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ABSTRACT 
 

Aeromonas hydrophila, a Gram-negative, short, motile, rod bacterium, is 
considered one of the most important opportunistic bacterial pathogens of freshwater 
fish, causing motile aeromonads septicemia, a major fish disease affecting warm water 
aquaculture throughout the world. The disease can lead to mass mortality in cases of 
unavailable and uneffective diagnosis and treatment. To date, there are no effective 
means of rapid detection for this disease. Only conventional time-consuming methods, 
bacterial cultures and biochemical tests, are currently used. Hybridoma technology 
provides unlimited supplies of homogeneous immunoglobulin, called monoclonal 
antibodies (MAbs). It is possible to apply this technique for the development of a 
rapid method for on-site diagnosis of the disease in fish. The objectives of this study 
were to produce and to characterize MAbs specific to a pathogenic strain of 
Aeromonas hydrophila in fish. 

From one fusion, nineteen hybridoma clones were produced and the MAbs 
were characterized into six groups according to their specificities, using Western blot, 
dot blot, and immunohistochemistry. Of these MAbs, two groups could detect only 
one isolate of A. hydrophila which was used for immunization, another group detected 
two strains of A. hydrophila and Plesiomonas shigelloides, the other three MAbs 
crossreacted to all strains of the aeromonads and with other Gram negative bacteria 
tested, to a certain degree. Therefore, further development of MAbs specific to other 
isolates of A. hydrophila is needed for effective diagnoses of all pathogenic isolates of 
A. hydrophila. 

 
 
  
KEY WORDS:  MONOCLONAL ANTIBODIES / AEROMONAS HYDROPHILA/ 

WESTERN BLOT / DOT BLOT / IMMUNOHISTOCHEMISTRY/ 
 FISH   
                          
79 pp. ISBN 974-04-5778-9 
 
 



Fac. Of Grad. Studies, Mahidol Univ.                                                                                           Thesis/ v 
 
 
การผลิตโมโนโคลนอลแอนติบอดีที่จําเพาะตอเชื้อ AEROMONAS HYDROPHILA ที่กอโรคใน
ปลา (PRODUCTION OF MONOCLONAL ANTIBODIES SPECIFIC TO A 
PATHOGENIC STRAIN OF AEROMONAS HYDROPHILA IN FISH) 
 

เกรียงไกร ประการแกว   4436348  SCMI/M 
 

วท.ม. (จุลชีววทิยา) 
 
คณะกรรมการควบคุมวิทยานิพนธ:    วิทยา มีวุฒิสม, ปร.ด. (จุลชีววิทยา),ไพศาล สิทธิกรกุล, ปร.ด. 
(สัตววิทยา), สุเทพ ไวยครุฑธา, ปร.ด. (จุลชีววิทยา). 

     
บทคัดยอ 

 เชื้อแอโรโมนาส ไฮโดรฟลลา (Aeromonas hydrophila ) เปนแบคทีเรียแกรมลบ รูปราง
ส้ัน กลม และเปนแทง จัดเปนเชื้อฉวยโอกาสที่สําคัญที่สุดเชื้อหนึ่งที่กอใหเกิดโรคติดเชื้อและเนา
เปอยตามตัวและผิวหนังปลา ซ่ึงกอใหเกิดความเสียหายอยางมากตอการประมงน้ําจืดทั่วโลก 
โดยเฉพาะหากไมไดรับการวินิจฉัยและการรักษาที่ทันทวงที ปจจุบันมีเพียงการตรวจเชื้อโดยวิธี
เพาะเชื้อ และวิธีทดสอบคุณสมบัติทางชีวเคมีของเชื้อ ซ่ึงอาศัยเวลาและไมสะดวกรวดเร็ว การใช
เทคโนโลยีการผลิตโมโนโคลนอลแอนติบอดีที่จําเพาะตอเชื้อนี้ จึงเปนแนวทางหนึ่งที่อาจนํามาใช
วินิจฉัยโรคแบบรวดเร็วและสะดวกใชภายในฟารมได 
 การศึกษานี้ ไดผลิตเซลลลูกผสมจํานวน 19 โคลน ซ่ึงหล่ังโมโนโคลนอลแอนติบอดีที่
จําเพาะตอเชื้อแอโรโมนาส ไฮโดรฟลลา  โดยแบงเปน 6 กลุม ตามความจําเพาะของโมโนโคลนอล
แอนติบอดีซ่ึงทดสอบดวยเทคนิค Western blot, dot blot และ immunohistochemistry พบวามี
โมโนโคลนอลแอนติบอดี 2 กลุมที่แสดงปฏิกิริยาไดจําเพาะตอเชื้อแอโรโมนาส ไฮโดรฟลลาสาย
พันธุที่ใชฉีดใหหนูเทานั้น โมโนโคลนอลแอนติบอดีอีก 1 กลุมสามารถแสดงปฏิกิริยาไดตอเชื้อแอ
โรโมนาส ไฮโดรฟลลาได 2 สายพันธุและเชื้อ Plesiomonas shigelloides  สวนโมโนโคลนอล
แอนติบอดีอีก 3 กลุม แสดงปฏิกิริยาขามตอเชื้อแอโรโมนาสในสปชีสอ่ืนที่อยูในกลุม motile 
ดวยกัน และตอเชื้อแบคทีเรียแกรมลบอื่นๆที่ใชทดสอบในระดับตางๆกัน  จึงจําเปนตองผลิตโมโน
โคลนอลแอนติบอดีที่จําเพาะตอเชื้อแอโรโมนาส ไฮโดรฟลลาสายพันธุอ่ืนๆ เพิ่มเติม เพื่อที่จะ
สามารถใชวินิจฉัยการติดเชื้อแอโรโมนาส ไฮโดรฟลลาในปลาไดอยางถูกตองแมนยําและสมบูรณ 
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CHAPTER 1 

INTRODUCTION 
 

1.  Introduction  
Fish is man’s most important single source of high quality animal protein and 

provides about 16% of the animal protein consumed by the world’s population. It is a 

particularly important protein source in regions where high-quality protein from 

livestock is relatively scarce: fish supplies less than 10% of animal protein consumed 

in North America and Europe, but 17% in Africa, 26% in Asia and 22% in China. 

About 1 billion people worldwide rely on fish as their primary source of animal 

protein. Globally, more “food fish” is consumed on a per capita basis than any other 

type of meat or animal protein (16.0 kg per capita supply in 1998, up from 12.5 kg in 

1984), followed by pig meat ( 14.9 kg in 1998), poultry meat (10.1 kg in 1998), beef 

and veal (9.8 kg in 1998), eggs (7.8 kg in 1998) and mutton and goat (1.9 kg in 1998) 

(1). To meet the ever-increasing demand for fish, aquaculture has expanded very 

rapidly and is now the fastest growing food-producing industry in the world giving 

rise to more intensive culture systems. Aquaculture is regarded as an important 

domestic provider of much needed high-quality animal protein and other essential 

nutrients (generally at affordable prices for all).  

 In Thailand, freshwater fish has traditionally also been a major source of 

protein for domestic consumption of Thai populace, and freshwater aquaculture has 

since1963 been rapidly developed by implementing extensive fish culture extension. 

In 1996, catch from freshwater culture amounted to 228,656 tons, valued at 6,785.6 

million baht. During the past two decades, production from this sub-sector had 

increased with an average annual growth of 11.9 percent and 17.1 percent in quantity 

and value, respectively. However, lack of government control, supervision, and 

inappropriate management has led to consequence of environmental deterioration and 

the occurrence of diseases.  As production increases and production systems intensify, 

diseases have inevitably become more serious as one of the major problems in 

aquaculture. Although aquaculture become more sophisticated, fish and fish products 
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more complex and consumers more concerned about the safety about the consumption 

of the fish they eat, the problems and needs at particular levels, e.g. lack of on-site 

rapid diagnosis, facing aquaculturists, diagnosticians, and clinicians remain 

unresolved. 

 Aeromonas hydrophila, a gram-negative, short, motile, rod bacterium, has 

been considered one of the most important opportunistic bacterial pathogens of 

freshwater fish causing motile aeromonad septicemia, MAS, a major fish disease 

affecting warm water aquaculture throughout the world (2). The disease is commonly 

associated with the epizootic ulcerative syndrome, as one of the most frequently 

isolated bacteria from fish ulcers (3) which caused mass mortality to wild and cultured 

fish in many parts of South East Asia, including Thailand (4, 5). In Thailand, a serious 

outbreak of the disease during 1981-5 had nationwide witnessed  that A. hydrophila 

was isolated from all samples of ulcerated fish (6) and that mass mortalities of the 

cultured fish caused considerable financial impacts throughout the course of outbreak. 

During the early days of lariid catfish (Clarias batrachus) culture, undiagnosed 

mortalities of the fish showing square hemorrhagic ulcerations frequently occurred. It 

was not until 1976 that Saitanu et al demonstrated that A. hydrophila was the causative 

pathogen (7). A. hydrophila infection is very common in freshwater aquaculture 

showing clinical signs of hemorrhagic septicemia. Losses are high at farms with poor 

water quality. The affected animals are fish, frogs, and soft-shell turtles. 

Despite recent global advancements in aquaculture, the absence of appropriate 

technological management has up-to-date caused problems of fish disease which have 

greatly limited economic return on investments and have posed serious obstacles to 

long-term sustainable development in aquaculture. Conventional techniques, including 

microbiological and biochemical tests, to monitor and identify A. hydrophila in the 

diseased fish has been commonly used for many years in aquaculture industry. 

However, the procedures mentioned are known to be time-consuming, impractical, 

and undesirable for on-farm use. Hence, a rapid, sensitive and reliable detection is an 

indispensable requirement for fish health management. As advances in 

immunobiotechnology have contributed efficiently to human and veterinary medicine 

for years, monoclonal antibodies with hybridoma technology should be particularly 

helpful in relation to aquatic animal health for diagnosing the diseased fish.  
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Up to date, tendency in developing rapid diagnostics and detections has been 

dramatically increasing among the disciplines of medical, veterinary, and food 

microbiology. Since hybridoma technology provides unlimited supplies of 

homogeneous antibodies, it is likely to be applied and developed monoclonal antibody 

techniques to be a rapid method, e.g. a dipstick, for on-site diagnosis of fish diseases.   

Therefore, the objectives of research described here were to produce and to 

characterize MAbs specific to a pathogenic strain of Aeromonas hydrophila in fish. 
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 CHAPTER 2 

LITERATURE REVIEW 

 

1.  General Background Information on Aeromonas hydrophila 
  Aeromonas hydrophila, a “water-loving, gas producing” bacterium, was 

first reported in 1890 by Zimmerman, and was isolated and revealed its pathogenicity 

in frogs in1891 by Sandrelli (8), since which time the organism has been isolated from 

such other aquatic animals as finfish, shellfish, crustaceans, and amphibians in all 

countries, especially where pond and ornamental fresh–water fishes are cultured (9, 

10). It is pathogenic to many aquatic species and causes hemorrhagic septicemia (red 

sore disease) in a wide range of freshwater pond-cultured and wild native fish hosts 

(11). Apart from being a normal inhabitant of fresh water, it occurs in water, soil and 

food, particularly meat, fish and milk. It also forms part of a component of the 

intestinal flora of healthy fish. 

