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Abstract      
        Eighty samples were collected from wound swabs, five isolates ( 6.25 %) were obtained and 

diagnosed as Aeromonas hydrophila. All strains had the ability to production of the aerolysin . The 

strain AH4 had highest hemolytic activity 1024 HU/ml.  The aerolysin was extracted and purified 

partially by precipitation with ammonium sulphate (60%), the gel filtration was done by sephacryl S-

300 with specific activity, numbers of purification and percentage of recovery reached 94208 unit\ mg 

protein, 1.363 times and 5 respectively, for the isolate AH4 which was the best in aerolysin production. 

The histopathological effect of the aerolysin on the internal organs (spleen, liver,  kidney and lung ), 

the effect of the aerolysin was obvious in all histological samples.The histopathological observation 

results manifested that the damage of partial purification of aerolysin  to the spleen, liver,  kidney and 

lung of experimental mice  is the most serious.  
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 Aeromonas  المنقى جزئيآ من بكتريا  Aerolysin  التأثيرات المرضية النسجية لسم الـ 

hydrophila على الاعضاء الداخلية للفئران المختبرية 
 الخلاصة
 عتت ت و نتت     (%6.25)أي تنحتتت  عتت  عتتت   تي ي يت   5 قتتت  تل رو  تت   ع ت  . مت  محتت ا  روجت    عينتت   80جمعت           

Aeromonas hydrophila  . رظه   جميع روعت   قات ي ها ع   رن اج حل روت Aerolysin .  رعط  روعتوAH4  رع   فعاوي  و حل
( 1024 HU\ ml ) . ل رح خلاص   نقي  حل روت Aerolysin  ثتل رو  يتيا روهلامتـ تتت ( ( %60 رو  حيب تيت ي تا  ر م نيت ل  ت حاط

Sephacryl S-300   5, متت   1.363, م  تل تت   ي /   تتت  94208تفعاويت  ن عيت   عتتتت مت ر   نقيت   نحتت  رحتت  ترت و فعاويت  ت  ت 
ح  رو أثي ر  روم ضي  رونحتجي  وحتل ت  .  Aerolysinرو ـ يان  رفض  عتو  فـ رن اج حل روت  AH4ع   رو  روـ  ذوك تاونحت  و عتو  

رذ رظهت    رون تائ   رضت ر   رضت    فتـ ( رو ئت  , روي يت , رويتتت, روط ا ) رومنق  جتئيآ فـ رعضاء روفئ ر  رومخ ت ي    Aerolysinروت 
 .جميع رنحج  ر عضاء

 تتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتت
Introduction 

embers of the genus 

Aeromonas are medically 

important, Gram negative, 

rod-shaped microorganisms and are 

present in a wide range of habitats [1-

3]. A. hydrophila have been found in 

different sites in both freshwater and 

brackish water, and some strains seem 

to be resistant to the chlorination of 

drinking water [4,5]. They also occur 

in untreated and treated drinking-

water. Moreover, these bacteria is 

usually isolated from different 

terrestrial ecosystems, such as food 
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like (fish, milk, red meats, vegetables, 

and poultry) [6-8]. 

         Among various Aeromonas 

species, A. hydrophila is most 

commonly involved in causing human 

infections, including gastroenteritis, 

septicaemia,  pneumonia, sepsis, 

peritonitis, urinary tract infections, 

respiratory tract infections, severe 

muscle degeneration, cellulitis, bullous 

lesions,  ecthyma gangrenosum, and 

wound necrosis. [9-15]. The 

pathogenesis of A. hydrophila infection 

is complex and multifactorial. The 

bacteria produce a variety of virulence 

factors, including cytotoxic and 

cytotonic enterotoxins, S-layers, 

aerolysins, haemolysins, proteases, 

haemagglutinins, lipases, amylase, 

chitinase, elastase, nuclease, 

gelatinase, lecithinase, 

lipopolysaccharide (LPS), S-layer, 

capsules,  flagella, dermonecrotic 

factors   and are invasive to cultured 

cell lines [16-19]. 

        One of the major virulence factors 

is a toxin aerolysin (a protein), which 

possesses hemolytic activity against 

erythrocytes, cytotoxic activity against 

Vero cells and enterotoxigenicity in the 

suckling mouse test. Aerolysin  is one 

of the best-characterized bacterial 

channel-forming toxin [20-23]. Which 

play a key role in the pathogenesis of 

A. hydrophila infection [24,25]. 

Aerolysin is one of the major virulence 

factors had been produced by 

A.hydrophila, a human pathogen that 

produces deep wound infection and 

gastroenteritis [ 26 ]. The occurrence 

of A. hydrophila wound infections in 

healthy hosts after water- associated 

injury is being reported more 

frequently [ 8,22 ]. The A. hydrophila  

plays a significant role in wound 

infection with necrotization. Moreover, 

there are reports of fatal sequelae, 

including septicemia and myonecrosis 

[ 27 ]. 

