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2.1 Introduction 
Bacterial 'antimicrobial resistance' has 

become a matter of vital importance in the 

present day scenario with economic and 

social implications throughout the World. 

The last five decades have seen an 
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addition, resistant bacteria from one 

environment can be carried far away by 

means of several vectors. All of these 

factors are playing together to change the 

balance bet~een antibiotic susceptible and 

outstanding ability of bacterial populations the antibiotic resistant bacteria in our 

to develop and share resistance to every ecosystem, locally and globally. 

antibiotics that has been developed, often 

by quite startling mechanisms and much 

more readily than was formerly predicted. 

Over millions of years, bacteria have 

evolved a number of strategies to coexist 

peacefully, including the capacity to 

produce antibiotics to fight off competitors. 

Many genes determining resistance had 

been present in nature and predate the 

clinical use of antimicrobial drugs. 

Antibiotic resistant bacteria, estimated at 

over 2000 year old have been isolated 

from deep within glaciers in Canada's high 

arctic regions (Dancer et a/. 1997). 

Resistant microorganisms have also been 

found among historic bacterial cultures 

collected before the beginning of 

antimicrobial era (Smith 1967). However, 

before the widespread use of antibiotics, 

resistant strains constituted a small 

fraction of the microbial ecosystem. 

The successive development of antibiotic 

resistant bacterial populations follows the 

Darwinian principle of 'Survival of the 

fittest' (White and McDermott 2001). The 

selective pressures, exerted following 

extensive use of antimicrobials in different 

arenas, such as human and veterinary 

medicine and agriculture, and as food 

animal growth-promoting agents brought 

about serious problems- the overgrowth of 

resistant bacterial strains. With increasing 

rate of antibiotic use, resistant strains of 

both harmful and harmless bacteria are 

replacing antibiotic susceptible bacteria. In 

The problems related to the growing 

incidence of bacterial antibiotic resistance 

are especially evident within hospital 

environment. In the late 1940s, just a few 

years after the penicillin was put on the 

market, unresponsive strains of the 

bacterium Staphylococcus aureus, the 

leading cause of hospital acquired 

infections, were detected in English 

hospitals (Cohen 1992). Resistant strains 

of gonorrhoea, dysentery-causing Shigella 

and Salmonella rapidly followed. About a 

decade later the first report on resistance 

to the second generation of penicillins 

arrived; it came from a Boston hospital, 

where methicillin resistant strains of 

Staphylococcus aureus (MRSA) had been 

identified (Barret et a/. 1968). Since the 

1980s the frequency of isolates of MRSA 

among Staphylococcus aureus has 

increased from close to zero to nearly 70% 

in Japan and the Republic of Korea, 30% 

in Belgium and around 40% in the United 

kingdom and the United States. The 

problem soon became serious for other 

pathogens as well. Infections caused by 

multi-resistant bacterial strains such as 

Acinetobacter and Stenotrophomonas can 

in some cases no longer be treated with 

modern antibiotics and the only available 

treatment is an old antibiotic, colistin. 

Globally, escalating levels of the 

multiresistant 

Salmonella and 

infections that 

intestinal pathogens 

Shigella cause severe 

are difficult to treat 
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especially in children. Resistance to 

remaining effective therapy, such as 

fluoroquinolones, is already increasing, 

and the industry pipeline for antibiotics 

against important intestinal pathogens is 

running dry. Increasing reliance on 

vancomycin has led to the emergence of 

vancomycin-resistant enterococci (VRE) 

infections. Prior to 1989, no U.S. hospital 

had reported any vancomycin resistant 

enterococci, but over the next decade, 

such microbes have become common in 

U.S. hospitals, according to CDC (Centers 

for disease control and prevention). Multi

drug resistant tuberculosis is no longer 

confined to any one country or to those 

co-infected with HIV, but has appeared in 

locations as diverse as Africa, Asia and 

Western Europe, among health care 

workers and in the general population. 

Penicillin resistant pneumococci are 

likewise spreading rapidly, while resistant 

malaria is on the rise. Now formerly 

effective drugs are largely useless in the 

battle to control cholera epidemics. Drug 

resistant microbes almost always cause 

nosocomial infections, which account for 

40,000 deaths a year in the United States 

alone. Food borne infections are also on 

the increase- promoting growing concern 

about drug resistance in pathogens such 

as Salmonella and Campylobacter (WHO 

2000) (www.who.int). A resistant strain of 

Streptococcus pneumoniae, first identified 

in Spain, was soon afterwards found in 

Argentina, Brazil, Chile, Taiwan, Malaysia, 

the USA, Mexico, the Philippines, the 

Republic of Korea, South Africa and 

Uruguay {Smith and Coast 2002). The first 

5. aureus infections resistant to 

vancomycin emerged in the United States 

in 2002 (CDC). In 2003, epidemiologists 

reported in The New England Journal of 

Medicine that 5 to 10 percent of patients 

admitted to hospitals acquire an infection 
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during their stay, and that the risk for a 

hospital-acquired infection has risen 

steadily in recent decades. A 2003 study in 

The New England Journal of Medicine 

found that the incidence of blood and 

tissue infections known as sepsis almost 

tripled from 1979 to 2000. In Shigella 

strains from Indonesia, Thailand and India 

80-90% resistance is seen for two or more 

antibiotics (Okumara et at. 2004). 

It is not possible for a single country to 

protect itself from the threat related to the 

MDR (multi-drug resistant) bacterial 

pathogens as they are rapidly thinning out 

the international boundaries. Apart from 

environment with profound antibiotic 

selection pressure (eg. hospital 

environment), conspicuous incidences of 

such bacterial populations have been 

noted in different ecological niches, be it 

soil {Tolls 2001, Golet et at. 2002), 

sediment (Andersen et at. 1994) or river 

water (Ash et a/. 2002, Biyela et a/. 2004, 

Mukherjee et a/. 2005). Antibiotics enter 

into municipal sewage and sewage 

treatment plants (STP) following disposals 

in household drains, subsequently they 

find their way into surface water or sludge. 

Goni-Urizza et a/. (2000), made a study to 

evaluate the effect of urban effluent on 

antibiotic resistance of fresh water 

bacterial populations. They found that the 

urban discharge resulted in the increase of 

resistant strains of riverine autochthonous 

and allochthonous bacteria. 

2.1.1 Origin and development of 

antibacterial resistance in bacteria 

The interplay of many mechanistic and 

epidemiological factors brings about the 

evolution and spread of antibiotic 

resistance. Mechanistically, antibiotic 

resistance can be achieved via three 

routes: modification of the target action, 
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reduction in the concentration of the drug 

that reaches the target, and drug 

inactivation which can occur by both 

chromosomal mutation and acquisition of 

new genetic elements. The origin of 

antibiotic resistance genes in pathogenic 

bacteria is unclear. The period from the 

beginning of antibiotic treatment (50 to 60 

years ago) to the emergence of bacteria 

expressing effective resistance 

mechanisms is too short to explain the 

development of resistance factors from 

other proteins by spontaneous mutation. 

In particular, if a resistance mechanism 

requires the cooperative action of several 

proteins (e.g., vancomycin resistance) the 

de novo generation of such a resistance 

mechanism in the pathogen is very 

unlikely (Grohmann et a/. 2003). Most of 

the antimicrobial drugs currently in use are 

derived from metabolites of soil organisms, 

mainly fungi and actinomycetes. All 

resistance mechanisms that have been 

identified in pathogenic bacteria, including 

RNA methylases, ATP-binding cassette 

transporters, aminoglycoside 

phosphotransferases, and B-lactamases, 

already exist in the respective antibiotic 

producers. In Streptomyces coelicolor 

(http://www .sanger.ac.uk/Projects/S_coeli 

color/), as well as in the glycopeptide 

producers of the genus Amyco/atopsis, 

even the vancomycin resistance 

determinants vanH (D-Aia 

dehydrogenase), vanA (D-Aia-D-Lac 

ligase), and vanX (D,D-dipeptidase) are 

present in the very same gene organization 

as found in the enterococcal conjugative 

transposon Tn1549 (Garnier eta/. 2000). 

A single genetic mutation may cause 

resistance without changing the 

pathogenecity or viability of a bacterial 

strain (Gold and Moellerring, 1996). The 

examples of this type of change include 
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resistance development to antituberculous 

drugs such as streptomycin (Snider et a/. 

1991). Further examples include the 

development of fluoroquinolone resistance 

in Staphylococci, Pseudomonas 

aeruginosa, and other pathogens through 

alterations in DNA topoisomerase (Hooper 

and Wolfson 1993). Resistance usually has 

a biological cost for the microorganisms 

but compensatory mutations accumulate 

rapidly that abolish the fitness cost 

explaining why many types of resistance 

may never disappear in bacterial 

population (Normark and Normark 2002), 

altering existing mechanisms of resistance 

to make them more active or give them a 

broader spectrum of activity (Gold and 

Moellering 1996). 

Recent attention has also brought to the 

light the importance of different 

physiological states for the survival of 

bacteria in the presence of antibiotics. 

Baquero et a/ (1998) found that selective 

effects occur in selective compartments, 

where particular antibiotic concentrations 

result in a different growth rate of 

resistant bacterial variants. The 

consecutive development of drug 

resistance in a population occurs stepwise 

and organisms with low-level resistance 

may form the genetic platform for the 

development of higher resistance levels 

(Normark and Normark 2002). Once 

resistance is developed, resistant bacteria 

appear to acquire a 'life of their own' 

(Barbosa and Levy 2000). The proliferation 

and maintenance of these resistant strains 

in nature are independent of antibiotic 

selection. Extensive use of vancomycin 

and cephalosporins has promoted the rise 

of resistant strains of Enterococcus faeca/is 

(Levy 1998). It has been observed that in 

presence of more than one antibiotics, 

selection of bacterial variants depends on 
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the multiple and fluctuating pressure 

produces or optimization of a single 

resistance mechanism is essential for 

survival under the variable environmental 

conditions. A clear understanding of the 

biology of antibiotic resistance depends on 

the detailed analysis of selective 

environment and related-antibiotic-host

bacteria interactions (Baquero et a/. 

1998). The results of a study revealed that 

directed evolution could be a powerful tool 

to predict antibiotic resistance. Directed 

evolution coupled with structural analysis 

could be used to predict future mutations 

that lead to antibiotic resistance (Orencia 

eta/. 2001). The relationship between the 

epidemiological patterns in resistance and 

major external events those are 

responsible for the development of 

resistance has been identified by Philips et 

a/. (1998). The findings of this study take 

into account the antibiotic use and the 

creation of opportunities for the spread of 

resistance determinants and resistant 

organisms as the major contributors for 

starting point of drug resistance. However, 

acquisitions of resistance genes by 

horizontal transfer lead to the 

development of multi-resistance 

(resistance to two or more antibiotics). 

2.1.2 Horizontal gene transfer - as a 

means for spread of resistance genes 

and resistance development 

Horizontal gene transfer (HGT) entails the 

incorporation of genetic elements 

transferred from another bacterium -

perhaps in an early generation - directly 

into the genome, where they can form 

genomic islands,. i.e blocks of DNA with 

signatures of mobile genetic elements 

(Hacker and Carnie! 2001). It differs from 

vertical transfer of genes that describes 

the inheritance of a gene . from a 

progenitor. In nature, gene dissemination 
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through horizontal gene transfer involves 

many different players (plasmids, phages, 

transposons, conjugative transposons, 

integrons, genomic islets<10 kb and 

genomic islands>10kb) and mechanisms 

(homologous and site specific 

recombination, transposition, conjugation, 

transformation and transduction) 

(Lawrence 1999). Gene transfer events 

that involve members of different species 

and different genera are called broad host 

range transfers. Those that occur between 

very closely related bacteria, such as 

members of the species, are called narrow 

host range transfers. Broad and narrow 

host range transfers are mediated by same 

mechanism of DNA transfer. Three 

mechanisms of horizontal gene transfer 

have been studied extensively-

transformation, transduction and 

conjugation. Conjugative transfer of 

bacterial plasmids is the most efficient way 

of horizontal gene spread, and it is 

therefore considered one of the major 

reasons for the increase in the number of 

bacteria exhibiting multiple-antibiotic 

resistance. This was the first mechanism of 

gene transfer studied extensively as a way 

bacteria might disseminate genetic 

material in non laboratory areas, provides 

an important means for the horizontal 

transfer of genetic traits among bacterial 

populations as well as transphylic transfer 

of genes from Agrobacterium tumefaciens 

to plants. 

2.1.2.1 Conjugation 

The traditional view on the bacterial 

conjugative gene exchange is a gene flow 

from the plasmid containing donor strain 

into the plasmid free recipient strain. It 

encompasses a wide variety of DNA 

transmission systems operative among 

gram positive as well as gram-negative 

bacterial species (Grohmann et a/. 2003). 
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In 1952, J. Lederberg, L. L. Cavalli and E. 

