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Introduction 
 

Antimicrobial resistance (AMR), which is one 

of the most serious global public health 

concerns in today’s world, has almost reached 

crisis stage in human medicine. The rapid 

acceleration of multidrug-resistant bacteria in 

the past decades has overtaken new drug 

development and patients and clinicians are 

faced with the prospect of untreatable 

infections. Although much of the problem 

stems from overuse and misuse of 

antimicrobial agents in human medicine, 

large-scale use of antimicrobials in 

aquaculture and agriculture field for enhanced 

production, which also contributes to the 

crisis. Aquaculture and agricultural uses of 

antibiotics which produce direct or indirect 
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The present study is done to determine the lowest concentration of the assayed 

antimicrobial agent (minimal inhibitory concentration, MIC) that, under defined test 

conditions, inhibits the visible growth of the bacterium. MIC values are  also used to 

determine susceptibilities of bacteria to drugs and also to evaluate the activity of new 

antimicrobial agents, mutation frequency the several factors that affect the appearance and 

spread of acquired antibiotic resistance and  plasmid extraction and  transformation 

demonstrates that conjugation and transfer of plasmids, a  phenomenon that belongs to the 

environment and can occur between bacterial strains of human, animal, and fish origins 

that are unrelated either evolutionarily or ecologically even in the absence of antibiotics. 

MIC concentration in the study was found to be in the higher side. For maximum number 

of strains MIC for ampicillin ranged from 2 to 64 µg with maximum at 64 µg shown by 

Kluyvera intermedia and minimum 2 µg shown by various strains like Acinetobacter 

johnsonii, Edwarsiella spp and Pseudomonas alcaligenes. Mutation frequency was also 

done in order to determine the rate at which the isolates mutate to acquire resistance for a 

particular antibiotic. The results indicate that bacteria can mutate and develop resistance to 

an antibiotic on prolonged exposure. Plasmid extraction and transformation process was 

also performed in order to understand the process of resistance transformation. One of the 

major mechanisms of transfer of AMR was found to be plasmid mediated. 
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environmental exposures in a variety of water 

bodies, which select for resistant microbes and 

microbial genes. Although various authors 

also have emphasized the putative negative 

effects of using antimicrobial agents in fish 

farms (Cabello, 2006), few studies on 

antimicrobial resistance in the aquaculture 

industry have been performed in situ (Johnson 

et al., 2010). However, disease control is an 

active research field, and alternatives to 

antibiotic treatments are being explored. The 

public health hazards related to antimicrobial 

use in aquaculture include the development 

and spread of antimicrobial-resistant bacteria 

and resistance genes and the presence of 

antimicrobial residues in aquaculture products 

and the environment. 

 

Antimicrobials are now ubiquitous in the 

environment They are used in human 

medicine by prescription, in over-the-counter 

preparations, by veterinarians to treat disease 

in animals, in cleaning products and other 

consumer products, as pesticides, in 

aquaculture (fish farming), and in animal 

agriculture (Levy, 1998). The largest use of 

antimicrobial agents outside human medicine 

is in food animals (Swartz, 1989). During the 

past 30 years, studies have shown that use of 

antimicrobials in food animal production 

promotes the development and subsequent 

dissemination to humans of resistant 

organisms (NRCCD, 1999). Resistance genes 

are bred and transferred within environmental 

reservoirs in which bacteria and antimicrobial 

agents coexist. Obvious reservoirs include the 

guts of humans and animals, in which 

horizontal resistance gene transfer has been 

documented among pathogenic and 

commensal species (Shoemaker et al., 1992 

and Kuramitsu (2001). Active antibiotics have 

been identified in water near wastewater 

treatment plants, animal waste lagoons surface 

waters, and river sediments (Myer, 2000). 

This has resulted in speculation that 

environmental contamination with antibiotics 

can augment the selection and dissemination 

of resistance genes through a wide variety of 

routes involving animal and nonanimal 

reservoirs.  

 

Thus this study presents the major lines of 

evidence documenting the risks to human 

health of some of the use and misuse of 

antimicrobials in hospital, aquaculture and in 

agricultural. 

