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Introduction
Importance of bacterial genomic diversity 

The dynamics of bacterial genome has aroused from a long series 
of evolutionary events. These evolutionary events are responsible for 
unique set of biological function in large number of bacteria. Bacteria 
have two separate genetic systems such as chromosomal DNA and 
extra-chromosomal DNA. Both genetic systems can undergo gene 
transfer by various means which accelerates process of evolution in 
bacterial community. Genetic diversity led by evolution is main cause 
of bacterial adoptability to vast range of conditions. Bacteria are present 
everywhere even at extreme conditions such as high salinity, extremely 
high and low temperature where no higher animal will survive. They 
have different phenotypic characters along with diverse metabolic 
activity. There are many processes involved in bacterial genomic 
diversity such as mutation, recombination and Horizontal gene transfer. 
Mutations are natural alteration during DNA replication or it may 
occur due to a mutagen. Recombination most commonly takes place 
between closely related bacterial strains and its frequency decreases 
with decreasing sequence similarity between the donor and recipient. 
While mutation brings variation in existing genome, recombination 
serves alteration within a species. But both of them has little 
contribution for microbial evolution in comparison to the horizontal 
gene transfer which alters the genes across the species boundaries [1-3]. 
There are three process of horizontal gene transfer mechanism such as 
conjugation, transformation and transduction. The frequency at which 
gene transfer occur in aquatic ecosystem is not known. Each one has 
different probabilities to occur in various conditions like availability 
of external DNA and presence of favorable environmental conditions 
(nutrient composition, cell density, temperature and salinity) but they 
have a common means of gene transfer that is through Plasmid.

Role of plasmid in gene transfer

Extra-chromosomal DNA is highly folded circular self-
replicating independent body found in most bacteria. Necessary 

genetic information are stored in chromosomal DNA whereas other 
additional characteristic such as UVC resistance, catabolism of unusual 
carbon sources, resistance to antibiotics, heavy metals and pesticides, 
degradation of complex organic matter are coded in plasmids [4]. This 
is why plasmids are regarded as accessory genetic element to bacterial 
chromosome. Genetic diversity in bacteria is due to the active transport 
of genes which are incorporated with accessory elements like plasmids. 
These plasmids survive in host by vertical transmission and adapt to 
new conditions by horizontal gene transfer. Horizontal gene transfer 
through plasmids has received much attention due to the incidence 
of antibiotic resistance of certain pathogenic bacteria. The plasmids 
carrying resistance gene are supposed to transfer those genes to other 
bacteria and helps in spreading the resistance. This kind of plasmid 
transformation in aquatic ecosystem has potential impact on human 
health. There are applications of bacterial transformation which carry 
and spread plasmid having xenobiotic degradation genes. These can be 
used for bioremediation of heavy metals and toxic chemicals.

This paper is a review on activity of plasmid in aquatic microbes. 
It covers the description regarding their types, distribution in aquatic 
environment, transportation mechanism and various properties.

Types of plasmids and their function

Plasmids are commonly found in variable amounts in bacteria 
isolated from various aquatic environments, with frequencies of 
plasmid incidence reported at 23% to 46% [5-7]. Plasmids are classified 
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Abstract
Plasmids are not integral part of bacteria as their absence makes no harm. But the extraordinary properties 

carried by plasmids make them attractive to study their usefulness for microbes in a hostile environment and it has 
tremendous contribution for molecular biotechnology. There are many classification of plasmids based on their 
properties, compatibility or replication pattern but still many unidentified useful plasmids are remain. Two properties 
of bacteria namely antibiotic resistance and bioremediation have come from plasmids. Probably there are many 
researches on antibiotic resistance group of bacteria which transfer their determinants through R-Plasmids. These 
resistant plasmids are used for selective growth of positive clones in gene cloning experiments. But transfer of these 
plasmids, are quite harmful for aquatic animals as well as for human being, as it increases the antibiotic / therapeutics 
dose resistance. Microbes are ultimate stage of food chain where everything on earth has to be recycled. Based on 
this concept researchers have identified a process called Bioremediation, where a group of useful plasmids diversify 
bacteria to tolerate high concentration of pollutants and to degrade it. With the increase in human population, pollution 
is a big challenge. So the study of plasmids having crucial role in bioremediation will definitely have vast scope in 
future. Other properties such as nitrogen fixation, sulphur utilization and hydrocarbon degradation need to be studied 
in details for their implementation for mankind or to address various environmental issues.
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depending on their different function in a host. Depending on their 
replication property, broadly, they can be classified as compatibility 
and incompatibility groups. When two different plasmids can coexist 
stably in a cell, then they are called compatibility plasmid. In opposite, 
when two plasmids with similar replicon or replication elements are 
unable to coexist, then it is known as incompatibility of plasmids. It 
was first described for the F plasmid in the early 1960s. Classification 
based on this property of plasmid was developed in the early 1970s [8-
11]. At present, about 30 incompatibility groups are recognized among 
plasmids of enteric bacteria and 7 are recognized among staphylococcal 
plasmids [12]. It is most common method of plasmid classification but it 
has a limitation that it does not consider plasmids with high homology 
and different replication control genes. Depending on their property 
plasmids are classified as F plasmids, colicinogenic (Col) plasmids and 
R plasmids [13]. 

