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ABSTRACT: Virulence factors were compared in Aeromonas species isolated from clinically normal 
and septicaemic farmed frogs from Thailand. Haemolysin activities against frog erythrocytes were sig- 
nificantly different within the collection of aeromonads. Groups of high haemolytic activity (unspeci- 
ated Aeromonas, Au), moderate haemolytic activity (A.  hydrophila), and low haemolytic activity (A.  
veronii biovar sobria, A. veronii biovar veronii, A. caviae, A. schubertii) were noted. DNA colony 
hybridisation studies revealed that Au isolates possessed a haemolysin gene (ASH1) which was not 
present in any of the other Thai aeromonads or type strains tested. Elastinolytic activity was demon- 
strated in 90% of the Au isolates, 60% of the A. hydrophila isolates and in none of the other motile 
aeromonads. The cytotoxic activity of the Aeromonas isolates varied accordmg to the source of cells 
used in the assays. CeUs from rainbow trout were extremely sensitive to Au toxins but less so to toxins 
produced by other species. In contrast mammalian cells showed very little sensitivity to Au toxins but 
were more sensitive to toxins produced by A. hydrophila. Selection of suitable assay substrates is there- 
fore important. 
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INTRODUCTION 

Motile Aerornonas species have been recognised as 
pathogens of poikilothermic animals for over a hun- 
dred years (Carnahan & Altwegg 1996). Recently 
members of the genus have been recognised as human 
pathogens, giving rise to both intestinal and extra- 
intestinal infections (Janda & Duffey 1988). 

Aeromonas spp. produce a range of extracellular 
toxins and enzymes and studies have attempted to cor- 
relate the production of potential virulence determi- 
nants with the pathogenicity and source of Aeromonas 
isolates (Hsu et al. 1981, Santos et al. 1988, Kirov et al. 
1994, Majeed & MacRae 1994, Pin et al. 1994, Esteve et 
al. 1995, Vadivelu et al. 1995). Production of protease 

and haemolysin in particular have been implicated as 
key extracellular activities associated with pathogenic- 
ity of infections in both animals and humans (Cahill 
1990, Janda 1991, Janda et al. 1994). Aeromonas cul- 
ture supernatants are however multifunctional; there- 
fore understanding the role of individual extracellular 
toxins in the pathogenesis of septicaemic disease is 
difficult. Aerolysin, an extracellular, heat-labile hae- 
molysin is a prime example of this problem. In addition 
to being haemolytic it is also cytolytic and enterotoxi- 
genic (Asao et al. 1984, Janda 1991). 

The aerolysin gene from Aeromonas hydrophila has 
been cloned and sequenced by Howard et al. (1987). 
Further studies indicated that aerolysin-like haemo- 
lysins are widely distributed in aeromonads (Hirono & 
Aoki 1992, 1993, Hirono et al. 1992). It has been 
demonstrated however that various haemolysin genes 
with different structures are also present in aeromon- 
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ads. Two haemolysin genes designated AHH-1 and 
AHH-2, which showed low homology values with 
each other and with the aerolysin gene sequence, 
were cloned from a single A. hydrophila isolate (Aoki 
& Hirono 1991). In addition a third gene cloned from 
an isolate of A. salmonicida and designated ASH1 
showed no homology with any Aeromonas haemoly- 
sin gene sequences published in the DNA data banks. 
The exact role of haemolysins in the pathogenesis of 
Aeromonas septicaemias has yet to be fully eluci- 
dated. 

Outbreaks of motile aeromonad septicaemia can 
reach epidemic proportions in farmed aquatic animals, 
with high rates of mortality (Joseph & Carnahan 1994). 
In a survey of frogs farmed in Thailand, aeromonads 
conforming to the phenospecies Aeromonas hydro- 
phila, A. sobria biovar sobria, A. sobna biovar veronii, 
A. caviae and A, schubertii were isolated from the skin 
and intestine of clinically normal and septicaemic 
frogs. The aeromonads consistently isolated from the 
internal organs of septicaemic, adult frogs however did 
not conform to any previously described Aeromonas 
phenospecies or genospecies and were designated 
Aerornonas unspeciated (Au) (Pearson et al. 1997). 

