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ABSTRACT 



Twelve strains of Aeromonas species ( Aeromonas hydrophila- 5 strains, 

Aeromonas caviae- 6 strains and Aeromonas sobria -1 strain) from clinical and 

environmental sources were tested for (a), Production of different exotoxins 

( Hemolysin, Cytotoxin and Enterotoxins) (b), Enteropathogenic effects of the 

elaborated exotoxins to determine the biological activities of these exotoxins. 

All the 12 Aeromonas strains were propagated in tryptic soya broth 

supplemented with yeast extract, 0.6% w/v, pH 7.4 and incubated with agitation 

at 300 oscillation I minutes for 24 hours at 3rC. On these specifications all the 

strain produced optimum amount of exotoxins in the form of CFCF (Cell Free 

Culture Filtrate). Each CFCF sample was tested for biochemical feature using 

protein estimation and Gel electrophoresis and the biological assay of exotoxin : 

(hemolysin, cytotoxin and enterotoxin). 

The protein concentration range in all CFCF solutions, irrespective of species 

and sources was 144.518 - 236.08 ug/ml. In CFCF of A. hydrophila it was 

171.98 - 198.433 ugl ml , in A. caviae 161 .086- 236. 0768 ug/ml and in A. sobria 

it was 144.5108ug/m1.The high protein content of CFCF gave a relatively high :. 

hemolytic, cytopathic and enterotoxic effects. CFCF of all 12 strains were tested 

on Gel electrophoresis and protein bands were observed within molecular 

weight range of 15 kd (enterotoxin) and 55kd (hemolysin) along with many other 

unknown protein bands. 

xiv 



Hemolysin activity in vitro on 1 % rabbit erythrocytes was observed in 100% (12 

out of 12) of CFCF samples irrespective of species and sources of isolation, it 

was found in the range of 32-1025 HU/ml in A. hydrophila, 2-256HU/ml in A. 

caviae , and 16 HU/ml in A. sobria. 

Cytotoxic activity on Hep-2 cells, MRC-5 cells and Vero cells was observed in all 

of the 12 CFCF sample (100%) of Aeromonas strains, with varying degree of 

cytotoxicity, and it was more commonly found in A. hydrophila than A. caviae and 

A. sobria 

The MRC-5 cell line (human diploid cells) appears to have been first time 

subjected to cytotoxic studies using Aeromonas toxins. It was found that MRC-5 

cells could also be used for CPE study of bacterial toxins . A significant 

association was observed between hemolysin and cytotoxin production by \ 

Aeromonas, the presence of these activities may playa significant role in the . 

epidemiology of Aeromonas associated gastroenteritis. Cytotoxic activity did not : 
I 

correlate with the production of enterotoxin since only 66% (8 of 12 ) CFCF of -

Aeromonas species were found to be weakly enterotoxic , 60% (30f 5) A. 

hydrophila, 83% (5 of 6) A. caviae were enterotoxic. While only one CFCF 

sample of A. sobria was found to be non- enterotoxic. It cou ld be inferred that 

A. hydrophila , as well as A. caviae and A. sobria are bonafide enteric 
! 

pathogens as they possess the virulence factors (hemolysin , cytotoxin, and I 

enterotoxin) that may operate in the gastrointestinal tract to provoke a diarrhoeal 

syndrome. 

x'V 



INTRODUCTION 



The members of genus Aeromonas family Aeromonadaceae are 

recognized as an important intestinal and extraintestinal pathogens of 

Ilumall and a variety of other vertebrate and invertebrate an imals. They 

occur widely in soil, water and food etc. They may be motile or non

motile, the non-motile strains are recognized as frequent pathogens of 

cold-bloocied marine and fresh water animals, while the motile Aeromonas 

are increasingly being reported to cause various infections in human 

being such as wound infections, meningitis, endocarditis , osteomyelitis 

(Nakano, et a/. , 1990), diarrhoea, and septicemia (Majeed and Macrae, 

1994 ) 

The diarrhoea caused by Aeromonas may be mild or severe as 

dysentery-like (Champsaur, et a/., 1982; Gracey, et al., 1984). In some 

well controlled studies Aeromonas species were isolated more frequently 

from diarrhoeal stools than from normal ones (Burke, et a/., 1983; Agger, 

et a/., 1985). The role of Aeromonads in enteric infection in 

immunologically compromised adults and children have been the subject 

of a nt Imber of studies. 



Members of genus Aeromonad are Gram-negative, short and straight rod 

shaped with rounded ends and sometime may look like coccoid, size 

I Clnges from 0.31 micron by 1.0-3.5 micron. They may occur sing ly or in 

pairs or short chains and are non sporing, facultatively anaerobic and 

motilo by means of single polar flagella, however, one species is non

motile (A. salmonicida) (Lee, 1990). 

rile biochemica l reactions are most characteristic at 30°C. They are 

positive for amylase, catalase, DNAase, protease, gelatinase, indol 

production, glucose fermentation, and cannot grow in 6.5% NaCI, and do 

not require NaCI for growth (Carnahan, et a/. , 1989). They are also 

positive for hemolysis and gas production (Palumbo, et al., 1989). They 

are resistant to vibrostatic compound e.g., 150 I-Ig of 2,4-d iamino 6,7 -di

Isopropylpetridin phosphate and ampici llin 10l-lg (Palumbo, et al., 1989) 

IIIld cmbenicillin (Carnahan, et a/., 1991). 

The colonies of Aeromonas on nutrient agar after 24 hours are 1-3mm 

ril All1fl ter, circu lar smooth, convex, dull-white and translucent becoming 

bigger on further incubation. On blood agar most strains produce a wide 

zone of beta-hemolysis. Optimum temperature for growth is 22-28°C 

(Lee , 1990). 
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The genus Aeromonas is currently placed in the family Vibrionaceae 

(lillvolaar , et a/., 1990). Two major subdivisions or groups of genus 

AeromonElds we e recogn ized on the basis of their phenotypic differences 

Clnd pathogenicity. 

a - Psychrophilic - non motile do not grow at 35-3rC and are 

obligate fish pathogen. (Aeromonas salmonicida ) 

b - Mesophilic - motile grow at 35-37 °C occur in the 

environment and are opportunistic human pathogen, 

Aeromonas hydrophila, Aeromonas caviae, and Aeromonas 

sobria were included in this group by Popoff (1984). 

Mishro, et aI. , (1987) stud ied different media for the isolation of 

Aerofllofllls spp. to access their significance in the etiology of human 

uiar r hoea. It was found that sheep blood agar with 30 mg of ampicillin per 

liter (ASI lA30) yielded a significant higher percentage of positive 

spocllnens as compared to the other media which were generally used for 

IIHl IHI Ilati()rl of olher enteric organisms. 

SomA strnin of Aeromonas have been found to grow in bacteriological 

l110dlfl at I efrigeration temperatures. This may be significant from a public 

110alll1 point of vi ew, as bacteria free supernatant containing Aeromonas 



oxotoxlns were able to induce fluid accumulation (watery diarrhoea) in 

rodonts and rabbits, and hence may be able to do so in human (Kirov, et 

lIl.,1003) . 

Nlsllll\IlWf:I (198B), had investigated the occurrence of motile Aeromonas 

SPOCIIlS ill stool, food and environmental specimens to assess their 

pathogenic significance and to determine sources and routes of infection 

Ilnd f()und that the Aeromonas counts in food specimens which included 

Illincod boet, pork and chicken, sea food and various vegetables and their 

products were unexpectedly high suggesting that infect ion might be food 

horno ratller than water borne. About 70% of the isolates from meat 

products wore Aeromonas hydrophila and Aeromonas sobria while 

!\U/(J/lIOIIWi cavil:le was the most common in sea fish, vegetables and their 

products . Most Aeromonas hydrophila and Aeromonas sobria produced 

IlnollHllyslrl , but haemagglutinin was found more frequently in Aeromonas 

s ()/)/liI 

llnlll«) other gram-negative bacteria, pathogenic strains of motile 

1\ {)/O /lI Oll l1S produces a wide range at exotoxins. Several exotoxins have 

I>W,II d OH( r Ihedlhat may be associated with the virulence of Aeromonas 

HPI' IlleBe includes hemolysin, cytotoxin , and enterotoxins. These toxins 

waro loun(j to be cytopathic in cell cultures, beta-hemolytic, and 



III lltll (!lOXIC III mice assay (Singtl and Sanyal, 1992). While the organisms 

con grow at a temperature range of 22°-3rC the toxins are best 

prouuceu al 3rC (Kirov, et al., 1993) . 

lielallvely little is known about the relationship between enterotoxin, 

homolysin and cytotoxin produced by Aeromonas isolates, however, 

SIlVOlIlI roports suggests a parallel activity of these three factors in 

11111 ( JIIIU/lII.'i spocies. Although B-hemolysin production might seem to be a 

Ilkoly pathogenic factor of Aeromonas species (Asao, et al., 1986), the 

IlIliuro of hemolytic stra ins to cause diarrhoea in human volunteers 

S ll ~IOtl S t 8 Illat hemolysin per se is not the sole determinant of virulence 

(N lsllll<awn, st al., 1994 ). 

1110 t 1IJ81l1Elgglutinating assay (HA) is the commonly used procedure to 

dlltOll11l110 1110 ability of organism to adhere to eukaryotic cells. Burke, et 

", , (I DII /\) roported that thE} enterotoxigenic diarrheal isolates of 

1I0I()1I10/lllS hydrophlla showed HA activity but no such activity was 

()hSfII vorl willl non toxigenic diarrheal infections or the environmental 

IHollllos 

I umbull, et aI., (1984) stud ied the enterotoxin production in relation to 

IIIXOIH "nlc urol.lping and source of isolation of Aeromonas spp. A strong 
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C()lIoIIIIIOII was noted between ability to produce enterotoxin and some of 

1118 Llucllornica l characters used for scanning. A mouse assay for the 

1IIIIoIl lloxigonic tlct ivity has been described. 

I II IWI 'VOl , !-lome immunological differences between the hemolysins 

pfo(ilH:ed by the two strains was noted. Janda, et a/., (1985) developed a 

f\lOIIS" IAlhF.llity Assay as an appropriate model for the study of invasive 

dl !'!OI IHG clllllcally produced by Aeromonas spp. 

Klnd~chuh, et al., (1987) studied the clinical and biochemical significance 

of IOXIII pI nduced by Aerofnonas and their cross reactivity with Shigella 

IflXII 1 lind oVBlunled the role of cytotoxin and enterotoxin production by 

1\11/1 )I/I()I/W, strains in the pathogenesis of acute gastroenteritis. The 

IlIlull(JlISIlIP between certain biochemical traits of Aeromonas spp. and 

lox" 1 proch let ion has also been reported . No significant correlation of 

(l xlllll xllll'rlllJUl,llon and gastroenteritis, and the toxins of Aeromonas spp. 

l,n!'! hflen l:Jstablished. No cross reaction with the antiserum raised against 

IIlf1 ,l; Ilioalln I ()xins are evident . 