M. Lederberg and in 1953 Hayes reported 

the presence of an infectious · particle, F 

(fertility factor), that enables a bacterium 

to function as donor during conjugation. 

Basic functions exhibited by F remain 

typical for gram-negative conjugation 

systems. Particularly useful traits of the F 

transfer system include constitutive 

transfer gene expression and an ability to 

effect efficient gene transfer among cells in 

liquid culture (Minkley 1986). These self

transmissible plasmids encode functions 

necessary for both mating pair formation 

and the transfer of DNA (Willetts and 

Skurray 1987). There are some self

transmissible plasmids that can effectively 

cross at least the barrier between bacteria 

belonging to two different branches of the 

proteobacteria (Szpirer et a/. 2001). Many 

other plasm ids unable· to promote mating 

pair formation nevertheless specify cis and 

trans acting functions that allow them to 

be effectively mobilized by self

transmissible plasmids (Lanka and Wilkins 

1995). These are nonconjugative but 

mobilizable plasmids. However, even 

without specialized functions, virtually any 

DNA segment either from the bacterial 

chromosome or a plasmid can be originally 

transferred by recombining with a self

transmissible or mobilizable plasmids 

(Reiman and Haas 1993). 

When mobilization of a self-transmissible 

plasmid is described, it is either a bi 

parental mating with a donor containing 

both conjugative and non conjugative but 

mobilisable plamids and a plasmid free 

recipient, or a triparental mating with a 

donor, containing the mob plasmid, a 

helper strain harboring a conjugative 

helper plasmid and again a plasmid free 

recipient strain. In these scenarios, 

mobilization was always considered as a 
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gene flow from the original donor to the 

recipient strain. However, it has been 

observed that a donor strain can 

sometimes acquire DNA from a recipient. 

Both plasmid and chromosomal DNA 

segments can be transferred from the 

recipient to donor. This mode of transfer 

was described as retrotransfer, shuttle 

transfer, plasmid mediated gene capture 

or even a kind of bacterial 

hermaphroditism. The first report of gene 

flow at high frequencies in two directions 

was published by Mergeay et a/. in 1987. 

The importance of conjugation to plasmids 

is underlined by the large percentage of 

them that encode conjugation systems, by 

the likelihood that even small non

conjugative plasmids frequently carry an 

OriT and perhaps mobilization genes and 

relatively large proportion of the plasmid 

DNA dedicated to this function. From an 

evolutionary point of view this importance 

is not surprising, since as a result plasmid 

genes are better able to survive. Firstly, 

conjugation allows plasmids repeatedly to 

express their phenotype genes (which, as 

in the case of antibiotic· resistance, 

typically confer only a transient 

advantage) in different hosts in different 

environments. Secondly, conjugation is 

essentially a replication process and allows 

plasmid genes to replicate faster than the 

host chromosomal genes. This can give 

rise, for example, to infectious spread of a 

conjugative plasmid through a bacterial 

population. Transmissible non-conjugative 

plasmids may have the additional 

advantages of exploiting several types of 

conjugation systems (with the corollary of 

a wider host range) and of their small size 

being compatible with a high copy number. 

During conjugation, transfer begins at a 

defined point in DNA sequence, usually 
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called the origin of transfer (OriT). One of 

the most studied conjugative systems is 

the F plasmid of E.coli K12, which has 

been the paradigm since its 

(Kiimke and Frost 1998). It 

provided the first evidence 

existence of a plasmid replicon 

plasmid specified conjugation 

discovery 

has also 

for the 

and of a 

system. 

Since this time, a variety of bacterial 

plasmids and plasmid conjugation systems 

in a variety of enterobacterial host cells 

have been described (Minkley 1986). 

Although all these plasmid determined 

systems are phylogenetically and 

biochemically similar but they are 

genetically dissimilar. These dissimilarities 

depend on the fact that sex pili differ in 

their morphology and serology, in the 

particular varieties of male specific 

bacteriophages that they absorb and in 

their abilities to allow conjugation in liquid, 

as opposed to solid medium (Bradley 

1980, Bradley et a/. 1980). Again the 

differences depend on the nature of the 

incompatibility group (as for IncN, P, W or 

X plasmids) or to one of a small collection 

of incompatibility groups (as for the IncF 

or Incl complexes). Furthermore, the lack 

of complementation between different 

conjugation systems implies that 

recognition of a particular OriT sequence 

by a Dtr system and of a particular Dtr 

system by an Mpf system, is both highly 

specific processes. Because of the large 

proportion of the plasmid DNA devoted to 

conjugation, plasmids with similar 

conjugation systems share a large 

proportion (40-80%) of DNA homology, 

while plasmids with different systems do 

not ( <10 %) (Falkow et a/. 1974). The 

absence of DNA homology itself provides 

an indication that the conjugation systems 

determined by a particular pair of plasmids 

are likely to be dissimilar. 
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F is a representative of a numerous class 

of F like plasmids that are related in the 

type of conjugative pilus that they specify 

(the distinguishing characteristics include 

morphology, serology and pilus specific 

phages) complementation between (the 

majority of) their conjugation genes and 

extensive homology between the DNA of 

these tra genes. The F transfer region 

(over 33kb) contains about 40 genes (tra) 

arranged contiguously. Five different 

classes of genes have been identified so 

far: those for (1) pilus bisynthesis and 

assembly, (2) surface exclusion, (3) 

mating pair stabilization, ( 4) regulation 

and (5) origin of transfer nicking and 

mobilization. About 20 genes encoded in 

the tra region are absolutely required for 

conjugation to occur since mutations in 

these genes completely abrogate transfer. 

In other cases, mutations within the tra 

genes cause transfer levels to decrease by 

several orders of magnitude (Kiimke and 

Frost 1998). 

Gene transfer between bacterial taxa in 

diverse niches could be mediated by 

conjugative plasmids. The transfer of F 

type conjugative plasmid R1 from the 

donor to the recipients varies to a great 

extent among enteric bacteria because of 

the interaction of the system that 

represses sex-pili formations (products of 

finOP) of plasmids already harbored by a 

bacterial strain with those of the R1 

plasmid. The transfer of plasmids could be 

accelerated and disseminations could be 

increased several folds in the presence of 

efficient donors in heterogeneous bacterial 

populations. Innumerable numbers of 

other bacteria were found to acquire the 

plasmid from such donors in few days 

while in absence of such strains; the 

dissemination of plasmids would take 

several years. This "amplification effect" 
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could have an impact on the evolution of 

bacterial pathogens that exist in 

heterogeneous bacterial communities 

because conjugative plasmids can carry 

virulence or antibiotic-resistance genes 

(Dionsio eta/. 2002). 

2.1.3 Plasmids - as a vehicle for 
carrying antibiotic resistance genes: 

Their role in the spread antibiotic 

resistance among bacteria 

The existence of plasmids was initially 

revealed as the F factor in Escherichia coli. 

One of the features that keep plasmids at 

the forefront of microbiology is their ability 

to carry and transmit genes encoding 

resistance to antimicrobial compounds. 

These plasmids are known as R plasmids. 

They represent the most common genetic 

instrument for resistance among bacteria 

and are often self-transmissible. Due to 

their transmissibility, they are abundant in 

environments with the greatest potential 

for significant contamination by 

antimicrobial agents eg. hospitals and 

hospital sewage effluent, commercial 

fisheries and abattoirs. However, bacteria 

carrying R factors have also been isolated 

from apparently nonselective 

environments, including plants, estuaries, 

deep ocean water, sediment and drinking 

water. Isolation of R plasmid bearing 

bacteria from natural environmental 

sources has led to such speculation about 

the possibility of in situ resistance transfer, 

the frequency with which it occurs and its 

effect on public health. Acquisition of these 

plasmids occurs via all three types of 

recombination (transformation, 
transduction and conjugation), although 

conjugation appears to be the most 

common method for invivo transfer. 

Numerous authors have demonstrated the 

transfer capacity of plasmids through 

conjugation both in laboratory experiments 
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and in situ experiments using diverse 

microcosms. It has been predicted that 

transfer as well as emergence of new 

combinations of resistance genes will occur 

most often where bacterial density is high, 

i.e, biofilms (Murray 1997). 

The discovery by Japanese workers in 

1959 that the multiple drug resistance of 

Shigellae could be transferred to other 

members of the Enterobactericeae by 

conjugation was an important discovery in 

the study of bacterial antibiotic resistance. 

From then on resistance factors (R factors) 

have been found in a host of different 

environments and in a variety of different 

organisms-both gram negative and gram 

positive. Plasmids have been shown to 

play an important role in the 

pathogenecity of most enterobacteria. 

Their involvement in various 

enterobacteria was discovered at different 

times and from different regions of the 

world. 

Richmond eta/. (1975) reported an abrupt 

increase in gentamicin-resistant isolates in 

the Manhattan Veterans Administration 

Hospital in 1973 and 1974. The presence 

of conjugative R plasmids in bacterial 

strains suggested in vivo interbacterial 

spread of the R factor. Another study 

reported the resistance pattern and the 

transferability of the Salmonella wien 

strains isolated in Sicily. The results of the 

said study suggested that the various 

outbreaks occurred in Italy might have the 

same origin (Marranzano et a/. 1976). 

There was a profound increase in the 

frequency of Shigella strains carrying R 

plasmids from 28% in 1969-1970 to 

72.6% in 1977 in different regions of the 

USSR (Solodovnikov et a/. 1979). The 

results of a study revealed that gentamicin 
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resistance in strains of P. aeruginosa 

isolated in Auckland was mediated by R 

plasmids. The said study included 422 

clinical strains of Pseudomonas 

aeruginosa, of which 23 (5.5%) were 

resistant to gentamicin, 19 were resistant 

to both tobramycin and sisomycin and one 

was resistant to tobramycin, sisomyucin 

and amikacin. Sixteen strains with a high 

level of resistance to gentamicin 

transferred all their resistance 

determinants to recipient strains of P. 

aeruginosa and four transferred some 

resistance to P. aeruginosa (Bremner 

1979). During 1977-78, Escherichia coli 

strains, isolated from patients and carriers 

as well as from the environment, were 

analyzed for their drug resistance. The 

antibiotics used for the purpose included 

tetracycline, streptomycin, 

chloramphenicol, ampicillin, neomycin, 

kanamycin, nalidixic acid and sulfonamide. 

60% of the isolates exhibited resistance to 

two or more antibiotics and 85% of the 

MAR population carried conjugative R 

plasmids. It was found that the frequency 

of transmission of R plasmids in the strains 

isolated from the humans was higher than 

that in the strains isolated from the 

environment (Rudneva et a/. 1980). An 

American hospital (Womens hospital, 

Boston) had witnessed a gradual increase 

in the percentage of trimethoprim resistant 

clinical isolates of several species of 

Enterobacteriaceae, particularly E. coli and 

Klebsiella pneumoniae. Resistance to 

trimethoprim, beta lactams and 

sulfamethoxazole was subjected to 

conjugal transfer. Trimethoprim resistance 

in multiple species of Enterobactericeae 

was found to be spread in one hospital by 

a single, stable conjugative plasmid that 

exhibited a wide host range and carried 

the type II DHFR gene (Mayer eta/. 1985). 
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The molecular basis of antibiotic resistance 

was studied in 32 epidemiologically 

unrelated Danish clinical isolates of 

Haemophilus influenzae. Plasmid DNA was 

found in eleven strains, all of which were 

antibiotic resistant. Antibiotic resistance 

was transferred to an Rd Haemophi/us 

influenzae recipient from 5 to 6 

prospective donors. The clonal spread and 

horizontal 

resistance 

influenzae 

transmission of related drug 

plasmids in Haemophilus 

was evidenced (Jorgensen et 

a/.1989). In a farm environment, the 

spread of wild type Escherichia coli bearing 

a transferable plasmid was studied. The 

results revealed that E. coli of animal 

origin could spread rapidly and colonize 

the intestinal tract of humans and of other 

animals in the absence of antibiotic 

selection (Marshall eta/. 1990). Johnson et 

a/. (1994) reported that resistance to 

gentamicin and apramycin in clinical 

isolates of E. coli resulted from the spread 

of resistant organisms from animals to 

man, with subsequent interstrain or 

interspecies spread, or both, of resistance 

genes on transferable plasmids. Boyd et 

a/. (1996) demonstrated a relatively high 

incidence of F related plasmids among 

natural isolates of E. coli. They found that 

15% of the isolates of the ECOR collection 

possessed F related plasmids. Sequence 

analysis of chromosomal genes and MLEE 

revealed frequent plasmid transfer among 

strains within and between the major 

ECOR groups. In order to determine the 

evolutionary significance of F plasmid 

transfer between E. coli and S. enterica 

they also examined strains of subspecies I 

for F plasmid occurrence, distribution and 

genetic diversity. F like plasmids. was 

isolated from S.enterica that showed a 

common ancestry with the E. coli F 

plasmids. The important inference of this 

finding was that there was relatively 
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frequent conjugational transfer between between those diverse hosts due to 

those species, despite their different niche 

specializations. The importance of F 

plasmids as a mechanism for interspecies 

recombination between these genetically 

divergent taxa could be speculated from 

the demonstration of overlapping plasmid 

pools. In another study, seventy-one 

natural isolates from a Salmonella 

reference collection were examined for the 

presence of plasmids closely related to the 

E. coli F plasmid. The collection consisted 

of several serovars of the S. enterica 

Typhimurium complex, subspecies 1, to 

which belonged 99% of the pathogenic 

Salmonella strains. The unexpected finding 

of a shared pool of F like plasmids between 

S. enterica and E. coli demonstrated the 

significant role of conjugation in the 

histories of these important bacterial 

species (Boyd et a/. '1997). An association 

of transferable antibiotic resistance traits 

in E. coli of animal origin with the presence 

of conjugative R plasmids, in Sarawak, 

East Malaysia, was reported by Son et a/. 