This study was undertaken to examine the haemo- 
lytic, cytotoxic and proteolytic properties of the Aero- 
monas extracellular products and determine whether 
these could be linked to the origin of bacterial isolates 
or phenospecies identified. 

MATERIALS AND METHODS 

Bacterial isolates and culture conditions. The motile 
Aerornonas isolates used in this study are listed in 
Table 1. The bacteria were isolated on tryptone soya 
agar (TSA, Oxoid) and Aeromonas selective media 
(Oxoid). Isolates were phenotyped on the basis of their 
biochemical reactions in the API 20 E system (Bio- 
Merieux, France) and following the identification sys- 
tem (Aerokey 11) described by Carnahan et al. (1991). 
During the course of the study isolates were main- 
tained for short periods at room temperature on TSA 
slants and for longer term at -70°C in cryo-preserva- 
iive in c~mmerda:ly prepaied cjhss ';cads (P:=tztt, 
UK). Isolates were subsequently recovered in tryptone 
soya broth (TSB, Oxoid) and subcultured on TSA. All 
bacterial cultures were incubated at 30°C. 

Preparation of extracellular products. Five m1 of 
TSB were inoculated with 1 bacterial colony and incu- 
bated for 24 h at 30°C. The bacterial suspension was 
then centrifuged at 3000 X g for 10 min at 4°C. The 
supernatant was removed and filtered through a 
0.45 pm filter. The filtered supernatant was stored at 
4°C for no more than 24 h. 

Table 1. Aeromonas isolates. NCIMB = National Collection of 
Industrial and Marine Bacteria. CECT = Coleccion Espanola 

de Cultivas T ~ p o  

A .  veronii bv sobria 12 

A. veronii bv veronii 4 

A .  caviae 

A. schubertii 

A. salmonicida 

A. sobria 

A. media 

A.  eucrenoph~la 

A. jandaei 

A. trota 

A. allosaccharophila 

A. encheleia 

Phenospecies No. of strains Sources 

Au 11 Frog liver (7), frog muscle 
(2), frog heart ( l ) ,  frog 
spleen (1) 

A hydrophila 13 Frog intestine (2), tadpole 
liver (2), tadpole kidney 
(l), tadpole intestine (2), 
tadpole skin (4), pond 
water (l),  NCIMB 9240 

Frog intestine (3), frog slun 
( 4 ) ,  tadpole hdney  ( l ) ,  
tadpole intestine ( l ) ,  tad- 
pole skin (l) ,  pond water 
(l), NCIMB 37 

Frog intestine (2), tadpole 
skin ( l ) ,  CECT 4257 

Frog intestine (2) ,  frog 
skin (3), CECT 838 

Frog skin (l), CECT 4240 

CECT 894 

CECT 837 

CECT 4232 

CECT 4224 

CECT 4228 

CECT 4255 

CECT 4199 

CECT4342 

Preparation of blood cell suspensions. Chinese bull- 
frogs Rana rugulosa were anaesthetised with 4 m1 of 
2.5% benzocaine (dissolved in ethanol) per 10 1 of 
water. Blood was withdrawn by cardiac puncture into a 
heparin-coated syringe, placed in a solution of 9.5 m1 
sterile physiological saline with 0.5 m1 heparin and 
spun at 1000 X g for 15 min. The supernatant was dis- 
carded and the blood cells were resuspended 1:400 
with sterile physiological saline. Blood was only with- 
drawn from frogs which were considered clinically 
normal, i.e. those which exhibited skin lustre, bright 
eyes, an energetic feeding response and actively 
attempted ex~=de rantiire, 