F-plasmid: F (fertility) factor of Escherchia coli K-12 was the 
first plasmid to be described. Lederberg et al. and Hayes reported the 
occurrence of a peculiar infective inheritance mediated by an agent 
called F which controls system of sex compatibility in E. coli K-12 
strain [14,15]. Original K-12 strain and most of its descendants show 
no mating limitations, but a few derivative strains have more recently 
been found which are not crossing with one another. These cross-
incompatible strains are called F-, while strains showing the normal, 
apparently homothallic condition have been termed as F+.

Col plasmid: These are group of small multicopy colicinogenic 
plasmids which encode the genes to synthesize colicins (bacteriocins). 
These plasmids need DNA polymerase I for replication and are 
amplified by chloramphenicol with the exception of ColE2. The Col 
plasmid groups such as CoL4, ColD, ColK, and ColEl share a number of 
replication characteristics. Zverev et al. has reported that ColA, ColD, 
and ColK each contain DNA sequences homologous to the region of 
ColEl which is involved in autonomous replication [16]. These plasmids 
are widely used in gene cloning process. They are also used as a good 
model for gene replication, transcription and translation.

R-plasmid: During 1980s most of the Shigella flexneri bacterium 
found in Korea were resistant to many drugs and it was of high human 
health concern. Some of the strains were showing multiple resistant to 
the six drugs like chloramphenicol (Cm), tetracycline (Tc), streptomycin 
(Sm), sulfisomidine (Su), ampicillin (Ap) and trimethoprim (Tp). 
This resistant property was co-transferred to E. coli by conjugation, 
indicating that the resistance was R plasmid-mediated. Most of them 
belong to incompatibility group of plasmids (Inc FIl & Inc B) [17].

Suicide plasmids: These are plasmids which get transferred to 
another bacterial cell but do not replicate further and are also known as 

mobilizable plasmids. These plasmids are mostly used for transposon 
and gene replacement experiment. Most of the suicidal/mobilizable 
plasmids are based on broad host range plasmids R388 plasmid (IncW) 
and RP4 plasmid (IncPα) [18] but there is more advantage if it is based 
on small narrow host range plasmids. 

Virulence plasmids: Presence of these plasmids increases 
pathogenicity of microbes. There is an excellent review on virulent 
plasmids of E. coli by Johnson et al. [19]. Some of them are highly 
stable where others are unstable. Most of them has originated 
from a single strain and diversified by accumulating traits which is 
necessary for respective virulence. There are different types of E. coli 
virulence plasmids exist, including those essential for the virulence of 
enterotoxigenic E. coli, enteroinvasive E. coli, enteropathogenic E. coli, 
enterohemorrhagic E. coli, enteroaggregative E. coli, and extraintestinal 
pathogenic E. coli. 

Mode of plasmid transfer

The genetic information encoded in a self-replicating 
extrachromosomal DNA (plasmid) of bacteria is transferred across a 
broad range of microorganism through conjugation, transformation 
and transduction. In case of conjugation the donor cell must have a 
conjugative plasmid and establish a strong physical contact with the 
recipient cell. In contrast later two methods do not require any physical 
contact with in donor and recipient. 