(1997). Mobile pathogenecity islands or 

multidrug resistance plasmids provided 

vivid examples of adaptive transfer of alien 

genes between bacteria that may be quite 

unrelated. As much as 17% of the genome 

of different E.coli strains have been 

identified by anomalous nucleotide 

composition as transferred sequence 

(Medigue et a/. 1991, Lawrence and 

Ochman 1998). In 19 different species of 

bacteria the mean genome fraction 

identified as transferred sequences is 6% 

(Kurland 2000, Ochman et a/. 2000). 

Multi-drug resistant coliform bacteria were 

isolated from feces of cattle exposed to 

antimicrobial agents and humans 

associated with the animals. Isolates from 

both cattle and humans harbored an R 

plasmid of 65 kb (pTMS1). Horizontal 

transfer of the said plasmid took place 

selective antibiotic pressure in the farm 

environment (Oppegaard eta/. 2001). Ten 

different Klebsiella pneumoniae strains 

according to distinct bacteriocin typing and 

REP-PCR were examined for their plasmid 

content, their ability to transfer their 

resistance to aminoglycosides and third 

generation cephalosporins and their 

production of aminoglycoside modifying 

enzymes and beta-lactamases. Transfer of 

resistance to the said antibiotics as well as 

to cotrimoxazole and tetracycline to E. coli 

strain R85 was achieved for all strains by 

conjugation. Similar strains harbor a self

transmissible multi-resistance plasmid (80 

kb) with similar EcoRI and Hind III 

restrction patterns. The plasmid was found 

to encode an extended spectrum beta

lactamase that conferred high level of 

resistance to third generation 

cephalosporins and aztreonam. 

Aminoglycoside resistance was also 

cotransferred (Galani eta/. 2002). 

The conjugative genetic exchange between 

Escherichia coli and Yersinia pestis in the 

flea midgut was studied in detail 

(Hinnebusch eta/. 2002). Yersinia pestis, 

the plague bacillus, infects normally sterile 

sites in mammalian host, but forms dense 

aggregates in the nonsterile digestive tract 

of its flea vector to produce a transmissible 

infection. The study has shown that 

unrelated coinfecting bacteria in the flea 

midgut were readily incorporated into 

these aggregates and the close physical 

contact led to high frequency conjugal 

transfer of an antibiotic resistance plasmid 

from an E. coli donor to Yersinia pestis at a 
frequency of 10-3

• It was thought that 

horizontal gene transfer in the flea might 

have been the source of antibiotic resistant 

Y. pestis strains isolated from plague 

patients in Madagascar. 
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In order to assess the role of antibiotics in 

the environment on the spread of 

resistance factors, the impact of 

subinhibitory concentrations of antibiotics 

in sewage on . gene transfer was 

investigated using conjugative gentamicin 

resistance plasmids of S. aureus. 

Resistance plasmid transfer occurred both 

on solidified sewage and in liquid sewage 

in a bioreactor with a frequency of1.1x1o-5 

to 5.0 x 10-8• It was observed that low 

antibiotic concentrations in sewage could 

not increase plasmid transfer frequencies 

of gentamicin resistance plasmids of 

staphylococci (Ohlsen eta/. 2003). 

2.1.4 Conjugal transfer in aquatic 
environment 
In natural bacterial communities the 

microbial structure and functions are 

subjected to dynamic environmental and 

genetic adaptation. Plasmid mediated 

horizontal gene transfer has a major 

impact on the adaptability of bacteria, 

exemplified by the interspecies and 

intergeneric transfer of antibiotic 

resistance genes in a variety of aquatic 

bacteria. The high incidence of resistant 

bacteria has been documented for 

freshwaters, marine waters and chronically 

polluted waters. 

In a wastewater treatment plant, enteric 

bacteria had been examined for their 

ability to transfer antibiotic resistance. 

Drug resistant strains of Salmonella 

enteritidis, Proteus mirabilis and 

Escherichia coli were found to transfer 

their R plasmids when mated with 

susceptible Escherichia coli and Shigella 

sonnei. Mean transfer frequencies for 

laboratory matings were 2.1x 10-3 while in 

situ matings resulted in frequencies of 4.9 

x 10-5 and 7.5 x 10-5 respectively. The 

findings suggested that a significant level 
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of resistance transfer occurred in 

wastewater treatment plants in the 

absence of antibiotics as selective agents 

(Mach and Grimes 1982). 

The contribution of water as a means of 

spreading R factor containing bacteria 

became evident from the work of Bell et 

a/. (1980). Coliforms, fecal coliforms and 

Salmonella isolated from the Red river, 

Manitoba, Canada were identified and 

antibiograms of these organisms was 

determined against 12 different antibiotics. 

A total of 52.9% of the fecal coliforms 

resistant to three or more antibiotics were 

able to transfer single or multiple 

resistance determinants (R) to the 

Salmonella recipient and 40.7% could 

transfer R determinants to the Escherichia 

coli recipient. Of the resistant Salmonella, 

57% transferred one or two determinants 

to the Salmonella recipient and 39% 

transferred one or two determinants to the 

E. coli recipient. It was calculated that 

popula~ions of fecal coliforms containing R 

factors were as high as 1400 per 100 ml 

and an accidental intake of a few milliliters 

of water could lead to transient or 

permanent colonization of the digestive 

tract. Escherichia coli isolates, selected at 

random from the Tisza river in Csongrad 

County, were tested for resistance to five 

antibiotics and R plasmid carriership. It 

was found that R plasmids were carried by 

43% of the resistant isolates tested, most 

of which were multi resistant (Lantos eta/. 

1982). Aerobic, heterotrophic bacteria 

from the sediment of polluted and 

unpolluted sites in a fast flowing 

Southwales river, were screened for the 

presence of plasmid DNA. The majority of 

the plasmids detected were large enough 

to carry genes for conjugal transfer, 

suggesting the possibility of such transfer 

in the environment (Burton et a/. 1982). 
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The fecal coliform populations found in the 

raw sewages and final sewage effluents of 

mechanical treatment plants, a long-term 

retention lagoon, shorter-term retention 

lagoons, a remote northern Canada river, 

and a heavily urbanized prairie river were 

examined for antibiotic resistance and the 

possession of R factors. A striking contrast 

was found between the populations of the 

remote northern Slave River and those of 

the urbanized Red River. Of the fecal 

coliforms in the Slave River, 7.1% were 

multiresistant, and only 0.79% possessed 

transmissible R factors. The Red River 

fecal coliform populations were 52.9% 

multiresistant, and 18.77% of the total 

population possessed transmissible R 

factors. The influence of urbanization and 

the type of sewage treatment had been 

shown to affect the selection and survival 

of multiresistant fecal coliforms and R 

plasmid containing fecal coliforms (Bell et 

a/. 1983). In another study it had been 

shown that water in many streams might 

function as the reservoirs of strains 

bearing the determinants of transferable 

resistance. Such strains may play an 

important role not only in the ecology and 

epidemiology of R plasmids but also in the 

accidental spread of the so called DNA 

recombinants that might escape during 

gene manipulations (Kralikova et a/. 

1984). In 1984, a total of 600 isolates of 

Escherichia coli were isolated from healthy 

human adults, raw sewage and the 

sewage-polluted River Tigris in Nineva. 

Resistance of these organisms to 11 

antimicrobial drugs was assessed. Over 

40% were antibiotic-resistant and of these 

77.1% were resistant to more than one 

antibiotic. The high incidence of antibiotic

resistant E. coli in this locality and the 

possible implications to human health were 

also take into account (AI-Jebouri et a/. 

1985). During 1977-1982, two hundred 
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fifty five V. cholerae strains, unrelated to 

vibrio 0 group I (NAG vibrios), were 

isolated from water bodies in the region of 

the Volga delta. R factor was detected 

among 37.7% of those strains 

(Trichomirov et a/. 1985). In another 

study, it was found that about 0.006 to 

0.3% of total coliforms, isolated from river 

water samples, were gentamicin resistant. 

86.5% of the gentamicin resistant 

coliforms were identified as Klebsiella. All 

gentamicin resistant wild strains 

transferred their resistance to E. coli K-12 

(Stelzer and Ziegert 1986). 262 samples of 

river water were analyzed for the 

occurrence of antibiotic resistant 

Aeromonas and Vibrio strains by Kontny et 

a!. 1988. The bacteria were cultured on 

selective media containing the 

antimicrobial chemotherapeutic agents 

oxytetracycline, chloramphenicol, 

streptomycin, ampicillin, kanamycin, 

gentamicin or trimethoprim. R plasmids 

were found by means of conjugation in 

21.2% of the 826 tested Aeromonas 

hydrophila strains. In eleven Aeromonas 

hydrophi/a strains with transferable and in 

3 from 4 strains with non-transferable 

multiple antibiotic resistance plasmid DNA 

with 100 megadalton were found. 

The occurrence of drug resistance and its 

plasmid-mediated transferability was 

investigated in 140 environmental strains 

of Vibrio cholerae non-01 and 6 strains of 

Vibrio cholerae, both 01 and non-01, of 

clinical origin. Of the 146 strains tested, 

93% were resistant to at least one drug 

and 74% were. resistant to two or more 

antibiotics. A total of 26 of 28 selected 

resistant wild strains carried R plasmids 

that were transferable by intraspecific and 

intergeneric matings. The most common 

transmissible R factor determined 

resistance to ampicillin, amoxicillin, and 
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sulfanilamide (30%), followed by drug-resistant bacteria. Bacterial 

resistance to ampicillin and amoxicillin 

(13%) and resistance to ampicillin, 

amoxicillin, phosphomycin, · and 

sulfanilamide (9%). Most strains harbored 

more than one plasmid, and the molecular 

sizes ranged from 1.1 to 74.8 

megadaltons. The plasmids of high 

molecular size (around 74 megadaltons) 

were responsible for the resistance pattern 

transferred and were maintained with high 

stability in the hosts (Amaro eta/. 1988). 

Multiple antibiotic resistant enterobacterial 

isolates were also recovered from the 

Monocacy river in Frederick County, 

Maryland (Rinker et a/. 1988). The 

presence of R plasmids in coliform bacteria 

isolated from sewage and the water of 

. surface reservoirs led to some important 

conclusions. Firstly, antibiotic-resistant 

coliform bacteria could be pathogenic and 

play the role of a source of R plasmids for 

other pathogenic bacteria . and secondly, 

they could be considered as suppliers of 

the signal information on the distribution 

of antibiotic resistance which is useful for 

defining the strategy and tactics of 

antibiotic therapy (Moissenko 1994). 

resistance to antimicrobial agents is a 

major public health problem in many 

tropical countries (Amyes eta/. 1992). In 

the countries of South Asia, this problem 

has been particularly conspicuous with 

enteric pathogens with both India and 

Bangladesh reporting outbreaks of Shigella 

with multiple· antibiotic resistances (Shears 

eta/. 1995). 

The transfer of diverse plasmids from MAR 

E. coli strains isolated from river water was 

studied (Cernat eta/. 2002). All the strains 

transferred two or more their resistance 

markers to potential recipients. The 

phenotypic data revealed the frequency 

and dynamic flow of multiple antibiotic 

resitant E. coli strains in aquatic media. 