II It, • 11l1"i'llIl lX11i production by Aeromonas hydrophila for biological 

Ildlvlly by Ihe rabbit Ileal loop and suckling mouse assays, as well as by 

olOlllllltiOrt of CHO cells was investigated by Chopra, et aI., (1986) . 

1\1111\I'1I1IC HVllluation of the cu lture f iltrates from various isolates of 

6 



/\ 'lYcJroplllla was performed by enzyme linked immunosorbent assay with 

IHll1 dlolom loxin and anti -Aeromonas enterotoxin, and found that heat 

HilltJ llily dul!:1 demonstrated tile presence of a heat-labile cholera toxin 

r.rmm read ive factor and a heat stable non-cholera toxin cross-reactive 

onlol r lloxin The biological activities of both enterotoxins were heat labile 

III !)(j"C lor ) 0 minutes 

I<II(IV , at " I, (1986) examined the virulence characterist ics of Aeromonas 

Hpp , I S., nlS production of hemolysin and enterotoxin and the ability of 

lilo /\/IICJII II JIIBS Bpp. to grow at elevated temperatures. For enterotoxin 

IIcllvlly rill eS assay was used and for hemolysin assay rabbit erythrocytes 

worn'lsed. A procedure for these tests were devised and the toxins were 

(lxllli Hllvnly Inslad in the an irnal model. It was found that enterotoxigenic 

I \l 11111 II 1 111)(1 !.1rlv lronmenta l Isolates tended to have high hemolysin titers 

III If I 11111 III III toxillenic isolates had no hemolysin titers. 

I\HII( I , et III, (1986) purified and cllaracterized a hemolysin produced by 

/I/lIIJIII()II/I.'; hyclrophila strain no CA-11 isolated from environmenta l 

HotH cos and a strain AH-1 isolated from a diarrheal case. This hemolysin 

ellllHII[1 fll lid accumulation in infant mouse intestine and rabbit intestinal 

Ir I[ Ip l'! lind 1~lIl ad Vero cfliis 
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NnlItIIlIAn "l, et 01. , (1986) studied the three toxins production by two 

Hllll ll l H 01 I\()rotnonas spp. A sobria and A. hydrophila. Cytotoxic activity 

Wit H til l Hl lltd I HI tile Vero cells. The stra ins used were isolated by Asao, et 

II I , (11lt.H» nnd were used for toxin production by Notermans, et al.,(1986) 

II IdOl )( .nell Hltly and some differences of toxin activity was noted. 

1'lIt()" 18kl, ui al., (1987) purified the cytotoxic enterotoxin of Aeromonas 

solm{f by l'lle use of monoclonal antibod ies. The purified enterotoxin was 

II Hill( I to I j(' a Single protein and caused fluid accumulation in rat ileal 

1()()Ph IlIld III ,,1I [ lIlt mien, was cytotoxic to cultured cells, and hemolytic to 

l li lllllllllll ylill oc:yles, WIJS also l!3thal to mice after intramuscular injection. 

Crollll ronct lv ity of Aeromonas enterotoxin with Cholera tox in (CT) was 

HIII/Illtl! Ily 11/11mnski and Burl(e, et al., (1987). The enterotoxin which was 

I :rtIHH I 8f.-1dlVe with Cholera toxin caused fluid accumulation and rounding 

()j Y I adrenal cells in rat ileal loops and in infant mice. All these activities 

WIllI) IIOlllll1lllod by antlsHrtlln to CT. There was no hemolytic or cytotoxic 

1lI'IIVIIIIlH ItIlH()(:lllted with this CT-cross reactive cytotoxic enterotoxin. 

/1111 Itltschment of enteric pathogens to mucosal surface has been 

f tI <: ( 'I 11I1l(.d li t) a ll important step in the pathogenesis of gastrointestinal 



Iflfo!'lllln~ III man and animals . Motile Aeromonas species have properties 

"Hit 1,[lVI I bean reported to be associated with virulence such as 

IIdlHllonclI nd inva Ivene s. Corrello, et a/. , (1988) studied the ability of 

!\u/()II'OlWS species to adhere to Hep-2 cells. An association between 

dillf 11111[1 II/I! I fl high level adhesion was observed in the majority of the 

III1VIIIIIlIlllllltnll!:lnlates 

NlIIlldllrl Imd Bottonone (1990) stud ied the cytotoxin and enterotoxin 

pIO!/lldioll llInong the clinical and environmental isolates of Aeromonas 

LIIVIIIII wid IlIrlilur teattld the toxins effect on the Hep-2 cell line. On the 

I1mllfl of thoir dota they presumed that since A. caviae can survive at 

II11lVllind I til, as found in gastrointest inal tract of formula-fed infants, and 

11I)( :III1HO III tilo ndhorollco nnd cytotoxin production capabilities of the 

'q 1111 1111'1, It IIllmlid bo rogarded as an enteric pathogen in pediatric 

jllltlllilis (mcj Illost probably among adults as well. 

(;WIlIlI\J, ()/ (;] / , ('1993) conducted a thorough study to estab li sh the 

Ilptlflllll1l I:Ol1ditions for Aeromonas enterotoxin production, and hence 

dolo!:\lon of enterotoxigenic strains, and to separate and purify 

IIlltllll tlmlll lind hemolysin 10 clarify Iheir roles as virulence factors in 

Ill/If I 

I) 



( ), \ II \11 I HHI It! 01 I'Oview Or li terature fo llowing three important toxins were 

1(1 Illd 10 tn reported to be p oduced by the Aeromonas spp.: 

12Y/Qt@iD..;. Which are toxic to CHO cells (Janda, et aI., 1985), HELA 

cn ll B (Klndschuh , ef a/ , 1987), EY-1 adrenal cells (Potomski, ef aI., 

1811'1). Tile toxic effects have also been observed on Hep2 cells 

(Nmndari and Bottone, 1990) and Vero cells (Majeed and Macrae, 

1 !)HI\) Cylotoxlns genHrally gave rise to cell damage or death and 

IIIIIY l'I'CHlllee dYHentery like illness, Gracey, et aI., (1984) reported 

111111 ) ()'Yt, of gastrointestinal infections due to Aeromonas spp. are 

01 1110 dysenteric type. Furthermore, it has been reported 

ropl.lnted ly that the majority of clinical isolates of Aeromonas spp. 

pi I )1 Ii " :OB l~ytoto)(lns (Cumberbatch, et aI., 1979,' Johnson, ef a/., 

1911'1,' Janda, et at. , 1983; Gosting, et aI., 1986). Carrello, et aI., 

(101.13) studied the abi li ty of Aeromonas species to adhere to Hep2 

cn ll o 1\11 Ilssoclalion bEltween diarrhoea and a higher level of 

1111111 1f'1IC111 was uhsorved in the majority of the fecal isolates and in 

I H lilt I (Jf the environmental isolates. 

tl.QJ/ t labile like and Heat stable like enterotoxin (Chopra, et aI., 

1~)/I(\, Kirov, et aI. , 1986; Notermans, et aI., 1986) . 

10 



GiJ)lw fllKI Beta hemo/vsins . Hemagglutinins (Burke, et al., 1984) 

nncl II Ie nllility to adhore to and Invade epithelial cells (Kirov, et a/., 

1 DIIB) . 

11111 PIII,)( IHO 01 Ihe prosent study was to determine the toxigenic activity 

cll tll11 Ihl(l(1 InXlllB (hemolysin , cytotoxin , and enterotoxin) produced by the 

I .. 1111 d"lllt) of tllree Aeromonas spp. (A. hydrphila, A. sobria, A. caviae ) 

IHolllilld flOm clinical and environmental sources from Rawalpindi and 

IHI(lIl1llbm l. 

II 



MATERIALS 

AND 

METHODS 



1. Source and Selection Of Strains of Aeromonas spp.: 

Twelve pathogenic strains of Aeromonas were selected for the 

present study, out of these 12 strains, eight were from stool 

samples of diarrhoeal patients, one strain was from stool sample 

of normal child, and three strains were from water sources 

including stored water, spring water, and polluted water. 

These 12 strains included, Aeromonas hydrophila (5 strains) 

Aeromonas caviae (6 strains), and Aeromonas sobria (1 strain). 

(Details of strains as follows) 

1, Aeromonas hydrphila Diarrhoeal stool 
.' 4:. .... ,A.erqmopas.Dy9rphila..r.. Q~flrrnoe~l $.!pol 

3. Aeromonas sobria Diarrhoeal stool 
' 4: . Aaiomohas .. 9aVlae:{····:: Diarrhoeal st661 : 
5. Aerornonas caviae Diarrhoeal stool 
0, .... 8er(HnQPas cavi~:lt~ .:::.,.. D.!arr~oE??! ~tQQI.:·"J 
7. Aeromonas caviae Normal stool . ' 

. 'S? .". ··::::· AerOmonas.9?Yifaa·\: . Q!?rrhoealstodr:···:: 
9. Aeromonas hydrophila Diarrhoeal stool 

: 1P, .. :. .:::::: AerqP1oDas.tjygtMfirl§::·:::::.: ... Al9.t~~ .. ¥i§.~~r:· ..... ::} 
11. Aeromoflas hydfoph.i1a Sprin.g w.9ter .. 

. 14~ .::::: _.,-,"., ... _ ... ~ ...... ·· ~?r.qm9D.~~ .A=lYI~~:;:;::::::. . ·:j:::,,: .. 8:QHuJed .. Wat~r 
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n 11 tHe str ins were chosen for the present study because of 

their pathogenic properties demonstrated with whole life cells in 

thft 1111 lllit ilea l loop tost. 

III 11'111 present study the ability of these 12 strains to produced all 

lhe Ihree Aeromonas exotoxins (i .e. enterotoxins, hemolysins, and 

cyl(lloxins) is to be investigated . 

2. /<iM .Iff/cation Of Strain 

icfOQtJf1cation 

II If IHO 12 slulinH wero idontified on the basis of standard 

IllIlI pili dogicu l, cu llura l, and biochemical characteristics. 

{&Jtural characteristics. 

Primary culturing for the identification of Aeromonas was 

dor 10 on Ilutriont agar plates, media plates were streaked 

(which were prepared as follows), and were incubated at 

30"C for 24 hours, 

Nulrient Agar (Olfco) medium was prepared using 

1l11l111ltacluror s instrucllons by suspending 23 gm of 

dllilydraind medium in 1 liter distilled water and heated to 

dissolve completely. Sterilized in autoclave at 121°C for1 5 

minutes and 15 lb. pressure. The medium was cooled to 
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h( )"(: and about 20 ml lTIedium was dispensed into pre

st rilized Petri dishes. The dull-white colonies were 

suspected to be Aeromonas. 

MQLPh%gical characteristics. 