 

1.1  Characteristics, morphology and biochemistry, and growth  

  A. hydrophila is a gram-negative, straight or curved, short, motile, rod 

bacterium that is cytochrome oxidase positive and ferments glucose. The bacterium 

measures 0.8 to 0.9 x 1.5 µm, is polar flagellated, produces no soluble pigments, and 

is resistant to vibriostat (0/129) (2, 4-diamino-6, 7-disopropylpteridine phosphate) and 

Novobiocin (Table 2). It belongs to the family Aeromonadaceae, based on the 

observed phylogenetic differences between aeromonads, vibrios, and other enteric 

bacteria as determined  by 16S rRNA cataloguing, 5S rRNA sequencing and RNA-

DNA hybridization data (12-14). It has no spore stage or capsule. The optimum 

growth temperature is 28ºC, but growth can occur at 37ºC. Colonies on nutrient agar 

are white to pale pink, round and convex, with entire margins. The biochemical 

characteristics are shown in Table 1.  
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Table 1  Biochemical characteristics of Aeromonas hydrophila 

 
Characteristics Response 

Indole production in 1% peptone water + 

Aesculin hydrolysis + 

Growth in potassium cyanide(KCN) broth + 

L-Histidine and L-arginine utilization + 

L-Arabinose utilization + 

Acetoin from glucose(Voges-Prokauer(VP) reaction) + 

H2S from cysteine + 

Oxidase + 

Cytochrome oxidase + 

Catalase + 

Methyl red (MR) experiment d 

Acetylmethyl carbinol production + 

2,3-Butanediol production + 

2,3-Butanediol dehydroprogenase + 

β-Galactosidase production + 

Phosphatase + 

Nitrate reduction + 

Urease - 

Malonate - 

Gelatin liquefaction + 

Casein digestion + 

Loeffler serum digestion + 

Starch hydrolysis + 

Lipase + 

Lecithiase + 

Glucoronate utilization + 

Ornithine decarboxylase  - 

DNAse + 

RNAse + 

Haemolysis + 

Carbohydrate decomposition  

     Adonital - 
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Table 1  Biochemical characteristics of Aeromonas hydrophila (cont’d) 

  

Characteristics Response 

     Aesculin d 

     Arabinose d 

     Cellobiose d 

     Dextrin + 

     Dulcitol - 

     Fructose + 

     Galactose + 

     Glucose + 

     Glycerol + 

     Glycogen + 

     Inositol - 

     Inulin - 

     Lactose d 

     Maltose + 

     Mannitol + 

     Mannose + 

     Melezitose - 

     Raffinose d 

     Rhamnose d 

     Salicin d 

     Sorbitol d 

     Sorbose - 

     Starch + 

     Sucrose d 

     Trehalose + 

     Xylose - 

            +, Typically positive; -, typically negative; d, differs among strains; H2S,hydrogen    sulphide; 

DNAse, deoxyribonuclease; RNAse, ribonuclease.   

 

 The species ‘A. hydrophila’ was further subdivided into three 

biologically distinct phenospecies- which are so-called ‘motile aeromonads’ (A. 

hydrophila, A. sobria, A. caviae) on the basis of DNA-DNA reassociation kinetics and 

polynucleotide sequence relatedness (15). A. hydrophila, A. sobria, and A. caviae can 
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be distinguished by biochemical tests that include gas from glucose, esculin 

hydrolysis, and acid from arabinose (Table 2). 

 

Table 2 Biochemical and biophysical characteristics of A.  hydrophila, A. caviae, and 

               A. sobria (16, 17). 
Character/substrate A. hydrophila A. caviae A .sobria 

Cytochrome oxidase +b + + 

Catalase + + + 

Growth on nutrient agar (37ºC) + + + 

Ornithine decarboxylase - - - 

Indole production + + + 

Fermentation 

       Glucose, sucrose, mannitol 

        Dulcitol, rhamnose, xylose 

        Raffinose, inositol, adonitol 

 

+ 

- 

- 

 

+ 

- 

- 

 

+ 

- 

- 

NO3 reduction to NO2  + + + 

Growth on peptone without NaCl + + + 

0/129 resistant + + + 

Hydrolysis of starch, gelatin, ONPG, RNA and 

DNA hydrolysis 

 

+ 

 

+ 

 

+ 

Gas from glucoseb + - + 

Salacin + + - 

B-D xylosidase + + - 

Arbutine + +      - (14%+) 

G-glucosidase + +      - (29%+) 

Acid from arabinoseb + + - 

Voges-Proskauer + - + 

Elastase + - - 

Esculin + + - 

Growth on KCN + + - 

L-histidine utilization + + - 

L-arginine utilization + + - 

H2S from cystine + - + 

 
a+ = positive reaction and  - = negative reaction for substrate. 
bCharacteristics most often used to separate the three species if they are isolated from fish. 
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       1.2  Outbreaks and epizootiology 

 Outbreaks of motile aeromonad septicaemia usually occur when the fish are 

immunocompromised due to unpleasant environment or predisposing factors leading 

to stresses such as high temperature, overcrowding, organic pollution, and hypoxia. 

 Due to the ubiquitous distribution of the organisms, fish can be at risk at any 

time, although severe epizootics in carp occur most frequently. Most cultured and wild 

freshwater fish are susceptible to infection by A. hydrophila, but particularly cold-

water fish, such as brown trout (Salmo trutto), rainbow trout (Oncorhynchus mykiss), 

chinook salmon (Oncorhynchus tshawytscha), ayu (Plecoglossus altevelis), carp 

(Cyprinus carpio), channel catfish (Ictalarus punctatus), clariid catfish (Clarias 

batrachus), Japanese eel (Anguilla japonica), American eel (Anguilla rostrata), 

gizzard shad (Dorosoma cepedianum), goldfish (Carassius auratus), golden shiner 

(Notemigonus crysoleucas), snakehead fish (Ophicephalus striatus), and tilapia 

(Tilapia nilotica) (18).  

 A high rate of mortality (95%) of turtles in Italy was caused by A. hydrophila, 

and the study also revealed an important key role of this bacterium that may take part 

in human infected aeromonads (19). In China, an outbreak of imported koi (Cyprinus 

carpio)  with the mortality 80% upward was examined and A. hydrophila was one of 

two bacteria that were causative agents(20). A. hydrophila also associated in 

aquaculture diseases and accounted for more than 50% of the isolated aeromonads 

from crusian carp in Zeijiang province of China (21). Catfish and tilapia, intensive 

rearing in open ponds and recirculating freshwater systems,  were reported susceptible 

to A. hydrophila as a secondary infection in Greece (22).  After a high rate of mortality 

of commercial rabbitry in Spain, A. hydrophila was isolated in pure culture from 

internal organs of the ill and moribund rabbits (23). 

 

 1.3  Pathogenicity and virulence factors 

 Pathogenicity, or virulence, is the ability of a bacterium to cause infection; 

virulence factor (or mechanism of pathogenesis or virulence mechanism) indicates a 

bacterial product or strategy that contributes to virulence or pathogenicity (24). 

Virulence factors can be loosely classified into two categories: those that promote 

bacterial colonization and invasion of the host and those that cause damage to the host.    
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 The pathogenesis of A. hydrophila infection is definitely complex and 

multifactorial, with involvement of a repertoire of virulence factors with unclear 

mechanisms. The degree of virulence of A. hydrophila isolates is closely related with 

variations of the amount and types of extracellular toxins produced by the bacteria (25, 

26). There are several studies documenting the virulence factors of A. hydrophila 

identified and examined. Surface-associated factors include adhesions, e.g. pili and 

outer membrane protein (OMP) (27), the S-layer (28), and lipopolysaccharides (29). 

Extracellular products (ECPs) include siderophore for iron acquisition and an array of 

exoenzymes and exotoxins, i.e.enteroxin (30), glycerophospholipid 

cholesterolacetyltransferase (GCAT) (31), cytotoxins (32), haemolysins (33),  lipase 

and protease (34-36).These virulent determinants, most of whose the mechanisms of 

action remain to be determined, are involved sequentially in enabling the bacteria to 

colonize, gain entry, establish, replicate, and cause damage in host tissues and to evade 

the host defense system and spread, eventually killing the host (37).  In fish, Such 

bacterial factors could be expected to play a role in the fish disease processes called 

presently motile aeromonad septicaemia, MAS (38). The mean lethal dose observed in 

fish was in the range of 104.61 to 107.11 CFU/g (39). The interaction between host and A. 

hydrophila remains largely unknown, whereas the virulence factors and the 

distribution of A. hydrophila have been extensively studied. 

 Like other well-studied pathogenic organisms which are capable of entering 

eukaryotic cells, A. hydrophila can enter fish cells and exist as intracellular parasites 

and may bind to the surface of the cells and trigger a signal to the microfilaments, 

initiating bacterial uptake (40). Virulence factors examined contributing to the 

internalization of A. hydrophila by fish epithelia include tyrosine phosphorylation, 

staurosporine, sodium orthovanadate (41). The bindings of extracellular matrix 

proteins to A. hydrophila are commonly found in the diseased-fish isolates. It was 

concluded that colonization was contingent on the capability of the bacterium’s 

binding to specific cell surface receptors of the mucous layer, epithelial cells and 

subepithelial basement membranes (42). In such a way that the bacterium could attach 

to selected host cells, it was found that adhesins play a key role with a particular 

selectivity, recognizing D-mannose and L-fucose side chains on the eukaryotic cells’ 

surface (42-44).       
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 Other virulence factors that damage the host fish have also described. Crude 

extracellular preparations from A. hydrophila showed hemolytic and proteolytic 

activities, but the former, not the latter, was the principal virulence factor of A. 

hydrophila, giving rise to hemorrhages in internal organs, excess fluid in the body 

cavity and lesion in external muscle surrounding the injection site of speckled trout 

Salvelinus fontinalis (33). Culture supernatants of A. hydrophila was purified a 

metalloprotease, a serine protease, and a haemolysin, each of which have lethal 

activity for rainbow trout (45). A gene ahyB from A. hydrophila encoding elastase 

activity was cloned, synthesized, and processed, showing a high sequence similarity to 

other metalloproteases(46). 

  In addition, virulence factors could also be indicative of differentiating 

virulent from avirulent strains in that the virulent have hemolysin (hlyA), protease, 

OMP, multidrug-resistance protein and histone-like protein (HU-2), the avirulent 

having not (47).      

  

 1.4  Apoptosis 

 Apoptosis, a morphologically distinct process of programmed cell death, is a 

natural process by which the host controls cell numbers and is characterized by 

nuclear condensation and DNA fragmentation, common to mammalian immune 

system (48), and also detected in avian (49) and amphibian (50) thymocytes. 

Apoptosis is a highly regulated process which involves the active participation of the 

cell and is controlled by complex signal transduction pathways. Some bacteria have 

evolved means of inducing this process in host cells, A. hydrophila being 

unexceptional.  At present, modulation of phagocyte apoptosis by bacterial pathogen is 

an emerging theme in pathogenesis (51). As in human intestinal cells (HT29), A. 

hydrophila produced several cytotoxic exotoxins such as enterotoxins and aerolysin to 

induce apoptosis (52). In human macrophages, A. hydrophila was shown modulating 

cell death (53), whether or not exotoxins secreted by A.hydrophila are mediated in 

apoptosis of Carassius auratus lymphocytes was examined. The result showed that the 

exotoxins (including a number of factors such as haemolysins, enterotoxins, cytotoxins 

and leucocidins) directly induced apoptosis in C. auratus without activation (54).  
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 1.5   Clinical signs and findings 

 Clinical signs of MAS are diverse and varied from extensive superficial 

reddening of the surface of a large area of the body, often with fins or tails (fin rot), to 

extensive ulceration over a considerable portion of the flanks of dorsum (55). Motile 

Aeromonas septicemia-infected fish lose appetite, become lethargic, and swim lazily 

at the surface. When the diseased fish first appear at the surface, they usually dive 

when disturbed but eventually lose their equilibrium, return to the surface and move 

into shallow water. 

 Histopathologically, skin lesions include acute-to-chronic dermatitis/myositis. 

In septicemia, there may be depletion and necrosis of the renal and splenic 

hematopoietic tissue; necrotic intestinal mucosa; and focal necrosis in the heart, liver, 

pancreas, and gonad (56, 57) 

  

 1.6  Diagnosis, detection and identification  

 Diagnosis of MAS cannot be based solely on clinical signs because other 

bacterial organisms (such as Pseudomonas sp.) and protozoan parasites (such as 

Epistylis sp. and Ichthyobodo sp.)  often produce similar clinical signs and identical 

external lesions. A definitive MAS diagnosis can only be made by a complete 

necropsy of diseased fish in conjunction with isolation and identification of the 

causative organisms (58).   

 Several different procedures are available for the identification of MAS. The 

existing methodologies, including visual observation and light microscopy, routine 

bacteriology and histology, and PCR-based diagnostic assay, can be used. Primary 

isolation of motile aeromonads can be made on either BHI or TSA. The cultures 

should be incubated at 25 to 30ºC for 24 to 48 h, at which time entire, slightly convex 

colonies, which are mucoid and white to yellowish, will be obvious. A. hydrophila can 

be isolated and identified on Rimler-Shotts (RS) selective media, where an orange-

yellow colony will form when incubated at 35ºC (59).  

 Over the last decades, the application of molecular technology tools for the 

diagnosis of fish diseases has been developed. PCR has been on the frontiers on the 

science of diagnostics. This technique has the advantages of higher sensitivity and 

shorter times for diagnosis, when compared to isolation and serological techniques.   
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Information concerning PCR detection of the virulent or pathogenic isolates of A. 

hydrophila from fishes is limited and confined to particular genes or strains of the 

bacterium, for instance, to detect the strains of A. hydrophila (HG) (60, 61), to detect 

16S r RNA genes from A. hydrophila (62), and to identify β-haemolysin genes of 

pathogenic A. hydrophila strains(63). A recent study confirmed that PCR detection 

system can be one of reliable assays to classify A. hydrophila (64).  However, not all 

virulent strains of A. hydrophila have been conclusive to be detected by the PCR 

method.   