Antibiotic resistant bacteria were isolated 

from fresh water samples from 16 U.S 

rivers at 22 sites and prevalence of 

organisms resistant to ~-lactam and non 

~-lactam antibiotics were measured (Ash 

et a/. 2002). Over 40% of the US river 

bacteria resistant to more than one 

antibiotic and all these antibiotic resistant 

population contained at least one plasmid. 

Ampicillin resistance genes, as well as 

other resistant . traits, were identified in 

Adhikari et a/. (2000) reported the 70% of the plasmids. 

presence of multi drug resistant strains of 

Escherichia coli with transferable traits 2.1.5 Concept of horizontal gene 
from four different community ponds of 

Kathmandu valley. Combined resistance to 

ampicillin, tetracycline and trimethoprim 

was most common and ressitance to these 

three antibiotics was transferred in 

conjugation experiments. As the water of 

these ponds is used for recreational 

purposes, there was every possibility of 

transmission of such bacteria to humans. 

The study pointed to the fact that most 

community ponds of the developing 

countries might function as reservoir of 

transfer in the post-genomic era 
The process of horizontal gene transfer 

provides an organism with access to genes 

along with inherited ones (Spratt et a/. 

1992, Hilario and Gogarten 1993, Syvanen 

1994, Rivera et a/. 1998, Doolittle 1999, 

Martin 1999, Ochman eta/. 2000). It is a 

rapid process, occurring extensively 

among prokaryotes especially in response 

to the changing environment and can be 

considered as one of the key processes 

leading to rapid and dramatic change in 
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bacterial genome composition, as it leads 

to "evolution in quantum leaps" (Jain et a/. 
2003). 

The contributions as well as consequences 

following horizontal gene transfer process 

remained highly debated for a long time 

(Snel et a/. 2002, Mirkin et a/. 2003). In 

general, HGT participates in shaping of 

prokaryotic genome structure (Doolittle et 
a/. 2003, Eisen 2000, Jain eta/. 2003). It 

was believed earlier that bacteria are 

unlikely to transfer genes for more 

fundamental processes, such as cell 

division. That view has changed in recent 

years. The very existence of 

unexchangeable genes, be it fundamental 

or not, has been put into question. Two 

hypotheses have been set forth by Jain et 
a/. to describe temporal flow of horizontal 

transfer (1999). According to the continual 

horizontal transfer hypothesis, horizontal 

transfer of operational genes is a far more 

important factor in prokaryotic evolution 

than previously thought. The second, 

massive horizontal transfer hypothesis 

proposes that one or a few, massive 

ancient exchanges of (operational) genes 

occurred early in prokaryotic evolution 

before the diversification of modern 

prokaryotes. It supports the idea that 

massive horizontal exchange could have 

created modern prokaryotes. The findings 

of this work led them to propose that a 

major factor in the more frequent 

horizontal transfer of operational genes is 

that informational genes are typically 

members of large, complex system, 

whereas operational genes are not, 

thereby making horizontal transfer of 

informational gene products less possible 

(complexity hypothesis) (Jain eta/. 1999). 
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genetic information through both 

homology dependent recombination and 

horizontal gene transfer is far more 

important in quantity and quality than thus 

far imagined. During bacterial evolution, 

the ability of bacteria to exploit new 

environments and to respond to new 

selective pressures can often be more 

readily explained by the acquisition of new 

genes by horizontal transfer rather than by 

sequential modification of gene function by 

the accumulation of point mutations 

(Syvanen 1994). Gene loss and other 

chromosomal alterations along with the 

reacquisition of genes through horizontal 

transfer act together to provide a rich 

explanatory paradigm (Gogarten et a/. 

2002). This concept was supported by the 

history of 812 metabolism in enteric 

bacteria, which includes loss of multiple 

functions and reacquisition of genes from a 

foreign source. Many bacterial genes are 

located in co transcribed clusters or 

operons; together, the genes in an operon 

generally provide a single function or 

selectable phenotype. Conditionally 

dispensable functions are usually encoded 

by operons; essentially genes are less 

likely to be clustered. Operon formation 

may be driven by gene loss (by mutation 

during periods of dispensability) and 

reacquisition (by horizontal acquisition of 

small chromosome fragments followed by 

selection). Clustered genes can be 

cotransfered horizontally and therefore can 

spread faster than identical unclustered 

alleles; thus clustered alleles have higher 

fitness. Gene clustering may provide no 

immediate fitness benefit to the host 

organism and can be considered a selfish. 

property of genes (Lawrence and Roth 

1998). Transferred genes can confer novel 

metabolic phenotypes to their new hosts 

Analysis of prokaryotic gene and genome and allow rapid, effective exploitation of 

sequences reveal that the exchange of new environmental niches (Lawrence 
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1997). The selfish operon model 

postulates that the organization of 

bacterial genes into operons is beneficial to 

the constituent genes in that proximity 

allows horizontal cotransfer of all genes 

required for a selectable phenotype. 

Horizontal transfer of selfish operons likely 

promotes 

facilitating 

1999). 

bacterial diversification 

bacterial speciation (Lawrence 

Some recent gene analysis has hinted on 

the magnitude of horizontal gene transfer. 

The availability of complete sequence of 

E.coli MG1655 provided the first 

opportunity to asses the overall impact of 

horizontal genetic transfer on the evolution 

of bacterial genomes. It has been 

estimated that phylogenetic lineages 

leading to E. coli and Salmonella enterica 

separated about 100 million years ago. 

Since· that time horizontal transfer ·of 

genetic material has enabled these 

lineages to acquire several new genetic 

systems. For example, the phenotypic 

characteristics differentiating E. coli and 

S.enterica are all due to chromosomal 

genes (lactose utilization, citrate 

utilization, propanediol utilization, indole 

production, pathogenecity) that have been 

acquired since the development of these 

lineages from a common ancestor. An 

analysis based on the differences in base 

composition and codon utilization patterns, 

has permitted an estimation of the extent 

of this horizontal transfer (Lawrence and 

Roth 1998). Lawrence and Ochman (1998) 

found that 755 of 4288 ORFs (547.8 kb) 

have been introduced into the E. coli 

genome in at least 234 lateral transfer 

events. The average age of introduced 

genes was 14.4 Myr, yielding a rate of 

transfer 16kb per Myr per lineage since 
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sequences that have persisted ( rv18 % of 

the current chromosome) have conferred 

properties permitting E. coli to explore 

otherwise unreachable ecological niches. 

In case of E. coli they suggest the 

introduction of lac operon probably 

permitted the bacterium to establish its 

current home in the colons of mammals 

(Lawrence and Ochman 1998). 

Some 

acquired 

transformable bacteria have 

target mediated antibiotic 

resistance by horizontal genetic exchange 

of fragments of chromosomal genes. 

Examples 

penicillin 

include 

binding 

penicillin resistant 

proteins (PBPs) in 

Streptococcus pneumoniae and the 

pathogenic Neisseria meningitides. HGT 

permits movements of alleles among 

bacterial lineages, increasing the 

opportunities for the spread of antibiotic 

resistance (Maiden 1998). The spread of 

antibiotic resistance genes and xenobiotic 

degradation genes is due to the horizontal 

gene transfer coupled to the selective 

pressures caused by the presence of 

increasing amounts of these substances in 

the environments (Hacker and Carniel 

2001). 

HGTs among bacteria have immediate and 

practical effects on human health. Not only 

HGT is associated with the rapid spread of 

antibiotic resistance genes but also 

thought to have contributed to the 

evolution of disease causing bacteria. An 

example of latter phenomenon could be 

exemplified by the phenomenon of 

creation of a new toxin producing killer E. 

coli strain, E. coli 0157: H7, through HGT 

to a less virulent strain E. coli. 

divergence. Although most of the acquired The review made so far revealed the 

genes were subsequently deleted, the general role played by horizontal gene 
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transfer with emphasis on the 

antimicrobial resistance phenotype. The 

quanta of existing knowledge are 

insufficient to answer conclusively the 

questions like how resistance strains and 

resistance genes spread in nature and the 

· significance of this for man in conjunction 

to his ecological ties. More data are 

needed with respect to the input of already 

resistant bacteria into the environment 

because on the basis of our present 

knowledge, an increased direct impact of 

antibiotic on bacteria in the aquatic 

environment and in soils is questionable. 

The average concentrations of antibiotics 

in rivers and lakes are so low (in the range 

of ppm.) that they could hardly be able to 

bring about changes in bacterial 

populations. The input of bacteria already 

resistant following the use of antibiotics in 

human and veterinary medicine seems to 

be more important source of resistance 

genes in the environment (Kummerrer 

2004). It was also evident that the rivers 

all over the world have started becoming 

the reservoirs of antibiotic resistance 

genes to serve as media for the spread of 

antibiotic resistance genes. River waters 

are the main receptacle for antibiotic 

resistant bacteria, since they receive the 

sewage of urban effluents. Because rivers 

are the major sources of water, directly or 

indirectly for human and animal 

consumption, this pollution may contribute 

to the maintenance and- even the 

dissemination of antibiotic resistance 

genes (Goni-Urizza et a/. 2000). In the 

context of India, environmental studies on 

rivers were largely restricted to routine 

quantification of total and fecal coliforms in 

addition to the monitoring of physico

chemical parameters (Pathak et a/. 1992, 

Chaurasia 1994, Bhadra et a/. 2003). 

However, the information regarding 

antimicrobial resistance patterns of the 
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development and evolution of the 

native Indian river water bacteria and 

assessment of transferability of antibiotic 

resistance genes is virtually absent or 

remain untraceable. A previous study 

conducted by the present author on the 

Mahananda river of Northern West Bengal, 

India, has shown the occurrence of 

antibiotic resistant bacteria and their 

potential for resistance gene transfer 

(Mukherjee eta/. 2005). 

The first chapter of the thesis dealt with 

the incidence and abundance of antibiotic 

resistant copiotrophic bacterial populations 

from the water samples collected from 

three sampling sites along the river Torsa. 

The second chapter was therefore 

naturally dictated towards revelation of the 

molecular mechanisms involved in the 

development of multiple antibiotic 

resistance (MAR) phenotypes of the 

culturable copiotrophs of river Torsa. It 

was thus imperative to strike a relation 

between plasmid carriage and antibiotic 

resistance. Studying the transfer of 

antibiotic resistance genes via conjugal 

route for identifying the major driving 

force behind the spread of resistance 

genes in the environment was an 

important aspect of this chapter. 

2.2 Materials and Methods 
2.2.1 Chemicals and reagents 

All the chemicals used in the experiment 

were purchased from SRL Fine Chemicals 

(SRL India Ltd.). De-ionized double 

distilled water was used for the 

preparation of reagents. The reagents 

were either filter-sterilized or autoclaved, 
wherever required, before use and 
preserved in glass containers. 

2.2.2 Bacterial isolates 

Bacterial isolates, used for studying the 
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distribution of plasmids and transferability 

of those plasmids, were recovered from 

the water samples obtained from the 

sampling site III. A total of 4254 antibiotic 

resistant culturable copiotrophs were 

recovered from the water samples of SS 

III (Coochbehar>· 92.85% of that 

population (i.e 3950 isolates) exhibited the 

MAR phenotype (resisted at least two 

antibiotics). A total of 3786 isolates, 

representing 88.99% of the MAR 

population, exhibited ampicillin resistance. 

One hundred, ampicillin resistant, MAR 

isolates, were selected for the following 

analyses. 
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index for the isolate would be 6/12 or 

0.50. 

2.2.5 Isolation of plasmid DNA (Mini 

Prep) 
Copiotrophic bacterial isolates were 

screened for plasmid DNA by the 

procedure of Birnboim and Doly (1979). 

I. Harvesting 

A single bacterial colony was transferred 

into 3ml of LB medium containing 

appropriate antibiotic in a test tube. The 

culture was incubated overnight at 370 C 

with vigorous shaking. 1.5ml of the culture 

was poured into a microfuge tube and 

2.2.3 Antibiotic resistance centrifuged at 10,000 r.p.m for 5 minutes 

determination 

Antibiotic resistance was determined by 

the method described earlier in section 

1.2.4 of chapter one. The antibiotics and 

the concentrations used were as follows: 

amikacin (25!lg llr-1
), ampicillin (100!lg !ll-

1), cefotaxim (25!lg llr-1), cephalexin (25!lg 

llr1
), chloramphenicol (1001lg llr-1

), 

gentamicin (25!lg !ll'1), kanamycin (50!lg 

llr-1
), netilmicin (25J..lg llr1

), nitrofurantoin 

(25!lg !ll-1
), streptomycin (100!lg llr1

), 

tetracycline (201lg J..lr-1), and tobramycin 

(25!lg llr1
). The isolates were considered 

multiple-antibiotic-resistant (MAR) if 

growth on at least two different antibiotic 

containing plates was at least equal to that 

on the growth control without antibiotics. 