 

Materials and Methods 

 

Isolation and identification of bacteria 

 

The bacterial colonies that grew on the media 

were selected, purified and subjected to 

morphological and biochemical tests for 

identification. Tests carried out for 

identification included Gram’s stain, catalase, 

oxidase, coagulase, motility, O-F, indole, 

gelatin hydrolysis, methyl-red, Voges-

Proskauer, ONPG, lysine decarboxylase, 

citrate utilization, Triple Sugar Iron (TSI) 

agar, nitrate reduction and fermentation of 

sugars such as Fructose (Fc 25mg), Melibiose 

(Me 25mg), Sucrose (Su 25mg), Cellobiose 

(Ce 25 mg), Xylose (Xy 25mg), Galactose (Ga 

25mg), Mannose (Mo 25mg), Trehalose (Te 

25mg), Inositol (Is 25mg), Dulcitol (Du 

25mg), Dextrose (De 25mg), Mannitol (Mn 

25mg), Lactose (La 25mg), Adonitol (Ad 25 

mg), Sorbitol (Sb 25 mg), Rhamnose (Rh 

25mg), Maltose (Ma 25mg), Raffinose (Rf 

25mg), Arabinose (Ar 25mg), Salicin (Sa 

25mg), Inulin (In 25mg). 

 

Minimum Inhibitory Concentration 

determination (MIC) 

 

The minimum inhibitory concentration (MICs) 

of the different antibiotics was also 

determined by the standard agar diffusion test 

(Bauer et al., 1996) on Muller-Hinton agar for 

different bacterial isolates. 18 different Hi 

comb Minimum inhibitory concentration strips 
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(MICs strips Hi media) which were used in the 

study were Ampicillin (AMP 240-0.01µg), 

Amikacin (AK 256-0.001µg),Azithromycin 

(AZM 128-0.0001µg), Carbenicillin (CB 512-

0.01µg), Cloramphenicol (C 240-0.001µg), 

Co-trimoxazole (COT 240-0.001 µg), 

Ciprofloxacin (CIP 240-0.001µg), Cefepime 

(CPM 240-0.001µg),Erythromycin (E 240-

0.001µg), Gentamicin (GEN 240-

0.001µg),Kanamycin (K 240-0.001µg), 

Methicillin (MET 240-0.001µg),Nalidixic acid 

(NA 240-0.001µg), Nitrofurantion (NIT 240-

0.001µg), Polymyxin-B (PB 240-0.001µg), 

Streptomycin (S 240-0.001µg),Tetracycline 

(TE 240-0.001µg)and Vancomycin (VA 256-

0.001µg). 

 

The plates were prepared and bacterial culture 

was spread on the plates as described in the 

previous section on antibiotic susceptibility 

test. Hi comb MIC strips (Hi media, Mumbai) 

were placed on the agar media with the MIC 

scale facing upward with the help of a sterile 

forceps. The plates were then incubated at 

room temperature for 12 to 15 h and were 

observed. Zones of growth inhibition were 

evaluated according to the Clinical and 

Laboratory Standards Institute (CLSI) 

standard (CLSI, 2009). 

 

Mutation frequency 

 

Two vancomycin sensitive strain, viz., 

Klebsiella oxytoca and Enterobacter 

aerogenes isolated from water and sediments 

samples from the sampling stations were used 

for determining the mutants resistant to 

vancomycin. Mutation frequency was 

estimated by the method of Barnes et al. 

(1991). 

 

Two conical flasks, each containing 100ml of 

drug free Tryptone soya broth (TSB) were 

inoculated with vancomycin sensitive strains 

Klebsiella oxytoca and Enterobacter 

aerogenes. The inoculated broth was shaken 

overnight at room temperature. The resulting 

cultures were then centrifuged at 10000g for 8 

min. The supernatant was decanted and the 

pellet was resuspended in 2 ml of freshly 

prepared TSB to obtain a cell concentration of 

about 10
10 

cfu ml
-1

. The culture was then 

diluted for four- folds i.e. 10
-1

, 10
-2

, 10
-3

, 10
-4

 

in pre-autoclaved aliquots. The diluted 

cultures were then spread properly and 

aseptically on TSA plates containing 

antibiotics at 5, 10, 15, 20 times the MIC. The 

inoculated plates were incubated at 22
0
C and 

examined daily for 7 days for the presence of 

any resistant colonies. Resistant colonies 

which appeared on the plate were again 

subcultured onto fresh TSA plate containing 

an antibiotic. The number of colonies on the 

plates was counted and mutation frequency 

was calculated (Lee et al., 2014). 

