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Abstract In the present study the haemolytic and prote-

olytic activity of extracellular products (ECP) secreted

from Aeromonas hydrophila (CAHH14 strain) were stud-

ied with respect to temperature and different time of

incubation as well as its lethal toxicity on rohu, Labeo

rohita. The strain was isolated from Catla catla (showing

abdominal dropsy symptom) collected from the pond of

Central Institute of Freshwater Aquaculture (CIFA), Bhu-

baneswar, India and was characterized on the basis of

biochemical tests. The highest production of haemolysin

was achieved when the bacteria was grown at 35�C for

30 h. The proteolytic activity was found to be highest when

the bacterium was grown at 30�C for 36 h. The haemolytic

and proteolytic toxin produced by Aeromonas hydrophila

was found to be lethal to rohu (LD50 1.7 9 104 cfu/ml).

The lethality of ECP was decreased by heating and com-

pletely inactivated by boiling at 100�C for 10 min. This

indicates that protease activity and haemolytic activity of

A. hydrophila ECP was temperature dependant.

Keywords Aeromonas hydrophila � Extracellular

products � Lethal toxicity

Introduction

Aeromonas hydrophila is recognized as one of the most

important potential freshwater fish pathogens responsible

for causing gill and skin diseases among the fishes and

leading to their high mortality [1]. It is consider as the

etiological agent of fatal hemorrhagic septicemia and epi-

zootic ulcerative syndrome that are manifested by external

symptoms like local hemorrhages in the gills and anal area,

dropsy, blisters, abscesses, scale protrusion, exophthalmia,

tail rot, fin rot, abdominal swelling and internal symptoms

like anemia, accumulation of ascetic fluid and damage to

the organs, notably kidney and liver [2–5]. A. hydrophila is

also suspected to be the principal causative agent of

ulcerative disease noticed in cultured fish in Indo-Pacific

region [6], Thailand and Malaysia [7]. Besides there was

also report of isolation of A. hydrophila from dropsy

infected common crap (Cyprinus carpio) from Meghalaya,

India [8] that has caused massive mortality.

The pathogenesis of A. hydrophila is multifactorial

[9, 10]. The extracellular product (ECP) secreted by

A. hydrophila is regarded as an essential virulent factor as it

contains a wide variety of enzymes and haemolysin [11–13]

that exhibit cytotoxic, cytolytic, and haemolytic and en-

terotoxic properties [14, 15] leading to A. hydrophila

infection in fishes. Allan and Stevenson [14] and Subas-

hkumar et al. [16] have reported that the toxic fraction of

ECP is associated with the haemolytic activity, whereas

Kanai and Wakabayashi [17] and Sakai [18] have reported

the protease as the major virulent factors in fish toxicity.

The present investigation deals with the biochemical char-

acterization of A. hydrophila (CAHH14 strain) collected

from the infected Catla catla (showing abdominal dropsy

symptoms) from the pond of Central Institute of Fresh water

Aquaculture and to determine the potential hemolytic

activity and proteolytic activity of crude ECPs secreted by

A. hydrophila (CAHH14 strain) with respect to different

incubation time. The lethal toxicity of ECP in Indian major

crap, rohu, Labeo rohita was also evaluated using live and

heat-killed A. hydrophila.
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Materials and Methods

Collection and Identification of Bacteria

Aeromonas hydrophila strain was collected aseptically

from the abdominal dropsy conditions of Catla catla

obtained from the experimental ponds of Central Institute

of Fresh Water Aquaculture. Single strain was found from

10 isolates basing on biochemical characterization [19].

The strain was coded as CAHH14 for all research purposes

based on the virulence pattern. Presumptive identification

of bacteria and colony morphology of bacteria was studied

by observing the growth on the selective RS-media. The

biochemical profile of CAHH14 strain with respect to

ATCC-49140 strain of A. hydrophila was given in Table 1.

Bacterial Strain and Growth Conditions

The CAHH14 strain was sub cultured on nutrient agar at

25�C for 48 h. Culture from slant was used to prepared

nutrient broth cultures which were incubated at three dif-

ferent temperatures (25, 30 and 35�C) for 36 h with

shaking. Samples were removed at specific time intervals

(0, 6, 12, 18, 24, 30 and 36 h) for the observation of bac-

terial growth rate by determining the OD value at 610 nm

[20].