--F --- 
Haemolysin assay. Volumes (100 p1) of prepared 

blood cell suspension were added to doubling dilutions 
of 100 p1 of ECPs in 1.00 11 of sterile saline on a 
microtitre plate (U-bottomed wells). Each supernatant 
was tested in duplicate on each plate. 100 p1 of blood 
cell suspension was added to 100 p1 of saline to act as a 
control. Plates were incubated for 1 h at 37°C and then 
for 12 h at 4°C. Haemolytic titres were expressed as the 
reciprocal of the highest dilution of crude ECP needed 
to produce partial haemolysis of erythrocytes. 
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Detection of haemolysin genes by colony hybridisa- 
tion. Ten Au isolates, a selection of speciated Thai aero- 
monads and 13 Aeromonas type strains (see Table 2 )  
were screened for homologous sequences to cloned 
haemolysin genes AHH1, AHH4, ASAl and ASH1, fol- 
lowing colony hybridisation methods described previ- 
ously (Hirono & Aoki 1993). DNA probes were labelled 
with a3'P-dCTP (>3000Ci ml-', Du Pont-NEN Corp., 
Boston, MA, USA) using a commercial random-primer 
labelling kit (TaKaRa Random Primer DNA Labelling 
Kit, Version 2, TaKaRa Biomedicals, Japan). Colonies 
of each test bacterium were transferred to a portion of 
HybondTh"N+; positively charged nylon membrane 
(Version 2.0, Amershain Life Science, Amersham Inter- 
national plc, UK). Transformed E. col1 colonies contain- 
ing known haemolysin gene inserts provided positive 
controls. The membranes were incubated with the 
labelled haemolysin DNA for 12 h at 42°C. Hybri- 
disation proceeded under highly stringent conditions. 
After hybridisation, membranes were washed at 60°C 
for 10 to 15 min each in: 2x SSC (20x stock solution of 
3 M NaCl, 0.3 M Na3citrate, pH 7.0, diluted in distilled 
water); 0.1 5% sodium dodecyl sulphate (SDS); 0 . 5 ~  SSC 
- 0.1 "/U SDS; then in 0 . 1 ~  SSC - 1 % SDS. The washed 
membranes were exposed to Fuji X-ray film (Fuji 
Photo Film Co., Kanagawa, Japan) at -80°C for 24 h. 

Elastase assay. The elastinolytic activity of the Aero- 
monas isolates was evaluated using a quantitative 
plate assay technique described by Hsu et al. (1981). 
Ten m1 of TSB were inoculated with a single colony of 
test bacteria from an overnight culture on TSA and 
incubated at 30°C for 24 h. Elastin modified agar plates 
were spot inoculated using a multipoint inoculator 
(Denley) to give 1 p1 of each bacterial suspension con- 
taining approximately 106 cfu ml-'. Each bacterial sus- 
pension was tested in duplicate with 4 inocula plate-'. 

The inoculated plates were incubated at 30°C for 
72 h,  and the size of the zones of clearing was mea- 
sured. A zone ratio was obtained by dividing the diam- 
eter of the zone of reaction by the diameter of its colo- 
nial growth. The elastinolytic activity was defined from 
the zone ratio values as negative, intermediate or pos- 
itive according to a ratio of 0, between 0 and 3, and 
higher than 3 respectively. 

Cytotoxicity assays. Cytotoxicity assays were carried 
out following a modification of the method described 
by Wilcox et al. (1994) on Vero (African green monkey 
kidney), RTG-2 (rainbow trout gonad), SSN-1 (snake- 
head) and HCT (catfish) cell lines. 

Doubling dilutions of 100 p1 of ECPs in 100 p1 of 
phosphate buffered saline (PBS) were prepared in flat- 
bottomed 96-well microtitre plates; each supernatant 
was tested in duplicate on each plate. Cell suspensions 
(100 1.11) containing approximately 1 X 106 cells ml-' 
were added to each well. As a negative control, cell 

suspensions were added to doubling dilutions of the 
TSB. 

Cytotoxicity was assessed by visual observation at 
x40 with an Olympus IMT-2 phase-contrast inverted 
microscope. Cytotoxlcity was defined as 250% cells 
lysed within a 24 h period for the Vero cells and within 
3 d for the fish cell lines. Toxicity titres were expressed 
as the reciprocal of the highest dilution of crude ECP 
able to produce a cytotoxic response. Cytotoxin posi- 
tivity was defined as a reciprocal titre of 1 4 .  