        The lethal effects of the 

extracellular products of A. hydrophila 

have been reported in several 

experimental animals without 

description of any histological lesions, 

specially for aerolysin on experimental 

mice . So, the aim of the present study 

was to isolate of A. hydrophila from 

wound infection, partial purification of 

aerolysin, and study histopathological 

effect of aerolysin on experimental 

mice.  

   

Material and Methods 

Isolation and identification  

         A total of 80 samples were 

collected from patients who had 

infected with wound infection in Al- 

Musayib Hospital of Babylon city, and 

during March - May  2013. Swab 

samples of skin infection were plated 

onto blood agar, Mac Conkey agar, 

and Thiosulphate- Citrate- Bilesucrose 

agar (TCBS) plates. for 24 hour  

incubation at 37 ºC, oxidase-positive 

colonies were further identified. 

Biochemical tests were used for further 

identification,  and the strains were 

identified according to the 

classification of  [6,28, 29,30],  and 

were presumptively confirmed by a 

miniaturized API-20E system. 

Biochemical tests 

        Biochemical tests including the 

following tests ( growth on triple sugar 

iron agar, 

fermentation of lactose, sensaitivity to 

O/129 ( 150 µg ), voges-proskauer 

reaction, methl red, citrate utilization, 

catalase, oxidase, urease, elastase, 

dnase, protease, casienase, gelatinase, 

lipase, argininedihydrolase, ornithine 

decarboxylase, esculin hydrolysis, 

lysine decarboxylase ). 

Growth conditions for aerolysin 

production. 

        Bacterial strians were grown in 

brain heart infusion broth at 37ºC with 

shaking (200 r.p.m.)  log-phase (18 

hour ), then centrifuged with 4000g for 
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15 minutes at 4ºC. Supernatants were 

concentrated and sterile-filtered (0.22 

µm filter), and the extracellular 

contents of the bacteria released into 

medium was measured for hemolytic 

activity [31 ].  

Measurement of Hemolytic activity 

        Aserial twofold dilution of 

samples (culture supernatants) 1 ml for 

each supernatant were diluted in 0.1M  

phosphate  buffer, pH 6.8, containing 

0.9% sodium chloride. Each dilution 

was mixed with an equal volume of 

1% suspension of human erythrocytes . 

The mixture was incubated at 37 ºC for 

1 hour following which the unlysed 

cells and debris were removed by 

centrifugation at 1000 g for five 

minutes at 4°C and the absorbance was 

measured at 550 nm in a 

spectrophotometer . One hemolytic 

unit (HU) was defined as the inverted 

value of the dilution of toxin that 

showed complete hemolysis [ 32 ].   

Partial Purification of aerolysin  

        Ammonium sulfate was added to 

the culture supernatant ( 400 ) until a 

final saturation of 60% was achieved. 

The pH was adjusted to pH 6.8, and 

the supernatants were stored at 4°C for 

4 hour. The precipitate was isolated by 

centrifugation at 10,400 x g for 30 min, 

and the pellets were redissolved in 

0.1M (molar)  phosphate buffer and 

adjusted to pH 6.8 and dialyzed against 

the buffer. The clear solution was 

stored at 4°C with 0.02% sodium azide 

[ 33 ].   

Gel filteration chromatography 

        The dialyzed solution ( 5 ml ) was 

applied to a Sephacryl S-300 column 

(2.5 x 90 cm), and prepared according 

to the directions of the supplied 

company, and equilibrated with 0.1M  

phosphate buffer, pH 6.8 and eluted 

with the same buffer at flow rate of 60 

ml/hr. The column was washed with 80 

ml of the same buffer. The elutions 

were collected in 80 separated tubes 

each filled with 3 ml eluent.  Fractions 

which possessed Hemolytic  activities 

were pooled and stored at 4°C. Toxic 

fractions eluted from the column were 

designated as a partially purified toxin. 

Protein determination 

         The protein concentration in 

steps of purification of the aerolysin 

was determined by the Bradford 

protein assay [ 34 ] . 

Management of experimental 

animals 

        Albino male mice  were used to 

carry out the investigations of the 

present study. Their ages were ranged 

from 8 to 9 weeks, and their weight 

was 23-27 grams at the beginning of 

experiments. They were caged in the 

animal house of the supplier, in which 

the temperature was 26-30ºC,  and 

light: dark periods of 10:14 hours/day.  