2.2.4 MAR indexing 

The MAR index of each individual isolate 

was scored by dividing the number of 

antibiotics (a) to which the isolate was 

resistant by the total number of antibiotics 

(b) to which the isolate was exposed, i.e, 

a/b (Krumperman 1983). For example if 

the isolate was exposed to 12 different 

antibiotics and were resistant to 6, the 

at room temperature. The medium was 

removed by aspiration, leaving the 

bacterial pellet as dry as possible. 

II. Lysis by alkali 

The bacterial pellet was suspended in 

100(JI of ice cold solution I by vigorous 

vortexing, followed by addition of 200(JI of 

freshly prepared solution II. The contents 

were mixed by inverting the tube several 

times and stored on ice for 6-8 minutes. 

150(JI solution III was then added and 

mixed by inverting the tubes several times 

followed by storing on ice for 6-8 minutes. 

The tube was centrifuged at 10,000 rpm 

for ten minutes at room temperature. After 

centrifugation the supernatant was 

transferred to a fresh tube (about 450(JI). 

To the supernatant 100(JI sterile distilled 

water was added (volume becomes 550(JI). 

Then equal volume of phenol (550(JI) was 

added to that supernatant and was mixed 

thoroughly for 8-10 times. followed by 
centrifugation at 10,000 rpm for 10 

minutes. After that the supernatant was 

transferred to a fresh micro centrifuge 

tube (without disturbing the interphase). 

An equal volume of phenol: chloroform 
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was added to the supernatant, mixed 

thoroughly and was centrifuged at 10,000 

rpm for 5 minutes. Again the upper 

aqueous phase was transferred to a fresh 

micro centrifuge tube. 0.3M (final 

concentration) sodium acetate from a 3M 

stock of sodium acetate was added to the 

supernatant and mixed by inverting the. 

tube. 

III. Recovery of DNA 
DNA was precipitated with two volumes of 

ethanol at room temperature. The mixture 

was allowed to stand for 10 minutes at 

room temperature. It was then centrifuged 

at 12,000 rpm for 15 minutes at 4oc in a 

micro centrifuge tube. The supernatant 

was removed by gentle aspiration and the 

tube was placed on a paper towel in an 

inverted position to drain off the fluid 

adhering to the walls of the tube. The 

pellet was air dried by keeping it in a 

dessicator for overnight and dissolved in 

201-JI TE (10: 1) buffer. 

2.2.6 Preparation of plasmid DNA by 

alkaline lysis with SDS: Midi 

preparation 
30ml of rich medium (LB medium) 

containing the appropriate antibiotic was 

inoculated with a single bacterial colony 

carrying the plasmid of interest. The 

culture was incubated overnight at 37oc 

with vigorous shaking. 

I. Harvesting 

Overnight culture was transferred to a 

50ml centrifuge tube and bacterial cells 

were harvested by centrifugation at 500 

rpm for 15 minutes at 4oc. Supernatant 

was discarded. Left medium was discarded 

by gentle aspiration leaving the bacterial 

pellet as dry as possible. 

II. Lysis of cells by alkali 
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The bacterial pellet was suspended in 

l.Sml of solution I by vigorous vortexing. 

3ml ·of freshly prepared alkaline lysis 

solution II was then added to the mixture. 

The tubes were closed tightly and inverting 

the tubes for 5-6 times mixed the contents 

and the tubes were stored on ice for 10 

minutes. Then 2.25ml of ice cold solution 

III was added; again the contents were 

mixed by only inverting the tubes for 

several times and then kept on ice for 10 

minutes. The bacterial lysate was 

centrifuged at 12,000 rpm for 15 minutes 

at 4°C. The supernatant was transferred to 

a fresh centrifuge tube. Then equal 

volumes of phenol: chloroform (1:1, v/v) 

was added. Organic and aqueous phases 

were mixed by vortexing and then the 

emulsion was centrifuged at 12,000 rpm 

for 10 minutes at room temperature. 

Upper aqueous layer was transferred to a 

fresh tube. Then equal volume of 

chloroform : isoamyl alcohol was added. 

III. Recovery of plasmid DNA 

Nucleic acids were precipitated from the 

supernatant by adding sodium acetate and 

double volume of ethanol at room 

temperature. The solution was mixed by 

inverting the tube and was allowed to 

stand for10 minutes at room temperature. 

The precipitated nucleic acids were 

collected by centrifugation at 12,000 rpm 

for 15 minutes at 4oc. Then the 

supernatant was decanted as completely 

as possible. The tube was allowed to stand 

in an inverted position on a paper towel to 

allow all of the fluid to drain away. All the 

drops of the fluid adhering to the walls of 

the tube was removed ultimately by gentle 

aspiration. Then the tube was left open at 

room temperature to allow the evaporation 

of ethanol from the tube. Finally, the 

precipitated nucleic acid was dissolved in 
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1001-11 of TE (pH 8.0) and the DNA solution 

was stored at -2ooc. 

2.2.7 Agarose gel electrophoresis 

For separation of large and medium sized 

DNA fragments, 0.8% agarose gel 

electrophoresis was done. Electrophoresis 

was performed in horizontal 

electrophoresis tank using 1X TAE buffer 

containing 11Jg mr1 ethidium bromide. 

!DNA digested with Hindiii was used as the 

size marker. 

2.2.8 Selection of bacterial isolates for 

conjugation study 

One hundred isolates, with MAR index of 

0.41 and above, were primarily 

differentiated into Pseudomonads and 

enteric bacteria by oxidase and glucose 

fermentation tests. 19 out of 100 isolates 

were oxidase positive and could not 

ferment glucose. They were grouped as 

Pseudomonads and were excluded from 

further tests. Gram negativity of the 

isolates were also checked. The multiple 

antibiotic resistant isolates that were 

sensitive to rifampicin were then sorted 

out from the remaining 81 isolates for 

performing conjugation between a 

rifampicin-sensitive plasmid bearing MAR 

strain and a plasmidless rifampicin 

resistant laboratory E. coli DH5a strain. 

Fifty-six rifampicin-sensitive MAR strains 

were thus used as donors in conjugation 

experiments. 

2.2.9 Culture media 
Luria-Bertani 

supplemented 

(LB) 

with 

agar plates 

the appropriate 
antimicrobial drugs were used for the 

maintenance of donor, recipient and 

transconjugant cultures at 4 o C. Pure 

cultures were grown in LB broth for 

susceptibility tests and conjugal transfer 
assays. 
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2.2.10 Conjugation Study 

Conjugation study was performed following 

the method described by Son et a/. 
(1997). Rifampicin resistant recipients 

were used in all matings in order to use 

rifampicin along with another antibiotic, 

ampicillin (to which the donors remained 

resistant), for selection of transconjugants. 

100 ml flasks containing 10 ml of LB 

medium were inoculated separately with 

overnight cultures of donors and recipient 

cells and incubated at 37°C with shaking 

to mid-log phase till the cell density 

became 107c.f.u mr1• Donor and recipient 

cells were mixed in 2:1 ratio and conjugal 

transfer was conducted at 37°C without 

shaking for a period of 5 hours. 

Plating known number (x) of wild type 

cells onto appropriate selective agar plates 

for the recovery of mutant colonies (y) 

determined spontaneous mutation 

frequency (y/x) of the strains. The 

frequencies obtained were always less 

than 10-7
• The possible roles of 

transformation or viral transduction in 

mediating antibiotic resistance transfer 

were also investigated. Mating was 

performed between the recipient strain 

and the cell free supernatant from the 

donor culture in the same preparation. 

This was followed by spread plating onto 

the same selective agar plate for the 

selection of transconjugants. No 

transconjugants were collected in any of 

the culture media. The frequency of 

transfer was estimated as the number of 

presumptive transconjugants in relation to 

the initial number of donor cells (T/D). 

2.2.11 Enumeration of bacteria 

Following incubation, samples from in-vitro 

matings were serially diluted in 0.85% 

NaCI solution. A total viable cell count for 

each sample was determined by plating 
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1001JI of appropriate dilutions of cell 

suspension on LB agar plates. The 

concentration of donor and recipient cells 

was estimated · by plating appropriate 

dilutions on LB agar plates containing 

either ampicillin (1001Jg mr1
) or rifampicin 

(1001Jg mr1). Transconjugants from each 

mating mix were selected and enumerated 

on LB agar plates supplemented with both 

ampicillin (1001Jg mr1
) and rifampicin 

(100j.Jg mr1). Just before plating for the 

recovery of the transconjugants, rifampicin 

(100j.Jg mr\ final concentration) was 

added to the mating medium to inhibit 

gene transfer. All the plates were 

incubated at 37oc for 24 hours and 

colonies grown on agar plates were 

recovered as CFU per milliliter. 
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several sets of agarose gel (of different 

agarose percentage) electrophoresis were 

done. To determine the orientation and 

contiguity of the restriction fragments, 

partial (incomplete) digestions of plasmid 

DNAs obtained from the specific hosts 

were also made. 

2.2.14 Cloning of DNA fragments in 

pBiuescript KS ( +) vector 
I. Preparation of vector and insert 

The plasmid and the foreign DNAs were 

digested with appropriate restriction 

enzyme. The desired fragments were 

isolated by gel electrophoresis. The DNAs 

were purified by extraction with phenol, 

phenol chloroform and ethanol 

precipitation. DNAs were redissolved in TE 

(pH 7 .6) at a concentration of O.l!Jg 1Jr1 or 

2.2.12 Genetic characterization of less. 

recovered cells 
To verify that the cells recovered on 

selective media were donor, recipient, or 

transconjugant cells, 10 or more colonies 

of each were picked and tested for their 

biochemical and antimicrobial 

characterizations and for the presence of 

plasmid bands. Only if appropriate 

phenotypes were detected were the 

isolates considered to be recovered donor, 

recipient or transconjugant cells. 

2.2.13 Size determination and 

restriction mapping of plasmids 
Plasmids prepared from the purified 

transconjugants were digested with 

restriction enzymes, electrophoresed and 

the sizes of the restricted fragments were 

determined. All enzymatic treatments of 

DNA were performed as recommended by 

the manufacturers. All other DNA 

techniques were done according to the 

standard protocols (Sambrook 1989). To 

analyze the restriction fragments and to 

obtain single enzyme digestion pattern, 

II. Setting up the ligation mixtures 

O.l!Jg of the vector DNA was transferred to 

a sterile microfuge tube. Equimolar 

amount of foreign DNA was added to it. 

Sterile distilled water was added to make 

the volume to 8.5 j.JI and the solution was 

warmed to 45°C for 5 minutes to melt any 

cohesive termini that have re-annealed. 

The mixture was chilled to ooc. To the 

mixture 1 J.JI of lOX T4 DNA ligase_ buffer 

[Tris.HCI - 600Mm; MgCI2 - SOMm, 

Dithioerythritol {OTT) - lOmM and ATP -

10 mM (pH 7.5)] and 0.1 Weiss unit T4 

DNA ligase was added. The reaction was 

incubated for 4 hours at 160C. 1-2 J.JI of 

each of the ligation reactions was used to 

transform competent E.coli. 

III. Preparation of fresh competent E. 

coli using Calcium Chloride and 
Transformation 

A single colony from a plate freshly grown 

for 16-20 hours at 37oc was picked and 

transferred into 100 ml of LB broth in a 1 L 
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flask. The culture was incubated for 

approximately 3 hours or more at 37oc 

with vigorous shaking to attain the viable 

cell number of 108 cells mr1
• The cells 

were transferred aseptically to a sterile, 

ice-cold 50 ml polypropylene tube. The 

culture was cooled to 0°C by storing the 

tube on ice for 10 minutes. The cells were 

then recovered by centrifugation at 5000 

rpm for 10 minutes at 4 oc. The media 

was decanted from the cell pellet. The 

pellet was resuspended in 10 ml of ice cold 

0.1M CaCI2 and stored on ice for 30 

minutes. The cells were recovered by 

centrifugation at 4000 rpm for 10 minutes 

at 4oc. The fluid was decanted from the 

cell pellet, and the tube was placed in an 

inverted position for 1 minute to drain 

away last traces of fluid. The pellet was 

resuspended in 2 ml of ice cold 0.1M CaCI2 

foe each 50 ml of original culture. Using a 

chilled, sterile pipette tip, 200 !JI of each 

suspension of competent was transferred 

to a sterile microfuge tube. DNA (not more 

than 50 ng in a volume of 10 IJI) was 

added to each tube. Gentle swirling of the 

microfuge tubes mixed the contents. The 

tubes were stored on ice for 30 minutes. 