Data analysis. Haemolytic, elastinolytic and cyto- 
toxic data were analysed in the statistics package 
sigmaState (Jandel Scientific) using ANOVA and 
Dunn's all pairwise multiple comparison procedures. 

RESULTS 

Haemolytic, elastinolytic and cytotoxic properties 

The haemolytic, elastinolytic and cytotoxic activities 
of the individual Aeromonas isolates are depicted 
graphically in Figs. 1 to 6. Haemolysin production de- 
termined against frog erythrocytes allowed division of 
the isolates into 3 groups of high, moderate and low 
activity (Fig. 1). The high activity group were all Au 
isolates from internal locations in adult frogs. Those 
with moderate activity were A. hydrophila isolated 
from external locations in adult frogs and tadpoles and 
3 internal isolates from tadpoles. The remaining group 
of low haemolytic activity were from the same loca- 
tions as the A. hydrophila isolates but were different 
species, i.e. mainly A. veronii biovar sobria with a few 
isolates of A. caviae, A. veronii biovar veronii and A. 
schubertii. Analysis of the data using all pairwise mul- 
tiple comparison procedures (Dunn's method) revealed 
that the differences in haemolytic titre between the 3 
groups were highly significant (p < 0.01). 

Elastinolytic activity was demonstrated in 90 % of the 
Au isolates examined, 60% of the Aeromonas hydro- 
phila isolates and in none of the other motile aeromonads 
(Fig. 2). The range of zone ratios was similar for Au and 
A. hydrophila; Au ratios ranged from 0 to 3.6 and A. hy- 
drophila ratios from 0 to 3.2. Zone ratios were consistent; 
8 of the 9 Au isolates and 2 of the 3 positive A. hydrophila 
had zone ratios greater than 3. Analysis of the data using 
all pairwise multiple comparison procedures (Dunn's 
method) revealed that there was a significant difference 
between the zone sizes of the Au isolates and those of 
the other Aeromonasspecies (p < 0.05) but not between 
Au and the A. hydrophila isolates or between the A. 
hydrophila isolates and the other Aeromonas species. 

The production of cytotoxins was determined in dif- 
ferent mammalian and fish cell lines. The cytotoxic 
activity of all the aeromonads varied according to the 
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Haemolytic urre 

Fig. 1. Haemolytic activity of Aeromonas isolates 

A sobria bv sobria 

.A. veronii bv veronii 

3.1 3.2 

Zone size (mm) 

Fig. 2. Elastinolytic activity of Aeromonas isolates 

cell line used; however, this variation was most marked 
in the Au isolates. All the Au isolates displayed strong 
cytotoxic aciiiiitf against i a i i i b ~ ~  trout cells (RTC-2j 
(Fig. 3). Titres were consistent with 7 isolates yielding 
a titre of 256 and the remaining 3 isolates ylelding a 
titre of 128, a difference of only a single 2-fold dilution. 
In comparison a selection of 10 Aeromonas hydrophila 
from Thailand plus 1 type strain yielded titres ranging 
from 0 to 64 with little consistency in the results. The 
remaining group of motile aeromonads consisting of 
A. veronii biovar sobria, A. veronii biovar veronii, A. 
caviae and A. schubertij displayed much lower cyto- 
toxicity titres ranging from 0 to 16. This division of the 

cytotoxic activity into 3 groups of high, moderate and 
low activity parallels that of the haemolytic titres of 
Acro,=;.czas ECPs against frog h!ood. 