 In recent years, the classification of the genus Aeromonas has undergone major 

changes. Extended DNA-DNA hybridization studies or other molecular techniques 

and improved phenotypic methods have resulted in the recognition of 14 well-defined 

genomic species within the genus. Although not yet conclusive, the 14 species in the  

genus Aeromonas currently comprises A. hydrophila, A. bestiarum, A. salmonicida, A. 

cavia, A. media, A. eucrenophila, A. sobria, A. jandaei, A. veronii, A. schubertii, A. 

trota, A. allosaccharophila, A. encheleia and A. popoffii (65). Identification of 

Aeromonas has long been controversial due to their phenotypic heterogeneity (66, 67). 

Despite with a wide variety of intensive approaches, identification of some species is 

still a serious problem because the conventional biochemical tests are not always 

reliable and phenotypic and genetic groups have not been matched (66, 68).    

  

 1.7  Treatment and control 

 A. hydrophila responds to antibiotic therapy. Oxytetracycline has been the 

predominant antibiotic used to treat the disease. Systemic infections can only be 

successfully treated by the use of medicated feeds containing antibiotics, before the 

sick fishes stop eating caused by the disease. The form of oxytetracycline medicated 

feed is a sinking pellet, administered at a rate of 25 to 37.5 mg of active drug per 

pound of fish per day for a period of 10 days. Actual feeding rates vary according to 

the strength of the medicated feed mixture. A 2.5 g/lb (grams of tetracycline/ pound of 

feed) formulation is fed at a rate of 1 to 1.5 percent body weight per day, while a 1.25 

g/ lb formulation is fed at 2 to 3 percent body weight per day. A 21-day withdrawal 

period following the drug administration before fish can be marketed for human 

consumption (69). Antibiotic treatment of  A. hydrophila can lead to antibiotics 
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resistance (70), caused by plasmid- related troubles, and transferable R-plasmids (71, 

72) 

 As antimicrobial peptides and proteins play important roles in innate immunity 

and are widespread in mammals (73), in channel catfish, an antimicrobial factor, 

purified from catfish leukocyte granule, showed  excellent bactericidal activity against 

A. hydrophila, besides against other bacterial and viral pathogens (74). A 43 kDa OMP 

protein, a native adhesin, could provide protective immunity to fish against A. 

hydrophia and Vibrio spp. in vivo (75). Consequently, the protein was developed as a 

recombinant adhesion, successfully expressed in E. coli, and showed the same immune 

protection to fish as the native adhesion (76). A 6.7 kDa antimicrobial peptide, isolated 

from trout skin secretions using acid extraction followed by cation exchanged 

chromatography, exhibited potent antibacterial activity against both Gram-(+) and 

Gram-(-)bacteria tested, including A. hydrophila, with minimal inhibitory 

concentrations in the submicromolar range (77).  

 Although it is difficult to manipulate virulence of the pathogenic organisms in 

nature, effective management regarding standard operating husbandry can help 

prevent severe disease outbreaks by ensuring that environment conditions are more 

favorable to the host that to the pathogen (78). 

 

1.8 Serology, vaccination, and immunostimulants  

 A. hydrophila contains thermostable O, thermolabile K, and flagellar H 

antigens. Serologically, the O antigens of A. hydrophila are heterogeneous (66, 79). 

Different serotypes have been studied from various sources of fish, isolated from year 

to year and place to place. Interestingly, a common antigen has been found among 

virulent strains (80, 81). Protein fingerprints do not  correlate with biochemical 

characteristics Both phenotype and protein fingerprints show clustering of 

epizootiologically related isolates (82). The outer membrane component protein of A. 

hydrophila isolates is variable (83). The profiles of the proteins were suggested useful 

for confirming the identity of A. hydrophila (84).Eight exe genes of extracellular 

protein secretion and membrane assembly from A. hydrophila were cloned and found 

to have similarity with the extracellular secretion operon of a number of different 
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Gram-negative bacteria (85). O-polysaccharides were shown remarkably similar 

structures in Aeromonas species, including A. hydrophila (86). 

 Serum resistance, one of the two major defense mechanisms of non-specific 

immunity in fish (87), is a common character shared by the virulent strains of A. 

hydrophila (88). This property showing interactions with and multiplication inside the 

phagocyte provides the bacterium with means of overcoming the non-specific 

immunity of the fish (89). 

 Studies and research on a vaccine for A. hydrophila has begun since the mid-

1950s. For instance, in one experiment, researchers have described the response of 

rainbow trout (Oncorhynnchus mykiss) to immunization with the A. hydrophila 

bacteria (90). However, fruitful products have neither been successfully developed nor 

reached to the point that they are routinely used in freshwater fish farming industry.  

 In carp, Cyprinus carpio, orally administrative nucleotides daily for 3 days 

enhanced responses of phagocytic and nitroblue tetrazolium (NBT) activities in kidney 

phagocytic cells, for which the effects were dose-dependent and continued. The serum 

complement and lysozyme activities also increased in the treated fish, showing the 

increased resistance to A. hydrophia infection. However the mechanism of this 

immunostimulation effect is not clear (91). In another research, Rainbow trout 

(Oncorhynchus mykiss Walbaum), immunised by injection, immersion and orally with 

killed and live cells of A. hydrophila, produced antibodies in the serum, bile, skin and 

gut mucus, and skin and muscle extracts. This work showed that the use of subcellular 

components have met with some success of the control of infection by A. hydrophila 

(90). One kind of proteins called major adhesion isolated from a virulent strain of A. 

hydrophila has shown capability of significantly inhibiting other virulent and weakly 

virulent strains of A. hydrophila from adhering to and invading host cells (92).This 

indicated that the strain has the potential to be used as a vaccine. Carp immunized by 

immersion in LPS from A. hydrophila were protected by cell mediated system (93). 

Vaccinated eels with formalin and ampicillin inactivated A. hydrophila by injection 

and immersion, and both means gave some protection. However, The ampicillin 

preparation was more effective than the formalin inactivated bacterin (94). Recently, 

experiments, in vitro and in vivo, showed that an major adhesin isolated from  A. 
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hydrophila  could be used as a common antigen for fish immunization against various 

strains of A. hydrophila  and Vibrio (95). 

  

 1.9  Public health considerations 

 There has been increasing evidence that Aeromona species are pathogenic for 

human beings regarding mainly enteric illness (96, 97). Aeromonads are commonly 

identified an isolated from fresh water fish and shrimp (98), regarding the  potential 

occurrence of food-borne diseases. After isolated from the left –over food samples, 

shrimps, mayonnaise, liver pate, and boiled ham, A. hydrophila was indicated 

involving a case of food poisoning (99). Then the investigations of the A. hydrophila 

isolates showed that many toxins were produced, adhered, and invaded human 

intestinal cells in culture. 

 A. hydrophila has been identified as an emerging cause of diarrhea, mostly in 

young children (100, 101), and was responsible for 47% of septicemia cases in 

different regions in the United States (79).Three types of infections are described: 

systemic infections, usually in people who are seriously immunocompromised; wound 

infections; and gastroenteritis (102). Four dominant serogroups (O:11, O:16, O:18, and 

O:34) were associated with gastroenteritis and septicemia in clinical studies (103). In 

one study, 66 of 96 (69%) isolates produced cytotoxins, whereas 32 (80%) of 40 

isolates from diarrheal disease victims were toxigenic, with only 41% of nondiarrheal 

isolates being positive for cytotoxin production (104). In a study of 147 isolates from 

patients with diarrhea, 91% were enterotoxic, whereas only 70% of 94 environmental 

strains produced enterotoxin as assessed by the sucking mouse assay (105).  

 Isolates from meat and meat products possessed biochemical markers that are 

generally associated with toxic strains of other species, with the mouse median lethal 

dose (LD50) being 108-9 CFU for most strains tested (106). Through drinking water, 

although there is sufficient evidence that some isolates of Aeromonas found in 

drinking water have virulence factors related to gastroenteritis, there is not 

epidemiological evidence, and it is inconclusive at present to that this organism posses 

a health risk through the consumption of drinking-water (107). 

 One potential risk of public health is that strains of Aeromonads have given 

global increase in antibiotics resistance in farmed fish. The reason is that the farmed 
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fish are often treated with a variety of antimicrobials (108). Antibiotics resistance 

patterns showed a relatively higher resistance to oxytetracyclin, amoxycillin, 

ampicillin, novobiocin and polymixin-B in India (109). In China, A. hydrophila was 

also highly resistant to most of eight commonly used antimicrobials: ampicillin, 

furazolidone, tetracycline, oxytetracycline, streptomycine, chloramphenical, 

sulfonamide, and ciprofloxacin (110). As R plasmid carrying bacteria might be 

transmitted directly to humans such as by direct contact during handling or by 

consumption, great care must be paid on prevention on the spread of R plasmid 

carrying microorganisms (111). All factors mentioned can possibly lead A. hydrophila 

in aquaculture become public health issues. These include production of some 

negative impact on the treatment of human infections as a consequence of either direct 

transmission of resistant pathogens to humans, or indirectly through the transfer of 

resistance genes from environmental bacteria to human pathogens (112, 113), 

stemming from the point of view of emerging antibiotic resistance in fish pathogen 

and causing the diagnosis and treatment much more difficult (114) . 

 So far, currently insufficient clinical data has led to undetermined infective 

dose in man, although there has been a growing concern about the consumption of 

Aeromonas-contaminated food by young children, the elderly and the 

immunocompromised (115). However, It is worth noting that not all isolates of 

pathogenic A. hydrophila of fish can cause the disease in mammals (116), for aquatic 

environments might deplete the virulence of those strains. This result did correlate 

with that that of a study revealed that ECPs obtained from both pathogenic and 

nonpathogenic A. hydrophila strains performed cytotoxicity to different cell lines 

(117). 

  

2.  Hybridomas and Monoclonal Antibodies  
 Monoclonal antibodies (MAbs) are purified antibodies cloned from a single 

cell. These antibodies exhibit exceptional purity and specificity and are able to 

recognize and bind to a specific antigen. In 1975 Kohler and Milstein reported the first 

successful fusion between an antibody-secreting spleen cell and an immortal myeloma 

cell. They named the resulting cell a “hybridoma”, which became a cell line that was 

both immortal and a producer of specific antibodies (118). The two scientists were 
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awarded the Noble Prize for Medicine in 1984 for the development of this hybridoma 

or cell hybrids made between different lines of cultured myeloma cells (plasma cells 

derived from malignant tumor) by using Sendai virus to induce the cells to fuse. 

Sendai virus is an influenza virus that characteristically causes cell fusion.  

 

 2.1  Monoclonal antibody production 

 To make a hybridoma, antibody producing plasma cells must be generated. 

This is done by immunizing a mouse against the specific anigen of interest and 

repeating the process several times to ensure that it mounts a rigid immune response. 

Two to four days after administering the antigen, its spleen is removed and broken up 

to form a cell suspension. These spleen cells, comprising of immune B lymphoblasts 

expressing a special antibody gene, are suspended in culture medium together with a 

nonsecretory special mouse myeloma cell line. This cell line deficient for the enzyme 

hypoxanthine guanine phosphoribosyl transferase (HGPRT─) is a fusion partner. 

Polyethylene glycol (PEG) is added to the mixture(119). This compound promotes cell 

adherence and the combination of nuclei. If the fused cell mixture is cultured for 

several days, any unfused spleen cells possessing both HGPRT and thymidine kinase 

(TK) will die, provided that they are not continuous cell lines. The myeloma cells 

would normally survive, but they are eliminated by a simple method. 

 There are three biosynthetic pathways by which cells can produce nucleotides 

and therefore nucleic acids. The myeloma cells are selected so that they lack two 

enzymes, hypoxanthine phosphoribosyl transferase (HGPRT) and thymidine kinase 

(TK). As a result they cannot use either thymidine or hypoxanthine and are obliged to 

use an alternative biosynthetic pathway to convert uridine to nucleotides. To select 

successful cell fusions, the fused cell mixture is therefore grown in a selective culture 

called HAT medium (120) containing hypoxanthine, aminopterin, and thymidine, in 

which the hybrid cells can proliferate. Aminopterin is a drug that prevents myeloma 

cells from making their own nucleotides (purines and pyrimidines) from uridine. Since 

the myeloma cannot use hypoxanthine or thymidine in the medium and the 

aminopterin stops them from using the alternative synthetic pathway, they cannot 

make nucleic acids and will soon die. Hybrids made from a myeloma and a normal 

cell will grow, since they possess hypoxanthine phosphoribosyl transferase and 
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thymidine kinase and can therefore use the hypoxanthine or thymidine in the culture 

medium and survive even in the presence of aminopterin. The positive hybridomas 

obtained after cloning are the source for MAbs.  