 

Plasmid extraction 

 

Plasmids were isolated from all the isolates by 

the method of (Elkin et al., 2001) with 

modification. 5 ml of LB broth was inoculated 

with a single colony and grown overnight at 

37
0
C. Pellet was obtained by centrifuging the 

colony at 8000rpm at 4
0
C. Pellet was 

suspended in 150 µl of GTE buffer (50mM 

glucose, 25mM Tris HCl, 10mM EDTA (pH 

8.0)], vortexed well and kept at room 

temperature for 5 min. Then 150 µl of lysis 

solution (0.2M NaOH and 1%SDS) was added 

and kept at room temperature for 5 min for 

lysis of cells. To the lysate, 150 µl of 

neutralization buffer (5M potassium acetate; 

pH 4.5) was added and kept on ice for 10 min, 

followed by centrifugation at 8000rpm for 10 

min. The supernatant was transferred to a 

fresh tube and precipitated with 0.7 volume of 

isopropanol and kept at RT for 10 min. The 

tubes were centrifuged at 14000 rpm for 20 

min to pellet the plasmids. Pellet was dried 

and resuspended in 50 µl TE buffer. 5 µl of 

plasmid DNA was then mixed with 1µl of 6X 

loading dye and subjected to electrophoresis in 
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1% agarose gel. The bands were visualized in 

a gel documentation system (Biorad, USA). 

The molecular weight of plasmids was 

determined by comparing with Escherichia 

coli V517 plasmids.  

 

Preparation of E coli HB101 competent 

cells 

 

Single colony of E coli HB101 was inoculated 

into 10 ml of LB broth and grown overnight at 

37°C with constant shaking at 150 rpm. The 

following day, 1 ml of overnight culture was 

transferred into 100 ml of LB broth and 

incubated for 90-120 min with vigorous 

shaking at 200 rpm at 37°C. Optical density at 

600 nm (OD600) was measured after every 30 

min. When OD600 reached 0.4-0.5, culture was 

chilled on ice, transferred to pre-chilled 2ml 

polypropylene tubes and centrifuged at 4000 × 

g for 10 min using cooling centrifuge (Remi). 

The supernatant was discarded and the cell 

pellet was suspended gently without damaging 

the cells in 1ml of ice cold 0.1M CaCl2 and 

the suspension was kept on ice for an 

additional 90 min and centrifuged at 2500 rpm 

at 4°C for 10 min. The supernatant was 

discarded carefully and the cell pellet was 

resuspended in 1ml of ice cold 0.1M CaCl2. 

About 150 µl suspension of competent cells 

was aliquoted in 1.5 ml microfuge tubes, 

frozen and stored at -80°C. 

 

Transformation 

 

2 μl of the plasmid DNA was added into the 

thawed tube containing 200μl E coli 

HB101competent cells. This was then mixed 

gently by tapping the tube and the 

transformation mixture thus obtained was 

incubated on ice for 20 min. During this 

incubation period, LB medium was pre-

warmed to 42°C. Heat-shock was given to the 

transformation mixture by placing the tube in 

water bath set at 42°C for 45 sec followed 

immediately by incubating on ice for 2 min. 

To this transformation reaction mixture, 250 

μl of pre-warmed Luria Bertani medium was 

added. The competent cells were allowed to 

recover for 1.30 hours at 37°C with agitation 

on a horizontal shaker. 100 μl of the 

transformation mixture was then plated on 

LB–agar plates containing Vancomycin 

(30μg/ml) and incubated at 37°C for 

overnight. 

