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Abstract Nine strains of Aeromonas hydrophila isolated 
from diseased fish or soft-shelled tortoise were tested for 
the presence of three virulence genes including the genes 
encoding aerolysin, hemolysin, and extracellular serine 
protease (i.e., aerA, hlyA, and ahpA, respectively). These 
genes were investigated using polymerase chain reaction 
(PCR) with specific primers for each gene. And the patho-
genicities to Carrassius auratus ibebio of these strains were 
also assayed. PCR results demonstrated that the distribution 
patterns of aerA, hlyA, and ahpA were different in these 
strains. 6/9 of A. hydrophila strains were aerA positive, 8/9 of 
strains hlyA positive, 7/9 of strains ahpA positive, respective-
ly. However, the assay for pathogenesis showed that two 
strains (A. hydrophila XS91-4-1 and C2) were strong 
virulent, two strains (A. hydrophila ST78-3-3 and 58-20-9) 
avirulent and the rest middle virulent was to the fish. In 
conclusion, there are significant correlation between the 
distribution pattern of the three virulence genes and the patho-
genicity to Carrassius auratus ibebio. All strong virulent 
A. hydrophila strains were aerA+hlyA+ahpA+ genotype, and 
all aerA+hlyA+ahpA+ strains were virulent. Strains with the 
genotype of aerA−hlyA−ahpA+ have middle pathogenicity. 
In the present study, we found for the first time that all A. 
hydrophila isolated from the ahpA positive were virulent to 
Carrassius auratus ibebio. Additionally, there was a positive 
correlation between the virulence of A. hydrophila and the 
presence of aerA and ahpA.
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1 Introduction

Aeromonas hydrophila belongs to the genus Aeromonas of 
the family Aeromonadaceae and widely occurs in water, 
soil, and aquatic animals. It is considered one of the most 
important bacterial pathogens of aquatic animals in temperate 
areas, as it has been isolated from diseased fish, eels, frogs, 
and turtles. The enormous economic losses have resulted 
from the contagious and epidemic diseases due to the agent 
of A. hydrophila. Thus, many studies on the virulence 
factors of A. hydrophila have been performed using strains 
isolated from aquatic animals. The results from these reports 
show that the pathogenicity of A. hydrophila has been 
related to a number of possible virulence factors, including 
a range of different exotoxins (e.g., aerolysin and hemolysin) 
(Howard et al., 1987; Hirono et al., 1991), extracellular 
enzymes (e.g., proteases and lipases) (Chang et al., 1997; 
Cascón et al., 1996; Cascón et al., 2000) and adhesions (e.g., 
S-layer protein) (Thomas and Trust, 1995; Chen et al., 
1998).

In this report, nine strains of A. hydrophila isolated 
from diseased fish or soft-shelled tortoise were tested for the 
presence of three virulence genes, including the genes encod-
ing aerolysin, hemolysin, and extracellular serine protease 
(i.e., aerA, hlyA, and ahpA, respectively). These genes were 
investigated using polymerase chain reaction (PCR) with 
specific primers for each gene. And the pathogenicities to 
Carrassius auratus ibebio of these strains were also assayed. 
The presence of virulence genes and the pathogenicities of 
these strains were analyzed to discuss the correlation between 
the distribution pattern of virulence genes and the virulence 
of A. hydrophila.
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2 Materials and methods

2.1 Bacterial strains and culture

A. hydrophila XS91-4-1 (Xu et al., 1993), ST78-3-3 (Xu 
et al., 1980), 58-20-9 (Wang et al., 1959), C1 and C2 were 
isolated from the diseased fish, identified, and stored in our 
laboratory. The strains of A. hydrophila T4, HA9, HA15, 
HA50 were isolated from the disease soft-shelled tortoise 
and obtained from the Key Laboratory of Animal Disease 
Diagnostic & Immunology, Nanjing Agriculture University, 
China. All strains were routinely cultured in LB agar plates at 
28°C for 24  h. Then the fresh strains was inoculated in 5  mL 
LB broth at 28°C for 24  h and used in experiment.

2.2 Fish

Carrassius auratus ibebio 80–100  g were brought from the 
Guanqiao Farm of the Institute of Hydrobiology, Chinese 
Academy of Sciences. They were acclimatized in indoor 
cement tanks with tap water (500  L in volume) for two weeks 
prior to experiments. During the experiment, fish were held 
under the same conditions at 25°C and fed a commercial 
pelleted diet.