 

 2.2  Myeloma cell lines 

 Three important criteria for choosing a myeloma cell line for fusion were the 

following: the presence of drug resistant markers for selection against unfused 

myeloma; lack of the production of undesired heavy and light chains by the myeloma 

cell line; and stability of the hybrids formed by fusion with the myeloma cells (121). 

In one study, mouse myeloma cell lines which are descendants of MOPC-21 were 

considered to be by far the mostly widely used. The reasons were that for HAT 

sensitivity and loss of endogenous immunoglobulin heavy chains ( e.g. P3-NS1-Ag4-

1, NS-1) or loss of both heavy and light chains (e.g. X63-Ag8.653, NSO/1) production 

(122). Of these, NS-1 was the most popular. Another cell line widely used was a 

descendant of NSO/1, P3-X63-Ag8-U1, or PU.    

  

 2.3  In vivo immunization 

 Immunization of the animal is the initial, of paramount importance, and of the 

most crucial aspects of a hybridoma study. Mice are immunized with an antigen that is 

prepared for an antigen of interest prepared for injection either by emulsifying the 

antigen with Freund’s adjuvant or other adjuvants or by homogenizing a gel slice that 

contains the antigen. Intact cells, whole membranes, and microorganisms are 

sometimes used as immunogens, and importantly they do not need to be purified. In 

general, mice are immunized every 2-3 weeks but the immunization protocols varying 

among investigators have generally been described. When a sufficient antibody titer is 

reached in serum, immunized mice are euthanized and the spleen removed as a source 

of cells for fusion with myeloma cells. 

 

 2.4  Screening methods 
 The supernatant of the cell cultures in each individual well are tested by 

ELISA on the presence of antigen-specific antibodies. The positive hybridomas are 

grown further and again tested on presence of antigen-specific antibodies. At this 
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point, other antigens than the one used for immunization should be tested. This is for 

excluding unwanted antigens (cross-reacting with other proteins), or for selecting 

antibodies against a certain region of the antigen.  

  

 2.5  Cloning and recloning 

 To reduce the risk of overgrowth of non-producer cells and to obtain a 

homogeneous cell clone secreting MAbs, cloning and recloning of hybrid cells is 

essential. Once colonies have been identified as positive, the contents of the hybrid 

cells in wells should be cloned as soon as they become visible. 

 Two main methods of cloning are widely used: cloning in soft agar and cloning 

by limiting dilution (123). In the first method, assuring clonality but somewhat 

prolonged and more complex, cells are spread in soft agar and colonies that develop 

from single cells are randomly picked and transferred into liquid culture, where they 

are screened for MAb activity. In the second method, cells are diluted to less than one 

cell/well in microculture plates and the positive wells are selected.  

 Cloning under limiting dilution conditions is preferred when the fraction of 

specific antibody-secreting hybridoma is lower than one in 103, and when the hybrid 

cells show low cloning efficiency on soft agar due to density-dependent growth early 

after fusion. The dependence on a certain density is overcome by the addition of 105 

spleen cells or 106 thymocytes (rat or mouse) per well one way of cloning under 

limiting dilutions is to dilute the hybrid cells to less than one cell/well and to add 106 

thymocytes/well to a microculture plate. When the cloning efficiency is not known, it 

is recommended to make serial dilutions by the serial transfer of cell suspension into 

150 µl of medium using a multichannel pipette. Then 50 µl of feeder cells is added. 

Watch for cell growth and check antibodies in supernatants of wells that received high 

dilution of cells. At least 24-36 wells/dilution per cell should be placed. According to a 

Poisson distribution, it is assumed that 63% (or less) of the wells show cell growth, 

they most likely contain a single clone per well. To ensure monoclonality, the cloning 

procedure has to be repeated for a few cycles (124) (called recloning) until all the 

subclones detected appear to secrete the specific antibody.  In general, limiting dilution 

method seems to be the most suitable method to clone hybridoma cells in liquid 

culture (125). 
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 Another technique that is based on cloning of hybridoma cells in agar is the 

replica method (126). This method enables the detection of specific clones directly on 

the agar plate. Cellulose nitrate filters or plastic sheets that have been coated with 

specific antigen are placed on top of the agar layer covering hybridoma colonies that 

have been seeded on soft agar. Specific antibodies secreted by the hybrid clones, 

which diffuse through the agar and react the antigen on the filter, are detected with the 

aid of enzyme-conjugated or radio-iodinated second antibodies. The antibody-forming 

clones are then identified using ELISA or autoradiography, respectively. 

  Another cloning system is based on the presence of immunoglobulins with 

antibody activity on the surface of some hybridoma cells. Using fluoresceinated 

antigen or antigen bound to flouoresceinated microbeads (127), it is possible 

specifically to stain these cells, which then can be detected and separated by the 

fluorescence activated cell sorter (FACS). Limitation of this technique is the need for 

highly fluorescence antigens and the fact that not all hybridomas contain surface 

antibodies. 

 

 2.6  Monoclonal antibodies in diagnosis of infectious diseases 

 In the three decades since Kohler & Milstein first developed the technology to 

produce MAbs by means of in vitro hybridoma systems, their impact in many areas of 

human and veterinary medicine has been considerable; yet the advances made by this 

breakthrough have been less assimilated to impact on aquatic animal disease 

diagnostics. However, MAbs have increasingly been developing as a powerful tool for 

the rapid immunodiagnosis and control of bacterial and parasitic disease of fish. 

Additionally, MAb probes can also be used as specific markers to identify and map 

antigens that may be potential vaccine candidates (128). Obviously, the potential uses 

of MAbs are very widespread. 

 MAbs selected for this use should possess certain desirable characteristics 

(129), including: high affinity for antigen this enables detection of low antigen 

concentrations and can displace host antibody in biopsy material; direction towards 

repeating epitopes allows detection of low concentration of antigen; and  direction 

towards epitopes not seen by the host avoids antigen ‘masking’ by host antibody. 
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 2.7  Monoclonal antibodies specific to A. hydrophila 

  Several MAbs specific to A. hydrophila have been produced and described. 

Two purified MAbs were used to specifically recognize the epitope on hemolysin with 

disclosure its functions on hemolytic and enterotoxic activities (130). A useful MAb as 

an immunodiagnosis specific for highly virulent strains of A. hydrophila in fish was 

initiated (131).The detection using the MAb recognized all serotype I isolates, on O 

side-chain core oligosaccharides. This provided a basis for further studies on the 

serological characterization and virulence of A. hydrophila strains. The high 

specificity of the developed MAbs to A .hydrophila from aquatic ecosystem was 

reported, also showing strong interactions of the antibody against the strains that had 

been isolated from the same ecosystem and that were closely related to the strains used 

for the generation of the MAbs (132). The application of these was to determine the 

cell morphologies and microhabitats of the strains within there natural environment. 

An MAb based on immunofluorescence and immunoperoxidase was used for 

demonstrating a distinct difference between the duration of retention and quality of 

uptake and processing of two kinds of A. hydrophila vaccines (133). Among the 

various strains of A. hydrophila tested reactive with MAb- 8D10, there was no 

consistency in the the way that they showed how strong the reactivity was. This has 

led to concluded that differences in the antigenic determinants among the isolates have 

been found (134). Three MAbs were produced with great feasibility to be applied to 

clinical diagnosis and identification of A. hydrophila serotypes (135). Each of the 

MAbs did not show any cross reactivity with other bacterial strains 
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CHAPTER 3 

MATERIALS AND METHODS 

 
1. Bacterial Strains 
 Aeromonas hydrophila VMARC 1234 used in this study was isolated from 

Carp’s kidneys at the Veterinary Medical Aquatic Research Center, Chulalongkorn 

University, Thailand. Aeromonas hydrophila AAHRI 04082 and Plesiomonas 

shigelloides were obtained from the Aquatic Animal Health Research Institute, 

Department of Fisheries, Thailand. Aeromonas sobria NICMB 1333 and Aeromonas 

caviae NICMB 1444 were obtained from Sirinda Yoonchalad, PhD, Khon Kaen 

University, Thailand. The other bacteria used for a cross-reaction test as control 

including Enterobacter cloacae, Klebsiella pneumoniae, Morganella morganii, 

Proteus vulgaris, Salmonella Typhi, Shigella flexneri, and Staphylococcus aureus 

were obtained from the Department of Microbiology, Faculty of Science, Mahidol 

University, Thailand, Escherichia coli ATCC 25922, Salmonella Typhimurium ATCC 

1408 and Salmonella Enteritidis DMST 7108 from Narumon Wontanyakorn, DVM, 

MSc, Bangkok Livestock Processing Co., Ltd., Vibrio parahaemolyticus, Vibrio 

vulnificus, and Vibrio fluvialis  from  the Department of Microbiology, Faculty of 

Science, Chulalongkorn University, Thailand, and Aeromonas hydrophila DMST 2798 

and Aeromonas sobria DMST 12446 from the Department of Medical Sciences, 

Ministry of Public Health, Thailand.  

 

2. Culture Conditions and Preparation of Antigens for Immunization 
2.1 Culture conditions 

 The bacteria were grown aerobically, with agitation, at 37ºC in tryptic 

soy broth, TSB (Merck®) to log phase for 24 h, except Vibrio parahaemolyticus in 

TSB supplemented with 2 %(w/v) NaCl. They were harvested after sufficient growth 

was achieved, by centrifugation at 3500 x g for 20 min at 4ºC. Pellet bacteria were 

washed twice in sterile 0.15 M phosphate buffered saline (PBS), pH 7.2, re-suspended 

in the same medium at an optical density (OD) of 1.00 at 610 nm, and then stored at 
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 -70ºC for later use. 

  2.2 Preparation of antigens for immunization 
 Three forms of the antigens for immunization were prepared: heat-

killed, formalin-fixed, and SDS- treated. A. hydrophila VMARC 1234 was grown and 

harvested as described above, and then heat-killed at 60ºC for 60 min. A suspension of 

the heat-killed bacteria was adjusted to an OD of 1 at 610 nm (approximately 109 

CFUml-1) with sterile PBS, pH 7.2, and stored at -70ºC. To be formalin-killed, the 

bacteria were suspended in 4%paraformaldehyde sterile PBS, pH 7.2, overnight and 

then washed three times in PBS, before adjusted and stored as the same conditions as  

the heat-killed bacteria were conducted. To treat with SDS, the heat-killed bacteria 

were mixed with 2X treatment buffer (Appendix 7) (1:1 v/v) and the mixture was 

boiled for 90 sec. After completely dialysed, the protein dialysates were made aliquot 

and kept at -20 °C.     

 

3. Immunization of Mice  
 Four 8-week old female Swiss mice obtained from the National 

Laboratory Animal Centre, Mahidol University, were first injected intraperitoneally 

(i.p.) with 100 µl mixture  of a 1: 1: 1: 3 of 109 CFUml-1 of formalin- fixed, heat-killed, 

SDS-treated A. hydrophila VMARC 1234 cells, and Freund’s Complete Adjuvant 

(Sigma®). The mice were boosted i.p. 3 times at 2-week intervals with 109 mixed 

forms of A. hydrophila VMARC 1234 cells and Freund’s Incomplete Adjuvant 

(Sigma®). Blood were taken from the orbital sinus of each mouse and the antibody 

response was performed by Western blotting and immunohistochemistry as described 

below. The mouse showing the highest titer with the most intense bands on Western 

blots was selected as a spleen donor and was i.p. given a final boost injection of 108 

CFUml-1 of the same preparation without the adjuvant (Table 3).  

 

4.  Myeloma Cell Lines 
 Myeloma partners used for fusion were P3X. They were cultured in 

RPMI 1640 media supplemented with 20% fetal calf serum (FCS) in a humidified 

incubator in the presence of 5% CO2 at 37ºC. The myelomas were maintained in log-
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phased growth by means of subculture everyday for one week prior to fusion. The 

media volume in the Petri dishes was maintained at approximately 15 ml. 