 

Results and Discussion 

 

In the present study a total of 56 bacteria were 

isolated, of which 32 from fish 12 from 

shrimp and 12 from clam Among the 105 

isolates recovered from the samples collected, 

(90.47%) tested positive for Methicillin 

resistance by disc diffusion. 

 

Minimum Inhibitory Concentration (MIC) 

 

For maximum number of bacterial isolates 

MIC for ampicillin ranged from 2 to 64 µg 

with maximum at 64 µg shown by Kluyvera 

intermedia and minimum 2 µg shown by 

various strain like Acinetobacter johnsonii, 

Edwarsiella spp and Pseudomonas 

alcaligenes. The minimum value of MIC 

obtained for ampicillin was 0.016 µg for 

Bacillus circulans.  

 

For methicillin, out of 16 isolates 10 were 

completely resistant. The strains which were 

resistant to methicillin were Klebsiella 

pneumoniae, Klebsiella oxytoca, 

Acinetobacter johnsonii, Streptococcus spp, 

Edwarsiella spp, Pseudomonas alcaligenes 

etc. For other strains MIC for methicillin 

ranged from 5 to 30 µg with maximum value 

30 µg shown by Flavobacterium breve and 

minimum 5 µg shown by various isolates like 

Bacillus circulans, Enterobacter aerogenes 

and Penaeibacillus lautus. The minimum 

value of MIC for methicillin was 0.1 µg for 

Enterococcus phoeniculicola. For maximum 

number of strains MIC for Vancomycin 
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ranged from 2 to 128 µg with maximum 

ranged 128 µg for Streptococcus equi and 

minimum 2 µg for Enterococcus 

phoeniculicola. The minimum MIC value for 

vancomycin was 0.064 µg by Enterobacter 

aerogenes (Fig.1).  

 

Similarly for other strains, the maximum MIC 

value reported for ciprofloxacin and 

streptomycin was 240 µg, while for 

carbenicillin the value was 128 µg and for 

polymyxin B and erythromycin the MIC value 

was 120 µg. The MIC results for various 

antibiotic used against different bacterial 

isolate are shown in the Table 1. 

 

Mutation frequency 
 

The mutation frequencies at which two 

vancomycin susceptible strains of Klebsiella 

oxytoca and Enterobacter aerogenes mutated 

to develop resistance when exposed to 

vancomycin, were determined at drug 

concentration of 5, 10, 15 and 20 times of 

their respective MIC’s 0.256µg and 0.064 µg. 

Mutants’ resistance to vancomycin isolated at 

5, 10 and 15 times the MICs frequencies, is 

given in Table 2. However, at 20 times the 

MIC, the mutation frequency of Klebsiella 

oxytoca was not detectable (ND), which was 

the limit of detection of this experiment. Since 

the MIC concentration of Enterobacter 

aerogenes was less (0.064 µg) the mutation 

frequencies obtained was less compared to K. 

oxytoca and mutation was not recorded at 15 

and 20 times of MIC for the isolate (Table 3.).  

 

Plasmid extraction and transformation 
 

Transformation was done with isolated strains 

containing the resistance gene encoded 

plasmid as the donor cells and the 

E.coliHB101 strains as the recipients (Chen 

and Dubnau, 2004). A total of 105 strains 

were segregated during the study period and 

among these, 15 were used for the plasmid 

extraction. Out of 15 selected multidrug 

resistant isolates, 10 strains showed detectable 

plasmids, and these 10 strains were used for 

the plasmid transformation study. The names 

of the strains and their plasmid profile are 

given in Table 4 and in figure 2 respectively. 

The plasmid from Escherchia coli V.157 was 

used as marker to determine the size of the 

plasmid (Macrina et al., 1982.)  

 

Plasmid analysis revealed that there were 

detectable plasmids in 10 isolates out of 15 

selected multidrug resistant isolates. Five of 

the isolates possessed no plasmid, two of the 

isolates viz., Bacillus circulans and 

Streptococcus spp possessed single plasmids 

of size 4.4 (lane 4) and 6.6 kb (lane 5), 

respectively. 