2.3 DNA preparation and manipulation

Two measurements were used in this study. The former was 
manipulated as the phenol–chloroform extraction, in which 
the extracted DNA was stored at −20°C. The latter was 
amended according to the protocol of Cascón (2000): the 
strains were inoculated in 1  mL LB broth and cultured at 28°C 
for 24  h, then the culture was collected by centrifugation at 
5 000  rpm for 10  min. The pellet was washed two times and 
resuspended in 200  mL TE buffer. The cell suspension was 
boiled for 10 min. Finally, the supernatant was directly used 
for the PCR amplification after the centrifugation at 12 000  rpm 
for 5  min.

2.4 Polymerase chain reaction (PCR) for detection of 
virulence genes

To detect the presence of three virulence gene aerA, hlyA, and 
ahpA, we used the primers previously published to select 
a pair respectively. The sequence of the primers used in the 
assay is shown in Table 1. The primers were synthesized by 
the Shanghai Sangon Limited Company, diluted with distilled 
water in a final concentration of 50  mmol/L and saved for use 
at −20°C.

Polymerase chain reaction (PCR) amplifications were 
performed in a total of 25-mL solution containing 0.125  mL 
TaKaRa Ex Taq polymerase (5  U/mL), 2.5  mL 10xEx 
Taq Buffer, 2  mL dNTP mixture (2.5 mmol/L respectively), 
1  mL of each primer (20  mmol/L), and 1  mL genomic DNA. 
Reaction mixtures were overlaid with one drop of paraffin oil 

and then incubated for 2  min at 94°C, followed by 35  cycles 
at 94°C for 30 s, 60°C (aerA), 62°C (hlyA) and 55°C (ahpA) 
for 30  s, 72°C for 2  min and a final extension at 72°C for 
10  min. All DNA amplifications were performed in a DNA 
thermal cycler instrument.

After cycling, 5  mL of each reaction was analyzed by 1.2% 
gel electrophoresis. DNA bands were stained with ethidium 
bromide and then visualized by UV transillumination. 
For each gene, PCR product of one sample was selected 
randomly, purified and cloned into the vector pGEM-T. 
Finally, the sequence was identified by Shanghai Sangon 
Limited Company.

2.5 The pathogenicities of nine A. hydrophila strains to 
Carrassius auratus ibebio

Nine strains were passed twice on the LB agar to revive. The 
cells were washed and diluted with 0.5% NaCl to a final 
concentration of 3x107  cfu (colony forming units)/mL. The 
fish were divided into nine test groups and one control 
group of five fish. Nine test groups were injected intraperito-
neally with 0.3  mL of the diluted culture of the strains 
containing 107  cfu. And the control group was injected intra-
peritoneally with 0.3  mL 0.5% NaCl. The fish were observed 
for 7  days and any dead specimens were removed for routine 
bacteriological examination.

3 Results

3.1 Polymerase chain reaction (PCR) detection of three 
virulence genes

The PCR results of three virulence genes were shown in 
Fig. 1. As expected, the length of PCR products was 309 bp, 
592 bp and 911 bp of virulence genes aerA, hlyA and ahpA, 
respectively. AerA gene was found in six strains. HlyA gene 
was found in eight strains. And ahpA gene was found in seven 
strains. Three genotypes were found in nine strains which 
were aerA+ hlyA+ ahpA+, aerA− hlyA− ahpA+, aerA−hlyA+ 
ahpA−.

The sequence of PCR product for each virulence gene was 
further affirmed that the three products were aerA, hlyA, and 
ahpA.

Table 1 The primers used for PCR amplification of three A. hydrophila 
virulence genes

Gene Primer Sequence of primer (5′–3′)  Production  
   length /bp

aerA A1 CAAGAACAAGTTCAAGTGGCCA 309
 A2 ACGAAGGTGTGGTTCCAGT
hlyA H1 GGCCGGTGGCCCGAAGATACGGG 592
 H2 GGCGGCGCCGGACGAGACGGGG
ahpA PA1 ATTGGATCCCTGCCTATCGCTTCAGTTCA 911
 PA2 GCTAAGCTTGCATCCGTGCCGTATTCC
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3.2 The pathogenicities to Carrassius auratus ibebio

To ascertain the difference among the pathogenicities of nine 
A. hydrophila strains, the challenge was performed under the 
same conditions. According to mortality rate and dead speed, 
the relative pathogenicities were estimated and shown in 
Table 2. In two days, the mortality rates of A. hydrophila 
XS91-4-1 and C2 were 100% when they were injected intra-
peritoneally as a concentration of 107 cfu. Particularly, when 
A. hydrophila ST78-3-3 and 58-20-9 were inoculated in fish 
as a concentration of 109 cfu, no death occurred.