          

         Table 3 Immunization protocols for monoclonal antibodies 

Days of injection Route   Immunogen Adjuvant 

0 i.p.        100 µl CFA 

              14 i.p.        100 µl IFA 

              28 i.p.        100 µl IFA 

              42 i.p.        100 µl           IFA 

              56 i.p.        100 µl             - 

 

 

5.  Fusion Procedure  
 Hybridomas were produced according to KÖhler and Milstein (118) 

with slight modifications (136). Non-secreting murine myeloma P3X cells (137) were 

fused with spleen cells of the selected mouse. 

 5.1  Serum collection  

 The donor was anethetized with diethyl ether for 20 sec before serum 

withdrawal via the orbital sinus with a sterile Pasture pipette coated with Sigmacote®. 

To obtain pre-fusion immune serum, the blood was allowed to clot for 1 h at RT after 

collection and incubated for 30 min on ice. The serum supernatant was removed to a 

clean tube and spun down by centrifugation at 10,000 g for 10 min at 4ºC. The serum 

was transferred to a clean tube and stored at -20 ºC.  

 The mouse was then euthanized by cervical dislocation. It was sprayed 

liberally with 70% alcohol, and the spleen was removed aseptically. Three separated 

sets of sterile surgical utensils were prepared. The first set was for opening the skin 

ventrally and making the abdominal wall exposed, the second set making a small 

incision in the abdominal wall, the third set pulling out the spleen. Carefully the skin 

and loose hair was kept well away from the work surface. The spleen was placed and 

soaked in two sterile Petri dishes containing PBS. To minimize the chance of 

contamination, the spleen was taken an extensive soak in a sterile Petri dish containing 

RPMI 1640 media. Each time for soaks is for a minimum of 5 min. During the 
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extensive soak as much the connective tissues were carefully removed as possible. 

Prior to performing the fusion, the Petri dishes containing PBS, and containing RPMI 

1640 media were placed overnight in the humidified incubator.  

 5.2 Fusion 

 To achieve a single cell suspension, spleen was clipped off and minced 

using a 5-ml syringe plunger through a sterile grid. The suspension was filtered 

through the grid several times by means of pipeting. Ten ml of spleen suspension was 

added into a 50 ml of a polypropylene tube containing approximately 108 cells of P3X 

myeloma. It was centrifuged for 5 min at 200 g and the supernatant was discarded as 

completely as possible. To facilitate fusion, one ml of pre-warmed (37ºC) 40% (w/v) 

polyethylene glycol (PEG 1500) (Sigma®) was added dropwise to the cell suspension 

using a pipettor (1000 µl), and simultaneously the tube was slightly agitated (138) . 

This step was performed exactly for 1 min. Thirty-nine ml of HT media (Appendix 5) 

was added into the suspension, and it was then incubated at the humidified incubator 

for 2 hrs. The cell suspension was centrifuged for 5 min at 200g and the supernatant 

was discarded. The cell pellet was suspended in HAT media (Appendix 5). One 

hundred µl of this mixed cell suspension was dispensed into each well of the thirty 96-

well culture plates, and they were kept in the humidified incubator.  

 Six days after fusion, macroscopic growths were examined; if visible, 

cell supernatants were screened for anti Aeromonas MAbs activity as described below. 

Selected positive hybridomas were cloned in new 96-well culture plates by limiting 

dilution method to obtain a single clone per well. Wells which contained a single 

colony were further propagated in 10% FCS RPMI 1640 media and cell supernatants 

were tested by dot ELISA and Western blots. 

  

6. Screening of Hybridomas for Anti- Aeromonas Antibodies by Dot         

     ELISA 
 To determine antibodies specific to A. hydrophila, hybridoma 

supernatants were screened using a dot ELISA (139, 140). The nitrocellulose 

membrane of 0.45 µm average pore size (Schleicher and Schüll®, Dassel, Germany) 

was used as a solid phase in the dot ELISA (Figure 3). Approximately, the antigen 

(109 CFU/ml) diluted in PBS, pH 7.2, was applied into the nitrocellulose membrane as 
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1 µl spot-1 by means of an adjustable Eppendorf® research pipette (10 µl). The 

nitrocellulose membrane was allowed to air dry about 10 min or until no visible wet 

spot remains at RT and then placed in a shallow plastic box containing 30 ml of 5 % 

skim milk in PBS, pH 7.2 for 10 min. After transferred to a PBS buffer without skim 

milk, the blots were stored at 4ºC. 

 The membranes were cut into pieces and placed into microculture 

plates. Conditioned culture media (1:5 dilution) samples were added into each well 

and incubated for 3 hr at RT, then washed thoroughly for 4 times with PBS, pH 7.2. 

Subsequently, the nitrocellulose membrane disks were incubated for 3 h at RT with 1: 

1000 diluted GAM-HRP (Bio-Rad®) in PBS. Then the nitrocellulose membrane sheets 

were washed 4 times with PBS and treated with DAB (0.01% 3, 3-Diaminobenzidine 

tetrahydrochloride, Sigma®) in PBS containing 0.1 % H2O2 and 0.05 % CoCl2 at RT 

for 5 min, and washed with distilled water. The results were scored as positive or 

negative after visual observations of a color reaction (dark, reddish grey) in the 

nitrocellulose membrane disks. 

   

7.  Cloning of Hybrid Cells by Limiting Dilution Method 
 After identified as desirable clones, all of the cells from each positive 

well were transferred into a separate well of 96 well plates (NUNC®), each of which 

containing 200 µl of HT media  and 50 µl of cell suspension using a multi-channel 

pipette, using a technique called ‘limiting dilution method’ (141). Approximately 24 

hr prior to seeding the wells with the isolated hybridoma cells, HT media was prepared 

and placed into the humidified incubator. From each positive well, ten µl of the culture 

suspension containing 80 viable cells were drawn off and thoroughly blended with 7.5 

ml of HT media. Two-hundred µl of the mixture was dispensed into 48 wells of the 96-

well plate. More 2.5 ml of the media was added into the remaining mixture to lower 

concentration of the hybridoma cells. Two hundreds of the lower concentration was 

dispensed into the remaining 48 wells. The plates were incubated in the humidified 

incubator for 3 days. Cell growth in the bottom of the wells was monitored using an 

inverted microscope. Wells, which showed a single clony, were allowed to be 

screened for MAbs.    
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8.  Cryopreservation  
  The mid-log phase proliferating hybridomas were harvested and 

centrifuged at 200xg for 5 min at RT. The supernatants were kept at -20ºC for any 

future assay; the hybridoma pellets were thoroughly mixed with 1 ml of freezing 

media (Appendix 5), which was kept cold at 4ºC. About 0.5 µl of the suspension was 

transferred to 2 cryopreservation tubes (NUNC®). After the caps were closed rapidly 

and tightly, the tubes were left in a deep freeze (-80ºC) overnight and then transferred 

into a container of liquid N2 (-196ºC), where they can be kept for a long term. To thaw 

the hybridomas, the vial was swung shortly at 37 ºC in a water bath, and cares must be 

taken not to cause the cells contaminated with the water. Immediately when thawed, 

the cells were mixed with 10-ml RPMI 1640 media and centrifuged at 200 x g for 5 

min. After the washed media was discarded, the pellet was re-suspended in a new 

sterile Petri dish with 15 ml of 20% CBS RPMI 1640 media, placing in the humidified 

incubator (Fig.1).  

 

9.  Characterisation of Monoclonal Antibodies  
 9.1 Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis   

(SDS - PAGE) 

  SDS-PAGE was used for analysis of protein components in bacterial 

antigens according to the method of Laemmli (142) with slight modifications. The 

molecular weight of individual components was determined using prestained standard 

molecular weight markers (high range) (Gibco® BRL, Life Technologies, Inc., Grand 

Island, MO). 

 9.2  Preparation of separation and stacking gel    

  All reagents were prepared as described in the Appendix 2. According 

to the manufacturer’s instructions, the separation gel was cast between 2 glass plates 

using a 12% acrylamide solution in separation gel buffer containing 0.1%(w/v) SDS, 

0.05%(v/v) TEMED and 0.05% (w/v) ammonium persulphate. After overlaid carefully 

with water, the solution was allowed to polymerize at RT in the casting stand at least 1 

h. The overlay water was poured off, and blotted briefly with a paper wipe.   
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Figure 1 A diagram of monoclonal antibody production (143) 
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The stacking gel was prepared with 4% acrylamide solution in stacking gel buffer 

containing 0.1% (w/v) SDS, 0.025% (v/v) TEMED and 0.05% APS and was layered 

over the polymerized separating gel. A 15-laned comb was quickly inserted on top of 

the stacking gel to make slots for applying samples. Any small bubbles stuck at the 

bottom of the comb were eliminated. 

 9.3  Preparation of samples   

  Each sample was reduced and denatured by mixing with 2X treatment 

buffer (Appendix 7), 1:1 (v/v). The mixture was heated in boiling water for 90 sec 

before loading.  

             9.4  Electrophoresis  

   Electrophoresis was carried out on a Mini-Protean apparatus (BioRad®, 

Richmond, CA) on the 12% polyacrylamide containing 0.1% SDS slab gel (0.75 mm 

thick) according to the methods of Laemmli (142) and Weber and Osborn (144). 

Protein markers with a molecular mass ranging from 14 to 200 kDa (Gibco® BRL) 

were used as standard. Samples were electrophoresed at a constant voltage of 100 V 

for 90 min.  

  To visualize the protein bands, the gel was covered and shaken gently 

overnight with 2 ml of  0.2% (w/v) Coomassie brilliant blue R (Sigma®) solution 

containing 10% acetic acid (Merck®) and 50% methanol (Merck®) (Appendix 2). 

Excess staining was removed by repeated 1-2 h washings with destaining solutions I 

and II (Appendix 2) until the background was clear and specific protein bands could 

be easily visualized. The destained gel was sandwiched between two soaked 

cellophane sheets (BioRad®) without any bubbles on an open frame at RT overnight. 

  9.5  Molecular weight determination  

  A procedure used for MW determination was modified from the 

methods described by Weber and Osborn (144) and by Davies and Stark (145). The 

MW of any unknown components could be determined by comparing their 

electrophoretic mobilities with those of protein markers of known molecular weights. 

A linear relationship was obtained when the relative mobility of the standard markers 

were plotted against the logarithmic values of their molecular weight (Fig.2). The 

prestained molecular weight markers used in the present study were β-galactosidase 

(126 kDa), fructose-6-P kinase (102 kDa), pyruvate kinase (81 kDa), ovalbumin (53.5 
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kDa), lactic dehydrogenase (37 kDa), and triosephosphate isomerase (31.4 kDa). The 

relative mobility of the unknown was calculated according to the following formula: 

 

 

 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Figure 2 A typical standard curve used for molecular weight determination of the    

protein components separated by SDS-PAGE. 

  

 9.6  Western blotting 

    The gel containing protein components, separated by PAGE as 

described above, was placed onto a pre-wetted nitrocellulose membrane of 0.45 µm 

pore size (Scheilder and Schuel® BA 85, West Germany) totally submerged in transfer 

buffer held in a deep tray. The gel, nitrocellulose membrane, filter paper, and porous 

pads were thoroughly pre-wetted and layered to form a sandwich with care taken to 
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avoid all trapped air bubbles. Once assembled and held firmly together, the sandwich 

was removed from the tray and immediately placed vertically in a transfer 

electroblotting unit (BioRad®). To ensure the immobilization of proteins in the gel was 

on the membrane, the membrane side of the sandwich was put facing the anode (146). 

The transfer was performed in Towbin’s buffer at constant voltage of 50V, 

perpendicular to the plane of the gel, 2 hr at 4ºC. During electrophoresis, the buffer 

was thoroughly stirred. When finished, the sandwich was removed from the tank and 

peeled apart. The nitrocellulose membrane and gel were carefully placed onto a clean 

surface. Before removed from the gel, the membrane was marked at all of 4 corners, 

correct lanes identified directly with a pencil. The electrophoretic blots were left 

overnight at 4ºC in 5% Blotto in PBS, pH 7.2, to saturate additional protein binding 

sites. Then, the nitrocellulose membranes were added with hybridoma conditioned 

media (MAbs) for 4 h at RT with continuous rocking. After washing with 1%Blotto 

for 4 times, 10 min each, the nitrocellulose membranes were added with 1:1000 

diluted GAM-HRP (Bio-Rad®) in PBS, pH 7.2 for 4 h at RT with continuous rocking. 