The tubes were then transferred to a rack 

placed in a circulating water bath (420C) 

for exactly 90 seconds followed by 

immediate transferring to an ice bath for 

chilling for 1-2 minutes. 800 IJI of LB 

medium was added to each tube and 

incubated for 45 minutes in a water bath 

set at 37oc to allow the bacteria to recover 

and to express antibiotic resistance marker 

encoded by the plasmid. Appropriate 

volume (upto 200 !JI per 9 em petriplates) 

of competent cells was transferred onto LB 

agar plate containing appropriate 

antibiotic. A sterile bent glass rod was 

used to spread the transformed cells over 
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the surface of the agar plate. The plates . 

were left at room temperature until the 

liquid had been absorbed. Finally plates 

were inverted and incubated at 37°C for 

12-16 hours for the appearance of 

colonies. 

IV. Identification of bacterial colonies 

that contain recombinant plasmids by 

a- complementation method 

To a pre-made Luria-Bartani agar plate 

containing 50 !lg mr1 ampicillin, 0.5 mM 

isopropylthiogalactosidase (IPTG) and X

gal (801Jg 11r1) transformed competent 

cells were plated as described earlier. It 

was possible to recognize colonies that 

carry putative recombinant plasmids by 

blue-white screening of the colonies. 

Insertion of foreign DNA into the 

polycloning site of plasmid pBiuescript 

KS( +) leads to the incapability of 

complementation. Bacteria carrying 

recombinant ·colonies are therefore white 

colonies. Recircularized vectors containing 

bacteria could utilize chromogenic 

substrate X-Gal and thus form blue 

colonies. 

2.3 Results 

2.3.1 Antibiotic resistance profile of 

the 100 antibiotic resistant 

copiotrophic bacterial isolates 

A total of twelve different antibiotics were 

used to check the antibiotic resistance 

profile of the selected bacterial isolates. 

The antibiotic resistant phenotypes 

exhibited by them have shown in Table 

2.1. Sixty-four different combinations of 

MAR phenotypes were observed among 

the hundred isolates under study. The 100 

MAR bacteria distributed into 8 groups 

according to the MAR index that ranged 

from 0.41-1.0. 
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Table 2.1 Antibiotic resistance profile of hundred gram-negative copiotrophic bacterial isolates 

51. 
No. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 

36. 
37. 
38. 
39. 

40. 
41. 
42. 
43. 
44. 
45. 
46. 

47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 

55. 

56. 
57. 
58. 
59. 
60. 

Name of 
the 

Isolates 
TR28 

TR 31 
TR45 
TR46 
TR 50 
TR 51 
TR53 
TR66 
TR84 
TR88 
TR 100 

TROl 

TR 16 
TR21 
TR38 
TR48 
TR54 
TR 57 
TRGO 
TR 70 
TR 76 
TR83 
TR97 
TR24 

TR29 
TR30 
TR39 
TR44 
TR47 
TR 71 

TR 74 
TR 75 
TR 77 
TR87 
TR06 

TR09 

TR 10 
TR 14 
TR 19 

TR32 

TR34 
TR36 

TR40 
TR41 
TR42 
TR55 

TR65 

TR69 
TR 72 

TR81 
TR89 
TR93 
TR03 
TR07 

TR 11 

TR12 
TR 13 
TR 15 
TR 18 
TR25 

Ami 

+ 

+ 

+ 

+ 

+ 

Amp 

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

Cef 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

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

Cep 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

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

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

Chi 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 

Gen 

+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Kan 

+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

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

+ 
+ 

Net Nit Str Tet 

+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

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

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 

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

+ 
+ 
+ 
+ 
+ 

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

+ 
+ 
+ 
+ 
+ 

Tob 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
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Sl. 
No. 

61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 

Name of 
the 

Isolates 
TR27 
TR33 
TR43 
TR56 
TR85 
TR90 
TR92 
TR94 
TR 95 
TR96 

- TR99 
TR02 
TR05 
TR08 
TR20 
TR61 
TR63 
TR67 
TR 73 
TR 79 
TR80 
TR86 
TR91 
TR04 
TR49 
TR59 
TR64 
TR68 
TR 78 
TR82 
TR98 
TR 17 
TR22 
TR23 
TR26 
TR35 
TR37 
TR52 
TR58 
TR62 

Ami 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Amp 

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

Cef 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Cep 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Chi 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

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

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

Gen 

+ 
+ 

+ 
+ 

+ 

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

Kan 

+ 

+ 
+ 
+ 
+ 

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

Net 

+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

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

Nit 

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

Str 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Tet 

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

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

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Tob 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

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

Ami: Amikacin; Amp: Ampicilin; Cef: Cefotaxim; Cep: Cephalexin; Chi: Chloramphenicol; Gen: Gentamicin; 
Kan: Kanamycin; Net: Netilmicin; Nit: Nitrofurantoin; Str: Streptomycin; Tet: Tetracycline; Tob: Tobramycin. 
Sl. No. 1-11: MAR index 0.41; 12-23: MAR index 0.50; 24-34: MAR index 0.58; 35-52: MAR index 0.66; 
53-71: MAR index 0.75; 72-83: MAR index 0.83; 84-91: MAR index 0.91; 92-100: MAR index 1.0. 

2.3.2 Detection of plasmid DNA 

All the hundred isolates were screened for 

the presence of plasmid DNAs. Plasmid 

DNA bands were observed among seventy

seven isolates visualized by agarose gel 

electrophoresis. Most of these isolates had 

high molecular weight plasmids (molecular 

size >20 kb), but some were found to 

harbor more than one plasmid of varying 

sizes besides the large ones (Figure 2.1 

and Figure 2.2). 

2.3.3 Conjugation study 

A total of fifty-six MAR isolates were 

examined for the presence of plasmid DNA 

in association with the antibiotic resistance 

for the bacterial hosts. All the 56 isolates 

were chosen to perform matings with the 

E.coli DHSa Rif as the potential recipient. 

Conjugation was found positive with 18 

donor isolates. Table 2.2 and the Figure2.2 

showed the resistance patterns and 
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M 43 44 45 46 47 48 49 M 50 51 52 53 54 55 56 57 58 59 60 61 62 63 M 

Figure 2.1. Agarose (0.7%) gel electrophoresis of plasmid DNA obtained from the gram

negative, multiple- antibiotic- resistant (MAR) copiotrophic bacterial isolates recovered 

from the water samples of river Torsa. 

Lanes M, h DNA digested with Hindiii used as size standards; 1, TR 17; 2, TR 18; 3, TR 
19; 4, TR 20; 5, TR 21, 6, TR 22; 7, TR 23; 8, TR 24; 9, TR 25; 10, TR 26; 11, TR 27; 12, 
TR 28; 13, TR 96; 14, TR 97; 15, TR 29; 161 TR 30; 17, TR 31; 18, TR 32; 19, TR 33; 20, 
TR 34; 21, TR 35; 22, TR 36; 23, TR 37; 24, TR 38; 25, TR 39, 26, TR 40; 27, TR 41; 28, 
TR 42; 29, TR 49; 30, TR 51; 31, TR 54; 32, TR 53; 33, TR 52; 34, TR 50, 35, TR 67; 36, 
TR 66; 37, TR 57, 38, TR 59; 39, TR 64; 40, TR 70; 41, TR 69; 42, TR 62; 43, TR 61; 44, 
TR 65; 45, TR 63; 46, TR 71; 47, TR 74; 48, TR 73; 49, TR 72; 50, TR 95; 51, TR 94; 52, 
TR 91, 53, TR 92; 54, TR 89; 55, TR 93; 56, TR 81; 57, TR 86; 58, TR 76; 59; TR 55; 60, 
TR 88; 61, TR 77; 62, TR 85; 63, TR 98. 
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Table 2.2: Characterization of the transconjugants 

Gene 
Donor Resistance phenotypea Resistance transferred transfer 

freguency * 

TR 01 Ampr Cef Cepr Chlr Tetr Ampr Cef Cepr Tet 5.0 X 10-3 

TR 02 Ampr Cef Cepr Chlr Genr Ampr Cef rcepr Genr Tetr 1.44 X 10-3 

Kanr Str Tetr Tobr Tobr 
TR 04 Amir Ampr Cef Cepr Chlr Amir Ampr Cef Cepr Chlr 5.0 X 10-4 

Genr Kanr Netr Str Tetr Genr Kanr Strr Tetr Tobr 
Tobr 

TR OS Amt Ampr Cef Cepr Chlr Ampr Cef Cepr 2.6x 10-5 

Genr Kanr Netr Tobr 
TR 07 Ampr Cef Cepr Chlr Genr Ampr Cef Cep• 4.2 X 10-S 

Kanr Netr Tobr 
TR 08 Am{ Ampr Cef Cepr Chlr Ampr Cef Cep• Kanr Genr 6.6 x lo-s 

Genr Kanr Netr Tobr 
TR 10 Amp• Cef Cepr Genr Str Ampr Cef Cepr Tetr 4.5 X 10-4 

TetrTobr 
TR 13 Ampr Cef Cepr Genr Net Ampr Cef Cepr Tet 7.0x 10-5 

Str Tetr Tobr 
TR 16 Ampr Cef Cepr Chlr Kanr Ampr Cef Cepr 1.75 X 10-4 
TR 17 Amir Ampr Cef Cepr Chlr Ami' Ampr Cepr Genr 5.2 X 10-4 

Genr Kanr Net• Str Tet• Kan• Tet• Tobr 
Tobr 

TR 37 Amir Ampr Cef Cepr Chlr Ampr Cef Cepr 6.0 X 10-4 

Genr Kanr Netr Str Tetr 
Tobr 

TR48 Ampr CefCepr Tetr Tobr Ampr Cepr Tetr 1.0 X 10-l 
TR56 Amir Ampr Cef Cepr Chlr Ampr Cepr Tet 6.0x 10-5 

Kanr Str Tetr 
TR68 Amir Ampr Cef Cepr Chlr Ampr Cef Cepr Kanr Tetr 1.5 X 10-S 

Genr Kanr Netr Tetr Tobr 
TR 79 Ampr Cef Cepr Chlr Genr Ampr Cef Cepr Gen'Tobr 3.75 X 10-6 

Kan• Net Tetr Tobr 
TR81 Ampr Cef Cepr Genr Kanr Ampr Strr Cef Cepr 1.2 X 10-S 

StrTetr 
TR85 Amir Ampr CeprGenr Kanr Amp• Cepr 6.0 X 10-S 

Netr TetTobr 
TR Ampr Chlr Kanr Tetr Amp• Tetr 7,2 X 10-2 

100 

"Ami: Amikacin; Amp: Ampicillin; Cef: Cefotaxim; Cep: Cephalexin; Chi: Chloramphenicol; Gen: Gentamicin; 
Kan:Kanamycin; Net: Netilmicin; Str: Streptomycin; Tet: Tetracycline; Tob: Tobramycin 
*Frequencies are expressed as the number of transconjugants per input donor cells 

plasmid content of the donor strains as 

well as the R factors transferred. The self

transmissibility of the transferred plasmids 

were confirmed by further conjugal 

transfer from E. coli DHSa transconjugants 

to another plasmidless E coli recipient 

strain, E. coli HBlOl. Frequencies of the 

conjugal transfer in broth matings ranged 

from 3.75 x 10-6 to 1.0 x 10-1 (Table 2.2). 

Acquisition of all resistance traits occurred 

by conjugation since no transconjugants 

were collected in any of the culture media 

used as transduction-transformation 

controls. Although, only plasmids of high 

molecular mass (>20 kb) were transferred 

to the recipient c;:ells, mobilization of a 

small nonconjugative plasmid in donor 

isolate TR 04 was also noted. Highest rate 
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Figure 2.2. Agarose (0.7%) gel electrophoresis of plasmid DNA from donor isolates and 
their respective transconjugants. 

Lanes M1 and M2, 'A DNA digested with Hindlll and EcoRI respectively, used as size 
standards; 1, TR 4; 2, Tc : TR 4; 3, TR 8; 4, Tc : TR 8; 5, TR 16; 6, Tc : TR 16; 7, TR 7; 

8, Tc : TR 7; 9, TR 10; 10, Tc : TR 10; 11, TR 13; 12, Tc : TR 13; 13, TR 1; 14, Tc : TR 
1; 15, TR 2; 16, Tc : TR 2; 17, TR 100; 18, Tc : .TR 100; 19, TR 68; 20, Tc : TR 68; 21, 

TR 56; 22, Tc : TR 56; 23, TR 85; 24, Tc : TR 85; 25, TR 37; 26, Tc : TR 37; 27, TR 81; 

28, Tc : TR 81; 29, TR 48; 30, Tc : TR 48; 31, TR 17; 32, Tc : TR 17; 33, TR 5; 34, Tc : 
TR 5; 35, TR 79; 36, Tc : TR 79. 

of conjugal transfer was noted with the 

donor TR 48. The most common 

resistances transferred via transmissible R 

factors were ampicillin, cefotaxim and 

cephalexin (72.22%), followed by 

resistance to tetracycline (55.55%), 

gentamicin (27.7%). Transfer of 

kanamycin and tobramycin was recorded 

in 22.2% cases. 