The animals had free excess to diet 

(standard pellets) and drinking water 

during all experiments. 

Inoculation of partial purification of 

Aerolysin 

        A dose of 0.1 ml of aerolysin 

(Toxic fractions have 1024 HU/ml) 

was inoculated intraperitoneally  into 

three mice. These mice were killed  

after 24 hours later. Three mice were 

inoculated with 0.1 ml of phosphate 

buffer saline ( PBS ) as control group 

and two of them were killed  after 24 

hours . Following the necropsy, tissue 

samples from liver, kidney, spleen and 

lung  were taken for histopathological 

examination       [ 32 ].   

Histopathology. 

        Samples for histopathological 

examination were fixed in 10% of 

neutral buffer formalin and then 

embedded in parafin following routine 

tissue processing. Tissue sections in 5-

6 μm width were stained with 

haematoxylin-eosin using standard 

protocols  and evaluated under light 

microscope [ 35 ].  
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Results 

Isolation and identification of 

bacterial strains 

       Eighty samples were collected, 

five isolates ( 6.25 %) were obtained 

and diagnosed as A. hydrophila. The A. 

hydrophila strains  were identified by 

Gram’s staining which showed  gram-

negative bacilli. They were inoculated 

on blood agar, and MacConkey agar. 

Heavy growth of beta hemolytic 

colonies were seen on blood agar and 

non-lactose fermenting colonies on 

MacConkey Agar. They were motile, 

both catalase and oxidase positive. 

They grew at 37ºC . Colonies were 

buff-colored and did not grow on 

TCBS. The strians were tested for 

sensitivity to the vibriostatic agent 2,2-

diamine- 6,7-diisopropylpteridine 

phosphate (O/129) with 150 mg disks. 

A. hydrophila resistant to the 

vibriostatic agent O/129 (150 mg).  

They were an aerogenic and produced 

acid from glucose, maltose, mannitol, 

mannose, arabinose, sucrose but not 

from lactose, sorbitol and salicin. They 

reduced nitrate, hydrolyzed esculin, 

decarboxylated lysine, dihydrolysed 

arginine, produced hydrogen sulphide 

and indole on sulphide indole motility 

media. The Voges- Proskauer’s test 

was positive. They did not utilize 

citrate as a sole source of carbon. They 

did not have urease and phenylalanine 

deaminase activity. Based on these 

phenotypic characteristics, the strians 

were identified as A. hydrophila.  

Aerolysin production  

        The production of aerolysin was 

tested in liquid culture ( brain heart 

infusion broth) by used twofold 

dilution method. All strains had the 

ability to produce the aerolysin (Table 

1). The strain AH4 had highest 

hemolytic activity 1024 HU/ml. So, the 

strain AH4 was use for partial 

purification of aerolysin. 

 

method. by twofold dilutionA. hydrophila production from  erolysinA 1Table  

  

Hemolytic activity (HU/ ml) Strains 

128 AH1 

256 AH2 

16 AH3 

1024 AH4 

64 AH5 

 

Partial purification of aerolysin 

        The aerolysin was purified from a 

culture supernatant of A. hydrophila 

strain AH4. The hemolytic activity was 

always found in the third protein peak 

(figure 1). The concentrated solution of 

a pool of the fractions between 39 and 

50 was used as a partially purified 

toxin. The partially purified toxin 

possessed an hemolytic activity of 

4096 HU\ml .  The recoveries and 

specific activities at each step are 

shown in (Table 2). 
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strain AH4. A.hydrophilaPartial purification for aerolysin producing from  Table 2   

 
% 

Recovery 

Purification 

fold 

Specific 

activity 

( U/mg ) 

Protein 

concentration 

(mg/ml ) 

Total 

activity 

( unit) 

Activity 

(unit/ml) 

Volume 

( ml ) 

Purification 

step 

100 1 6912 6.75 409600 1024 400 Culture 

supernatant 

7.5 1.259 8704 4.25 30720 2048 15 Ammonium 

sulfate then 

dialyzed 

5 1.363 94208 2.30 20480 4096 5 Gel 

filteration 

by used 

sephacryl S-

300 

 

 
Fraction number 

Figure 1 Gel filteration chromatography by used sephacry S-300. Column (2.5 x 90 

cm) forpartial purification aerolysin from A.hydrophila strain AH4. The column 

equilibrated with 0.1M phosphate buffer, pH6.8 and eluted with the same buffer at 

flow rate, 1 ml\ min, tube volume, 3ml per fraction. Symbols: ●, protein concentration 

■, hemolytic activity. 