Conjugation: This requires cell to cell contact of donor and 
recipient cells and DNA metabolism of donor cell. It is postulated that 
conjugation is a twostep process. In first step, the DNA that is covalently 
linked to recipient is initially transported in a passive manner, trailing 
on the relaxase where pilus helps in transporting DNA across several 
membrane barriers in recipient cell and second step is active pumping 
of the DNA to the recipient, using the already available T4SS transport 
conduit [20]. There are reports of inter-kingdom genetic exchange 
by conjugation. Heinemann and Sprague has reported that transfer 
function encoded by two plasmids such as R751 and F (fertility factor) 
and two mob/oriT system are able to transfer DNA from bacteria to 
yeast by conjugation process [21]. Even there are reports of conjugative 
transfer between Escherichia coli, the RK2 plasmid system and Chinese 
hamster ovary CHO K1 cells [22]. Conjugative plasmid, such as RP4 
has extremely broad host range and these plasmids contribute a lot to 
genetic diversity. There is much information regarding gene transfer by 
conjugative mechanism in aquatic ecosystem. Sengelov and Sørensen 
have selected donor and recipient bacteria in lake water microcosm that 
received plasmid RP4 by conjugation on filters [23]. Research in marine 
ecosystem with a detection system for gene transfer based on the 

 
Figure 1: Transfer of plasmid between bacteria by conjugation.
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green fluorescent protein (GFP) has shown that conjugative plasmid 
pBF1 from Pseudomonas putida to indigenous bacteria in seawater 
(Figure 1) [24].

Transduction: It represents plasmid mediated gene transfer in 
bacterial community through the bacteriophages which are viruses 
infecting bacteria. It can be generalized transduction (ability of 
transducing any gene into bacterial chromosome) or specialized 
transduction (it can transduce a particular genes). Jiang and Paul has 
done a transduction related experiment using marine water bacterial 
isolates, group of bacterial community as recipient of Plasmid 
pQSR50 and marine phase host isolates [25]. The results revealed that 
transduction frequency were 1.33 3 ×10-7 to 5.13 3 ×10-9 /plaque forming 
unit (PFU) in bacterial isolates group, 1.58 3 ×10-8 to 3.7 3 ×10-8/PFU/ 

in bacterial community and overall 1.3 3 ×1014 transduction events 
per year occur in the Tampa Bay Estuary. Transduction in freshwater 
ecosystem is reported in P. aeruginosa streptomycin resistance by a 
generalized transducing phage, F116, in an experiment conducted 
with a flow-through environmental test chamber for 10 days period. 
Mean transduction frequencies ranged from 1.4 × 10-5 to 8.3 × 10-2 
transductions per recipient [26]. A pseudo-lysogenic, generalized 
transducing bacteriophage, UT1, isolated from a natural freshwater 
habitat, is capable of mediating the transfer of both chromosomal and 
plasmid DNA between strains of P. aeruginosa (Figure 2) [27].

Transformation: It is the most common method of bacterial 
gene transfer in nature. The process requires competent cells which 
is ready to accept extracellular plasmid and further stable replication 
inside recipient cells. Artificial transformation by preparing competent 
E. coli bacterial cells in lab is a common and widely used method in 
gene cloning. But there are many naturally occurring competent 
bacteria which participate in natural transformation like Streptococcus 
pneumoniae and Neisseria gonorrhoeae (Figure 3) [28,29].

Plasmids distribution in aquatic environment

Eventhough DNases are ubiquitous in the environment, because 
there may be >90% DNase producing bacteria in aquatic and soil 
environment [30,31]. extracellular plasmid is found everywhere. Gene 
transfer via plasmids may occur through extracellular environmental 
DNA. Natural plasmid transformation is a means of plasmid acquisition 
by aquatic bacterial population. Plasmids are released to environment 
through both abiotic (e.g., ionic strength, pH, temperature [32] and 
biotic factors [33]. Bacteriophage infection and predation by protozoa 
are probably the main biotic factors of the presence of extracellular DNA 
in the aquatic environment [34,35]. The persistency of free plasmid in 
soil has been evaluated by Romanowski et al. [36] in an experiment 
period of 60 days with plasmid pUC8-ISP DNA introduced into 10-g 
samples of various soils and kept at 23°C. The data concludes that half-
life period of plasmid varies in different type of soils from 9.1 to 28.2 
and persist for a long period enough to be available for uptake by natural 
competent cells. Later studies by him through PCR and electroporation 
conformed that transforming activity was found up to 60 days after 
inoculation of the soils [37]. Plasmid transformation mostly in marine 
environment has extensively studied by many authors [38-41]. Stewart 
and Sinigalliano has demonstrated the first marine model for natural 
transformation in P. stutzeri by Zo-Bell [41]. 