Once completing the washing step as previously described, the nitrocellulose 

membranes were developed by adding freshly prepared substrate solution (0.03% 

DAB, 0.006% H2O, and 0.05%CoCl2), left exposed for 5 min, and washed with 

distilled water several times to stop the enzymatic reaction (Fig. 3). 
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Figure 3 A flow chart of dot blotting and Western blot analysis of the bacteria of    
                interest (143) 
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10. Immunological Detection Using an Immunoperoxidase Technique 
 10.1 Preparation of Tissue Specimens 

  Ten white seabass, Lates calcarifer, each of which weighing from 39-

42 g, mixed sexes, was experimentally infected by an i.p. injection of 107 CFUml-1 of 

Aeromonas hydrophila VMARC 1234, when the fish increasingly showed extensive 

external ulcers, lethargy, and swollen abdomen, the internal organs on which 

haemorrhages associated were dissected and fixed in Davidson’s fixative solution 

(Appendix 7) for 24 h at RT, continuously rinsed in running tap water for 2 h, and then 

dehydrated with a graded series of ethyl alcohol: 70%, 90%, and 95% concentration 

for 3 h each; 95% ethyl alcohol in N-butyl alcohol for 1 hr; and N-butyl alcohol in 

xylene for 1 h Prior to embedding in paraffin, the tissue was completely infiltrated 

with xylene, namely a clearing agent, making them became translucent. In paraffin 

embedding, the tissue was infiltrated with the paraffin and placed in a mold containing 

molten paraffin. Exactly the same time, the tissue was appropriately oriented in the 

paraffin to facilitate sectioning along the desired plane. The paraffin block was then 

allowed to cool at 20ºC before sectioning. The tissue was then cut into 8 µm thick 

sections with a rotary microtome. As sections were cut, they are floated on a warm 

water bath to smooth out any wrinkles. They were then picked up on a gelatin-coated 

glass microscopic slide, which was pre-warmed and ready to use on a hot plate. To 

help the section adhere to the slides, the glass slides were heated and completely dried 

in a warm oven (50ºC) overnight. The adhered sections were then ready for further 

processing (Fig. 4). 
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Figure 4 A flow chart of tissue preparation for immunohistochemistry  (148). 
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  10.2 The immunnoperoxidase assays 

  The sections were deparaffinized in xylene three times, 5 min each, and 

then rehydrated with a graded ethanol series: N-butyl alcohol, 95%, 90%, 80%, and 

70% concentration of ethyl alcohol, 5 min each, respectively. After washed with 

distilled water for 5 min, refixed with 10% formalin for 10 min, and washed with PBS, 

pH 7.2, 3 times, 15 min each, the sections were blocked with P1
+ solution (Appendix 

7) for 30 min, incubated with the MAb specific to A. hydrophila VMARC 1234 for 3 h 

at 37ºC. The MAb was washed out thoroughly by dipping the slide in PBS, pH 7.2, 3 x 

15 min. After 2 drops of diluted 1:1000 GAM-HRP were added into the sections and 

incubated at 37ºC for 3 h, and washed out thoroughly in PBS, 3 x 15 min each, and 

incubated in a substrate-chromogen mixture working solution (0.03% DAB and 

0.006% H2O) for 5 minutes. The slide was rinsed well with distilled water. The silde 

was stained with hamatoxylin, washed 10 min or until blue in solution (0.05% HCL 

and 1% NaOH), and counterstained with eosin Y. The slide was per mounted with 

mounting solution and mounted with coverslips (Fig. 5).             
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Figure 5 A flow chart of immunohistochemistry preparation (148). 
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11. Determination of Antibody Isotypes and Subisotypes Using 

Sandwich ELISA 
 The heavy chain classes and light chain types of MAbs were 

determined using Mouse Monoclonal-ID Kit (Zymed Lab, San Francisco, CA). The 

assay is based on an indirected ELISA principle. Rabit anti-mouse class and subclass 

specific antibodies were employed in isotyping the mouse immunoglobulins secreted 

into the culture supernatant. Peroxidase-labelled goat anti-mouse IgG serves as the 

signal generating reagent. The procedure was conducted following the manufacturer’s 

recommendations with slight modification (Fig. 6). Briefly, 50 µl of goat anti-mouse 

IgG (GAM) were added to the microtiter wells. After the plates were incubated in a 

humidified box at 4ºC overnight, the solutions were decanted and the plates were 

slapped onto paper towel until dry, and immediately all wells were washed with 150 µl 

of 1% Blotto were added to and left at RT for10 min. The step was repeatedly done for 

3 consecutive rounds. Then, 100 µl of diluted MAbs were added into the wells of each 

row and left with rocking at RT for 1 h. Washing steps were repeated 3 times, as 

previously described. 50 µl of 1% Blotto were added into the wells of the first column, 

set as blank, 50 µl of normal rabbit serum were added into the wells of the second 

column, set as negative control, 50 µl of an known IgG2a antibody were added into the 

wells the third column, set as positive control, 50 µl of subclass specific rabbit anti-

mouse immunoglobulins (IgG1, IgG2a, IgG2b, IgG3, IgA, IgM, κ, and λ) were added 

into each well of the remaining column, respectively. The plates were left at 4 ºC in 

the humidified box overnight.  After the step of washing were repeatedly done 3 times, 

100 µl of diluted HRP-GAR IgG were into each well, and the plates were left at RT 

with rocking. To develop the reaction, 100 µl of OPD (Sigma®) working substrate 

solution (Appendix 4) were added into all wells and left for 10 min before the reaction 

was stopped by adding 50 µl of 4H H2SO4  per well. The OD was measured at 490 nm 

by an ELISA reader (Titertek Multiskan® PLUS, Finland)          
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Figure 6. A flow chart of determination of antibody isotypes and subisotypes (147). 
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  CHAPTER 4 

  RESULTS 

 

1.  Immunization of Mice 

 One week after completion of the third booster of whole bacterial cells A. 

hydrophila VMARC 1234, sera from four female Swiss mice (mice numbered 1-4) 

were analyzed in a Western blot assay against whole-bacterial cell lysates of A. 

hydrophila VMARC 1234 and V. parahemolyticus and E. coli ATCC 25922, which 

were representatives of other gram negative bacteria. Each serum was reabsorbed with 

V. parahemolyticus and tested at a dilution of 1:20,000. Of these, the Western blot 

pattern of the mouse numbered 2 showed the most promising bands reactive strongly 

with the A. hydrophila VMARC 1234 without any cross reactivity to the rest of the 

bacteria (Fig. 7). Therefore, the mouse numbered 2 was chosen as a spleen donor for 

hybridoma production.  

   

2.  Production of Monoclonal Antibodies 
        One fusion was performed after immunization with A. hydrophila VMARC 

1234.   Approximately108 spleen cells were obtained from the mouse number 2; the 

cells were mixed with 2 x 107 P3X myeloma cells in the cell fusion procedure. After 

re-suspended in HAT media, the cell mixture was made 150-µl aliquots and 

distributed into thirty 96-microculture plates (2,880 wells) and about 1,500 wells 

contained hybridoma clones. The culture fluids contained antibodies that reacted to A. 

hydrophila VMARC 1234 were determined by dot blots. The positive culture fluids 

were further selected by WB and dot blot analysis against whole-bacterium antigens 

of A. hydrophila VMARC 1234 and other bacteria. Cells from the wells which had 

culture fluids showing different patterns in the WB analysis against the antigens with 

strong signals were selected for subsequent cloning by limiting dilution method, and 

19 monoclones (hybridomas) were obtained.  
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Culture fluids of these hybridomas were tested against the antigens of A. 

hydrophila VMARC 1234 and the other closely related bacteria. These select clones 

were designated AH-2, AH-6, AH-17, AH-21, AH-25, AH-27, AH-29, AH-31, AH- 

32, AH-44, AH-46, AH-47, AH-53, AH-56, AH-59, AH-63, AH-64, AH-65, AH-66, 

AH-71, and AH-76. Before expanded and established as permanent cell lines, they 

were then re-cloned by the limiting dilution in order that each clone was propagated 

from a single cell. These MAbs can be divided into 6 groups, each of which has its 

own representative clones (namely, clones AH-44, AH-2, AH-29, AH-17, AH-6, and 

AH-46).     

 

3.  Characterization of the Monoclonal Antibodies 
 3.1  Specificity of the MAbs 

 Different bacteria, listed in Materials and Methods, were subject to evaluation 

of the specificity of MAbs secreted by such 6 groups of the clones using dot blotting 

and Western blotting. The antigenic cross-reactivity between whole–cell lysates from 

the bacterial strains was examined by dot blotting (Fig. 8). Simultaneously, the 

Western blotting was also conducted to confirm the specificity of MAbs by comparing 

and contrasting the patterns of cross reactivity in accordance with the dot blot results 

(Fig 9). To obtain an estimate of the MW of proteins of A. hydrophila VMARC 1234 

probed with MAbs secreted by each of the select clones, patterns of WB analysis were 

compared (Fig 10) after SDS-PAGE-separated whole-cell lysates were transferred 

onto nitrocellulose membranes. The results show a strong immunoblot reaction and 

are as follows: 

The MAb group 1 consists of three MAbs (AH-44, AH-47, and AH71) that 

bound to two sharp bands of the proteins, ~52 and ~260 kDa, and showed 

immunoreactivity only with the antigens of A. hydrophila VMARC 1234, but did not 

recognize the antigens from the other two strains of A. hydrophila tested. The MAbs 

did not show immunoreactivity to A. hydrophila in  the tissue sections by means of 

immunohistochemistry.  

The MAb group 2 consists of seven MAbs (AH-2, AH-31, AH-32, AH-58, 

AH-63, AH-66, and AH76) reactive with proteins in a ladder-like pattern, ranging 

from ~10 to 190 kDa. The MAbs reacted only with the A. hydrophila VMARC 1234.  
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The MAb group 3 consists of two MAbs (AH-29 and AH-59) reactive to 

proteins in a ladder-like pattern, ranging from 5.6 to 190 kDa. The MAbs bound 

strongly to two strains of A. hydrophila VMARC 1234 and A. hydrophila DMST 

2798, bound lightly to Plesiomonas shigelloides, but did not bind to A. hydrophila 

AAHRI 04802 and other bacteria tested.  

The MAb group 4 consists of four MAbs (AH-17, AH-53, AH-56, and AH-

65), and they reacted with a protein bands about 21 kDa. The MAbs were cross-

reacted strongly with all the other A. hydrophila and A. sobria strains among the 

aeromonads tested: A. hydrophila AAHRI 04802; A. hydrophila DMST 2798; A. 

sobria NCIMB 12056; A. sobria DMST 12446; and lightly to A. caviae NCIMB 

13016., but not to the other Gram negative bacteria. 

The MAb group 5 consists of two clones (AH-6 and AH-25) reactive to a 

protein component of 5.6 kDa.. Besides cross-reactive with the bacteria as the same 

listed as in the MAb group 4, they reacted with Enterobacter cloacae, Morganella 

morganii, Proteus vulgaris, Salmonella Typhi, and Shigella flexneri. 

The MAb group 6 consists of one clone (AH-46) was reactive to a protein 

component of ~8 kDa. Besides cross-reactive with the bacteria as the same listed as in 

the MAb group 4, they reacted with Plesiomonas shigelloides, Vibrio 

parahaemolyticus, and Vibrio vulnificus. 

 Unexpectedly, all MAbs were reactive with Staphylococcus aureus on dot blot 

but not with Western blot analysis The specificities of the MAbs and results of the 

other tests are summarized in Table 4. 

 3.2  Isotyping of the MAbs 

 Clones AH-17, AH-31, AH-32, AH-53, AH-58, AH-63, AH-66, and AH-

76 are of IgG1, clones AH-25, AH-29, and AH-44 are of IgG2a, and clones AH 2, AH 

7, AH 46, AH 47, AH 56, AH 59, AH 65, AH-71 are of IgG2b as shown in Table 4.  

3.3  Sensitivity of the MAbs for A. hydrophila detection by dot blotting 

 The smallest amount of A. hydrophila VMARC 1234 that MAbs of each 

select clone could detect was performed on nitrocellulose membrane strips containing 

various concentrations (Fig 11). The concentrations of the bacterium were 10-fold 

diluted ranging from 103 to 109 CFUml-1. The clones AH-2 and AH-29, giving the 

highest sensitivity, detected as less the bacterium as 106 CFUml-1.  
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3.4 Localization of A. hydrophila antigens probed with the MAbs   

      using an immunoperoxidase staining 

 The panel of the MAbs was tested on the tissues from fishes with the 

artificial infection with A. hydrophila VMARC 1234. Of six groups, two groups of 

MAbs, 2 and 3, were reactive intensely with the various paraffin- embedded fish 

tissues infected with the bacterium (Fig.12-13). The negative control (without first 

antibody) and the other four groups exhibited no immunoreactivity. 