Ttle morphological characteristics of suspected colonies 

w13re studied by Gram staining, the colonies with 

11 i( II pholauy 01 G -V8 , short , straight rods with rounded 

Ell \lIfo! were Aeromonas. 

§iQchemical cha(gcterjstic. 

-I hllS8 colon ins wore biochemical identified by using the 

following specification of Popoff (1984). 

1.J. 



BIOCHEMICAL IDENTIFICATION SCHEME OF POPOFF 

TEST CULTURE 

OXidase test 

t 
N,luallvo ( dlsomd) 

Resi stant 

I\nrorn0I111A Ilydrophila media 

( yellow bull ~nd purple top 

Mannitol fermentor 

t 
Glucose fermentation 

I 

I\Cltn~ 

t 

t 
Positive 

t 
Vibrio - static sensitivity 

t 

Oxoid) 

Sensitive 
(Discard) 

~ogas 

Esculin hydrolysis 
I 

t 
~" " III" "y<troIYSIS t 

, Iyllli lly t. 11I No hydrolysIs Hydrolysis NO hydrolysIs 
/\/1/111 111 JlIII.' ; Aeromonas 
I 'Yell fJ /Jhlh1 sob ria 

15 

Aeromonas 
caviae 

Unidentified 
strain 



I 111 .11 isolate was tested for oxidase, catalase, glucose and 

MnlHlltol fermentation reactions. Esculin hydrolysis further confirm 

tlllt Idtllltity of isolates on species level. 

Oxidase rest: 

A '1°/c) solulion of oxidase reagent was freshly prepared by 

cllBllolvinu 0 Oh g of tetramethyl paraphenylene diamine 

cllllydrochloride (Sigma) in 5ml sterilized distilled water. A 

sterile flltnr paper was impregnated with 2-3 drops of the 

oxi(iase solution and smeared with a heavy suspension of 

II 1£1 bacterial growth. Development of purple coloration 

within 10-20 seconds was a positive test. 

c.;,,( <I {{I 9 l } t 

lilt I visllJlo 2'1 I OLlf'S growth on nutrient agar was mixed 

8soptica lly with a drop of 3% hydrogen peroxide (Merck) 

over the surface of a clean microscopic slide, using a sterile 

ilIO( :u latino loop. The formation of bubble indicates catalase 

pmlltive reaction, where as no bubble formation was a 

catalase negative reaction. 
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;; WI QLW..l [LQlll {(1.iQ!.W&t 

Poplone wEllm culture medium was used for different sugar 

fwmentation te t . Composition of the medium was: 

Peptone(BBL) 

Sodium ch loride 

Disti lled water 

pH 

10.0g 

5.0g 

1000ml 

7.4 

PI'I )Iono und sodium ch loride were dissolved in distilled 

waler and autoclaved at 121°C for 15 minutes Fo llowing 

sugars were used: Esculin, Glucose, Mannitol. 10% solution 

01 finch sugar W()S prepared and filter sterilized. 

Phenol red indicator. 

Phonal rod 

Alcolloi U!)°/tl 

Distilled water 

0.2 g 

500mi 

500ml 

In each screw capped test tube, 10 ml of peptone 

waler, 1ml of sugar so lution and 0.5ml phenol red 

indicalor wme mixed. A visible bacterial growth was 

inoculated into tile test tubes and inoculated at 3rC 
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for 24 t072 hours. Acidification of sugar was 

oonfirmed by a yellow colorat ion in the medium. No 

aolor change was a negative reaction. 

t ' '1llinJJy.r:/IQJy'~j~ 

I Ht:lilin Iron I\Um (EIA) was used for this test . Composition 

01 II Ie media was as follows; 

Esculin Iron Agar 

Esculin 

Ferric EIIllmonium citrate 

Agar 

Disti lled water 

pH 

1.0 g 

0.5 g 

15.0 g 

1000 ml 

7.1 

II In IngrocJ lonlH were ml)(ed and boiled to dissolve. After 

cooling pH was adjusted to 7.1, poured to tubes ( 3ml / 

tube) and autoclaved at 121°C-124°C for 15 minutes. The 

iHnlflles were slab cu ltured in the tubes using a sterile 

noodle and incubated at 30°C for 24 hours. Appearance of 

black aolor around the stab culture line was taken as 

pnHIlIv8 for escu lin hydrolysis. 

IK 



1.1 IIV11K2iY.~/ii tQiiL 

B-hemolysis test was performed on 5%sheep blood agar. 

Preparation Of 5% Sheep Blood Agar Plates 

I or the preparation of blood agar plates, following 

procedure was used: 

Nutrient agar (Difco) 23 g and sodium chloride 7 g were 

disHolved in OrlH liter of disti lled water, and autoclaved at 

'1:; I "e for 1!) Ill!llutes. The medium was cooled to sonc and 

[I() I'll I of deflbrinatod sheep blood was added to the medium 

aseptically. About 15-20 ml of this final medium was 

dispensed into the pre-sterilized Petri plates. Plates were 

cllucked for sterility by incubation at 3rC for 24 hours 

bofore use. 

E[§QaratiQn of Defibrinated Sheep Blood: 

~lhl ,ep bluod WIlS collec\od aseptically from the jugular vein 

III 'I stariln IluHk c()ntainill(~ glass beads. As the blood was 

pUlIred tile flask was swirled in a clockwise direction to 

avoid clotting . 

!JJ'l'lpared blood agar media plates were streaked with pure 

culture of the isolates and incubated at 30°C for 24 hours, 

aftm 24 hours, and checked for B-hemolysis. The clearing 

II) 



01 Ille media nround the colonies was taken as posit ive test 

for B- hemolysis. 

II" Illlllllld slrnins 01 Aeromonas spp. were stored on nutrient 

Cluar plates/slants at 4°C. The cultures were maintained by 

transferring on fresh nutrient agar plates/slants at 15 days 

"Ilor-vals, incubated for 24 hours at 30°C. When colonies 

f:l1 .'jJf:lEIi ad the culturHS were again transferred to +4°C for 

storage for another 15 days. 

3 . PfCJU"mUQll of Boc;tQ[la/ Toxin Cell Free Culture Filtrate 

(cr CF) (I ,'IIfJ/"("lIW I/((/(J l,y tiro {(ow OIl/warn ofCFCF production) 

nil' Cell Free Culture Filtrate (CFCF) of the isolates positive for 

11I111111(x:1 "nulation in the rabbit ileal loop was prepared using the 

lilt ,II ,ud duscrlbod by Gosling, et at., (1993), and Majeed and 

Mw;rae (1994) . Toxins were produced and recovered from each of 

llift Iwnlve isolatod slrains. 

11,1'1 III VIIIO produclioll of CFCF was carried out in 7 steps, which 

(" 0 1113 under: 
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S /(" ,- 1: E~.roparatlon Qf Bacterial Seed Culture. 

I {II Ie xln production the seed cultures were prepared from the 

slol (lei stock cultures. Nutrient agar media plates were streaked for 

IHe )Iulle)n of separate colonies and were incubated at 30°C for 24 

1"l00U 8 1-2 Colonies from nutrient agar plates were picked and sub

eLillured on 5% sheep blood agar plates for the enhancement of 

jllIlIll IIIOlllcity. Plales were incubated at 30"-C for 24 hours. 

S/ul'-2:Proparation Of Production Medium. 

FCII lhe production of toxin, Tryptic Soya Broth (Difco) 

AI" 'I >lnlncmted with 0.6% w/v yeast extract was used. The medium 

WIlli II H IIlulated according to the manufacturers instructions as 

unclnr. 

:1() IIr nms of dehydrated Tryptic Soya Broth medium was dissolved 

III I Illor ()f dlsllllncl water, and modium was supplemented with 

ylllllli oxll ucl 0.6 %, w/v, pH was adjusted to 7.4. Then this medium 

WIll i IJoiled to dissolve the ingredients, and distributed 10 ml in 

ew :1l of 100 ml Erlenmeyer flask, autoclaved at 121°C for 15 

1111111111 IS The sterilized medium was incubated at 3rC to check the 

sloillily before use. 

S/OI' -.l/£L()Cu/pt[QILQIDoduct(on Medium 
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Thl' pre-incubated production medium flasks were labeled for 

I )/1111 of Inocul tlon, Strain Number of Aeromonas, and the 

Ilul (1I1/()//{/S cullure wore inoculated into the respective medium 

11/111\\ ulldor osoptic conditions. The seed cultures had been 

propmed on 5% sheep blood agar plates. Only 24 hours old 

co il lilies were used for inoculation of the toxin production medium. 

1'1111 ~Ined()d culture flasks were incubated at 3rC by the following 

procodure. 

5/01'-4 QJ.ltivlJtlQIL. 

1\11,,, IIHH ;Irlotion each fl ask was kept in shaker incubator for 20-24 

III Jill 11 al 37°C with ag itation at 300 oscillations: 

Growth Period 20-24h 

Gn lwth Temperature 3rC 

Hule Of Shaking 300 Oscillation 

51",,,-5 Horve tiny And Centrifugation. 

<:, dl II f)() pi epurnl loflH WElre prepared by centrifuging the 24 hours 

I iii I 1:11111" U H medlunl. For thi s purpose each of the production 

1.:. 11. 'Ilfneyer flask was taken out from the shaker incubator and all 

Ih(3 contents from each flask were transferred aseptically in 

bllJlllll ord safely cab inot to the respective centrifuging tube 

(lllltJk(~d with Strain number and Date). The cells were separated 
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by I;ontrifugation at 10,000 g, + 4°C for 30 minutes. The tubes were 

pr m :Cltlsocl as fo llows. 

StfJp-6 Filtration. 

SOl II If ntioll of ce ll s and toxin containing supernatant fluid was 

IHllfll""1Il1 In multiple stElps. After centrifugation the supernatants 

Will II HOpllrated from sed iments by transferring from centrifug ing 

lubl:JH to the sterile test tubes under aseptic condit ions. The 

Bur,ornatants were collected and filtered through a 0.2 micron 

!-l yr II IUO Illters (pore size 0.2 micron, Sartorious minisart, gas 

stel ilized) using separate 10 ml disposable pre- sterilized syringes 

for oncil filtration . The filtrates were collected in pre-steri lized 

NIII{lII110 Siorago Ampoules. 