In contrast results from the mammalian cell line 
(Vero) produced a different profile (Fig. 4). All the Au 
isolates displayed very little cytotoxic activity against 
this cell line although the results were again consis- 
tent. Six isolates yielded a titre of 0 while the remain- 
ing 4 isolates yielded a titre of 2. Cytotoxin positivity 
was defined as a reciprocal titre of 1 4  (Wilcox et al. 
1994), therefore 100% of Au isolates did not possess a 
cytotoxin active against Vero cells. Several of the 
Aeromonas hydrophila isolates, however, displayed 
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Fig. 3. Cytotoxic activity against RTG-2 cells 
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Fig. 4 .  Cytotoxic activity against Vero cells 
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strong cytotoxic activity; 4 of the 11 isolates displayed 
titres of 128, although titres were again variable rang- 
ing from 0 to 128. Titres for the remaining Aeromonas 
species were lower from 0 to 64 with 5 isolates yielding 
titres of less than 4. 

The division of titres into high, moderate and low 
activity groups were less distinct with the snakehead 
(SSN-1) (Fig. 5) and catfish (HCT) (Fig. 6) cell lines. Au 
titres appeared higher than those for Aeromonas hy- 
drophila and the other aeromonads but showed more 
variation, ranging from 4 to 64 against SSN-1 and 32 to 
512 against HCT. The SSN-1 cell line titres ranged 
from 2 to 32 with A, hydrophila titres and from 0 to 16 

. 

with the other Aeromonas species (7 of which were less 
than 4). The HCT titres showed even less distinction 
with A. hydrophila and the other motile aeromonads 
yielding the same range from 0 to 128. 

- 

Haemolysin colony hybridisation 

Results are shown in Table 2. Under highly stringent 
conditions the AHHl probe (cloned from Aeromonas 
hydrophila) hybridised with all the Au strains tested, 
with 3 out of 4 A. hydrophila isolates from Thailand, 
and with the type strains of A. hydrophila and A. sal- 
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Fig. 5. Cytotoxic activity against SSN-1 cells 
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Fig. 6 .  Cytotoxic activity against HCT cells 
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monicida. In contrast, the aerolysin homologue AHH4 
(cloned from A. hydrophila) hybridised with only 2 A. 
hyarophila isoiaies from T'naiiana and wiiii i i~e  iype 
strain of A.  salmonlcida. The ASAl probe (cloned from 
A. sobria) hybridised with 4 out of 5 A. veronii biovar 
sobria isolates from Thailand, with 1 out of 4 A. hydro- 
phila from Thailand, with the single A. schubertii from 
Thailand, and with the type strains of A. sobna, A. 
veronii biovar sobria, A. veronii biovar veronii and A. 
schubertii. The ASH1 gene (cloned from A. salmoni- 
cida) hybridised with all 10 of the Au isolates but did 
not react with any of the other Thai aeromonads or 
type strains examined. 

DISCUSSION 

- 
-- 

TL:- -A---,-- -L-- - 4 &L &L..--- .v,..- -.mt;.,;t;n -,m=," I L I I ~  sruuy a ~ ~ u h e u  L L ~ L  Ilar;ulu!l=;lr ULLIIILILS G~U; .S (L  

frog erythrocytes were significantly different amongst 
the collection of aeromonads. The isolates with high 
haemolytic activity (Au) were all found internally in 
septicaemic adult frogs, indicating that haemolysin 
production may be correlated to origin and potential 
virulence of Aeromonas isolates. A similar finding was 
obtained by Janda et al. (1994), who studied 20 isolates 
of Aeromonas from human blood and found that ele- 
vated levels of protease and haemolysin activity could 
be correlated with higher virulence. 

U A sobrto bv s o h a  

S! A cavrae 

B A. wronrt bv veronlr 

HA. schttbertrr 
D Aeromonus unspxlaled 
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Several authors have reported a relationship be- 
tween high elastase activity and virulence of bacterial 
strains (Hsu et al. 1981, Santos et al. 1988, Esteve et al. 
1995). In the present study all but one of the Au isolates 
demonstrated elastinolytic activity, as did 3 of the 5 
Aeromonas hydrophila isolates examined. None of the 
other motile aeromonads displayed any elastinolytic 
activity. There was a significant difference between 
the elastinolytic capabilities of the Au group and the 
other Aeromonas species but not between Au and A. 
hydrophila. It is probable that possession of elastase 
enhances bacterial pathogenesis through degradation 
of critical host proteins but that elastinolytic abilities 
alone do not confer virulence on an isolate. 