The transformation was detected by ajauni plate method and 
frequency detected by filter transformation process. It is concluded 
that transformation by cell contact is 10-fold lesser that purified DNA. 
But first proof of plasmid transformation in natural water body was 
given by Paul et al. [42]. It has been reported that in water column, 
transformation frequencies ranged from 1.7 × 10-6 to 2.7 × 10-10 
transformants per recipient, with highest frequencies occurring when 
low levels of nutrients (peptone and yeast extract) were added. The 

 
Figure 2: Gene transfer through transduction occur between bacteriophages and bacteria.

 
Figure 3: Extracellular plasmids are transferred to competent cells by the process of transformation.
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result of transformation frequency in sediments is comparatively less 
to marine water. It is experimentally proved that 45 % of Vibrio genera 
contained 1-3 plasmids [43]. The high-frequency-of-transformation 
(HFT) estuarine Vibrio strains (D1-9) were transformable with the 
broad host range plasmids with frequencies ranging from 1.1 × 10-8 
to 1.3 × 1O-4 transformants per recipient with plasmid DNA [24]. 
Transformants can be easily verified by colony hybridization with 
probes for the transforming DNA. The evidence of gene transformation 
in natural fresh water body has come late and most of the natural 
transformation related work is done with marine water bacteria. 
E coli found in natural ecosystem under goes natural competency 
development which is a method of plasmid transformation [44]. The 
natural transformation in freshwater is influenced by temperature 
fluctuation but do not depends on high temperature. It may also occur 
at low concentration of Calcium ion (1-2 mM).

Properties of plasmid

Heavy metal tolerance: Microbial method for heavy metal 
detoxification is widely used due to its high specificity for target heavy 
metal where as other alternatives are not so specific in action. Plasmid 
mediated heavy metal tolerance is well studied as this phenomena 
is older than antibiotic resistance of bacteria. General mechanisms 
involved in such kind of tolerance are enzymatic alteration of the toxic 
compound, enzymatic modification of the target site, development of 
alternate metabolic pathways, and extrusion of the toxic compound 
from the cell [45]. Studies related to toxic metal ion tolerant bacteria 
increased rapidly after the discovery of mercury-resistant bacteria 
which can volatilize mercury [46]. Apart from mercury there are 
other highly specific metal tolerance systems such as arsenic, copper, 
cadmium, zinc, cobalt, nickel, tellurite, silver and other toxic metal 
ions [47]. Each bacteria has different mode of detoxification. But most 
of them involve a group of genes that is known as operon system. An 
example of such kind of well-studied operon is mer operon for mercury 
resistant bacteria. This operon is well studied both in Gram+ and 
Gram– bacteria. It consists of series of genes such as merR, merA, merB 
and merD whose product are engaged in breaking of mercury-carbon 
bond, intracellular detoxification and transport of toxic chemical 
across the cell membrane. This system slightly varies in gram+ and 
Gram- bacteria due to the expression pattern of merR which encodes 
regulator protein that controls polymerase activity. Second most 
studied heavy metal tolerance is Arsenic operon system. There are five 
different types of operon and among them plasmid R773 is extensively 