Extracellular Products Collection

The ECP was collected as per the protocol given by Sirirat

et al. [21] with modification. The bacterial cells were

removed from the culture broth samples by centrifuging at

2,800 rpm for 45 min. The supernatant fluid collected was

used as source of crude ECP for determination of hemo-

lytic and proteolytic activity.

Haemolytic Activity of ECP

Haemolytic activity of ECP was determined by method

given by Kwapinski [22] with slight modification. Blood

was drawn aseptically from sheep and was mixed with

equal volume of Alsever’s solution (citric acid 2 mM,

dextrose 110 mM, sodium citrate 20 mM, NaCl 71 mM). It

was then subjected for centrifugation at 2,500 rpm for

15 min. Supernatant was removed and RBC was collected,

which was then washed in PBS (pH 7.4) and further cen-

trifuged at 4,000 rpm for 5 min. A standard 2% erythro-

cytes suspension was prepared so that 0.5 ml of completely

lysed cells in a total assay volume of 5 ml would give an

OD value of 0.4 at 540 nm. The assay system contained

0.5 ml of standard erythrocytes suspension and 4.5 ml of

appropriately diluted extracts of crude ECP and was

incubated for 1 h at ambient temperature. The reaction

mixtures were then centrifuged at 4,000 rpm for 5 min and

the OD value of supernatant fluid were measured at

540 nm. One unit of hemolytic activity was defined as the

amount of toxin that gave an OD value of 0.4 at 540 nm.

Proteolytic Activity of ECP

Proteolytic activity of ECP was determined as per the

method described by Sakai [18]. A substrate solution was

prepared by dissolving 1% (w/v) casein in 0.1 mol/l gly-

cine–sodium hydroxide buffer (pH 9.6). Equal volume of

ECP (1 ml each) was added to 1 ml of substrate solution

and incubated at 30�C for 10 min. The reaction was then

stopped by adding 0.1 ml of 1 mol/l trichloroacetic acid

and the precipitate was removed by centrifuging at

6,000 rpm for 10 min. The OD value of the supernatant

fluid was measured at 280 nm. As a control trichloroacetic

acid was added immediately to the reaction mixture of ECP

and substrate solution and 10 min incubation period was

Table 1 Biochemical properties of Aeromonas hydrophila

Sl.

No

Biochemical tests

parameter

CAHH14 strain

(10 isolates)

ATCC strain

(reference strain)

1. Gram staining - -

2. Oxidation

fermentation test

? ?

3. Oxidase ? ?

4. Catalase ? ?

5. Motility ? ?

6. Urease ? ?

7. RS growth Y Y

8. Indole D -

9. Methyl red ? ?

10. VP test - -

11. Citrate ? ?

12. Gas ? ?

13. Arginine dihydrolase D ?

14. Lysine decarboxylase ? ?

15. Ornithine decarboxylase - -

16. 0/129 disc R R

17. Acid from

Lactose ? D

Galactose ? D

Maltose ? ?

Fructose ? ?

Mannose ? -

Rhamnose ? ?

Dulcitol ? ?

Inositol ? ?

Sorbitol ? -

Adonitol ? ?

Y Yellow, D partial, ? positive; - negative
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avoided. One unit of proteolytic activity was expressed as

an increase of 0.01 in the OD value at 280 nm with casein

as a substrate.

Determination of LD50 Value and Lethal Toxicity

of ECP

For determining the LD50 value, groups of rohu fingerling

weighing 12–15 g were used. Each group consisted of 10

fish and was kept in fiberglass reinforced plastic (FRP) tank

with water of 30 l capacity. The fish of each group were

injected intraperitoneally with 0.1 ml of bacterial cell

suspensions (CAHH14 strain) at concentrations of

1.7 9 103, 1.7 9 104, 1.7 9 105 and 1.7 9 106 cfu/ml

respectively. Control fish were injected with 0.1 ml of PBS

(pH 7.4). Fish were monitored for 5 days and mortality was

recorded. To verify the Koch’s postulates dead or mori-

bund fish were sampled for the presence of challenge

bacterium. LD50 value was calculated as per the method of

Reed and Muench [23].

Lethal toxicity of ECP to rohu from of A. hydrophila

culture grown at 30 and 35�C was estimated as per the

method given by Khalil and Mansour [20]. Culture super-

natant fluid was filter sterilized by using a 0.45 l mem-

brane filter. A portion of this filtered ECP from both

cultures was heated at 60, 80 and 100�C for 10 min and

0.1 ml of each preparation was injected intraperitoneally

into rohu of average weight of 17 g. Simultaneously, the

precipitated cells from A. hydrophila culture was obtained

through centrifugation and further resuspended in PBS.