Respective biochemical tests and the 

detection of plasmid DNA bands in donors, 

recipient as well as in transconjugants 

confirmed their respective status. 

2.3.5 Restriction 

plasmid DNAs 
digestion 

obtained 
respective transconjugants 

of the 

from 

Plasmid DNAs obtained from three 

2.3.4 Genetic characterization of the transconjugants, namely, Tc : TR 01, Tc : 

recovered cells TR 02 and Tc : TR 48, were digested with 
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EcoRI and BamHI enzymes. The size and 

number of fragments generated after 

digestion have been given in Table 2.3 (A, 

B, C) and shown in respective figures. 

Chapter 2 

Partial digestions were performed with an 

aim to get the probable location of the 

restriction sites for the enzyme used 

[Table 2.4 (A, B); Figure 2.4]. 

Table 2.3 Size and number of fragments generated after digestion of plasmid DNAs with restriction 
endonucleases 

A. Size and number of fragments generated after digestion of plasmid DNA of Tc : TR 01 

Restriction 
enzyme 

EcoRI 

Number 
of Number of 

sites fragments 

8 8 

Size of fragments (kb) 

20.42, 19.05, 15.85, 12.02, 9.3, 7.2, 
6.02 3.46 

B. Size and number of fragments generated after digestion of plasmid DNA of Tc : TR 02 

Restriction 
enzyme 

EcoRI 
Bam HI 

Number 
of 

fragments 
6 
5 

Number of 
sites 

6 
5 

Size of fragments (kb) 

20.42, 17.78, 11.22, 8.91, 7.24, 6.02 
24.55, 17.78, 16.60, 7.76, 3.80 

C. Size and number of fragments generated after digestion of plasmid DNA of Tc : TR 48 

Restriction 
enzyme 

EcoRI 

Bam HI 

Number 
of 

fragments 
6 

7 

Number of 
sites 

6 

7 

Size of fragments (kb) 

27.54, 11.48, 7.24, 5.99, 3.16, 2.88 
27.54, 11.48, 5.49, 4.36, 4.16, 3.23, 

2.95 

· Total length 
(kb) 

93.32 

Total 
length (kb) 

71.59 
70.49 

Total 
length (kb) 

58.29 

59.21 

Table 2.4 Size and number of fragments generated after partial digestion of plasmid DNAs with 
restriction endonuclease EcoRI 

A. Size and number of fragments generated after partial digestion of plasmid DNA of Tc : TR 01 

enzyme fragments Size of fragments (kb) 
Restriction Number of 

EcoRI 8 24.55, 22.91, 19.05, 16.60, 14.45, 10.47, 8.12, 7.24, 
5.8 

B. Size and number of fragments generated after partial digestion of plasmid DNA of Tc : TR 02 
Restriction Number of 

enzyme fragments Size of fragments (kb) 

EcoRI 6 31.62, 25.12, 19.95, 15.49, 10.72, 7.94, 7.07, 6.16, 
5.37 

2.3.6 Cloning of EcoRI fragments of 

plasmid DNA of Tc TR 48 in 

· pBiuescript Ks+ 

The plasmid DNAs obtained from the 

respective transconjugant and the vector 

were restricted with EcoRI and ligated at 

the EcoRI site of pBiuescript KS+. Total 

five different types of recombinant clones 

were obtained (Figure 2. 7) for Tc : TR 48. 

One of the fragment (27.54 kb fragment 

from Tc : TR 48) could not be cloned. 

2.4 Discussion 
With wide spread use of antimicrobial 

drugs there has been a striking increase in 

the frequencies of multiple antibiotic 

resistant bacteria in the environment. 

Incidences of antibiotic resistant bacteria 

in fresh water sources have been reported 
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Kb M Kb Ill 

2 3.1 2 3.1 

9.4 9.4 

6.6 6.6 

4.4 4.4 

2.3 2.3 

2.0 2.0 

A B 
Figure 2.3. Restriction fragments separated in agarose gel (0.7%). 
A. Single enzymatic digestion of plasmid DNA ofTc: TR 01 with EcoRI 
B. Partial digestion of plasmid DNA ofTc : TR 01 with EcoRI 

Lanes, M, A DNA Hind III digest used as size standards 

Figure 2.4. EcoRI restriction map of plasmid DNAs 
A. Restriction map of plasmid DNA of Tc : TR 01 
B. Restriction map of plasmid DNA of Tc : TR 02 

Kb M 2 Kb M 

2 3.1 
2 3 .1 

9.4 
9.4 6.6 
6.6 

4.4 4.4 

2.3 
2.3 

2.0 2.0 

A B 
Figure 2.5. Restriction fragments separated in agarose gel (0.7%). 

A. Enzymatic digestion of plasmid DNA of Tc : TR 02 with EcoRI and BamHI 
Lanes, 1, EcoRI digestion; 2, BamHI digestion 

B. Partial digestion of plasmid DNA of Tc : TR 02 with EcoRI 
(Lanes M, A DNA Hind III digest used as size standards) 
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1 2 M Kb 

23.1 

9.4 
6.6 

4.4 

2.3 
2.0 

Figure 2.6. Restriction fragments separated in agarose gel (0.7%). 
A. Enzymatic digestion of plasmid DNA of Tc : TR 48 

with EcoRI and BamHI 
Lanes, M, J.. DNA Hind III digest used as size standardj 

1, BamHI digestionj 2, EcoRI digestion 

Nael130 

Recombinant 
plasmid 

pSM1 
pSM2 
pSM3 
pSM4 

SM S 

Approximate 
size of the 
insert Kb 

11.48 
7.24 
5.99 
3.16 
2.88 

Figure 2.7. Cloning of EcoRI fragments of plasmid DNA of Tc : TR 48 in pBiuescript I Ks+ 
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in certain parts of the world (Kelch and Lee 

1978, Niemi et a/. 1983, French et a/. 
1987, Young 1993, Ogan eta/. 1993, Ash 

et a/. 2002, Roe et a/. 2003). Earlier 

studies have shown that rivers in Australia, 

United States of America and South Africa 

have become major reservoirs for 

antibiotic resistant microbes (Boon et a/. 

1999, Ash eta/. 2002, Lin eta/. 2004). As 

river water serves as a major source of 

water for direct or indirect consumption by 

humans as well as animals, the presence 

of antibiotic resistant bacteria in river 

waterways offers cause for concern. The 

majority of the studies focused on 

transferable drug resistance because of its 

practical importance. There are only a few 

attempts of such study in India. A recent 

study on the river Mahananda, in the 

northern part of West Bengal, India, has 

shown that the river is highly 

contaminated with antibiotic resistant 

bacteria. It was found that a large 

proportion of these resistant organisms 

carried conjugative plasmids with antibiotic 

resistant traits (Mukherjee et a/. 2005). 

Yearlong study on the Torsa river water 

revealed the occurrence of antibiotic

resistant-copiotrophic bacteria. Analysis of 

the antimicrobial resistance patterns of the 

isolates revealed their multi-drug resistant 

nature. Further investigation demanded 

the categorization of the antibiotic

resistant bacteria into two groups, one 

that possessed intrinsic resistance, i.e, 

species specific resistance and the other 

that acquired resistance due to either 

chromosomal mutations or incoming and 

thus transferable genes, mainly carried by 

plasmids or transposable elements. For 

copiotrophic bacterial isolates exhibiting 

distinct antibiotic resistance patterns, 

plasmid contents were analyzed and the 

transferability of the resistance 

determinants was examined. 

Chapter 2 

The bacterial isolates used in this study 

were recovered from the water samples 

collected from the sampling station III. 

The choice of this sampling station was 

based on the fact that the higher 

frequency of isolation of multi-drug 

resistant strains from the said sampling 

station on river Torsa at Coochbehar 

compared with the other less urbanized 

sampling station is not surprising since the 

sewage load is larger in the river at that 

region. Previous studies reported that 

urban effluents contain high levels of 

antibiotic residues and ·antibiotic resistant 

bacteria belonging to the human and 

animal commensal flora, mainly 

Enterobacteriaceae (Halling-Sorensen et 
a/. 1998, Bhattacherjee et a/. 1988). 

Biological oxygen demand (BOD) is an 

expression of consumption of oxygen by 

microorganisms in aerobic degradation of 

the biodegradable organic waste present in 

water bodies. Therefore, it is an indirect 

measure of the organic waste load of the 

water and thus higher BOD will indicate 

high organic pollution of the water. 

Chemical oxygen demand (COD) may be 

defined as the measurement of oxygen 

that is required in oxidizing the organic 

compounds present in water by means of 

chemical reactions involving oxidizing 

substances. The average BOD values 

calculated from the water samples 

collected round the year from each 

sampling site, showed that the water of 

Torsa at 55 III had more BOD (1.64 mg/1) 

followed by 55 I (1.04 mg/1) and 55 II 

(0.9 mg/1) (Bhadra et a/. 2005). Another 

notable observation was that the COD of 

55 III was recorded higher in all sampling 

months compared to 55 I and 55 II. A 

previous study reported that the urban 

discharge resulted in the increase of 

resistant strains. of riverine autochthonous 
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and allochthonous bacteria (Goni-Urizza et Sixty-four different MAR combinations 

a/. 2000). 

One hundred, multiple antibiotic resistant, 

copiotrophic bacterial isolates were 

selected to study their plasmid content, as 

well as the transferability of those 

plasmids. These were isolated from the 

pool of 4254 antibiotic-resistant 

copiotrophs that were recovered from the 

water samples collected from 55 III. The 

antibiotic sensitivity of the recovered 

copiotrophic bacterial isolates was 

primarily checked against a panel of five 

different antibiotics. The isolates that were 

ampicillin-resistant and exhibited a MAR 

index ranging from 0.40-1.0 were selected 

randomly from this pool of antibiotic 

resistant bacterial population and seven 

more antibiotics were introduced to check 

their antibiotic resistance profile. One 

hundred isolates that exhibited MAR index 

ranging from 0.41-1.0 were selected for 

further analysis. The rationality of 

selection of the antibiotics used was based 

on the findings of the earlier works. It has 

been observed that majority of the studies 

that dealt with antibiotic-resistant bacterial 

communities from aquatic environment 

used the antimicrobial. compounds of 

several different groups including beta

lactams, aminoglycosides, cephalosporins, 

chloramphenicol, tetracyclines, 

sulfonamides etc. These hundred isolates, 

with MAR index ranging from 0.41-1.0, 

were further checked to see whether or 

not they carry class 1 integrons. The 

rationality of the selection of the 

antibiotics for the determination of 

antibiotic-resistance-patterns (ARPs) of the 

100 isolates will be discussed in chapter 3 

in more detail. 

were recorded among them. The number 

of occurrences of different antibiotics in 

ARPs of the MAR isolates were as follows: 

Amikacin in 16, ampicillin in 64, cefotaxim 

in 43, cephalexin in 60, chloramphenicol in 

43, gentamicin in 36, kanamycin in 43, 

netilmicin in 24, nitrofurantoin in 64, 

streptomycin in 32, tetracycline in 55 and 

tobramycin in 31. It was hinted by earlier 

authors (Hsu et a/. 1992) that differences 

in percentage of bacterial resistance to 

various antibiotics may reflect the history 

of antibiotic application and hence there is 

a possibility of using bacterial drug 

resistance as an indicator of antibiotic 

pollution. In an earlier study on river 

Mahananda, it was found that out of a 

total 43 different ARPs of MAR, the number 

of occurrences of ampicillin, 

chloramphenicol, tetracycline, 

streptomycin, kanamycin, ciprofloxacin 

and netilmicin in the combinations were 

36, 35, 27, 24, 24, 20 and 20 respectively 

which may indicate the chronology of 

usage. The resistance of natural isolates to 

antibiotics like cefotaxim and cephalexin, 

strongly suggests that these resistance 

organisms may produce extended 

spectrum beta lactamases (ESBL), since 

resistance to these third generation 

cephalosporins is considered the single 

most important indicator of ESBL (Ash et 
a/. 2002). 

The MAR index of the 100 isolates under 

study ranged from 0.41-1.0. It was 

thought that the isolates with higher MAR 

indices would be the potential carriers of 

conjugative R plasmids. According to the 

results of earlier studies, transmissible 

resistance determinants (R plasmids) were 

found to be associated with the isolates 

All the 100 isolates under study exhibited having higher MAR index. In a previous 

resistance to ampicillin and nitrofurantoin. study it was observed that no transmissive 
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r-determinants were found in Escherichia 

coli strains resistant to a single antibiotic. 