 

Acinetobacter johnsoniii was found to harbour 

6 plasmids of size ranging from 2 to 23kb 

(lane 6). Enterobacter aerogenes (lane3) and 

Enterococcus phoeniculicola (lane 7) was 

found to carry four numbers of plasmid each. 

Four of the isolates Klebsiella pneumonia 

(lane1), Klebsiella oxytoca (lane 2), 

Enterobacter aerogenes, Enterococcus 

phoeniculicola harboured a similar sized 

common plasmid of size 4.4kb. 

 

After the transformation process the isolates 

were exposed to varying concentrations of 18 

different antibiotics. The transformed strains 

showed resistance to different antibiotics to 

which they were initially susceptible. The list 

of antibiotics to which it gained resistance 

after transformation is given below in Table 5. 
 

Among all the different isolates from the study 

area, the most commonly and frequently 

encountered strain was Klebsiella pneumonia 

and Klebsiella oxytoca. Among them, 

Klebsiella pneumoniae was the predominant 

strain in all samples. Being clinical isolates, 

their presence in significant numbers distinctly 

point to their source as the hospital effluents. 
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Table.1 Showing MIC results for various antibiotics used against different bacterial isolate 
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AMP 0.016 0.016 2 8 - - 2 4 64 2 4 2 4 

AK 0.01 0.01 0.1 0.1 256 4 0.1 0.01 0.1 0.1 - 0.1 - 

AZM 0.10 0.01 0.1 0.01 - - .1 0.01 0.01 0.1 0.5 0.1 0.5 

CB 1 4 - - - 16 - - 32 128 4 - 4 

C 0.01 0.1 0.1 0.1 - 10 0.1 10 0.01 0 1 0.1 1 

CIP 0.01 0.01 0.1 0.01 240 10 0.1 0.01 0.004 0.01 0.1 0.1 0.1 

COT 10 0.01 10 5 - - 10 .1 5 0.1 - - - 

CPM 0.1 - 0.1 1 - 7.5 0.1 1 - 30 5 0.1 5 

E 0.01 0.1 120 5 - - 120 5 5 - 0.1 120 0.1 

GEN 0.01 0.01  0.1 0.1 - 2 0.1 1 10 5 - 0.1 - 

K 0.1 0.1 1 5 - 60 1 1 1 10 5 1 10 

MET 0.1 5 - - - - - 30 - - 5 - 5 

NA 0.1 0.1 0.1 0.1 - - 0.1 0.1 0.1 5 0.1 0.1 5 

NIT 0.1 10 10 5 - - 10 - 10 - 5 10 5 

PB 5 5 5 5 120 5 5 0.1 10 - 5 5 5 

S 0.1 0.1 1 0.1 240 3 1 0.1 0.1 10 1 1 1 

TE 0.01 0.01 0.1 0.01 - 0.25 0.1 0.01 0.01 0.1 0.1 0.1 0.01 

VA 2 4 64 128 - 0.246 64 32 - - - 64 0.064 
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Table.2 Range of mutation frequencies for vancomycin sensitive strain of Klebsiella oxytoca 

 

Drug Mutation frequencies at 

5 × MIC 10 × MIC 15 × MIC 20 × MIC 

Vancomycin (R1) 3.5-3.84×10
-3 

2.15-2.33×10
-3

 0.24-1.1×10
-3

 ND 

   (R2)  3.2-3.6×10
-3

 2.0-2.1×10
-3

 0.16-0.9×10
-3

 ND 

 

Table.3 Range of mutation frequencies for vancomycin sensitive strain of Enterobacter aerogenes 
 

Drug Mutation frequencies at 

5 × MIC 10 × MIC 15 × MIC 20 × MIC 

Vancomycin (R1) 1.53-1.86×10
-3

 0.15-0.55×10
-3

 ND ND 

   (R2)  1.23-1.43×10
-3

 0.11-0.21×10
-3

 ND ND 

 

Fig.1 Showing methicillin resistant Klebsiella pneumoniae 
 

 
 