studied which consists of genes such as ArsA, ArsB, ArsC, ArsD and 
ArsR. ArsC gene is involved in Arsenate reduction whereas ArsA, ArsB 
are involved in ATP dependent membrane transport of toxic arsenite 
and ArsR is a regulatory gene. In 1983 Tetaz and Luke reported a 
copper tolerant E. coli strain found in effluent of a piggery where the 
pig was fed with copper sulfate supplemented feed [48]. The resistance 
was due to a 78-megadalton plasmid designated as pRJ1004. Latter it 
was experimentally proved that there is an operon of genes named as 
pcoABCD which is followed by two regulatory genes, pcoR and pcoS. 
The pcoA, pcoC are two periplasmic proteins and pcoB, pcoD are 
outer and inner membrane proteins respectively. All together helps in 
reducing intracellular copper concentration and efflux of toxic copper 
outside the cell. Copper is also used as antimicrobial compound against 
plant disease. A copper resistant plasmid (pPT23D) present in PT23 
strain of P. syringae [49]. Apart from this a 35-kilobase plasmid was 
conserved among 12 copper-resistant strains of P. syringae pv. Tomato 
[49]. There is other similar copper resistance mechanism found in 
Pseudomonas [50]  Xanthomonas [51]. There are reports of other 
metal resistant bacteria controlled by plasmids such as Cadmium and 
Chromate and tellurite etc. (Table 1). Resistance to Cd2+ is common 
in Staphylococcus aureus with two resistant determinants (cadA and 
cadB) carried by plasmid p1258. Among these determinants cadA helps 
in energy-dependent efflux from cell whereas cadB codes for a metal 
binding protein [52]. The hexavalent chromium compounds are highly 
toxic to fish (LC50 39.40 mg/l for Cr+6) and affect normal respiration 
[53]. Some of the bacteria are able to reduce chromate to non-toxic 
forms and these can be used for bioremediation. Chromate-resistant 
strain of P. mendocina MCM B-180 which carries a plasmid, pARI180 is 
really able to transfer chromate reduction property to other competent 
bacteria [54]. Even P. fluorescens strain LB300 depends exclusively 
on plasmid pLHB1 for Chromate resistance because loss of plasmid 
results simultaneous loss of resistance [55]. Silver nanoparticles are 
extensively used as biocides, preservatives and in medical devices. 
There is huge application of silver nanoparticles but excessive use 
lead to bioaccumulation in aquatic ecosystem. Silver nitrite is highly 
toxic chemical and particular to larval or newly hatched fish complete 
mortality occurs at 1.3 μg/L and significant reduction in fish survival 
at 0.5 μg/L silver [56]. But silver resistant Salmonella typhimurium 
which carries Plasmid pMG101 is highly pathogenic [57]. Few bacteria 
as Alcaligenes eutrophus carry multiple metal resistance (Cd++, Co++, 
Cr04

=, Cu++, Hg++, Ni++, Pb++ and Zn++) plasmids such as pMOL28 and 
pMOL30 (Table 1) [58].

Heavy metal Bacterial - plasmid References

Mercury
E coli- pDU1358 Ji and Silver, 1995 [59]; 

S aureus- pI258 
Johnson et al. 1991[60]

P aeruginosa- pAO1161 and PA103

Arsenic
E. coli- R773

Ji and Silver, 1995 [59]
S. aureus- pI258

Copper
E. coli- pRJ1004 Lee et al. 1994 [51]; 

P. syringae pv. Tomato- pPT23D
Cooksey, 1994 [50]

P. syringae- pPSI1

Cadmium
S. aureus- pI258 Nucifora et al. 1989 [52]; 

Listeria monocytogenes-pLm74 Lebrun et al. 1994 [61]

Chromate
P. flurescence- pLHB1 Ohtake et al. 1987 [62]

Summers and Jacoby, 1978 [63]P. aeruginosa- pMG6

Tellurite K. aerogenes- IncHII, pHH1508a,
E. coli- RP4Ter, pHH1508a

Walter et al. 1989 [64];
Taylor et al. 1988 [65]

Silver E. coli- pMG 101 Silver, 1996 [47]