                                                                                                         

Histopathological effect 

        The histopathological effect in 

spleen,liver,kidney and lung of 

experimental mice which killed after 

inoculated of partial purification of 

aerolysin,  was observed by routine 

paraffin section and H.E.staining.The 

obtained results showed that spleen 

with          extramedullary hemopoiesis  

and   white pulp hyperplasia (Figure 

2). While the liver section had marked  

prominent kupffer cell hyperplasia 

with Several inflammatory cells were 

seen in the sinusoids (Figure 3).  

Damages in kidney were characterized 

by  periarteriola with chronic 

inflammatory cell infiltration.Mild 

interstitial hemorrhage with chronic 

pyelonephritis and necrosis of renal 

tubular epithelial cells  (Figure 4 ). In 
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addition, chronic bronchopneumonia 

occurred in lung with vascular 

congestion and parenchymal 

hemorrhage (Figure 5). The above 

histopathological observation results 

manifested that the damage of partial 

purification of aerolysin  to the 

spleen,liver,  kidney and lung of 

experimental mice  is the most serious. 

These in vivo data pointed to a 

disseminative role of the aerolysin in 

the infected animals. This study is the 

first report that indicate the 

histopathological effect from aerolysin 

on internal organs of experimental 

mice.

                                                                                                                             

 
 

Figure 2 Section in spleen tissue for experimental mouse after injected intraperitoneal 

by partial purification aerolysin at concentration 1024 U\ml. (Hematoxylin and 

eosin,magnification 400x ). 

 
 

Figure 3 Section in liver tissue for experimental mouse after injected intraperitoneal 

by partial purification aerolysin at concentration 1024 U\ml. (Hematoxylin and 

eosin,magnification 400x ). 
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Figure 4 Section in kidney tissue for experimental mouse after injected 

intraperitoneal by partial purification aerolysin at concentration 1024 U\ml. 

(Hematoxylin and eosin,magnification 400x ). 

 
Figure 5 Section in lung tissue for experimental mouse after injected intraperitoneal 

by partial purification aerolysin at concentration 1024 U\ml. (Hematoxylin and 

eosin,magnification 200x ). 

 

Discussion 

        Wound infections are the second 

most common site for A. hydrophila 

isolation . Aeromonas species can be 

associated with a variety of skin and 

soft tissue infections  ranging from 

mild topical problems such as pustular 

lesions to serious or life-threatening 

infections [36]. Fatal Aeromonas 

wound infections in healthy adults 

have also been reported [28 ].Recently, 

Okumura et al. [7]  revealed that 

Aeromonas was isolated in 6.9% of 

cases from wound infection. While 

Hiransuthikul, et al. [37] revealed the 

most common organisms isolated were 



230 

 

A. hydrophila 16.2%. In addition, 

Wang et al. [1 ] reviewed  that  9.9% 

A. hydrophila isolates.  A. hydrophila  

was the most common pathogen 

identified, accounting for 22.6% of all 

isolates recovered from 396 persons 

with skin and soft tissue infections 

[38]. Aeromonas wound infections 

have an incubation period of 1-2 days 

and may be even as short as 8 hours. It 

resembles streptococcal infection due 

to its rapid progression. Tissue 

adherence, cytotoxins, enterotoxin 

production and extracellular substances 

contribute  

Towards its pathogenecity [27].                                                                                        

        Aerolysin gene was detected in 

85% of the isolates during the study of 

[24]. Bhowmik et al.  [ 16 ] reviewed 

that the majority (71 %) of the 

environmental isolates of A. 

hydrophila produced aerolysin. While 

Subashkumar et al. [2] revealed among 

the 21 isolates, aerolysin producers 

were 95 % . Among bacterial species 

isolated from humans, 90% of strains 

produce aerolysin [ 38 ]. A total of 670 

samples  activities were observed in 

43% of the tested strains [ 29 ]. From 

21 isolats of A. hydrophila tested 20 

(95.2%) of them were haemolysin 

producers [2]. Aerolysin gene  

presented in (72%)  for the clinical 

isolates [ 39 ].  