Table.4 Table of Plasmid profilation  

 

S.No Name of the strains 

1 Klebsiella pneumoniae 

2 Klebsiella oxytoca 

3 Enterobacter aerogenes 

4 Bacillus cirulans 

5 Streptococcus equi 

6 Acinetobacter johnsoniii 

7 Enterococcus phoeniculicola 

8 Pseudomonaalcaligenes 

9 Serratia antomophila 

10 Flavobacterium breve 
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Table.5 Result of transformation of resistant gene 
 

Antibiotic     Name of the isolate 

Enterobacter aerogenes Enterococcus phoeniculicola 

AMP + + 

AK + - 

AZM - - 

CB - + 

C + - 

CIP - + 

COT + - 

CPM + - 

E + + 

GEN + + 

K - - 

MET - - 

NA - + 

NIT - - 

PB + - 

S - - 

TE - + 

VA - - 
 

Figure.2 Showing plasmid profilation 

 
Minimum Inhibitory Concentration (MIC) 

 

Klebsiella pneumoniae and Klebsiella 

oxytoca showed resistance to almost all the 

antibiotics tested for MIC and for a few to 

which they were sensitive, the concentration 

of antibiotic was very high.ForKlebsiella 

pneumoniae MIC range for amikacin, 

ciprofloxacacin, polymyxin B and 

streptomycin are 256 µg, 240 µg, 120 µg and 
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240 µg, respectively, whereas for K. oxytoca 

the value for carbenecillin, chloramphenicol 

and kanamycin are 16µg, 10 µg and 60 µg, 

respectively. Kumar et al., (2006) and 

Siddiqui et al. (1992) reported MIC 

>256µg/ml and >500µg/ml for ampicillin in 

Enterobacteriaceae isolates. 

 

Nadia (2008) showed that the MIC range of 

tetracycline, ciprofloxacin and azithromycin 

for Staphylococcus aureus were 0.12 mg/ml 

to 32 mg/ml. In the present study the MIC 

concentration for Klebsiella pneumoniae for 

amikacin, ciprofloxacin, polymyxin B and 

Streptomycin was found to be in the range < 

240 µg which is much higher than the value 

recommended by Clinical and Laboratory 

Standards Institute (CLSI) standard (CLSI, 

2009). Other strains like Klebsiella oxytoca, 

Acinetobacter johnsonii, Streptococcus spp, 

Serratia antomophila and Pseudomonas 

alcaligenesalso showed resistance upto 4, 0.0, 

8, 9, 4 and 2 µg respectively. However, these 

isolates were not as resistant to different 

antibiotics as K. pneumonia as the 

concentration of the antibiotics at which these 

isolates were sensitive was lesser than that for 

K. pneumoniae but still higher than the 

recommended value. 

 

To our knowledge this is the first report of 

incidence of multi drug resistant Klebsiella 

spp isolated from the aquaculture farms. The 

strain which showed resistance is highly 

pathogenic to human health. Thus the MIC 

results suggest that the untreated sewage 

released with the hospital discharge may be 

the source for the bacteria to acquire and 

disseminate the resistance, and therefore pose 

a serious potential threat to human health.  

 

Mutation frequency 

 

Mutation frequency gives an idea of the rate 

at which resistance to a particular 

antibacterial is likely to develop during 

therapy. K. oxytoca and Enterobacter 

aerogenes were exposed to vancomycin at 5, 

10, 15 and 20 times their respective MICs. 

The isolates developed resistance at 

significant lower frequencies. For Klebsiella 

oxytoca colonies appeared upto 15 times of 

MIC whereas for Enterobacter aerogenes 

they appeared only upto 10 times of MIC. 

Similar kind of results was observed by 

Barnes et al (1992) when they exposed 

Aeromonas salmonicida to 15 to 20 times of 

the MIC. A previous study conducted by 

Stamm (1989) did not find any difference in 

mutation frequency between sarafloxacin and 

oxolinic acid. Mutation frequency results 

obtained in the present study can be explained 

by the 7day incubation period employed, 

compared to only 48 hr incubation in the 

study by Stamm (1989), as mutants to 

vancomycin were rarely seen at 48 hours of 

observation even in the present study, 

indicating that with frequent or longer 

duration of exposure to antibodies is a 

sufficient cause for bacteria to mutate and 

acquire resistance. 