5/01'-7 Storage. 

rhll flmpou les of each of the Aeromonas strain Cell Free Culture 

I 11111 11ft (CFCF) were stored at -20°C. Samples were tested for 

blul( ,Ulcal assays of exotoxlns (Cytotoxin activity , enterotoxin 

activity, hemolysin activity) and biochemical tests such as Protein 

DBIIIII/Ilion and 80S-PAGE Gel electrophoresis. The below 

I"l )11111 :011 !low CliaOrll lll is the summary of the steps carried out for 

II1II I ""ftlll Llt ion of Cell Free Culture Fi ltrate (CFCF). 
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CEtL F '~EE CULTURE FILTRATE PRODUCTION FLOW DIAGRAM 

5" 1' · 1 PHEPARATION OF 
BACTERIAL CULTURE 

~IlEp·2 PREPARA TlON OF 
PRODUCTION MEDIUM 

S I Fp · 3 INOCULATION OF 
PRODUCTION MEDIUM 

s rEp· 4 CULTIVATION 

S I' ". fJ HARVESTING AND 
CENTRWUGA TlON 

S ITI' . tJ FIL TRATION 

S'1 Ep·7 STORAGE 
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Culture used Aeromonas 
strains isolated from clinical 
and environmental samples 

Culture used Aeromonas 
strains isolated from clinical 
and. environmental samples 

Colonies of Aeromonas picked 
from stored nutrient agar 
plates by sterile wire loop. 

Streaked on 5% sheep blood 
agar plates. 
Incubated at 30 "C sheep 
blooel agar plates. 

2-3 separate colonies were 
picked by sterile wiro loop. 

Tryptic Soya broth, 
supplemented with 0.6% 
yeast extract sterilized under 
steam at 121°C for 15 
minutes. 

The medium (Tryptic Soya 
broth) were Inoculated with 
Aeromonas colonies picked 
from 5% blood agar plates. 

The flasks were incubated 
at 37°Cfor 24 hOlils at 300 
rpm in environmental 
shaking incubator. 

After 24 hours the rneclium 
was transferred to Centrifuge 
tubes. Centrifuged at 10000 
rpm at 4°C for 30 minutes. 
The supernatants were 
collected in separate tube 
and the sediments were 
discarded. 

The supernatant (Cflll free 
culture filtrate-(CFCF) 
were filtered througtl 
syringe filters ( 0.2 um) 

Stored at -20°C. 



4. Biochemical Analytical Procedures 

EI9fQJn Estimation (By Lowry's Method) 

11111 I'I ololfl present in the CFCF were estimated by the method of 

I ()WIY , of aI., (1951) . In this method proteins were treated with 

copper in alkaline medium and then reacted with fo lin - phenol 

roflOOllt. The fina l co lor was a result of birut reaction of proteins 

willi copper ions In the alkaline medium and reduction of 

pl'l< Isphomolybdic-phosphotungstic reagent by tyrosine and 

Iryptnphan present in the sample proteins. The readings of optical 

(jOIIHlly were tal\en with a spectrophotometer Spectron ic -20. The 

Ill/ll.I"lltH IIHed were £IS fo llows : 

Reegent A 

Sodium Carbonate 

Sodium Hydroxide ( 0.1 N) 

Sodium Potassium tartarate 

Disti lled Water 

E\r,t,went f2 

Copper su lphate 

Distilled water 

25 

2 9 

0.4 9 

1 9 

100 ml 

0.5 9 

100 ml 



Reagent C 

Solution -A 

Solution -B 

Reagent 0 

50 ml 

1 ml 

Folin phenol with distilled water 1: 1 

Standard. (Bovine Serum Albumin, BSA) : 

Bovine Serum Albumin 0.5g 

Distilled Water 50 ml 

Procedure for protein estimation: 

Preparation of CFCF samples. 

Cell Free Culture Filtrate of each strain was diluted as 100 

ul in 400 ul of distilled water to obtained 1:5 dilution. 0.1 ml 

(100 ul) of each diluted sample was taken in duplicate in 

their respective test tubes for protein estimation, the number 

of samples, respective tube number and sample volume are 

shown in Table - 1. 
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Preparation of Bovine serum albumin standard 

A stock solution of Bovine serum albumin was prepared by 

dissolving 0.05g of Bovine se um albumin, in 50ml disti lled 

water to obtain 1 mg/ml concentration of Bovine serum 

albumin. Different volumes of bovine serum albumin stock 

solution were taken in duplex of test tubes to obtain 

different concentrations of BSA for the preparation of BSA 

standard curve as shown in Table-2. 

Procedure For Protein Estimation. 

Samples and the Standard were processed at the same time 

by the fo llowing procedure. The volume of each tube of 

sample and standard except blank (Tube Numbers 21 & 22, ) 

was made to 1 ml by adding required amount of distilled 

water. 1 ml Solution-C was added, shaken well and kept at 

room temperature for 10 minutes. Then 0.1 ml of 1: 1 diluted 

folin phenol reagent was added to each tube, mixed well , 

and kept for 30 minutes at room temperature The optical 

density (0.0) was measured at 650 nm on 

spectrophotometer Spectronic 20. A graph of standard curve 

of BSA was made by taking the concentration of BSA 
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against their optical density .The protein concentration of 

each CFCF was determined by using th is standard curve. 
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Table - 1. Preparation Of CFCF Sample For Protein 

Estimation, Sample Numbers, Test Tube 

Numbers And Sample Volumes. 

Test Tubes Nos. 

2 

3 4 

5 - 6 

7 8 

9 10 

11 12 

13 14 

15 16 

17 18 

19 20 

21 22 

23 - 24 
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Table - 2. Bovine Serum Albumin Concentrations 

For BSA Standard Curve 

Tubes Nos. 

9 - 10 

11 -12 

13-14 

15-16 

17-18 

19-20 

21-22 
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Gel Electrophoresis (SDS - PAGE) 

Pr lein fraction of Aeromonas toxins was analyzed by a modified 

rneillod of the SOS - PAGE technique of Laemmli (1970) 

electrophoresis was performed in vertical slab gel apparatus 

(Bio-Rad mini protein - 2 ). 

RS1-mlv ing and Stacking Gels were prepared according to the 

recipe given as follows. 

COl[illQsition Of Resolvinq And Stacking Gels For SOS-PAGE 

Resolving Gel (12.5 % ). 

H20 

3 M Tris - Hel ( pH - 8.8) 

10 % Ammon ium persu lphate 

30% acrylamide mixture"" 

TEMED 

Total volume 

3.98 ml 

1.25 ml 

0.1 ml 

4.17 ml 

0.005 ml 

9.505 ml 

"" Acrylamide with bis-acrylamide in a ratio of 30:0.8. 
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Preparation Of Resolving Gel Buffer Stock. 3M Tris HCI 
pH (8.8) . 

30.5 g Tria and 48 ml 1 N HCI were mixed and brought to 

100 ml final volume with distilled water. Th is buffer was than 

filtered through Watman No.1 filter paper and store at 4°C. 

9jgcking Gel (4.5%) 

2.7 ml 

3 M Tris-HCI ( pH - 6.8) 1.25 ml 

10% SDS 0.05 ml 

10 % Ammonium persulphate 0.5 ml 

30% Aerylamide mixture· 0.75 ml 

TEMED 0.005 ml 

Tota l Volume 5.255 ml 

• Aerylamide with bis-aerylamide in a ratio of 30:0.8. 

Preparation Of Stacking Gel Buffer Stock 3M Tris-HCI , 
p.t7 (6.8). 

36.5 g Tris was dissolved in 40 ml H20 titrated to pH 6.8 

willI 1M Hel (- 48ml) and brought up to 100 ml fina l volume 
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with distilled water. The solution was filtered through 

Wfltman No 1 filter papor and stored at 4 DC . 

Procedure of Gel Electrophoresis: 

Resolving Gel was carefully poured between plates and 

over laid with 1: 1 mixture of water and isopropanol to avoid 

direct air contact and for smooth polymerization. After 20 -

25 minutes of polymerization the water-isopropanol mixture 

was drained and the surface washed with distilled water. 

Tho Stacking Gel was then poured and Teflon comb was 

inserted to create wells. After polymerization of Stacking Gel 

the comb was removed and the wells were flooded with 

ReAervoir Buffer to remove the traces of unpolimerized 

aerylamide . 

Composition And Preparation Method Of Reservoir Buffer. 

1211 8,3 fO{J..QOOJIl! 

Tris 

Glycine 

SOS 

30.075 gm 

144 g 

10 gm 

30J5 gm Tris, 144.0 glycerin, 10.0 gm SOS were dissolved 

in distilled water and made to 1 liter. This buffer was than 

filtered through Whitman No 1 fi lter paper and stored at 4DC. 
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Preparation Of Samples. 

Samples were prepared for electrophoresis by mixing an 

equal volume of samples buffer and 2 - 4 ul of B -

mercaptoethanol was added to each p otein sample. The 

samples were boiled for 2 - 3 minutes I cooled immediately 

on ice for 55 minutes and then 12 ul of each sample was 

applied separately into the wells. 

Sarp~J2ld!er pH 6. §;. 

Tris 

Glycine 

SOS 

Bromophenol blue 

62.5 mM 

2% 

10 % 

0.001% 

The proteins were stacked and resolved in 4.5% and 12.5 % 

polyacrylamide gels respectively. The fo llowing standard 

protein markers were used in SOS - PAGE as molecular 

weight markers: 

1. Ribose 

2. Lactalbumin 

3. Trypsinogen 

13 kd 

14 kd 

24 kd 



4 Carbonic anhydnde 29 kd 

5. Peps in 35 kd 

6. Egg albumin 45 kd 

7. Bovine serum albumin 66 kd 

8. Transferrin 78 kd 

A constant voltage of 80 V was applied in the stacking 

proteins until the bromophenol blue marker had reached the 

boll.om and 125 V in resolving portion. Gels were fixed in 

fixative solution for one hour, stained in the staining reagent 

for 2 hours and de-stained for 3 - 4 hours at 50°C in the Oe-

staining Reagent. These reagents were prepared as fol lows . 

Tho gel bands were analyzed and band size, band numbers 

were recorded. 

QmnposiUon and.Ereparation Method of Fixative Solution for 
500. ml 

Methanol 200 ml 

Glacial acet ic acid 35 ml 

Water 265 ml 

200 rnl methanol and 35 ml glacial acetic acid were 

mixed with 265 ml distilled water. 
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{;Q171pOSttton clf)d Preparation method of Staining reagents. 
FOt 500 ml 

Methanol 200 ml 

Glacial acetic acid 35 ml 

Water 265 ml 

Coornass ie brilliant blue 1.25 grn 

(G-250) 

1.25 gm of Coomassie brilliant blue - R 250 was 

dissolved in 500 ml of solution 0 above. 

Composition and Preparation Method of De-staining 
Reagents. For 1000 ml 

Methanol 

Glacia l acetic acid 

Water 

50 ml 

75 ml 

875 ml 

50 ml methanol and 75 ml glacial acetic acid was 

mixed in 875 ml of distilled water. 
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~ ID(J QG1CAL ASSA YS. 

HfMOL YS/N ASSA Y 

Tho presence of hemolys in activity in the CFCF were 

anll lY7ed accord ing to the method proposed by Gosling et al., 

(1 803 ). For this purpose dilution's of Cell Free Culture 

Filtrate were made in phosphate buffer saline and tested on 

rabbil erythrocytes. 