Table 1: Heavy metal resistant plasmid.
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Hydrocarbon degradation: Biodegradation of hydrocarbon are 
of major concerned with environmental pollution and its harmful 
impact. Such harmful impact of hydrocarbon pollution are oil spillage, 
poly aromatic hydrocarbon pollution which are adsorbed to sediment 
and accumulated in aquatic animals like fish and shellfish followed 
by transfer to human through seafood consumption [77]. Microbial 
degradation of hydrocarbon is a useful technique of bioremediation 
without any adverse impact on environment. This property of 
microbes has evolved from a series of adaptation process in which they 
acquired few genes which are necessary to survive and propagate in 
a hydrocarbon reach environment. They require appropriate catabolic 
genes to be a good hydrocarbon degrader. Such special genes are often 
carried on plasmids of bacteria [78]. Plasmids which carry structural 
genes for organic matter or xenobiotic degradation are known as 
degradative or catabolic plasmids. It is experimentally proved that 
plasmids encode the enzymes required for metabolism of naphthalene, 
salicylate, camphor, octane, xylene, and toluene [79]. Hada and 
Sizemore had isolated 440 Vibrio from an operational oil field and 
control site located in the northwestern Gulf of Mexico [5]. They were 
screened for the presence of plasmids and 31% showed distinct plasmid 
bands on agarose gels with estimated molecular masses of 10 × 106 or 
less. The oil field area had noticeably more plasmid containing strains in 
comparison to control fields (35 versus 23% ) and number of plasmids 
per cell was more in bacteria isolated from polluted area (2.5 plasmids, 
versus 1.5 in the control site). This finding indirectly proves that 
plasmids are providing additional adaptability to microbes for organic 
compound degradation. Plasmids have a great role in PAH degradation 
and spreading this capacity among all other microbial community. 
For example naphthalene degradation capacity has experimentally 
marked to be transferred at low frequency by conjugation from 
strain NCIB 9816 into a plasmid-free strain of P. putida, PaW340 
and the transconjugant, PaW701, containing the naphthalene 
plasmid pWW60-1, metabolize Naphthalene and salicylate by ortho 
pathway. Pseudomonas genes encode the upper and lower pathways of 
naphthalene degradation in the NAH plasmids which encodes for the 
enzymes that can metabolize a broad range of nutrition [80]. Yen and 
Serdar has explained how naphthalene is catabolized by Pseudomonas 
in a series of reactions to salicylic acid, which is further degraded to 
Krebs cycle intermediates [81]. The naphthalene catabolic genes have 
been located on self-transmissible plasmids and among them NAH7 is 
best studied. It consists of two operons involved in host utilization of 
naphthalene and salicylate as a carbon and energy source. Among all 
genes nahR codes for regulatory protein which is required to turn on the 
operon in presence of Salicylate as an inducer. These genes are highly 
unstable as it can undergo structural alteration by involving insertion 
or deletion during conjugation or altered nutritional condition. Li et 
al. for the first time reported complete naphthalene catabolic plasmid 
sequence of Pseudomonas sp. which consists of 101,858 bp nucleotide 
according to the whole-genome-shotgun approach. pND6-1 encodes 
102 putative coding sequences (CDSs) [82]. Among them, 23 CDSs 
were predicted to be involved in naphthalene catabolism and rest of 
the CDSs indirectly helps in plasmid functioning. These all catabolic 
plasmids (pDTG1, NAH7 and pND6-1) have high sequence homology 
but they are highly versatile in their activity [83]. Other high molecular 
weight PAH degraders such as Mycobacterium sp are reported to 
degrade pyrene and they carry large plasmids but hybridization results 
shows that extrachromosomal DNA are not involved in degradation. 
Most of the pyrene degradative proteins are encoded by chromosomes. 
But in contrast Lin and Cai reported the isolation of plasmid from two 
strains, Bacillus cereus Py5 and Bacillus megaterium Py6 are involved 
in Pyrene degradation and after these plasmids transformed to E. coli, 

Nitrogen fixation: Nitrogen fixing prokaryotic organism are 
unique for having N2 fixing ability as well as most of them (Blue green 
algae) are autotrophs [59-64]. Nitrogen fixing genes are conserved 
in chromosomal DNA and plasmids. Cyanobacteria are widely 
distributed and diverse group of autonomous bacteria which mostly 
carry single or multiple phenotypically cryptic plasmids. Molecular 
study of Cyanobacteria strains shows that it contains several plasmids 
[65]. Analysis of unicellular Cynobacteria Synechococcus  strains has 
revealed to carry homologous plasmids. Even genetically distinct group 
of strains carry identical plasmids which may be due to intergeneric 
or interspecies transmission of plasmids in nature [66]. But most of 
their function is still unknown. The symbiotic bacterium of genus 
Rhizobium carries high molecular weight plasmids (90-350  ×  106). 
In R. leguminosarum plasmids has great role in nodule formation and 
helps in symbiosis. It carries nitrogen fixation (nif) genes [67]. There 
are also reports regarding presence of nif genes in prokaryotes like 
Klebsiella pneumoniae, P. stutzeri and group of cyanobacteria. The DNA 
hybridization of Klebsiella with other bacteria demonstrates that there 
is a high homology of nif genes between interspecies bacteria [68]. Most 
of the nif genes are encoded by chromosomal DNA but hybridization of 
plasmids isolated from Rhizobiwn Zegwninosarum with cloned nif gene 
of Klebsiella reveals that at least few nif genes are located in plasmids 
[69]. The interspecific transfer of nitrogen-fixing ability (Nif) from 
strains of R. trifolii containing P1 group R plasmids to other bacterium 
explains about plasmid mediated transfer of this gene. Bishop et al. 
has reported an intergeneric transformation between Nif mutant of 
Azotobacter vinelandii and R. trifolii which may be due to the whole 
plasmid transformation [70]. Other plasmid related experiments shows 
that certain hybrid nif plasmids drastically inhibit the expression of the 
chromosomal nif genes of K. pneumonia [71]. The inhibition is due to 
polypeptides made by plasmid which interferes with Nif expression or 
it is due to the inhibitory plasmid DNA which interacts directly with a 
macromolecule in the cell and inhibits nif gene expression. Masterson 
et al. has reported about the presence of structural nif gene on large 
plasmids of all fast-growing R. japonicum but slow growing strains do 
not have nif gene on their plasmid [72]. 