 A number of the bacteria were observed intra- and intercellular locations 

in various tissues. Some colonies of the bacterium probed with the MAbs associated in 

plasma between red blood cells located in the blood vessels supplying the intestine 

(Fig12-B). Interestingly bacterial colonies were more frequently and intensely 

observed in intercellular spaces among skeletal muscles (Fig 12-D) than in internal 

organs.  

  

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Western blot analysis for the specificity of the antibody.  
                Sera of mice numbered 1, 2, 3, and 4 were testes against lysates  
                of:  
                (a), Aeromonas  hydrophila VMARC 1234;  
                (b), Vibrio  parahemolyticus;  
                (c), Escherichia coli. 

 a   b  c  a   b  c  a   b  c a   b  c 
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Figure 8 Dot blot assay. Whole cells of various kinds of bacteria (109 CFUml-1) were      
               spotted onto nitrocellulose membranes (1 µl spot-1). and treated with     various   
               MAbs (1-6). The bacteria were spotted in each block of 4x5 mm, as follows: 

 
 Row 1: (a) Aeromonas hydrophila VMARC 1234; (b) Aeromona hydrophila  
                   AAHRI 04802; (c) Aeromonas hydrophila DMST 2798;    
              (d) Aeromonas sobria NCIMB12056;  
              (e) Aeromonas sobria DMST 12446. 
 Row 2: (a) Aeromonas caviae NCIMB 13016; (b) Plesiomonas shigelloides;     
              (c) Vibrio  parahemolyticus; (d) Vibrio vulnificus;  

  (e) Vibrio fluvialis.  
   Row 3: (a) Enterobacter cloacae; (b) Escherichia coli ATCC 25922; 

 (c) Klebsiella pneumoniae; (d) Morganella morganii;  
 (e) Proteus   
  vulgaris. 

               Row 4: (a) Salmonella Enteritidis DMST 7108; (b) Salmonella Typhi; 
(c) Salmonella Typhimurium ATCC 1408; (d) Shigella flexneri;  
(e) Staphylococcus aureus. 
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Figure 9   Western blot analysis.After electrophoresis, the proteins were transferred onto 
                  nitrocellulose membranes and then immunoblotted against different MAbs:   
                  (1), AH-44; (2), AH-2; (3), AH-29; (4), AH-17; (5), AH-6; (6), AH-46.   
                  MAb-reactive bands were revealed with GAM- 
                  HRP (1:1,000) and DAB substrate. Lanes:   
    (a), Aeromonas hydrophila VMARC 1234;  

   (b), Aeromonas hydrophila AAHRI 04802;  
   (c), Plesiomonas shigelloides;(d), Aeromonas caviae NCIMB13016;     

        (e), Aeromonas sobria DMST 12446; (f), Vibrio  parahemolyticus. 
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Figure 11  Detection of Aeromonas hydrophila VMARC 1234 using each different   
                   types of MAbs. 10-fold serial dilution(109-  103   CFUml-1) of the heat-  
                   killed bacterium was detected on NCM strips. Strips: 1, AH-44; 2, AH- 
                   2; 3, AH-29; 4, AH-17; 5, AH-6; 6, AH-46. 

   Figure 10  Comparative patterns of Western blot analysis of Aeromonas hydrophila  
           VMARC 1234 probed with each group of MAbs. MAbs: (1), AH-44;  
                     (2), AH- 2; (3), AH-29; (4), AH-17; (5), AH-6; (6), AH-46. M= Markers of    
                      prestained standard proteins 
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Figure 12  Indirect immunoperoxidase staining for detection of experimentally  
 infected fish with A. hydrophilaVMARC 1234 using the MAb AH-2. 
 (A) Adipose and connective tissues;  
 (B) Blood vessels, red blood cells (RBC) with oval nuclei;  

(C) Intestine. The bacterium was found both in the epithelial cell (E) and  
      underlined submucoca connective tissues (S);  
(D) Muscle (M). The strong immunoreactivity of the bacteria and its  
      products was formed in the muscle fibers and extracellular spaces   
      approved as brown precipitates diffuse in the tissues or surround the  
      bacterium colonies (rod shape). 
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Figure 13  Indirect immunoperoxidase staining in the muscle (M) for detection of  
                  experimentally infected fish with A. hydrophila VMARC 1234 using the  
                  MAb AH-29, showing similar immunoreactivities: 
                  (a) low magnification;  
                  (b) high magnification;  
                  (c) control section without MAbs.  
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Table 4   Specificities of monoclonal antibodies tested by dot blot, Western blot and  
                immunohistochemistry. The bold clones are representatives MAb from each  
                group in various tests. 
 

 
 
NB:  +++: strong immunoreactivity; -: no reactivity; +: weakly positive 

 
Bacterial crossreactivty: 
(1a)  Aeromonas hydrophila VMARC 1234; (1b) Aeromonas  hydrophila AAHRI 04802;  
(1c)  Aeromonas hydrophila DMST 2798;    (1d) Aeromonas sobria NCIMB12056;  
(1e)  Aeromonas sobria DMST  12446. 
(2a)  Aeromonas caviae NCIMB 13016; (2b) Plesiomonas shigelloides;  
(2c)  Vibrio  parahemolyticus; (2d) Vibrio vulnificus; (2e) Vibrio fluvialis.  
(3a)  Enterobacter cloacae; (3b) Escherichia coli ATCC 25922; 
(3c)  Klebsiella pneumoniae; (3d) Morganella morganii; (3e) Proteus vulgaris. 

               (4a)  Salmonella Enteritidis DMST 7108; (4b) Salmonella Typhi; 
(4c)  Salmonella Typhimurium ATCC 1408; (4d) Shigella flexneri;  
(4e)  Staphylococcus aureus.  
 

 

Group MAbs (isotype) Dot blot 
(CFU ml-1) 

Western 
blot (kDa) 

Immunohisto
chemistry 

Bacterial 
crossreactivity  

1 AH-44(G2a), AH-
47, AH-71(G2b) 108 ~52, ~260 - 1a: +++ 

 

2 

AH-2(G2b), AH-
31, AH-32, AH-
58, AH-63, AH-
66,  AH-76 (G1) 

 

106 ~10-190 +++ 1a: +++ 
 

3 AH-29(G2a),  
AH-59 (G2b) 106 5.6-190 +++ 

1a, c: +++ 
2b:+ 

 

4 
AH-17(G1), AH-
53(G1),AH-56,  
AH-65 (G2b) 

107 21 - 

1a,b,c,d,e: +++ 
2a: + 
2b:+ 

 

5 AH-6, AH-25 
(G2a) 107 5.6 - 

1a,b,c,d,e,2a: +++ 
2c,d,3b,c,4a,c: + 
3a,d,e,4b,d: ++ 

 

6 AH-46 (G2b) 108 ~8 - 

1a,b,c,d,e: +++ 
2a,c,d,e: +++ 

2b: + 
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  CHAPTER 5 

 DISCUSSION 
 

Nineteen MAbs were obtained from a mouse immunized with A. hydrophila 

VMARC 1234 which can be divided into 6 groups according to their specific immuno 

reactivity to various proteins ranging from 5.6 to ~260 kDa in Western blot and dot 

blot analysis. The MAb groups 1 and 2 did not cross-react with any other strains of the 

bacteria tested, or even not reactive with the two strains of A. hydrophila AAHRI 

04082 and A. hydrophila DMST 2798. The MAb group 3 did react with only A. 

hydrophila VMARC 1234 and A. hydrophila DMST 2798, and react lightly with P. 

shigelloides without cross-reactivity with A. hydrophila AAHRI 04082 and other 

strains of the bacteria tested. Surprisingly, three groups of these highly specific MAbs 

did not  recognize all isolates of the A. hydrophila examined. It is interesting that 

similarity of characteristics of multiple band patterns of the MAb groups 2 and 3 was 

noticed in Western blotting. These evidences indicated the heterogeneity among A. 

hydrophila strains and that the MAb made against specific strains of A. hydrophila 

usually not bind to many isolates of A. hydrophila, as observed as varying degrees of 

immunoreactivity of the comparable isolates of the bacterium in many investigations 

(131, 132, 134, 149, 150). 

Unexpectedly, all groups of the MAbs were reactive with Staphylococcus 

aureus in various degrees in dot blot analysis. One possible explanation might be that 

Staphylococcus aureus, a Gram positive representative used for dot blotting in this 

study, produce immunoglobulin binding proteins, such as protein A. Its remarkable 

property of strongly reacting with the Fc portion of the IgG class of several species. 

Thus, all MAbs, identified as of IgG, can bind to Staphylococcus aureus in dot blot 

analysis with various affinities. This property makes these proteins applicable to 

immunological purposes.  

To define the specificity of MAbs produced, the simpler the test is the sooner 

appropriate hybridomas can be selected. Thus, dot blotting was chosen for screening 

the hybridoma of interest to be further characterized in a Western blot, provided that 
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the ease of manipulating the membranes and the ability to test many samples 

simultaneously (151). 

In order to assure qualitative production of MAbs, beyond ones’ expertise and 

well-equipped laboratory instruments, various factors including the source, form, 

route, and nature of the immunogens as well as the immunization schedule are 

indispensable. The whole cell lysate of the A. hydrophila was selected to immunize 

mice in this study so that all MAbs could be classified of IgG isotypes., which is 

known to have high binding affinity to the epitopes. The reason is that the most 

suitable immunogen for producing specific hybridomas to Gram negative bacteria is 

the form of bacterial cell lysates (152). In addition, inactivated whole-cell bacteria 

have long been known as being good in presentation of many antigens, enhancing 

rigid immune responses as well-documented against various promising whole cells 

including Vibrio cholerae, enterotoxigenic E. coli and Campylobacter jejuni (153). 

Care was also taken to select the inactivation methods in this study; formalin and heat-

killed inactivations were selected and then mixed. Not only are the two methods most 

commonly utilized, but also they give rise to the maintenance of different antigens of 

the bacteria inactivated (154).   

 Although this study is not restricted to any particular antigens of the bacterium, 

the multiple intensely distinct banding patterns apparent in the immunoblotted lysates 

of A. hydrophila VMARC 1234 reactive with the MAb group 2 and 3 are plausible as 

a result of lipopolysaccharides with a common core structure and specific highly 

repetitive carbohydrate side chain of characteristic length (155, 156). The multiple 

immunoreactive bands indicate that a different degree of polymerization of the 

lipopolysaccharides. 

 One problem encountered in the screening step in the immunohistochemical 

procedures for specificity was that the four groups (1, 4, 5, and 6) of MAbs could not 

detect antigens in the tissue sections. This has possibly given rise to false negative 

stains obtained in spite the Western blot patterns showed distinct bands of proteins to 

which each of MAbs bound. One possible explanation for the case might be that 

inmunoreactivity is compromised by over-fixation of the tissues by formaldehyde 

causing excessive cross-linking of proteins (157). The latter could be solved by 
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applying extended heating time to obtain an optimal antigen retrieval immunostaining 

(158). 

One (of two) single protein band in the Western blot of group 1 MAbs 

corresponded to that was characterized as a tetragonal surface protein array, S-layer, 

consisting a 52-kDa protein from virulent strains of A. hydrophila (28). 

In summary, results obtained in this study confirm the heterogeneous nature of  

A. hydrophila antigens. This finding is important to fish diagnosticians and farmers 

because recall based on early detection of A. hydrophila could have devastating 

consequences. Obviously, at the initial stage of the production of these MAbs, the 

advantages of utilizing the MAbs possibly include to apply group 1 and 2 MAbs in 

detecting specific serotypes of A. hydrophila, group 3 and 4 MAbs in classifying 

common strains in Aeromonads, and group 6 MAbs in indicating virulent and 

pathogenic strains in vibrios and aeromonads. However, in the long-running 

development of this technique, additional studies should be performed with these 

MAbs in order to verify that they are useful in methods for rapidly detecting A. 

hydrophila in fish specimens. 
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CHAPTER 6 

CONCLUSIONS 
 

 The production of mouse MAbs from hybridomas has provided scientists and 

clinicians with invaluable tools for medical and veterinary diagnoses. This limitless 

potential tool could be of benefit to aquaculture commodities, including freshwater 

fish farming, as an effective and rapid method for early detecting and monitoring 

diseases. 