L'LYIJeratiQ17 of F'/1osphate buffer saline 

Sodium Chloride 

Dipotassium hydrogen phosphate 

Potassium dihydrogen phosphate 

Distilled water 

pH 

eL~QerahQfl...Q!.BfKIJ2]QQ!J..!&!j§. · 

8.0 g 

1.21 g 

0.34 g 

1000 ml 

7.3 

ThEI rabbit erythrocyte were prepared for the 

detection of hemolysin activity in the Cell Free 

Culture Fi ltrate as follows: 

Collection of Defibrinated Rabbit blood: 

Rabbit blood was collected aseptically from the 

jugular vein in a steri le f lask containing steri le glass 
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beads. As the blood was collected the flask was 

swirled in a clockwise direction to avoid clotting. 

Washing of Rabbit Ervthrocvtes: 

Defibrillated rabbit blood was taken in the test tube 

and diluted with 5 ml saline (0.9% sodium chloride) 

and centrifuged at moderate speed just long enough 

to deposit the cel ls, the supernatant was discarded 

and the cells were re-suspended in 5 ml saline, and 

were again centrifuged, this process was repeated 5 

times. 

Prep-aration of 1 % suspension of rabbit RBG cells: 

Rabbit erythrocytes (freshly washed) 

Normal saline 

1 ml 

Preparation of samples: 2 fold dilution (dilution factor: 2) 

Doubling dilution of the CFCF in phosphate buffer saline pH 

7.4 was mado in microtitre plates (ICN-F low). For this 

pili pose '100 ul phosphale beffer saline was taken in the 

first row of mlcrotiter plate having 12 wells for one 
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smnple di lution. Then 100ul of sample was diluted in 

series for the preparation of two fold serial dilutions. 

Table- 3. Same serial dilutions were made for each 

smnple n the same plate having 96 - wells . Two plates 

were used for all the 12 CFCF samples. Table -4a and 4b. 

P.LQgedure for hemolysin test: 

SOlls l two fold di lutions of the CFCF in phosphate buffer 

sa line pH 7.4 were made in microtitre plates (ICN Flow) and 

an equal volume (100 ul) of a 1 % suspension of Rabbit 

RBCs was added. Phosphate buffer sa line and broth blank 

WC3re made in each tray. Trays were sealed with plastic tape 

and incubated for 1 hour at 3rC and then for '1 hour at 4°C. 

Tho haemolysis titer was recorded as the highest dilution 

giVIng complete haemolysis and it was taken as the 

81lCi point 
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Table- 3. Sample Dilutions Preparation Scheme for Haemolysin 

f\ssay In Microtiter Plate. 

'. Dilutions 

1 : 2 

1 : 4 

3. 1 : 8 

1: 16 

6. 1 : 32 

8. 1 : 64 

9. 

10. 

.-: 

iii 1 : 128 

::;1 1 : 256 

1 : 2048 

.... 

12. :::1:' 1 : 4096 

, .. ....... i, .. ....................... ..... ...... w . .. ... " ...... " .. . 
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Table- 4. Serial Two Fold Dilutions of CFCF for Haemolysin Assay in 

Microtitre Plate. 

a: Pattern Of Sample Dilution In Microtiter Plate (1) 

b: Pattern Of Sample Dilution In Microtiter Plate (2) 

::J:8. /: 
1:8 

J;8':" 
1:8 

:J:8 : 
1:8 
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~TOTQXIN ACTIVITY IN Hep 2 , MRC-5 AND Vera CELLS. 

Cyloloxln activity of the CFCF was studied in separate microtitre 

plale cultures of Hep 2 cell s, MRC-5 and Vero cell s. For this 

purpose 250m2 bott les (prepared by the procedure mentioned 

bolow wore trypsinised with trypsin-EDTA solution (prepared as 

In<lllll( lnod below. The trypsinised cells were suspended in 

Minimum Essential Medium (MEM medium) with 10% fetal calf 

serum (prepared by the procedure described under. The cell 

sllElpnnsion was distributed in 96 well microtitre plates and the top 

wall sealed with a plastic tape. The trays were incubated at 3rC 

for 24 hours. After which they were taken out and cells were 

inol ;liloted with toxin . 

e[~!paratiQn of 25cm2 culture flask. 

Cultures of Hep-2 , MRC-5, and VERO cells were obtained 

from NIH. For each cell type a 25 cm2 plastic pre-sterilized 

disposable flask was inoculated with 2ml of cell seed, and 

50 ml of medium. All the flask were incubated at 3rC for 

seven days. The monolayer completion was observed under 

lhe inverted microscope. Completed monolayers were 

tr ypsinised for further inoculation in either microtitre plates 

or a subculture In more 25cm2 flasks for continuous culture 

for future use. 
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S(lbcl)lturQ of Hep-2, MRC-5 and Vera cells and 

f1J)peratian of Mlcratitre plates. 

1. The supernatant fluid from 7 -days old cell culture 

bottle cultures were discarded. 

2. 2ml trypsin-versene solution, pre-warmed at 3rC 

was added to each 25 cm2 cell culture bottle. 

3. These flasks were incubated at 3rCfor 30 -60 

seconds. 

4. The bottles were turned gently over without 

disturbing the cell sheet; incubated for an 

additional 2-3 minutes at 3rC. 

5. Carefully decanted the trypsin-versene so lution 

and 2 ml pre-warmed MEM growth medium 

containing 10% fetal calf serum was added to 

suspend the cells. 

6. The ce ll clumps were broken down by force of 

plpeltlng. 

7. A 1 : 4 dilution of suspension was prepared. 

8. Seeded the microtitre plates with the cells . 

9. The plates were sealed and incubated for 48 

hours. 

10. The oells were maintained with MEM containing 

2%) fetal calf serum. 
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Cytotoxin activity Assay 

Eaoh cell monolayer type prepared as above were 

inoculated with CFCF's following dilution in MEM 2% 

% , 1/5, 1/10, 1/20. Was added to each well. 

1. The following negative controls were used: 

I) Tryptic Soya broth supplemented with 0.6% 

w/v yeast extract, which was used for the 

preparation of CFCF. 

ii) MEM with 2% fetal ca lf serum 

3. The plates were covered with plastic cover and 

then incubated at 3rC . 

4. Bw.ri.ing QfP/~: 

Plates were read after 5 hours and 24 hours of 

incubation. The readings were taken in the 

following manner. 

Non toxic 

Sl ight toxic 

Weak toxic 

Strong toxic 

Highly toxic 

44 

+ 

++ 

+++ 

++++ 



Plf;JI)eratlQn of trypsm-EDTA solution 

Sterile Trypsin-EDTA working solution was prepared 

as fol lows. 

Phosphate ··buffered saline ( PBS). 

Solution -A . (1 -liter) 

NaCI 8.0 9 

KCI 0.2 9 

Cac12.2H20 0.132 9 

MgC12.6H20 0.1 9 

Disti lled water 800 ml 

SQhltioD-.:.12 (1 -I iter) 

NaHP04 1.15 9 

KH2 P04 0.2 9 

Distil led water 200 ml 

1. Each salt was dissolved in de-ionized water in 

order listed below. 

2. Solution·-A and Solution-B were separately 

autocl!3ved at 16 lb. psi . for 15 minutes. 

3. Solutions A and B were mixed after cooling ; 

Solution B was ' poured into Solution A, stirred 

slowly ; final pH - 7.0. 
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4. Dispensed in 500 -1000 ml amounts into sterile 

bottles. 

5. Cultured 1-5 ml in thioglycollate broth for steri lity 

test. 

6. Stored in refrigerator. 

Trypsin Solution In PBS 2.5% 

PBS 

. Trypsin (1 :300)Dlfco -

1000 ml 

25 gm 

1. Trypsin was transferred to PBS and shaken to 

dissolve. 

2. Fi ltered through 0.2 micron cellulose nitrate filter 

. membranes. 

3. Dispensed in 25-50 ml amounts into sterilized 

bottles. 

4. Cu ltured 1-5 ml in thioglycollate broth for sterility 

test . 

S. Stored at -20°C. 
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· . 
Versene Solution (0.2%) 

NaCI 

KCI 

8gm 

0.2 gm 

KH2 P04 0.2 gm 

Na2 HP04 1.15gm 

Oi-sodium ethylene 0.2 9 

diarnine-tetraacetate (EOTA) 

Disti lled water 1000 ml 

Each sa lt was separately weighed and dissolved 

in sequence. 

Dispensed in 50 ml amounts. 

Autoclaved at 15 lb. psi. for 15 minutes. 

Iril2§.jD.::Yersene SQlution 

Trypsin (2.5OfcI ) 

Versene ( 0.2%) 

5ml 

45 ml 

Trypsin-Versin were mixed using sterile procedures. 

Before LIse the mixture was warmed at 37"C in a 

water bath. 
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Preparation of Cell Culture Medium MEM. 

MEM was prepared by emptying the packets 

containing pre-weighed dry powdered medium 

enough to make one liter of liquid medium. 2mM of 

Glutamine was added to the medium. Fetal calf 

serum was added to make the final concentration 

of10%. (2% when maintenance medium was 

prepar€ld). pH was adjusted to 6.8.The medium was 

sterilized through a pre-sterilized 0.2 micron filter 

assembly. Sterile medium was dispensed in sterile 

bottles of 100 ml capacity. Medium was stored at 

+4"C . Sample of the medium was tested in 

thioglycollate broth for sterility. 

~TERQTQXIN ASSA Y BY SUCKLING MOUSE TEST 

Enterotoxlc activity in CFCF samples was determined in 

infant (suokling mice) using the method of Gosling, at a/., 

(1993) and Burke, et a/., (1981). Suckling mouse test was 

pmlmmed on All the 12 samples of CFCF. An intestinal 

WOlght/body weight (Iw/Bw) ratio of greater or equal to 0.08 

wa the criteria for positive results. 
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Three mice were used for each test , one mouse unit was 

defined as a minimum amount of protein that caused Iw/Bw 

ratio greater or equal to O.OB. 

Procedure; 

Cell free culture filtrate 0.1 ml to which 0.02 0/c) (w/w) trypan 

blue solution has been added (10 ul in 1.0 ml CFCF) were 

inoculated by IntrElperitonial . injection using 1 ml syringes. 

Three Swiss albino mice (2 to 6 days old) were inoculated 

with each sample. Mice were then placed on a sheet of 

blotting paper in a partial metal tray with not more than three 

mice in each compartment, and incubated at 2BoC for three 

hours. 

I\fttll incubation mice were killed by cervical dislocation and 

the presence of dye in the small intestine and the degree of 

intestinal extension were recorded before the removal of the 

entire gut. 

The entire intestinal tract of each infant mouse was than 

removed. Intestinal weight (Iw) and remaining body weight 

(Uw) for each group was recorded and ratio was worked out 
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Tho Iw and Bw ratio were calculated and scored on an 

arbitrary scale from 0+ to 4+ as follows: 

less than 0.070 

0.070 to 0.079 

0.080 to 0.089 

0.090 to 0.099 

greater than 0.100 
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RESULTS 



Till, purpose of this study was to determine the toxigenic activity of 

tho toxins produced by the 12 Aeromonas strains isolated from 

dllfnl Hilt sources at Rawalpindi / Islamabad. These isolates were 

idonllf"led on the bases of morphological, cultural, and biochemical 

.chmacteristics. 