The cytotoxic activity of the Aeromonas ECP against 
the RTG-2 cells paralleled the division of their haemo- 
lytic activities into 3 groups of high, moderate and low. 
This cell line proved extremely sensitive to Au cyto- 
toxin but less so to the toxins produced by other 
species. In contrast, the mammalian cell line (Vero) 
showed little sensitivity to the cytotoxins produced by 

Table 2. Number of Aerornonas isolates reacting with haemolysil 

Species Source n A H H l d ~ H H 4 h  ASA1'  ASH^^ 

Au Internal frog 10 10 0 0 10 

A. hydrophla External frog 3 2 2 1 0 
Environment 1 1 0 0 0 
Type strain 1 1 0 0 0 

A. veronii External frog 4 0 0 4 0 
bv sobria Environment 1 0 0 0 0 

Type strain 1 0 0 1 0 

A. schubertii External frog 1 0 0 1 0 
Type strain 1 0 0 1 0 

A. veronii External frog 2 0 0 0 0 
bv veronii Type strain 1 0 0 1 0 

A. caviae External frog 2 0 0 0 0 
Type strain 1 0 0 0 0 

A. salmonicida Type strain 1 1 1 0 0 

A. sobria Type strain 1 0 0 1 0 
A. media Type strain 1 0 0 0 0 

A. eucrenophila Type strain 1 0 0 0 0 

A. jandaei Type strain 1 0 0 0 0 

A. trota Type strain 1 0 0 0 0 

A. allosaccharophila Type strain 1 0 0 0 0 

A. encheleia Type strain 1 0 0 0 0 

"AHH1 gene cloned from A. hydrophila, low sequence homology (42%) 
with aerolysin gene 

bAHH4 gene cloned from A. hydroptula, high sequence homology (93 %) 
with aerolysin gene 

'ASAl gene cloned from A. sobria, significant sequence homology (66%) 
with aerolysin gene 

dASHl gene cloned from A. salmonicida, no significant sequence homolo- 
gies with bacterial haemolytic proteins in GenBank-EMBL DNA database 

the Au isolates but were more sensitive to those toxins 
produced by the A. hydrophila group. 

In the past Vero cells have been recommended as 
the cell line most appropriate for screening Aeronlonas 
cytotoxins (Kuijper et al. 1989, Noterdaeme et al. 
1991). Many studies have used Vero cells alone to 
screen for cytotoxins (Vadivelu et  al. 1991, 1995, 
Majeed & MacRae 1994). While this assay may be 
appropriate for studies on human isolates, caution 
should be exercised when interpreting results for iso- 
lates of aquatic origin. 

These findings supplement and support those of 2 
earlier studies. Bernheimer et al. (1975) investigated 
the sensitivity to aerolysin of erythrocytes from 11 dif- 
ferent animal species (all mammalian). Their results 
showed that RBC from different mammals differed 
greatly in sensitivity to lysis by purified aerolysin. 
Those from rat were 300 times more sensitive than 
those from sheep, whereas RBC from other species 
exhibited intermediate degrees of sensitivity or resis- 
tance. Nzeako et al. (1991) examined haemolysin pro- 

duction of Aeromonas hydrophila iso- 
lates using different cultural methods 

n gene probes 
and erythrocytes from 6 different ani- 
mal species. The authors concluded that 
A, hydroph~la produced multiple hae- 
molysins which had differing specifici- 
ties for particular types of erythrocytes. 

These papers illustrate the impor- 
tance of selecting reagents appropriate 
to the strain and origin of isolates under 
investigation. Paniagua et al. (1990) ex- 
amined virulence factors of 97 motile 
Aeromonas spp. isolated from a river 
but found no correlation between caesi- 
nase, haemolytic and cytolytic activities 
and virulence for rainbow trout. The 
findings, however, may have been dif- 
ferent had the authors used RBC from a 
source other than sheep. 