In this study, hybridomas producing six groups, ninetine clones, of MAbs 

against A. hydrophila have been obtained after fusion of P3X cells with immune 

spleen cells from Swiss mice. These MAbs were shown to be highly specific for A. 

hydrophila, with varying patterns among the different groups of MAbs. The 

specificities were assessed by Western blot and dot blot analysis with a panel of both 

closely and non- related bacteria and were localized the A. hydrophila antigens with an 

immunoperoxidase technique. By Western blot experiments, the six groups of anti-A. 

hydrophila MAbs presented diverse specificities; they revealed one, two, or multi 

bands with various molecular weight ranging from 5.6 to ~260 kDa. According to the 

spectrum of recognition of the MAbs, two groups detected the antigens only from the 

bacterium that was used in immunizing the mice, one group having detected one more 

strain in the same species, one group having detected only all of strains of the 

aeromonads tested, and two groups crossing reacted with other Gram negative 

bacteria. This has led use the MAbs produced in this study be exploited to tentatively 

detect A. hydrophila , possibly on their own or in combination. 

 Further conclusions can be drawn about the possibilities that these MAbs could 

be fully developed to define their extensive routine uses in a field practice for A. 

hydrophila detection.  
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APPENDIX 1 

CULTURE MEDIA FOR BACTERIAL ROWTH 

 
1. Tryptic Soy Broth 

Tryptic soy broth (per litre) contains: Pancreatic digest of casein (17 g), Papaic 

digest of soybean meal (3 g), Dextrose (2.5 g), NaCl (5 g), Dipotassium phosphate 

(2.5 g). Distilled water was added to 1000 ml. and autoclaved at 121ºC, 15 min. 

 

2. Tryptic Soy Agar 

 Tryptic soy agar (per litre) contains: Agar (15 g),  Pancreatic digest of 

casein (17 g), Papaic digest of soybean meal (3 g), Dextrose (2.5 g), NaCl (5 g), 

Dipotassium phosphate (2.5 g). Distilled water was added to 1000 ml. and autoclaved 

at 121ºC, 15 min. 
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APPENDIX 2 

SDS-PAGE 
 
2.1 Stock solutions:  

   
2.1.1 Monomer solution (30% T, 2.7% CBis) 

   Acrylamide (Bio-Rad® )    30.0   gm 

     N, N-bis-methylene acrylamide (Bio-Rad® )      0.8   gm 

     Distilled water to               100.0  ml 

 Stored at 4ºC in an amber bottle. 

 

2.1.2 4X Running gel buffer (1.5 M tris-Cl, pH 8.8)        

    Tris (hydroxymethyl) aminomethane (Bio-Rad® ) 36.3  gm 

        Distilled water to              200.0  ml 

 Adjusted pH with 1 N HCl 

 

2.1.3 4X Stacking gel buffer ( 0.5 M tris-Cl, pH 6.8) 

         Tris (hydroxymethyl) aminomethane (Bio-Rad® )   3.0        gm 

              The small volume of distilled water was added and pH was adjusted 

              with the concentrated HCl to    6.8    

   Distilled water to               50.0  ml 

 

  2.1.4 10% SDS 

    SDS (Bio-Rad® )               50.0  gm 

    Distilled water to            500.0  ml 

 

2.1.5 10% APS (freshly prepared) 

   APS (Bio-Rad® )               0.1  gm 

   Distilled water to               1.0  ml 

 

2.1.6 Running gel overlay (0.375 M tris-Cl, pH 8.8, 0.1% SDS) 

  1.5 M Tris ( in 1.2)              25.0   ml 

  10% SDS ( in 1.4)     1.0  ml 
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    Distilled water to            100.0  ml 

 

2.1.7 2X Treatment buffer (pH 6.8) 

  0.5 M Tris      2.5  ml 

  10% SDS      4.0  ml* 

  Glycerol      2.0  ml 

  2-Mercaptoethanol     1.0  ml* 

  Distilled water to               0.5  ml 

  *not included in the treatment buffer of PAGE 

 

    2.2 Mixture of separating gel and stacking gel  

             

       12% separating gel  4% stacking gel 

   Monomer solution   7.5    2.66   ml 

   1.5 M Tris-Cl   3.75     ml 

   0.5 M Tris-Cl       5.0 ml 

   10% SDS    150    25 µl 

   Distilled water   3.55    1.5 ml 

   10% APS    150    100 ml 

   TEMED      20    10 µl 

          

2.3 Running buffers: 

2.3.1 PAGE-Upper tank buffer  

Tris       4.56  gm 

Glycine (Bio-Rad® )    3.0  gm 

     Distilled water to          1000.0  ml 

 

2.3.2 PAGE-Lower tank buffer  

Tris       22.7  gm 

1 N HCL               150.0  gm 

Distilled water to            3000.0  ml 
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2.3.3 SDS-PAGE tank buffer 

Tris       12.0  gm 

Glycine (Bio-Rad® )    57.6  gm 

10% SDS      40.0  ml 

     Distilled water to            4000.0  ml 

 

2.4 Staining and destaining solutions  

2.4.1 Coomassie blue staining solution 

2.4.1.1 Stain stock  

1% Coomassie blue R-250     1.0  gm 

       Distilled water to              100.0  ml 

2.4.1.2 Stain  

         Stain stock     50.0  ml 

       Methanol               250.0   ml 

       Acetic acid     50.0  ml 

       Distilled water to                50.0  ml  

2.4.2 Destaaining stock for Coomassie blue 

2.4.2.1 Destain I 

Methanol              500.0  ml 

Acetic acid             100.0  ml 

       Distilled water to           1000.0  ml 

2.4.2.2 Destain II 

 Methanol                50.0  ml 

Acetic acid               70.0  ml 

       Distilled water to           1000.0  ml 

2.5 SDS molecular weight marker (Sigma®) consist of: 

     - β-Galactosidase      12.60   kDa 

  - fructose-6-P kinase       10.20   kDa  

  - pyruvate kinase       8.10   kDa 

  - ovalbumin         5.35   kDa 

  - lactic dehydrogenase       3.70  kDa 

  - triosephosphate isomerase       3.14   kDa 
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APPENDIX 3 

WESTERN BLOTTING AND IMMUNOENZYMATIC STAINING 
 

3.1 Towbin transfer buffer pH 8.8 for Western blot analysis 

           The buffer consists of the following ingredients: 

               Tris         3.03  gm 

        Glycine     14.10  gm 

    Methanol              200.00  gm 

   Distilled water to           1000.00  ml 

 The buffer was pre-chilled till use. 

 

3.2 Phosphate buffered saline (PBS) 0.15 M, pH 7.2 

NaCl         8.00  g 

KCl         0.20  g 

KH2PO4       0.20  g 

Na2HPO4       1.15  g 

 or Na2HPO4 . 7H2O     2.15  g 

H2O (distilled water) adjusted volume to         1000  ml 
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APPENDIX 4 

ELISA 
 

   4.1 5% Blotto solution  

             Skimmed milk      5.0   gm  

    PBS 0.15 M, pH 7.2            100.0  ml 

    1% Merthiolate (Sigma®)       1.0  ml 

    Triton X-100 (Sigma®)    0.1  ml  

   4.2 Washing solution (1% Blotto)  

    5% Blotto solution solution            100.0  ml 

    PBS 0.15 M, pH 7.2             900.0  ml 

 

   4.3 0.1 M Citrate Buffer, pH 4.5 

        Sodium citrate     29.41  gm 

    1% Merthiolate     10.0  ml 

    Distilled water to     1000.0  ml 

    The pH of the buffer was adjusted to 4.5 with 0.1 M HCl. 

   4.4 1 N H2SO4 

    Concentrated H2SO4        27.6  ml 

    Distilled water to     1000.0  ml 

 

   4.5 O-Phenylenediamine dihydrochloride (OPD) 
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APPENDIX 5 

HYBRIDOMA PRODUCTION 
 

5.1 RPMI 1640 media 

  The media consist of: 

  RPMI 1640 (Gibco BRL, USA)    10.4  g 

  D-glucose (Sigma®)      3.6  g 

  L-glutamine (Sigma®)      0.2923 g 

  Sodium pyruvate (C3H3O3Na)    1.1005  g 

  NaHCO3       2.0160  g 

  HEPES (N-2-Hydroxyethylpiperazine-N’-2-ethane 

           sulfonic acid, Sigma® )    5.9525  g 

  H2O (Meri Q water)        1000  ml 

  The solution of penicillin G, streptpmycin and kanamycin were added to the final 

concentration of 20,000 units, 200 mg and 200 mg per liter, respectively. The 

medium was sterilized by Millipore membrane (pore size 0.22 µm) filtration and 

stored at 4 ºC. 

 

5.2 RPMI 1640 media with serum (HT media) 

  The media consist of: 

  RPMI 1640 media in 5.1     80  ml 

  Fetal calf serum (FCS, Starrate®, Australia)  20  ml 

   or Bovine calf serum (BCS, Starrate®, Australia) 

  100X HT supplement (Gibco BRL, USA)   1  ml 

       -10 mM sodium hypoxanthine 

   -1.6mM thymidine 

 

5.3 Hybridoma selective medium (HAT media) 

  The media consist of: 

  RPMI 1640 media in 5.1     80  ml 

  FCS       20  ml 

  HT supplement       1  ml 
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  50 X Aminopterin (Sigma®)    2.0  ml 

  1% Mouse red blood cell 

 

5.4 Fusion solution (40% PEG)  

  PEG       4  g 

  The solution was prepared by dissolving 4.0 g of polyethylene glycol in 6 ml of 

RPMI medium in 5.1. The solution was incubated at 37 ºC in CO2 incubator 

before use. 

 

5.5 Freezing media (12%DMSO) 

  Dimethylsulfoxide (DMSO, Sigma®)   12  ml 

  RPMI media in 5.1     88  ml 

  The medium was stored in 4 ºC before use. 
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APPENDIX 6 

REAGENT FOR DETERMINATION OF ISOTYPINGS AND 

SUBISOTYPES OF MAbs USING ANTIBODY CAPTURED ON 

ANTI-Ig ANTIBODIES. 

Hybridoma sub-isotyping kit, mouse (Zymed®) contents: 

A) Rabbit anti – Mouse IgG1 (γ1 chain specific) 

B) Rabbit anti – Mouse IgG2a (γ2a chain specific) 

C) Rabbit anti – Mouse IgG2b (γ2b chain specific) 

D) Rabbit anti – Mouse IgG3 (γ3 chain specific) 

E) Rabbit anti – Mouse IgA (α chain specific) 

F) Rabbit anti – Mouse IgM (µ chain specific) 

G) Rabbit anti – Mouse κ light chain 

H) Rabbit anti – Mouse λ light chain 

I) Normal rabbit serum (negative control) 

J) Monoclonal mouse IgG1 ( positive control) 

(Mouse IgG1 is in RPMI-1640 with 10% FBS) 

K)  Substrate buffer, concentration (10X) 

(1 M citrate, pH 4.2, containing 0.03% H2O2   

  L) ABTS substrate, concentration (50X) 

    (2,2-azaino-di[3-ethylbenzthiazoline sulfonic acid]) 

  M) Blocking solution, concentration (50X) 

              (25% BSA in PBS and 0.05% NaN3       

  N) HRP-Goat anti-Rabbit IgG (H+L), concentration (50X) 

  O) Goat anti-Mouse IgGAM, concentration (50X) 

    (0.5 mg/ml in PBS containing 10% glycerol and 0.05% NaN3) 

  P) 50% Tween 20 
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APPENDIX 7 

SOLUTIONS AND BUFFERS 

 
  Davidson’s fixative solution: 

95% EtOH                     330   ml 

Formalin (37-39% formaldehyde)    220  ml 

Glacial acetic acid      115  ml 

Distilled water to      1000.0  ml  

 

  P1
+ solution (10% calf serum): 

Calf serum       10  ml 

PBS, pH 7.2 to      100  ml  

 

5% Blotto solution: 

Skimmed milk      5  g 

1% merthiolate      1  ml 

Triton X-100       0.1  ml 

PBS, pH 7.2 to      100  ml  

 

1%Merthiolate: 

Thimerosal (Sigma®)     1.0  g 

H2O (distilled water) adjust volume to   100  ml 

 

   2X Treatment buffer: 

   Tris         2  ml 

 10% SDS          4  ml 

 Glycerol       2  ml 

   Mercaptoethanol      1  ml 

 1% Phenol red      0.5  ml 
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