MORPHOLOGICAL CHARACTERISTICS. 

1\11 Ill« I IHulates were found to be G-ve, short and stra ight rods, with 

roundod ends. They were found in singles, pairs, and also in short 

chHins. 

cut 1 URAL CHARACTERISTICS. 

Tilo colonies of all the isolates on nutrient agar plates were found 

circu lar, smooth, convex, dull-white after 24 hours of incubation. 

On I til lod agar plates all tho isolates were found to produce a clear 

111111 I (If Iminolysis. Tho optimum temperature of incubation was 22-

LU"C . 

BIOCHEMICAL CHARACTERISTICS. 

\1\11 IIH3 Btra ins were found to be oxidase +ve, catalase +ve, and 

betl~ - hemolytic. In sugar fermentation reactions Mannitol and 

glul)ose fermentation were found to be +ve 
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willi acid and gas production (group I) , a few of the isolates were 

101 II II I to be negative for gas production during glucose 

101 I 11411 1tatiOt:l (group II) . 

Esclilin hydrolysis capabi lity of both the groups was checked and 

WlJIl 8eHn that the group-I (gas + acid, during glucose 

fermentation) hydrolyzed the Esculin, while the group-II (acid with 

no gas production during glucose fermentation) did not hydrolyzed 

Ihn I HCLIlin (Table -5 ). On the basis of glucose fermentation and 

LHI 111111 lJydrolysls n)8Se isolates were classified on species level. 

~HIJRACTERIZATION OF AEROMONAS TOXINS 
ffiQDUCED AS CELL FREE CUL TURE FILTRATE (CFCF). 

1\11 1111112 strains were used for tox in production separately. The 

toxin was Ilarvested and after centrifugation and f il tration Cell Free 

Culture Filtrate (CFCF) was produced and tested for biochemical 

(111<1 hioiooicai characteristics. The results are given below: 
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fll.()C~MICAL ASSA YS 

PROTEIN ESTIMATION 

Tho protein present in CFCF were estimated by Lowry's method 

US111{l BSA standard curve (Figure -I ). To obtain the standard 

liSA curvo, different concentrations of Bovine Serum Albumin were 

IIH(1I I, ancl optical density was read at 650 nm on Spectronic 20 

(Table - 6) . A stra ight line of standard curve was obtained by 

USillO different concentrations of bovine serum albumin against the 

opll( :111 densities of these BSA concentrations. ( Figure. 1). 

Tho protein concentrat ion in all CFCF samples was calculated by 

URI! 1\1 IhEl BSA stra ight line as standard curve ( Figures. 2-13). The 

IJI tlHI" lell of protein was established in all the CFCF samples. 

II \I II U was no relationship between the concentration of proteins in 

CFCF of all Aeromonas strains, species and sources from where 

IhoHOH Aeromonas strains were isolated. The protein concentration 

01 (111e11 CFCF sample of Aeromonas strain numbers, species, and 

. optIca l densities of all CFCF samples are shown in (Table-7 ). The 

prolnin concentration range in all CFCF solutions, irrespective of 

8 P( 1I :108 and sources was '144,518 - 236,0768 ug/ml. In CFCF of 

1111/ (IIIIOIIW; hydrophila (strains 1, 2, 9, 10, and 11) the protein 

estlrnate ranges between 171,98 - 198.433 ug/ ml , in Aeromonas 
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CtiV/II(/ strA ins 4,5,6, I, 8, and 12 the protein estimation range was 

Hi I OIlG- 236. 0768 ug/ml and in Aeromonas sobria strain-3 it was 

14i\ b108ug/ml. The maximum protein concentration was found in 

CFCr of strain number 7 and strain number 8 , both were 

Amoll/onEls caviae. The stra in number 7, of Aeromonas caviae 

wa" isolated from stool sample of normal one, while the strain 

nurnber 8 , Aeromonas caviae was isolated from a stool sample of 

a dllHThoeal patient . The minimum protein concentrat ion was found 

ill C: I CF of strain number :3, which was Aeromonas sob ria , 

IS()llIlod from a stool of diarrhoeal patient. 

Q.I;L ELECTROPHORESIS 

Prnl4111"ls bands were observed within molecular weight range 15 

kdEI (enterotoxin), and 55 kda (hemolysin), along with many other 

unhnown protein bands, when tested against known molecular 

WOIUIII markers. 
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BIO.J.QQICAL ASSA YS. 

HEMOL YSIN ASSA Y . 

All th strains of Aeromonas hydrophila, Aeromonas sobria, 

I\OI(}tr/OrlEiS caviae were found hemolytic, the hemolysin titer in 

CI"I :I of nil strains was determined by method of Gosling, et a/., 

(1983), 

TI 11 I hemolysin titer was recorded as the highest dilution giving 

complete hemolysis (Figure-14) as the end point as HUI ml 

(hemolytic unit! ml) (Figure-15) and the range of hemolysin titer in 

tho Illicrotiter plates for Aeroinonas hydrophila was (32-1025 

111111111) , for Aerom0f18S sobria the titer was (16 HU/ml) and for 

AOlClfllonas cavlae it was (2-256HU!ml ), 

TI 11 I Illgl"lest amount of hemolysin titer was observed in the CFCF 

of Aeromonas hydrophila strain 9 isolated from the stool of 

di8f'rhoeal patient, but no relationship between the hemolysin 

prol'i lldloll , sources of organism and species were recorded , The 

IHlll11 "Y ~lIn titers of CFCF uf all Aeromonas strains with stra in 

nLlIllborB, species, and sources of organisms has been presented 

in 'l 'nble-8 , 
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CY lOrOXIC ACTIVITY ASSAY 

I hll cytopathic effects were checked on HEP-2 cell monolayer, on 

MRC-5 cell monolayer and Vera ce ll monolayer. 

SJ..yj(,.JIJ"thogen/c Effects On Hep-2 Cell Monolayer 

Thl I cytopathogenicity of toxins isolated in the form of CFCF from 

ASlOmonas species were determined on the cultured HEP-2 ce ll s 

mOil! llnyor. It was recorded that all the clinical and environmenta l 

1!:lOIulos produced cytotoxin as evidenced by HEP-2 cell monolayer 

detl3chment, rounding, and loss of viability (Figures. 16a, 16b, 

16(:, and 16d), and (Figures. 17a, 17b, 17c, and 17d) 

By lI !) l l1g 1:2 dilution of CFCF, cytotoxicity for HEP-2 cells were 

evident as early as 30 minutes post-exposure and increased with 

inclll ation time up to 5 hours. All the CFCF caused rounding and 

dntHd Iment of cEl li s except the strain 4 and 8 which exh ibited low 

!;yll III Ixiclty. 

T'l llle-9, Shows observation after 5 hours incubation which 

m(wrnized at 24 hours. Table- 10, Shows observation after 24 

hUl" H incubation . The observat ions are presented with following 

not/3tlon8. 

Non toxic 
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Slight toxic 

Weak toxic 

Strong toxic 

Highly toxic 

+ 

++ 

+++ 

+ 

By using 1: 5 dilutions of the culture filtrate it was found that 

witilin 5 hour incubation, all the strains did produced cytotoxicity for 

HOI) ') cells, which maximized with in 24 hours except the strain 

nOH. 4, 8 and 3. Strain number 3 slight toxic and strain no. 8 weak 

tOXIC within 24 hours incubation, while the strain no. 4 (Aeromonas 

CliVII/O) Isolated from stool of diarrheal patient was found -ve after 

;( 1\ "111111' incubation, tho results were presented in the Table-9 and 

f tl illo- 10. By using 1: 1 0 dilution of the CFCF it was observed that 

wHl lk toxicity were observed as compared to 1:5 dilutions, results 

arn prosented In Table- B and Table - 10. 

{dlQQathogenic Effects On MRC - 5 Cell Monolaver. 

Cylopothic effects of CFCF on MRC - 5 cells was studied using all 

Ihn I ') slrsins. The c(:)118 showed dying by 

1I11)lll/lltilHl and detachment from the surfaoe .The cytotoxicity by all 

the CFCF samples was also same as in case of Hep-2 cell 

monolayer. Table- 11 and Table- 12. 
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(,d1CJJ,)Qthogenic Effect On Vero Cell Monolaver. 

Cytopathic effects of CFCF on Vero cell line were also similar in 

the ir manifestation i.e., detachment , round ing , and loss of 

Vll.l l l llily. Table -13 and Table- 14. 

ENTEROTOXIGENIC ACTIVITY ASSA Y . 
l1!l SJlckllng mice) 

'11111 I nlor otoxigonic activities were demonstrated by suckling 

rnDUBU gastric distention and intestinal fluid accumu lation, (Figure-

18 Imd 19). It was found that only few strains were enterotoxigenic 

as dotermined by the ratio of intestinal weight to body weight. The 

r O!:l 1.l1l 1:! were presentBd in Table-1S. 

ntoropathogenicity of the isolates based on the sources of 

isolll lil in E:lnd spp varia tion has been presented in Tab le- 16. It was 

Inlll ',d thut 33% ( 1 out of 3) of Aeromonas hydrophila isolates from 

the Biool of diarrheal patient were enterotoxigenic, while 66% (2 

oul of 3) were not enterotoxigenic. 

T~H I slralns of Aeromonas hydrophila isolated from environmental 

sources were found to be 100% ( 2 out of 2 ) enterotoxigenic. Only 

onEI strain of Aeromonas sobria isolated from the stool of a 

di/lill 1/ )HI patient was lested and found to be non- enterotoxigenic. 
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ThIOf} out of four (75%) of Aeromonas caviae isolated from the 

slo!)1 ()f diarrheal patient were enterotoxigenic. While 25% (1 out of 

4) Will 0 non- enterotoxlgenic. The Aeromonas caviae isolated from 

the stool of normal person has found to be enterotoxigenic. While 

the strain isolated from environmental sources were non

enlnlotoxigenic. 
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Table - 5. Biochemical Characteristics of Aeromonas Species. 

".;:": 

B-Hcnw! sK · ..... . .... y .......... . 

Catalase test 

MannifuJ t~iment~~jon 

Acid/Gas from Glucose +1- +1+ +/+ 

fennentation 
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Tsblo- 6. Bovine Serum Albumin Concentrations and Optical 
Densities For Standard Curve. 

Volumes/ Concentration of 

.................... .. .. ............... !!!$!!!:(y!J..".""""" .. """""""""" ... ~ji;i~~~;);~~lf<~I;;;;~;;;i;t 
60 

80 

100 

120 

140 

160 

180 

200 

220 

240 
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Table -7. Protein Concentrations In CFCF Of Aeromonas Strains 
With Species and Sources of Isolation. 