Sulfur utilization

There are a group of bacteria known as sulfur utilizing bacteria which 
metabolize sulfur and this activity is useful for sulfur cycling in nature. 
Most of sulfur compounds are oxidized by Archaea and Bacteria. These 
compounds are used as electron donors for anaerobic phototrophic 
and aerobic chemotrophic growth, and are mostly oxidized to sulfate. 
The common energy sources for such bacteria are hydrogen sulfide 
(H2S), sulfur and thiosulfate (S2O3

2). Monticellc et al. has reported that 
oxidiation of dibenzothiophene (DBT) which includes many sulfur 
containing polyaromatic hydrocarbons, is mediated by plasmid-borne 
functions in Pseudomonas isolates [73]. Two Pseudomonas species 
which oxidized DBT to water-soluble, sulfur-containing products 
harbored the 55-megadalton plasmid in contrast none of the 50 Dbt- 

colonies which are grown in medium supplemented with novobiocin 
(30 ug/ml) harbored a plasmid. Zillig et al. has reported that Sulfolobus 
ambivalens is able to live in an anaerobic mode of chemolithoautotrophy 
by using Co2 as carbon source and reduces sulfate to H2S as an 
energy source [74]. They have correlated this mode of growth with 
amplification of a plasmid, pSL10. From a thermoacidophilic archaea 
S. islandicus, multicopy plasmids were isolated and a 5.3 kb plasmid. 
pRNl, is completely sequenced which may be useful as cloning vectors 
in Sulfolobales [75]. A 14 kb plasmid isolated from green sulfur bacteria 
Chlorobium limicola f. sp. thiosulfatophilum is experimentally proved 
for carrying genes necessary for thiosulfate utilization or regulating 
such gene expression [76]. 
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it was shown to degrade pyrene [84]. Plasmid pNL1 which is isolated 
from S. aromaticivorans F199 strain is suggested to be a broader 
host range plasmid, because it was transferred without any obvious 
structural changes to S. yanoikuyae B1, Sphingomonas sp. SS3, and 
S. herbicidovorans [85]. So it concludes that these broad host range 
plasmids are likely to spread PAH degradation capacity. Most of these 
degradative plasmids are evolved in a short time period by acquiring 
genes from bacterial chromosomes or self-alteration due to the external 
influence. 