However, 85% of the multi-resistant E. coli 

carried conjugative R plasmids (Rudneva 

et a/. 1980). Another study reported the 

incidence of conjugative plasmids among 

some multiple antibiotic resistant E. coli 

strains isolated from river waters. 65% of 

the said E. coli strains exhibited MAR index 

of 1.0 (resisted all the eight antibiotics 

tested) and were the carriers of potential 

conjugative plasmids (Cernat eta/. 2002). 

The term plasmid was introduced as a 

generic term for any extrachromosomal 

genetic particle. It was intended to clarify 

the classification of the agents that had 

been thought of disjunctively a parasite, 

symbionts, organelles or genes (Lederberg 

1998). Starting from about 1970, plasmids 

became important reagents in molecular 

genetic research and biotechnology. 

Molecular and genetic analysis of bacterial 

plasmids led to basic concepts such as the 

operon and the replicon and has provided 

essential information · on DNA conjugation 

and fertility, control of gene expression, 

gene transfer and genetic recombination, 

and transposable elements. Studies of 

essential plasmid functions have resulted 

in revelations about basic aspects of 

initiation of DNA replication and its 

regulation, DNA partitioning, and plasmid 

copy number and plasmid incompatibility. 

In addition numerous studies have shown 

the role played by plasmids in bacteria of 

importance in other areas such as 

agriculture and plant molecular biology. In 

a more applied vein, plasmids play a 

central role in the initial development of 

recombinant DNA technology, gene cloning 

and contributed to the evolution of 

molecular biology. 
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One of the features that keep plasmids at 

the forefront of microbiology is their ability 

to carry and transmit genes encoding 

resistance to antimicrobial compounds. 

These plasmids are known as R plasmids. 

They represent the most common genetic 

instrument for resistance among bacteria 

and are often self-transmissible. Due to 

their transmissibility, they are abundant in 

environments with the greatest potential 

for significant contamination by 

antimicrobial agents as well as from 

apparently nonselective environments 

including estuaries, deep ocean water, 

sediment, surface water and drinking 

water. Isolation of R plasmid bearing 

bacteria from natural environmental 

sourc·es has led to such speculation about 

the possibility of insitu resistance transfer, 

the frequency with which it occurs and its 

effect on public health. 

A total of seventy-seven isolates under 

this study harbored plasmids. Only alkaline 

lysis method was used for plasmid 

isolation. It is possible that some of the 

bacteria may have been refractory to the 

used procedure or large or low copy 

number plasmids were not observed. In a 

previous study, two methods, boiling lysis 

and alkaline lysis, were used for plasmid 

isolation from the culturable antibiotic 

resistant bacteria from river waters and 

plasmid bands were detected among 40% 

of them (Ash et a/. 2002). Another study 

presented a correlation between the 

number of antibiotic resistance markers 

and the numbers of plasmid bands 

detected. However, in this study, no such 

correlation was scored between the 

number of antibiotic markers and the 

number of plasmid bands (Chang et a/. 

1987). Such observation was similar to the 

observation made by earlier authors (Goni

urizza et a/. 2000). Such findings suggest 
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that most of these plasmids encoded 

characters other than antibiotic resistance 

or were cryptic. 

The loss of antibiotic efficacy through the 

emergence and transfer of bacterial 

antibiotic resistance is an increasing reality 

(Kruse and Sorum 1994, Salyers 1997). In 

fact, resistant bacteria were detected soon 

after the introduction of commercial 

antimicrobials, but it was not until the 

1960s when transferable drug resistance 

was described (Salyers 1997). The 

resistance factors have now been found in 

a host of different environments and in a 

variety of different organisms. The rapid 

dissemination of antibiotic resistance 

genes in bacterial populations can be 

partly attributed to plasmid mediated 

horizontal transfer. Plasmids capable of 

being transferred and stably maintained in 

a wide range of bacteria are of special 

interest with respect to interspecies gene 

exchange (Gotz eta/. 1996). The presence 

in waterways of both potentially 

pathogenic gram-negative bacteria and 

fecal coliforms containing transferable R 

plasmids raises the question whether 

resistance transfer may actually occur in 

streams, rivers, bays and other 

waterways. Harsh environmental 

conditions in these areas would seem to 

minimize the likelihood of transfer but 

certain microenvironments may provide 

conditions where resistance transfer could 

occur. With the passage of antibiotic 

resistance genes from resistant to formerly 

sensitive bacteria, maintenance of 

antibiotic resistance in pathogenic native 

bacteria could provide a reservoir for 

antibiotic resistance genes. These 

antibiotic resistant bacteria are significant 

environmental contaminants. The results 

of earlier works suggested that antibiotic 

resistant bacteria survive better than the 
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sensitive bacteria in surface waters (Kelch 

and Lee 1978). It was observed that R 

factor mediated antibiotic resistance 

increased the survival ability of those 

antibiotic resistant bacteria. The greater 

survival of these strains in aquatic systems 

may be due to the fact that in some cases, . 

the resistance to antibiotics seems to be 

associated with resistance to 

environmental factors such as light and 

metals. 

To confirm that the antibiotic resistance 

was mediated by R factor, a conjugation 

experiment 

randomly 

was conducted between 

selected, gram-negative, 

rifampicin sensitive, ampicillin resistant 

bacterial isolates and an Escherichia coli 

DHSa recipient. Conjugation was found 

positive among 18 of the 56 mating 

experiments having a different donor 

isolate in each set-up.. One of the donor 

isolate, TR 04, was found to transfer a 

small plasmid along with the large one to 

the recipient cell. Such observations are in 

well accordance with the results of the 

previous studies (Son et a/. 1997, 

Mukherjee et a/. 2005). It was apparent 

from this study that copiotrophic bacterial 

isolates harbored R plasmid DNA. 

Acquisition of the phenotypic 

characteristics of the donor plasmids by 

the recipient cell was circumstantial 

evidence of actual plasmid transfer. 

Isolation of plasmid DNA from donor and 

recipient cells confirmed that transfer had 

taken place. 'Ampr Cef" Cepr' combination 

was the most common resistance pattern 

that had been transferred from donor to 

the recipient. 

Some of the donor isolates, TR 01, TR 02, 

TR 100, exhibited very high rate of 

conjugal transfer frequency. Increase in 

the rate of transfer was scored when 
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primarily formed E. coli transconjugants 

were further mated with another plasmid 

less E. coli recipient. The donor isolate TR 

02 transferred its antibiotic resistance 

determinants to E. coli DHSa with a 

frequency of 1.44 x 10-3 • The respective 

transconjugant Tc: TR 02 had transferred 

its determinants with a frequency of 4.5 x 

10-2 to the recipient E. coli HB101. Such 

findings indicated that conjugal transfer 

took place with a very high frequency 

between the bacteria of same genus. In an 

earlier study, · R plasmid transfer 

frequencies were estimated by conjugation 

of drug resistant E. coli strains isolated 

from river water with E. coli DHSa 

recipient marked with chromosomal 

resistance to nalidixic acid. It was found 

that 80% of the R plasmid containing E. 

coli strains transferred two or more of their 

resistance markers at frequency of about 

10-4 (Cernat et a/. 2002). In another 

study, conjugation between rifampicin 

resistant E. coli K12 and MRE (multidrug 

resistant Enterobacteriaceae) clinical 

strains resulted in the transfer of complete 

resistance patterns at frequencies ranging 

from 10-4 to 10-2 (Leverstein van Hall eta/. 

2002). A fairly high rate of transfer (10-3) 

of an antibiotic resistance plasmid from an 

E. coli donor to Yersinia pestis was 

observed in the flea midgut (Hinnebusch et 

a/. 2002). The abundance of antibiotic 

resistant strains in an environmental 

setting where bacteria presumably do not 

come into contact with antibiotics, 

suggests that resistance genes can also be 

stably maintained in the absence of 

antibiotic selection. Conjugal transfer itself 

plays a vital role in favor of stable 

maintenance of antibiotic resistance genes 

in a bacterial population by transferring 

the resistance determinants to a plasmid 

less cell. Any successful attempt to curb 

the spread of resistance will have to take 
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into account the fact that those resistance 

genes and transmissible elements that 

carry them could be easily received but 

difficult to get rid of. 

Characterization of naturally occurring 

antibiotic resistance plasmids and 

understanding their self-transmissible 

nature helps to address the long term 

problem of increasing prevalence of 

antibiotic resistance and strategies aimed 

against conjugative gene transfer are 

needed. The development of such 

strategies will require a greater 

understanding of molecular event of 

plasmid mediated conjugative resistance 

gene acquisition. By understanding the 

rates of the emergence of new resistance 

genotypes, one can determine the lifespan 

of a given anti microbial agent developed 

with considerable outlay of intellectual and 

financial investment. In view of the recent 

advancements in Genetic engineering 

strategies and technologies, the 

understanding the role of R plasmids and 

their horizontal dissemination in the 

environment is essential for the evaluation 

of the possible consequences of the 

deliberate environmental release of 

recombinant bacteria. 

The construction of gene banks for 

naturally occurring resistance plasmids (R 

plasmids) has tremendous biotechnological 

potential. As most of these naturally 

occurring R plasmids are self-transmissible 

and often have broad host range, the 

origin of replication sequences 

characterized from these plasmids are of 

immense value in the construction of 

shuttle vectors which can shuttle between 

distant groups of bacteria and for the 

construction of shuttle vectors between 

bacteria and lower eukaryotes like yeasts. 
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Novel gene cassettes characterized from 

the naturally occurring R plasmids like 

antibiotic resistance genes against newer 
antibiotics and antimicrobial agents, help 

us in designing and construction of novel 
vectors with more and advanced selection 

strategies and higher insert capacities. 

Strong promoter consensus characterized 

from broad host range resistance plasmids 
are of considerable interest for designing 

efficient expression strategies among 

diverse groups of bacteria and yeast. 
Further characterizations of regulatable 

promoters that can express only in 

presence of selection pressures, 

characterized from these resistance 
plasmids are of immense importance in 

industrial strain construction and 
heterologous protein production. Finally 

cloning, characterization and sequencing of 

novel genes from resistance plasmids 
helps in unraveling the mysteries of 

microbial evolution and genome diversity. 
Sequence data available from such work 

also help in analyzing gene structure, 
function predictions u~ing the tools of 

genetic engineering and bioinformatics. 

2.5 Conclusion 
An understanding of horizontal gene 

transfer is necessary for defining the 

diversity of bacterial genomes and the 

2.6 Summary of chapter 2 
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range of ecological adaptations exhibited 

by bacteria. Although plasmid mediated 

conjugative gene transfer has been widely 

recognized as prominent genetic route 

towards microbial resistance in many 

organisms, this subject often gets 

perfunctory treatment in review articles. 

This is because of the fact that our 

understanding of the basic science of gene 

transfer by conjugation was insufficient to 

provide the concepts for the development 

of long term or short term strategies for 

the problem of prevalence of antibiotic 

resistance genes among pathogenic 

bacteria. Considerable progress has been 

achieved over the years; the slowly 

evolving models have yet to offer 

innovative applications that address the 

problem of drug resistance transfer. 

Hence, greater insights into biochemical 

and molecular events of conjugative gene 

transfer are needed to identify the unique 

molecular activities that can be targeted, 

which in turn can become a part of 

complex clinical regimes. Further in view 

of the extensive biotechnological potential, 

characterization and sequencing of novel 

antibiotic resistance R plasmids and gene 

ca_~~~ttes should be undertaken on a large 

scale to avail the use of natural antibiotic 

resistance genes _carried by bacterial 

plasm ids. 

One hundred multiple-antibiotic-resistant (MAR) copiotrophic bacterial isolates from a 

population of 3786 ampicillin-resistant bacteria were checked for Gram reaction. The MAR 

index of the isolates under study ranged between 0.41 to 1.0. They exhibited 64 different 

combinations of antibiotic resistance patterns. A total of seventy-seven isolates were found to 

carry plasmids of varying sizes. By performing specific biochemical tests these isolates were 

grouped as pseudomonads and members of Enterobacteriaceae. Conjugal transfer assays were 

performed to evaluate the potential of the resident plasmids of the enteric members for 

transferring antibiotic resistance genes. Countable multiple antibiotic resistant transconjugants 

arose readily and conjugal transfer frequency was in the range of 3.75 x 10-6 to 1.0 x 10-1
• 

Ampr Cef Cepr was the most common carriage of resistances in transmissible R plasmids. The 

plasmids obtained from the transconjugant Tc : TR 48 were used to construct plasmid gene 
bank for future genomics. 
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