Species 
••••••• • ~_ ••• _ •••• • •••••• YO_. 

A. hydrophila 

A. hydrophila 

A. sobria 

A. caviae 

A. caviae 

6 A. caviae 

7 A. caviae 

$ A. caviae 

9 A. hydrophila 

10 A. hydrophila 

11:: A. hydrophila 
,: 

12 A. caviae 
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Table -8. Hemolysin Titer In CFCF Of Aeromonas Strains Isolated 
From Various Sources with Species Specificity. 

Aeromonas 
species 

. A. hydrophila 

; A. hydrophila 

A. sobria 

) A. caviae 

. A. caviae 

A. hydrophila 

A. hydrophila 

A. Hydrophlla 

A. caviae 
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_ ............................................... . 
Hemolysin 

: titers (HUlml) 

'*-.~-............................ -..... -... -..... . 
64 

64 

16 

16 

256 

128 

256 

2 

1024 

128 

32 

64 
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Table-9. Cytopathogenic Effect Of CFCF On Hep-2 Cell Monolayer. 
( After 5 Hours Incubation) 

4 +++""'\1 ::::::!::::i::::,~: ',,: 

++ ++++ ++++ +++ +++ ++ 

KEY = 

Non toxic 
Slight toxic + 
Weak toxic ++ 
Strong toxic +++ 
Highly toxic ++++ 

Con = Concentration. 
Nos. = numbers. 
C = Control. 
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Table-10. Cytopathogenic Effect Of CFCF On Hep- 2 Cell Monolayer. 
(After 24 Hours Incubation) 

KEY = 

+t++ I ++++ I ++ 
++++ ++++ + 

Non toxic 
Slight toxic 
Weak toxic 
Strong toxic 
Highly toxic 

Con = Concentration. 
Nos. = numbers. 
C Control. 