Drug resistance: Multiple drug resistance of bacteria is a major 
issue since early 1960s when there were many reports for antibiotic 
resistance of Shigellae in south east countries like Japan and Korea. This 
drug resistance has marked to be transferred to other Enterobacteriaceae 
by conjugation [86]. It is a major concern for all animals including 
aquatic organisms. Resistance to antibiotics is acquired from the factors 
called R-factors which are plasmids carrying resistant determinants 
(R-determinants) and resistance transfer factors (RTF). Anderson et 
al. has reported that these two components of R-plasmid are effective 
when present in a single cell. R-determinants are not transferable 
without RTF and alone RTF cannot develop drug resistant criteria [87]. 
The transfer of drug resistance is dependent on temperature and other 
physicochemical parameters of water. For example drug resistance 
of S. typhi isolated in Korea from 1968 to 1975 was more efficiently 
transferred to E. coli at 25°C than at 37°C [87]. Most of the drug 
resistance studies are aimed towards antibiotic resistance of human 
pathogenic bacteria for example Salmonella and shigellae. But it is also 
concerned with veterinary medicines which are indirectly transferred 
to human. The antibiotics which are resistant to bacteria are ampicillin 
(A), chloramphenicol (C), neomycin (N), kanamycin (K), streptomycin 
(S), sulphonamides (Su), and tetracycline (T). Most of the R-factor 
elicits multiple drug resistance patterns for example S. typhimurium 
have common resistance patterns such as S T Su; A S T Su; and S T N 
K Su [86]. These resistant pattern changes are due to incorporation of 
more drugs resistance. Disease occurrence in fish and shrimp culture 
system is increased due to the intensification of culture practice and 
in proportion to that antibiotic application has also increased. Due 
to improper and frequent application of antibiotic, tolerance level of 
pathogenic bacteria increases and the effective dose has to be increased 
or replaced with other drugs. In developed countries like the EU, 
the USA, Canada and Norway, there is strong regulation over use of 
certain antibiotics in aquaculture but in developing countries such 
regulation is still not implemented. Akinbowale et al. has reported 
about the antimicrobial resistance in Australian aquaculture system 
and briefly explained about drug resistance in aquaculture [88]. 
There are many reports of bacterial drug resistance in finfish culture 
farms as well as in shellfish hatcheries and ponds [89-92]. Antibiotic 
resistance is also observed in natural condition. It has been reported 
that frequency of pigmented bacteria and occurrence of bacterial 
antibiotic resistance were higher at the air-water interface than in the 
bulk water [93]. Sandaa and Enger has reported that in case of fish-
pathogenic bacterium Aeromonas salmonicida plasmid, pRAS1 encodes 
for tetracycline resistance is transferred at a high frequency in marine 
sediments even in the absence of a selective factor [94]. The presence of 
oxytetracycline increases transfer frequency to 3.4 × 10-1 transconjugant 
per recipient and 3.6 transconjugants per donor cell. Keeping in view 
to the antibiotic resistance in shrimp aquaculture which is mostly 
exported food commodities, Coastal Aquaculture Authority (CAA) 
of India has banned twenty antibiotics and other pharmacologically 
active substances. Even in India Export Inspection Agency (EIA) never 
accept products with antibiotics and toxic chemical residues for export 
to other countries.

List of chemicals banned for use in shrimp aquaculture 
(Coastal Aquaculture Authority of India)

• Chloramphenicol.

• Nitrofurans including: Furaltadone, Furazolidone, Furylfuramide, 
Nifuratel, Nifuroxime, Nifurprazine, Nitrofurantoin, Nitrofurazone.

• Neomycin.

• Nalidixic acid.

• Sulphamethoxazole.

• Aristolochia spp and preparations thereof.

• Chloroform.

• Chlorpromazine.

• Colchicine.

• Dapsone.

• Dimetridazole.

• Metronidazole.

• Ronidazole.

• Ipronidazole.

• Other nitroimidazoles.

• Clenbuterol.

• Diethylstilbestrol (DES).

• Sulfonamide drugs (except approved Sulfadimethoxine, 
Sulfabromomethazine and Sulfaethoxypyridazine).

• Fluroquinolones.

• Glycopeptides.

Conclusion
Every animal has adaptation mechanism by which they survive on 

earth for a long period. For bacteria like prokaryotes, Plasmid is essential 
for adaptation by means of genetic diversity. Plasmids carry properties 
of xenobiotic degradation and heavy metal tolerance which makes them 
useful in bioremediation of toxic chemicals in ecofriendly manner. 
Whereas properties like antibiotic resistance is the consequence of 
indiscriminate use of drugs in culture system by farmers. The practice of 
genetic engineering of microbes and development of superior varieties 
is useful in comparison to chemical method of toxic remediation. A 
superior catalyst is made through combination of catabolic segments 
from different organisms within one recipient strain and such segments 
are frequently found in plasmids. Today we are using many plasmid 
vectors in gene cloning experiments but incorporation of antimicrobial 
resistance mediated selection method is harmful for ecosystem. It is 
important to investigate more regarding plasmids and their properties 
so that we will come to understand more about bacteria and their 
means of survival. 
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