4 Discussion

A. hydrophila is an important causative agent of the fresh 
water animals in China. However, it is one of the normal 
bacteria. Though most of them have no pathogenicity to 
fish, some strains have strong pathogenicity to fish and 
often cause tremendous damage. Aerolysin, hemolysin, and 
extracelluar serine protease are the major virulence factor of 
A. hydrophila (Howard et al., 1987; Hirono et al., 1991; Chang 
et al., 1997). In this study, we detected the distribution of 

aerA, hlyA, and ahpA in nine strains. The result demonstrated 
6/9 strains was aerA positive, 8/9 strains hlyA positive, and 
7/9 strains ahpA positive. The genotype of 6/9 strains was 
aerA+ hlyA+ ahpA+.

After comparing the PCR amplification results of three 
virulence genes with the pathogenicities of nine strains, the 
genotype of the strong strains was aerA+ hlyA+ ahpA+, whose 
mortality rates were 100% in 2  days. Though the pathoge-
nicities of A. hydrophila T4, HA9, and HA50 were medium, 
the genotype of them was also aerA+ hlyA+ ahpA+. It is 
obvious that all the strains with aerA+ hlyA+ ahpA+ are 
virulent and even some are strong virulent.

Protease has been suggested as one of the extracellular 
factors contributing to the virulence of bacteria. It plays an 
important role in pathogenesis by providing nutrients for 
the bacteria during the colonization and the invasion of the 
bacteria in the host. In this study, we first report that all 
ahpA-positive strains were virulent. As shown in Table 2, A. 
hydrophila HA 15 only with ahpA was medium pathogenicity. 
The result was consistent with the fact that the virulence of 
A. hydrophila contributed to many virulence factors including 
the hemolytic factors (Gonzalez et al., 2002).

Many studies indicated that aerolysin (AerA) and hemo-
lysin (HlyA) played role in the virulence of A. hydrophila 
together. Therefore, PCR detection of aerA and hlyA was used 
to identify the potential pathogenicity of A. hydrophila (Wang 
et al., 2003; Heuzenroeder et al., 1999). Almost all strains 
were detected hlyA positive in our experiment. No correlation 
was found between the presence of hlyA gene and the 
pathogenicity of A. hydrophila, which is consistent with the 
opinion of Wong (1998) and Gonzalez-serrano (Gonzalez, 
2002). A. hydrophila ST78-3-3 and 58-20-9 only with hlyA 
gene was not the mortality as a final concentration of 109 cfu. 
On the contrary, the present of ahpA gene was relative to the 
pathogenicity of the bacteria. Additionally, there was a posi-
tive correlation between the virulence of A. hydrophila and 
the presence of aerA and ahpA. Therefore, an AerA–AhpA 
toxin model of virulence would provide the best prediction of 
virulence for A. hydrophila.

1, 2, 3, 4, 5, 6, 7, 8, 9 represented A. hydrophila stain XS91-4-1, ST78-
3-3, 58-20-9, C1, C2, T4, HA9, HA15, HA50, respectively 
Fig.  1 PCR amplification of aerA(a), hlyA(b), and ahpA(c) 
genes from nine strains of A.hydrophila

Table 2 Relationship between the distribution of virulence genes of nine 
A. hydrophila strains and their pathogenicities to Carrassius auratus ibebio 
(n = 5)

Strains Gene detection Lethal rate / % Pathogenicity

 areA hlyA ahpA  

XS91-4-1 + + + 100 strong
ST78-3-3 - + - 0 avirulent
58-20-9 - + - 0 avirulent
C1 + + + 40 medium
C2 + + + 100 strong
T4 + + + 100 medium
HA9 + + + 100 medium
HA15 - - + 40 medium
HA50 + + + 40 medium
Control group    0

+: positive, -: negative
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In addition, good results of PCR were obtained by both 
methods of the DNA extraction. The method of boiling was 
simple, time-saving and economical. However, the DNA 
needed to be used instantly.
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