+ 
++ 
+++ 
++++ 

~~~ I I~· ~:~ 
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Table-11. Cytopathogenic Effect Of CFCF On MRC-5 Cell Monolaver . 

KEY = 

Non toxic 
Slight toxic 
Weak toxic 
Strong toxic 
Highly toxic 

( After 5 Hours Incubation) 

+ 
++ 
+++ 
++++ 

Con = Concentration. 
Nos. = numbers. 

= Control. C 
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Table-12. Cytopathogenic Effect Of CFCF On MRC-5 Cell Monolayer. 
(After 24 Hours Incubation) 

KEY = 
Non toxic 
Slight toxic + 
Weak toxic ++ 
Strong toxic +++ 
Highly toxic ++++ 

Con = Concentration. 
Nos. = numbers. 
C = Control. 
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Table-13. Cytopathogenic Effect Of CFCF On Vera Cell Monolayer. 
( After 5 Hours Incubation) 

++++ 
++++-

KEY = 
Non toxic 
Slight toxic + 
Weak toxic ++ 
Strong toxic +++ 
Highly toxic ++++ 

Con = Concentration. 
Nos. = numbers. 
C = Control. 
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Table-14. Cytopathogenic Effect Of CFCF On Vera Cell Monolayer. 
(After 24 Hours Incubation) 

KEY = 

Non toxic 
Slight toxic 
Weak toxic 
Strong toxic 
Highly toxic 

. Con 
Nos. 
C 

= Concentration. 
= numbers. 
= Control. 

+ 
++ 
+++ 
++++ 



Tab/e- 15. Enterotoxigenic Activity with /w, BW, /WIBW Ratio. 

8. 

9. 

10. 

11. 

ll. 
..... :.;.:.:.;.: 

Blank 

3.38, 1.49, 3.7. 

'Y:..~~~"",:,:,':,,' . 2,QQLL~8t$;2 • 

;:;:: 

0.28, 0. 1, 0.22. 

OA.16, O.OS.f Q.2. 

0.19, 0.1,0.15. 

{) . 27~. 03q.P,·15. 
".:.':': .•••.•.......•. 

0.43, 0.34~ 0.29. 

Q;~~§k Q,U(Q,2. 

..... /}?:::: .. : .......... :.;:.:;:;;;;;- .:.:.: 

2;6f=i::::y1~@i,~F 
3.97, 1.31, 3.1. 

2.~, 1.43;1j}. 

2.56. 1.29. 2.05. 

'2.;71pl.5o.{1~8, 

Key = 

IW/BW ratio 

IW 

Bw 

IW/BW 

70 

= 0.070 O. 

= 0.070 - 0.079 + 

= 0.080 - 0.089 ++ 

= 0.09 - 0.099 +++ 

= 0.1 ++++ 

= Intestinal weight. 

= Body weight 

= Ratio 
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Tab/e- 16. Enterotoxigenicitv. Species and Sources Of 
Isolation Of Strains. 

Aeromonas Aeromonas caviae 

mt:;~mmm Ent + Ent -

Ent 

1 13 2/3 

010 010 0/1 

2/2 0/2 1/1 

Ent + = Enteropathogenic 

Ent - = Non - Enteropathogenic 
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Figure 1. Standard Curve of BSA for Protein Estimation by Lowery's Method. 
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Figure 2. Estimation of Protein Concentration by Lowery's Method, in CFCF of 
Strain No. 1 (A. hydrophila) using BSA Standard Curve. 
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Figure 3. Estimation of Protein Concentration by Lowery's Method, in CFCF of 
Strain No. 2 fA. hydrophila) using BSA Standard Curve. 
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Figure 4. Estimation of Protein Concentration by Lowery's Method. in CFCF of 
Strain No. 3 fA. sobria) using BSA Standard Curve. 
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Figure 5. Estimation of Protein Concentration by Lowery's Method, in CFCF of 
Strain No.4 (A. caviae) using BSA Standard Curve. 
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Figure 6. Estimation of Protein Concentration by Lowery's Method, in CFCF of 
Strain No.5 fA. caviae) using BSA Standard Curve. 
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Figure 7. Estimation of Protein Concentration by Lowery's Method, in CFCF of 
Strain No. 6 (A. caviae) using BSA Standard Curve. 
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Figure 8. Estimation of Protein Concentration by Lowery's Method. in CFCF of 
Strain No. 7 fA. caviae) using BSA Standard Curve. 
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Figure 9. Estimation of Protein Concentration by Lowery's Method, in CFCF of 
Strain No. 8 fA. caviae) using BSA Standard Curve. 
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Figure 10. Estimation of Protein Concentration by Lowery's Method, in CFCF of 
Strain No. 9 (A. hydrophila) using BSA Standard Curve. 
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Figure 11. Estimation of Protein Concentration by Lowery's Method, in CFCF of 
Strain No. 10 fA. hvdrophila) using BSA Standard Curve. 
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Figure 12. Estimation of Protein Concentration by Lowery's Method, in CFCF of 
Strain No. 11 fA. hydrophila) using BSA Standard Curve. 
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Figure 13. Estimation of Protein Concentration by Lowery's Method, in CFCF of 
Strain No. 12 (A. caviae) using BSA Standard Curve. 
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Figura 15. Photomicrograph illustrating the Haemolysin Activity 
of Aeromonas CFCF on 1% Rabbit Erythrocytes: 

a: Negative (Button formation) . 

b: Partial Haemolysis. 
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Figura 16. Photomicrograph illustrating the Cytotoxin Activity of 
Aeromonas CFCF in Hep-2 cell monolayer as 
demonstrated by cell rounding, detachment and death. 

a: Negative Control. b: Weak Cytotoxicity. 

c: Strollg Cytotoxicity. d: High Cytotoxicity. 
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Figura 17. Photomicrograph illustrating the Cytotoxin Activity of 
Aeromonas CFCF in Hep-2 cell monolayer as 
demonstrated by cell rounding, detachment and death. 
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Figure 18. Photograph illustrating the Intraperltonlallnoculatlon 
of Aeromona CFCF for Enterotoxin Assay in 
Suckling mouse. 

88 



/ 

Figure 19. Photograph illustrating the Intestinal Distension 
In Suckling Mouse for Enterotoxic Activity of 
Aeromonas CPCF. 
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DISCUSSION 



TwulVQ strains of Aeromonas species from clinical and 

envllonm ntal ource were tested for production of different 

toxins, and enteropathogenic effects of the elaborated toxins were 

studied to determine the biological activities of these toxins. 

Tho pmsent study Included Aeromonas sob ria (1 strain) , 

AelOmonas caviae (6 strains) and Aeromonas hydrophila (5 

stmins). These strains had previously been studied elsewhere for 

their pathogenic role in gastroenteritis. 

All the twelve strains of Aeromonas were propagated in tryptic 

soya broth supplemented with Yeast extract 0.6% w/v, pH - 7.4, 

thi ~l medium has also been used by other workers like Gosling, et 

al., (1993) and Majeed and Macrae (1994) they have successfully 

used this medium and clamed its superiority on other mediums. 

Thr (to exotoxins (hemolysin. Cytotoxin, and enterotoxin) were 

elal)()rated by these test strains on this medium and the medium 

waH also found to be suitable for determining the 

enteropathogenicity and biological activities of the elaborated 

excdoxins. 
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Aeromonas spp. are known to grow within a temperature range of 

22-3rC (Kirov, et a/., 1993) , and are known to produce exotoxins 

best at 37°C (Kirov, et a/., 1993; Gosling, et aI. , 1993). In the 

presont study a toxin production procedure of (Gosling, et aI., 

(190:3 ) and Majeed and Macrae (1994) has been used with 

success. However in the present study 300 oscillation per minute 

in 74 hours incubation has been used as proposed by Majeed and 

Macrae (1994) and best results were obtained. 

For the production of Aeromonas exotoxins as cell free culture 

fi ltrate (CFCF) the cultures were grown in specified time and 

tempHrature as prescribed by Gosling, et al., ( 1993). Majeed and 

M8I:"Ele (1994). The culture medium after propagation of seed 

cullure were centrifuged at 10,000 g at +4°C for 30 minutes to 

render it cell free. The supernatants were filtered through sterile 

low protein binding 0.45u and 0.2u syringe filters (ICN Flow). 

Th()se cell free cu lture fi ltrates now termed as CFCF were than 

divided Into small aliquots and stored at -20°C for further testing. 

Ead l CFCF sample recovered by growing Aeromonas strain was 

teslud for biological assays of exotoxin ( cytotoxin activity, 

entt3rotoxin activity, and hemolysin activity) and In order to 
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detormine the biochemical features of Cell Free Culture Fi ltrate 

protein estimation using Lowry s method and SOS-PAGE Gel 

electrophoresis was carried out. 

In the present study the protein estimation of cell free culture 

filtrates was determine to correlate between the protein contents 

and the reacti~m of toxins in different tests, and it was found that a 

hlgll protein contents of CFCF gave a relatively high hemolytic, 

cytopathic and enterotoxic effects irrespective of Aeromonas 

species and sources of isolation. The review literature indicates 

thai protein estimation is only a test to varify the possible 

biological activities in the CFCF. 

Tho CFCr of al l the 12 strains were tested on gel electrophoresis 

agillllHt known molecular weigtlt protein markers to confirm the 

presence of the known moleoular weight toxic proteins produced by 

the Aeromonas strains. Proteins bands were observed within 

molocular weight range 15 kda (enterotoxin), and 55 kda 

(hemolysin), along with many other unknown protein bands. The 

protein profile of the exotoxins produced by Aeromonas spp. are 

too complex. Gosling, et al., (1994) having similar view that these 

are not so far been fu ll y investigated. 
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Aeromonas spp. produce a variety of biological active extracellular 

substances, including hemolysins (Asao, et a/., 1986), cytotoxins 

and ( nterotoxins (Chopra, et al., 1986). A number of studies have 

corlcentrated on the roles of exotoxins in eteropathogenicity, and 

B- hemolysin is considered to be a likely pathogenic factor. 

However, epidemiological investigations suggest that 

production of hemolysin can serve as a marker for discrimination 

between species but does not distinguish between pathogenic and 

no-pathogenic species, because most strains of A. hydrophila, 

A. enVlae, and A. sobria are hemolytic regardless of their source 

( NIAhlkawa, et a/. , 1988). Aeromonas also have been known to be 

invl lsive and do posses hemagglutinins which could render them to 

calise diarrhea ( Watson, et a/., 1985). 

Tho 12 strains investigated in our study and isolated from diarrheal 

and normal stools, and from environmental sources were 100% B

hemolytic on 5% sheep blood agar plates. Similar findings has 

be(ltl reported by Kindschuh, et al., (1987) that all strains of the 

thnlf) Aeromonas speoies isolated from stools of children by them 

were B-hemolytic. In contrast Nishikawa and Kishi (1988) found 

that 95% of A. hydrophila, 86.4% of A. sobria and only 1.9% of 
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A caviae were in their studies B-hemolytic. In another study 73% 

of Aeromonas isolates were B- hemolytic, where as the 

renloining were non- hemolytic among their strains (Singh and 

Sanyal, 1992). 

Th( I in vitro hemolysin activity (hemolysin production ) in each of 

the 12 CFCF sample were analyzed according to the method 

proposed by Gosling, et aI. , (1993) as the dilution titration using 

1 % rabbit erythrocytes in microtitre plates. In the present study the 

CFLF of all the strains of A. hydrophila, A. caviae and A. sobria 

isolated from clinical as well as environmental sources were found 

to cause lysis of 1 % rabbit erythrocytes irrespective of the species, 

anel sources of isolation, this has been supported by the findings of 

SlnUIl and Sanyal , (1 992) wllo also found that CFCf of all the 

strcllllS of Aeromonas irrespective of their species designation and 

sources of isolation when tested for hemolytic activity only those 

causing B-hemolysls on sheep blood agar plates showed lysis of 

2% sheep erythrocytes . 

Nishikawa, et al., (1988) had also found that Aeromonas 

hyc/fOphila and Aeromonas sobria produced hemolysin. Nakano, 

et III, (1990) found that the strains which were hemolytic on blood 
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agar plates and had a high hemolytic titer value did not necessari ly 

produce fluid accumulation in suckling mouse test. But all the 

strwns that accumulate flu ids had high hemolytic titer in microti tre 

meltlod. In line with the aforementioned findings the p esent study 

revealed. 

Tho cytotoxic ability of 12 strains of Aeromonas was tested on 

three different ce ll lines, namely Hep-2, Vero and MRC-5. In earlier 

studies only Hep-2 cell (Notterman and Botton, 1990) Vera cel l 

(Miljeed and Macrae, 199il) lines have been reported to be used 

for cytotoxicity tests. 

The MRC-5 cells line (human diploid cells) has appears to be first 

timn subjected to cytotoxic studies uSing Aeromonas toxins In the 

present study. The cytopathic effects (CPE) could be visualized in 

form of elongation of cells instead of rounding of cells as in case of 

Hep-2 and Vero cells there fore the possibility of use of MRC-5 

cellR for studying cytotoxic effects of bacterial toxins .There fore 

MRC-5 cells could also be used for studied the CPE as 

successfully as Hep-2 and Vero cells. 
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Clillical isolates of Aeromonas spp. are known to produce 

Cytotoxin (Gosting, et al., 1986; Kindschun, et aI. , 1987). In the 

present study it was found that all isolate of Aeromonas did 

produce cytotoxins having varying degree of toxitivity. 

Thll cytotoxic effects observed were detachment and rounding of 

cell In case of Hep-2 and Vero cells resulting in cell death within 

next few hours. Slight toxic effects of strains no 4 and 8 of 

A. caviae isolated from stool of diarrheal patients on all the three 

cell lines was observed within 5 hours post inoculation . While 

strllin 5 and 7 of A. caviae, ( strain number 5 isolated from stool of 

diarrheal patient and strain number 7 isolated from the stool of 

normal person) showed highly toxic effects .. Strain 6 and 12 of 

A. (;{/ viae also showed highly toxic effects. Strain number 6 was 

isolotod from diarrheal patient stool whi le strain no 12 was isolated 

frorn polluted water. Namdari and Bottone, (1990) used only Hep-

2 monolayer cell line for the determination of cytopathic effects of 

CFLF produced by all three species of Aeromonas especially 

wor ked on CFCF of A. caviae and found that 1:5 dilution of culture 

filtrate of A. caviae cytotoxicity for Hep-2 cells was evident as early 

as I hour postexposure and maximized at 5 hours postinoculation. 

TWc)l1ly-four hours were required before cytotoxicity was evident 
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witll the 1: 1 0 di lution of the A. caviae cu lture fi ltrate. By their 

findings they conclude that A. caviae cytotoxin production is high in 

vitro, but not that of A. hydrophila or A. sobria. 

Only ano strain of A. sobria was included in this study which was 

isolated from stool of a diarrheal patient, it showed slight 

cytopathetic effect on Hep-2 cells after 24 hours post inoculation 

wi th 1:5 dilution . Similarly in the other two cell lines, Vero and 

MRC-5 the reaction was too weak to be considered as 

cyt( >pathogenic. 

A. hydrophila cytotoxin when tested on Hep2 cells produced 

round ing, detachment and death of cells which started within one 

hour post inoculation of 1:5 dilution of CFCF which completed 

within 4 -5 hours. This finding is in accordance with the report of 

Natndari and BoHone (1990 ). On Vero cells the toxin reaction was 

sal'llo which is also in line with the findings of Majeed and Macrae 

(1994). In MRC-5 the cells started showing reaction by elongation 

and detachment from the monolayer and than rounding off within 

two Ilours post inoculation. This cell line has not been reported 

before for this test. All strains of A.hydrophila showed strong 
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cytopathic effects on all the three cells monolayer irrespective of 

the source of isolation, thus a 100% response was observed. 

A wide range of cytotoxic response of A. hydrophila has been 

reported ranging from 60% to 100% Majeed and Macrae (1994) 

and reported 63% cytotoxic response in A. hydrophila, while in the 

present study where 100% of A. hydrophila were able to produce 

cytotoxin supported by the observation of Plumbo, et al., (1989) 

thai Aeromonas gastroenteritis in a spectrum of species related 

disoases, being associated mostly with Aeromonas hydrophila. In 

addition present study has shown that A. hydrophila is more likely 

than the other two Aeromonas species to be virulent. This 

conclusion is supported by the observation that A. hydrophila were 

ablH to produce a strong cytopathic reaction in cell lines as 

compared to the other two species (Palumbo, et a/., 1989). 

Cylotoxic and hemolysin activities, as detected in Aeromonas 

strains, has been implicated in bacterial pathogenicity. The 

presence of significant levels of Aeromonas stra ins with these 

activities may play a significant role in the epidemiology of 

AelOl11onas associated gastroenteritis. The present study is also 

substaintiated by the a formentioned findings since most of our 
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IsolHtes from diarrheal stools, thus proving them to be associated 

witll disease and toxicity. 

In the present study it was also observed that the cytotoxin activity 

did not correlate wittl the production of enterotoxin, these findings 

are supported by the work of (Kindschuh, et a/., 1987). However, 

some earl ier investigator found complete correlation of cytotoxic 

activity within positive rabbit illeal loop assay, indicating almost 

universal production of enterotoxin like activity by cytotoxic 

stralns.( Kindschuh, et a/., 1987). 

AeJOmonas spp. were also known to produce an enterotoxin whose 

identity is still under investigation due to its unstability and low 

production yield in vitro. Further the role of enterotoxin gets more 

complicated due to the presence of other exotoxins which are 

cytotoxic and hemolytic (Gosling, et a/., 1994). However, the role of 

AelOmonas spp. in gasteroentritis is associated with their being 

isolated from the stool of patients and the subsequent test of 

enterotoxin production in mice assays. Some investigators have 

isolated Aeromonas spp. from stool specimens from patients with 

diarrhea more frequently than from stool samples of normal 

patients taken as controls, while in other studies isolation from 

the8e two groups was similar (Notermans, et a/., 1986) 
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In the present study only 66% (8 of 12 ) CFCF of Aeromonas 

species were found to be weakly enterotoxic, 60% (3 of 5) 

A. IIydrophila, 83% (5 of 6) A. caviae were enterotoxic. While only 

one sample of A. sobria tested was found non- enterotoxic. 

(Turnbull, et a/., 1984) have shown that enterotoxin is produced by 

mORt 8- hemolytic strains of Aeromonas. However, (Singh and 

Sallyal, 1992) indicated that a significant number of B-hemolytic 

strulns ( 35% of their strains) did not show any enterotoxic activity, 

however the B-hemolytic strains showed significantly more 

enterotoxic activity than the alpha-hemolytic and non-hemolytic 

struins, independent of their species designation. Thus Singh and 

Sanyal (1992) demonstrated that the oapacity for enterotoxin 

production in Aeromonas spp. is not confined only to the 

B-hBmolytic strains but that the alpha and non- hemolytic isolates 

alsl) possess thi s property, although to a lesser extent. 

Cytotoxic and hemolytic activity as detected in Aeromonas strains 

have been implicated in bacterial pathogenicity, and may playa 

siglliflcant role in the epidemiology of Aeromonas associated 

gastroenteritis as suggested by Majeed and Macrae (1994). In the 

present study 100% hemolytic and cytotoxic activity and 66% 

entorotoxic activity were observed which is supported by (Majeed 
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and Macrae, 1994) findings. In conclusion, it is inferred that 

Aeromonas hydrophila , as well as Aeromonas caviae and 

Aeromonas sobria are bonafide enteric pathogens as .they posses 

the viru lence factors (hemolysin, cytotoxin, and enterotoxin) that 

may operate in the gastrointestinal tract to provoke a diarrheal 

syndrome. 
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