 

Plasmid extraction and transformation 
 

Plasmids are important vehicles for carrying 

antibiotic resistance genes (Bennett et al., 

2008). High organic load and diverse bacterial 

communities present in the environment 

present a unique opportunity for the evolution 

and transfer of antibiotic resistance genes. 

Plasmids can harbour genes that confer 

resistance to most clinically significant 

antibiotic classes such as macrolides, 

tetracyclines, cephaloporins, 

fluoroquinolones, aminoglycosides and ß-

lactam (Bennett et al., 2008; Martinez, 2009).  

 

In the present study 10 isolates were used for 

the extraction of plasmid, out of which seven 

strains found to harbour one to six plasmids 

ranging from 4.4 to 23 kbp. The isolates 

which were taken for plasmid extraction are 

the ones which either pose potential threat to 
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human health or are emerging bacterial fish 

pathogens like K. pneumoniae, Acinetobacter 

johnsonii etc. The strain Acinetobacter 

johnsoniii isolated from the lakeshore fish 

sample was reported to carry highest number 

of six plasmids while Enterobacter aerogenes 

and Enterococcus phoeniculicola was found 

to carry four numbers of plasmids each. 

Similar results were reported by Li et al. 

(1999), Molina and Galetti (2002), Shafiani 

and Malik (2003) and Wang et al. (2006). 

This suggests that antibiotic resistance is 

encoded on high molecular weight multiple 

plasmids, and can easily spread in the 

community. However, in the present study it 

was noticed that the strains like Klebsiella 

pneumonia, Klebsiella oxytoca, Enterobacter 

aerogenes and Enterococcusphoeniculicola 

which were harbouring more numbers of 

plasmids showed increased resistance to 

antibiotics. It has been reported that the 

isolate harbouring the single high molecular 

weight plasmid are responsible for multidrug 

resistance in different strains of Aeromonas 

strain (Roy et al., 2003; Sorum et al., 2003).  
 

The results of transformation experiment of 

bacterial plasmid showed that antibiotic 

resistance in bacterial species is transferable 

to other bacterial genera (E. coli) through 

plasmids. Similar previous reports on 

transformation experiments were reported in 

plasmid of Vibro isolates and from Penaeid 

shrimp (Liu et al., 1999; Molina and Galetti, 

2002). The results of the transformation 

experiment in the study using selected isolates 

as the donor and the E. coli HB 101 as the 

recipient, indicates that the majority of the 

plasmid associated resistance markers were 

transferred to the E. coli strain which was 

confirmed by antibiotic sensitivity test. In the 

study it was observed that E. coli which was 

initially sensitive to all the 18 different 

antibiotics showed resistance to more than 10 

antibiotics after transformation. This revealed 

that the plasmid carry the resistant gene which 

can be transferred from one to other spp. 

 

In conclusion,  the present study indicates how 

the resistance get acquire and transform from 

the terrestrial to the aquatic organism. 

Stillthere is a long-standing debate over the 

exact role that antimicrobials play in the 

current antibiotic resistance crisis.  

 

It is in everyone’s best interest to slow down 

the development of antimicrobial resistance, 

but not a s single group can do it all alone. 

Although the precise combination of actions 

required to arrest the current global increase 

in resistance is unknown, essential elements 

must include as follows: 

 

1) elimination of unnecessary use, overuse, 

and abuse of antimicrobial agents in all 

sectors; 2) universal adherence to principles 

of judicious use; 3) collection and analysis of 

data on antimicrobial use; 4) surveillance of 

antimicrobial resistance in all potential 

reservoirs; 5) mechanisms for identification of 

and rapid response to dangerous resistance 

trends; 6) application of infection control 

strategies, including hygiene and 

immunization, in human and animal settings; 

and 7) promoting aggressive research and 

development of new antimicrobial agents. 
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