Vadivelu et al. (1991) in a study of 
human clinical isolates found that some 
isolates produced either cytotoxin or 
haemolysin alone and concluded there- 
fore that the haemolysin and the cyto- 
toxin may be 2 different proteins. In 
their study only Vero cells and rabbit 
erythrocytes were used to determine 
toxic activity and this may have influ- 
enced the results. It will not be possible 
to determine whether the cytotoxin and 
haemolysin are the same factor until 
each toxin has been purified and 
assayed against a range of RBC origins 
and cell culture types. 
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The results presented in this study demonstrated 
that the haemolytic abilities of the Au isolates against 
frog erythrocytes were significantly higher than those 
of the Aeromonas hydrophila isolates and other Aero- 
monas species. The colony hybridisation studies re- 
vealed that Au isolates possessed haemolysin genes 
which differed from those of the other Aeromonas iso- 
lates. In particular, the gene ASHl was present in Au 
and in none of the other Thai aeromonads or type 
strains tested. Previous work with haemolysin gene 
probes had indicated that almost all motile aeromon- 
ads possess either the sobria gene ASAl (or one of its 
homologues) or the hydrophila gene AHH4 (Hirono et 
al. 1992, Hirono & Aoki 1993). Au therefore is unusual 
among the motile aeromonads in possessing neither of 
these genes although both were present in other motile 
aeromonads from Thailand. 

It is interesting that all 10 of the Au isolates pos- 
sessed the ASHl gene as this had previously only been 
found in a single Aeromonas salmonicida isolate. It 
was originally thought that this gene did not originate 
in aeromonads but was acquired from another genus 
during bacterial passage in the laboratory (Hirono & 
Aoki 1993). The fact that all 10 of the Au isolates pos- 
sessed this gene indicates that it does in fact belong to 
the genus Aeromonas and may explain the higher 
haemolytic activity against frog RBC of the Au isolates 
in comparison to the other motile aeromonads from 
Thailand. As indicated by the work of Bernheimer et 
al. (1975) and Nzeako et al. (1991), it is probable that 
the products of differing haemolysin genes have a 
range of activities against cells from various sources. 
The aerolysin gene product may be active against cells 
of mammalian origin while the ASHl product is active 
against cells from aquatic animals. 

Chakraborty et al. (1987) presented genetic evi- 
dence that the aerolysin structural gene aerA is found 
in all members of the genus. Howard et al. (1996) sug- 
gest that this gene is not found in other bacteria and 
that it may be considered a distinguishing feature of 
the genus Aeromonas. DNA hybridisation studies, 
however, by Hirono et al. (1992) indicated that only 
4 of 14 (28.6%) clinically isolated strains of motile 
Aeromonas spp. contained nucleotide sequences hom- 
oiogous to the A. nyciropniia aeroiysin gene, therefore 
raising doubts about the use of this gene to distinguish 
the genus. The present study confirms this finding, 
only 3 of the 37 isolates tested contained the AHH4 
homologue of aerolysin and only a further 10 isolates 
contained sequences homologous to the closely related 
A. sobria aerolysin ASA1. The Au isolates although 
highly haemolytic for frog erythrocytes contained 
genes AHHl and ASHI. The AHHl gene has low 
homology with aerolysin while ASHl does not have 
homologous sequences with any bacterial haemolpc 

proteins present in the DNA data banks. The use of 
aerolysin as a marker for the genus Aeromonas is 
therefore questionable. 

In conclusion, the finding that Au was highly haemo- 
lytic for frog erythrocytes and cytotoxic for rainbow 
trout cells indicates that the isolates are more likely to 
be virulent for these species. The possession of the 
ASHl gene may be related to these properties, it was 
only present in Au isolated from the internal organs of 
septicaemic frogs, and was first cloned from a strain of 
Aeromonas salmonicida isolated by S .  F. Snieszko from 
a diseased brook trout (American Type Culture Collec- 
tion 1992). If the gene does encode for a toxin active 
against both trout and frog cells, then further studies 
are indicated to isolate the pure gene product by 
genetic manipulation and identify its role in the dis- 
ease process. 
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