        Aerolysin is a channel-forming 

protein secreted by virulent 

Aeromonas spp. Some eucaryotic cells, 

including T-lymphocytes, are sensitive 

to very low concentrations of the toxin 

(<10
-9

 M). Here we show that 

aerolysin binds selectively and with 

high affinity to the 

glycosylphosphatidylinositol (GPI)-

anchored surface protein Thy-1, which 

is found on T-lymphocyte populations 

as well as in brain [ 40 ]. Aerolysin is 

clear that it destroys erythrocytes by 

breaching the permeability barrier    

[39,41]. However, at low toxin 

concentrations, other causes of death 

may be more important [42]. Aerolysin 

may have several advantages as a 

component of molecules targeted to 

cancer cells., may represent an 

important new approach to cancer 

therapy  [43].The aerolysin is a main 

effector of Aeromonas-inducedbarrier 

impairment, as bacteria, supernatants, 

or aerolysin alone caused similar 

barrier effects . Aerolysin is lethal to 

mice, that immunization against the 

toxin leads to protection  than the 

parental strain in a mouse model 

[31,40]. The infectious dose of 

aerolysin was 11·95 μg/g fish and 

contained 1·6 HU  per fish [32]. 

Aerolysin is capable of killing 

mammalian cells at picomolar 

concentrations [43]. 

        Aerolysin is a well-known pore-

forming toxin that was first purified 

from A. hydrophila [17]. The aerolysin 

was purified from the extracellular 

products (ECPs) of A. hydrophila ZN1 

strain by affinity chromatography with 

McAb 3C12B11 and eluted with 

glycine [44]). Aerolysin was purified 

by use Hydrophobic column 

chromatography (phenyl-Sepharose) 

[33].Aerolysin was purified from 

Aeromonas sobria AB3 . Briefly, the 

concentrated supernatant. loaded onto 

an anion-exchange column with fast 

protein liquid chromatography 

apparatus [45] By 60% saturated 

ammonium sulfate, and 

chromatographed on a cation 

exchanger, SP-Toyopearl the toxin was 

purified [ 21 ].  

The mouse organs (lungs, liver, and 

spleen) were histopathologically 

analyzed. In the   mice infected with A. 

hydrophila, the lung section had 

marked vascular congestion, alveolar 

hemorrhage, and widening of the 

interstitium. The liver section showed 

prominent coagulative necrosis of the 

hepatic parenchyma. Several 

inflammatory cells were seen in the 

sinusoids. In the spleen section of 
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mice, the splenic follicle exhibited 

necrosis and apoptotic cells in the red 

pulp in proximity to the lymphoid 

follicle [46]. 

Furthermore, it is also observed in a 

study [7] about A. hydrophila infection 

for fishes. Major histopathologic 

findings of the disease were observed 

in liver and kidney tissue. 

Haemorrhage in liver with 

degenerative changes in liver and 

necrosis of pancreatic cells  and 

hyperemia . Focal necrosis of 

hepatocytes  and lymphocyte 

infiltration. Severe hyperemia in 

kidney and degenerative changes in 

tubule epithels. Haemorrhage in kidney 

and necrosis at tubule epithelial . 

Internally, the liver and kidneys are 

target organs of an acute septicemia. 

These organs are apparently attacked 

by bacterial toxins and lose their 

structural integrity. In liver, sinusoids 

were enlarged and Remak cords were 

dissociated, observation of focal 

necrosis in hepatocytes and pancreas 

cells. The reason of the lipidosis and 

necrosis of the liver was reported to be 

associated with toxins and extracellular 

products such as hemolysin, protease, 

elastase produced by A. hydrophila . 

        The extracellular products induce 

mainly the degeneration of 

haematopoietic cells, including 

erythrocytes, giving them a rounded, 

hyaline appearance, particularly in the 

kidney and spleen. Most of the 

mediators of the immune-inflammatory 

response induced by A hydrophila 

and/or its toxins through its interaction 

with mammalian leucocytes have been 

described in fish. The extracellular 

products induced milder 

haemodynamic changes but more 

severe in tissue changes than the 

bacteria [32]. Wang and others [1] 

suggested that the cause of the 

cytotoxicity of Aeromonas species and 

their extracellular products may be 

multifactorial and that the products 

(haemolysins, aerolysin,  enterotoxins, 

proteases and RNases) may be acting 

either alone or in concert. The 

intraperitoneal inoculation of A. 

hydrophila strain KJ99 into tilapia 

hybrids and white cachama produced 

haemodynamic changes similar to 

those observed in the septicaemic 

process in mammals. The bacterium 

itself seems to play a significant role in 

initiating the pathological process, 

particularly in inducing inflammation. 

However, some of the extracellular 

products released during the infection 

could also play an important role in the 

pathogenesis, probably inducing 

degeneration and necrosis. A wide 

range of biological functions related to 

the  aerolysin of A hydrophila has been 

described, including haemolytic and 

proteolytic activities lethal to fish  

[32]. 
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