.
2002; Bhowmik et al. 2009; Pandey et al. 2010; Tomas
2012) as well as diarrheal diseases in humans (Citterio
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and Biavasco 2015; Pessoa et al. 2019).
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AP024402.1:2737107-2737441 Aeromonas caviae KAM376 DNA complete genome
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FIGURE 3 Phylogenetic tree of haemolysin sequence (Samplel_790) of Aeromonas hydrophila isolate was computed us-
ing maximum likelihood method showing similarity to Aeromonas spp.

Aerolysin and haemolysin are major contributors to
the virulence of pathogenic Aeromonas isolates (laco-
vache et al. 2016). Aerolysin is a pore forming toxin that
binds to the receptors on target cell membrane. After
proteolytic activation, it induces formation of pore or
channel, which ultimately leads to destruction of mem-
brane permeability, cytolysis, and cell death (Cirauqui et
al. 2017). The evaluation of the haemolysin gene is the
most prevalent gene in the studied marine animals. Our
work is identical to the findings of previous reports
(Oliveira et al. 2012; Amsaveni et al. 2014). In our study,
75% A. hydrophila isolates harboured this gene causing
cytotoxic effects. Similar findings were reported by others
(Degiacomi et al. 2013; Podobnik et al. 2017).

The A. hydrophila isolates of present study will be
used for future research towards disease prevention
against local strains of A. hydrophila in Pakistan’s aquacul-
ture. Based on this experiment, fish farmers may be bene-
fited for controlling abdominal dropsy and other infec-
tious diseases caused by A. hydrophila by the administra-
tion of specific therapeutant.
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