A portion of these resuspended cells were heated at 100�C

for 10 min. They were then injected into fish at a con-

centration of 2.5 9 105 cfu/ml. PBS was used as a control.

Results

Isolation and Identification of Bacteria

Colony morphology study of A. hydrophila (CAHH14

strain) over the RS-plate showed small, smooth, convex,

round and yellowish colonies. The strain was positive

towards biochemical tests like oxidase, catalase, motility,

O/F test and are resistant to 0/129 disc and novobiocin. The

biochemical tests results of CAHH14 strain was similar to

that of reference strain ATCC-49140 except in utilization

of certain sugar such as mannose, sorbitol (Table 1).

Bacterial Strain and Growth

The growth rate of A. hydrophila at different incubation

time period and temperature was shown in Fig. 1. Basing

on OD value of the cultured nutrient broth medium, the

optimum temperature for bacterial growth was found to be

30�C. At this temperature, the bacterial growth rate

increases rapidly. Bacterial growth was found to be com-

paratively less when culture was incubated at 25�C, where

as moderate growth was found at 35�C.

Hemolytic Activity

The highest hemolytic activity of ECP was found from the

culture grown at 35�C for 30 h. After 30 h onwards

hemolytic activity was decreased. Hemolytic activity was

found to be less in the ECP obtained from the culture

grown at 25�C (Fig. 2). The haemolysins product was

secreted into the medium during the early exponential

phase of bacterial growth and tends to increase throughout

the remaining exponential phase and started degrading

during stationary phase.

Proteolytic Activity

The proteolytic activity of ECP collected from the bacte-

rium cultured at 30�C was found to be highest. The pro-

teolytic activity was less till 18 h of incubation period and

increases sharply from 24 h onwards. The ECP from the

culture grown at 35�C showed very less proteolytic activity

where as moderate proteolytic activity was found when the

ECP was collected from the culture grown at 25�C (Fig. 3).

LD50 Value and Lethal Toxicity of ECP

of A. hydrophila

The LD50 value obtained after 5 days of observation period

for the viable cells of A. hydrophila (CAHH14 strain)

injected to rohu at different concentration was found to be

1.7 9 104 cfu/ml.

The lethal toxicity of different preparations of culture

supernatant fluid as well as live and killed cells of A. hy-

drophila (CAHH14 strain) was represented in Table 2. The

live cells as well as the filter sterilized supernatant fluid

from cultures grown at 35 and 30�C killed all the rohu

injected (100% mortality). On the other hand the ECP

subjected to heat treatment at 60 and 80�C for 10 min
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Fig. 1 Effect of incubation time and temperature on A. hydrophila
growth
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showed less mortality than that of untreated ECP. ECP

heated at 60�C from the bacteria grown at 35 and 30�C

injected to fish caused 40 and 60% mortality respectively

and ECP heated at 80�C resulted 20% mortality within

72 h (Figs. 4, 5). No mortality was recorded from 72 h of

post injection. ECP heated at 100�C obtained from

CAHH14 strain grown at 35 and 30�C resulted no mortality

among the fish.

Discussion

Aeromonas hydrophila was recognized as a significant

constraint to aquaculture production and trade [1] leading

to great economic losses due to outbreak of diseases among

the fish. The present study was aimed for biochemical

characterization of A. hydrophila (CAHH14 strain) and

determination of toxicity of its crude ECP in rohu.

In our study presumptive identification of A. hydrophila

(CAHH14 strain) was carried out from their growth over

the RS-plate as recommended by Shotts and Rimler [24].

Further identification of strain was carried out through

biochemical tests and were compared with the ATCC-

49140 reference strains of A. hydrophila [19]. The strain

was positive towards oxidase, catalase, and motility test

and are resistant to 0/129 disc and novobiocin and differs

from the reference strain only in utilization of certain

sugar. These results show similarity with the finding of

Nayak [25] who reported five strains of A. hydrophila from

various organs of freshwater fish and Thankappan et al.

[26] reported twelve strains of A. hydrophila from the fresh

water fish of Eastern India basing on their biochemical

properties.

The results obtained from present hemolytic activity

revealed highest hemolytic activity of ECP obtained from

the culture grown at 35�C for 30 h. It is interesting to note

that bacterial growth rate is moderate in 35�C but it had a

high hemolytic activity against sheep erythrocytes at this

cultured condition. From this result, it can be concluded

that the potential toxicity of the ECP might vary due to

culturing at different incubation temperatures [27]. Similar

results were reported by Sakai [18] who found that the

supernatant fluid from A. salmonicida hemolysed the

erythrocytes of sockeye salmon. Bernheimer [28] estimated

the quantitative hemolytic activity of ECP of A. hydrophila

on rabbit erythrocytes. Gonzalez-Serrano et al. [29] studied

on the hemolytic assay of ECP obtained from A. hydrophila
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Fig. 2 Effect of incubation time and temperature on the haemolytic

activity of ECP
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Fig. 3 Effect of incubation time and temperature on the proteolytic

activity of ECP

Table 2 Lethal toxicity of A.
hydrophila (CAHH14 strain) to

rohu

Treatment Dose (ll) Percentage

of death

Death time

ECP (35�C) 100 Unheated 100 12

ECP (35�C) 100 Heated 60�C 40 72

100 Heated 80�C 20 72

100 Heated 100�C 0 0

ECP (30�C) 100 Unheated 100 24

ECP (30�C) 100 Heated 60�C 60 72

100 Heated 80�C 20 72

100 Heated 100�C 0 0

Live cells 2.5 9 105 cfu/ml 100 30

Heat killed cells 2.5 9 105 cfu/ml 0 0

PBS 100 0 0
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and A. biovar sobria at 28�C and reported that rabbit

erythrocytes were much more sensitive to Aeromonas

hemolysin. In our study we have also found sheep eryth-

rocytes are equally potent to it.

Proteases secreted by aeromonads are thought to con-

tribute to virulence for fish and other hosts [11]. Present

study on proteolytic activity of ECP of A. hydrophila

indicated highest proteolytic activity of the culture grown

at 30�C where as the ECP from the culture grown at 35�C

showed very less proteolytic activity. However, Gonzalez-

Serrano et al. [29] also studied on the proteolytic effect and

suggested that certain strains of A. hydrophila show lowest

proteolytic effect at 28�C. This result was only because of

ECP collected from the culture grown at different incuba-

tion temperature [30]. Cahill and Santosh et al. [31, 32]

reported considerable differences between the number,

types and quantities of proteases produced by aeromonads

by using different growth media and incubation

temperature.

On the basis of LD50 value obtained 1.7 9 104 cfu/ml,

the present strain was included in the high virulent category

(LD50 104–105) as reported by Mittal et al. [33]. Khalil and

Mansour [20] reported the LD50 value at 5 days for viable

cells of A. hydrophila in tilapia was 2.1 9 104 cells.

The results of lethal toxicity of different preparations of

culture supernatant fluid as well as live and killed cells of

A. hydrophila (CAHH14 strain) showed that when fish

injected with untreated ECP, the heat labile potential vir-

ulent factor of ECP (protease and hemolysin) plays an

important role in fish mortality. But the culture obtained

from different growth condition i.e. at 35�C (hemolytic

activity is more) causes 100% mortality in 12 h whereas

culture grown at 30�C (proteolytic activity is more) in

24 h. This indicates that virulence of ECP closely associ-

ated with production of haemolysin compound as com-

pared to protease activity. Since the morality rate was

reduced in both cases when ECP heated at 60�C it indicated

decrease in activity of hemolysin and protease compounds.

Increasing the temperature up to 80�C for 10 min showed

20% mortality, this might be due to some other heat-stable

virulent factors in ECP. Complete inactivation of haemol-

ysins, protease and other unknown virulent factor was

achieved by heating the ECP to 100�C that causes no

mortality in fish. Similar mortality results were obtained by

Inamura et al. [34] for Vibrio anguillarum against gold fish.

This study provide an evidence of production of

hemolytic and proteolytic exotoxin as well as unknown

heat stable virulent factors in ECP by A. hydrophila that are

responsible for causing mortality in fish. The lethality of

ECP was decreased by heating due to inactivation of

hemolytic and proteolytic activities and completely inac-

tivated by boiling at 100�C for 10 min. This study gener-

ated basic informations of strain and their virulent enzymes

that would helpful for further work in its pathogenicity and

development of effective measures for protection against

this pathogen.
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