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Preface 

The laboratory of Molecular Microbiology was established in the year of 1998 at the Department of Botany 

(now at Department of Biotechnology), North Bengal University. With the aim to contribute knowledge in the 

field of environmental microbiology, the laboratory undertook a research program for generating the 

database on sanitary quality of the rivers located in and around Himalayan foothills. The other aspect of 

study was the exploration of the nature of microbial community that flourished in the waters of the river with 

special emphasis on the incidence and abundance of the antibiotic and metal resistant bacterial population. 

In the last three years the laboratory has made considerable progress in the fields of bacterial phylogeny, 

antibiotic resistance and metal resistance. 

While generating database on the sanitary quality of major rivers of northern West Bengal, the author 

observed fluctuating populations of nickel, copper, cobalt and zinc resistant bacteria in different sampling 

months in one of the major river (Torsa) of this region. The incidence and abundance of metal resistant 

bacteria in the waters of the river demanded investigation of the heavy metal content of the river water; but 

the analysis did not indicate any alamning level of toxicity. The recovery of high percentage of nickel 

resistant bacteria from such ecosystem, which cannot be regarded as metal contaminated, motivated us to 

initiate the study on the exploration of the nature of genetic system associated with nickel resistance in 

some of the Gram-negative Torsa isolates. Among the several metal resistant genetic systems contributing 

mercury resistance, copper resistance, cadmium resistance, zinc resistance etc., the phenomenon of nickel 

resistance has attracted the attention of the present author due to its genetic diversity. Six different operons 

(nee, enr, nre, ncr, nir and nrs) contributing nickel resistance have already been discovered and worked out 

in some detail. These operons were mostly found to locate in large plasmids recovered from the strains 

isolated from the metal contaminated environments. 

The present study has focused on the nature of genetic system(s) conferring nickel resistance in the strains 

isolated from the waters of Torsa River (exemplary metal uncontaminated ecosystem). The reason behind 

the fluctuating population of nickel resistant bacteria in a so-called metal 'uncontaminated' ecosystem was 

investigated. Some of the representatives of nickel resistant bacteria isolated from the river were 

taxonomically characterized. The nature of the nickel resistance genetic system(s) of these isolates was 

explored by PCR and Southern hybridization. The cloning and sequencing of unique amplicons followed by 

sequence analysis allowed to throw some light in describing the nature resistance. The phylogenetic 

analysis of three nickel-resistant isolates, BB1A, NiVa 51 and NiVas 114, enabled to ascertain the genus 

and the claim of novel species. 
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General Introduction 

Metals play an integral role in the life processes of 
microorganisms. Some metals, such as cobalt, 
chromium, copper, iron, zinc, manganese, nickel etc. 
are essential micronutrients for growth. The others 
such as, silver, aluminium, cadmium, gold, lead and 
mercury etc. since have no biological role, can be 
considered as nonessential metals. Essential metals 
function as catalysts for biochemical reactions, 
stabilize protein structures and bacterial cell walls, 
and help in maintaining osmotic balance (Hughes 
and Poole, 1989; Poole and Gadd, 1989; Ji and 
Silver, 1995). Essential transition metals like iron, 
copper and nickel are involved in redox processes, 
whereas magnesium and zinc stabilize various 
enzymes and DNA through electrostatic forces. Iron, 
magnesium, nickel and cobalt are part of complex 
molecules with a wide array of functions; and 
potassium and sodium are required for regulation of 
intracellular osmotic pressure (Nies, 1992). 

While characterizing two-strains of hydrogen
oxidizing bacteria, Bartha and Ordal (1965), lor the 
first time, demonstrated the importance of nickel as 
a trace element in the microbial growth. The 
knowledge regarding the utilization of nickel by 
microorganisms was augmented manifold when nine 
nickel dependent enzymes, such as urease, NiFe
dehydrogenases, CO-dehydrogenase, acetyl-GoA
synthase, methyl Co-enzyme-M reductase, aci
reductone dioxygenase, methylenediurease, certain 
superoxide dismutases and some glyoxylases were 
discovered (Friedrich et a/., 1982; Mulrooney and 
Hausinger, 2003). Among these nine nickel
dependent enzymes, discovered so .far, seven 
enzymes were structurally characterized by 
crystallography and nuclear magnetic resonance 
(NMR) (Mulrooney and Hausinger, 2003). Nickel 
specific sensing and transport systems, involved in 
the uptake of Ni2• ion !rom extracellular environment 
into the cell, have also been characterized in detail 
(Eitinger and Friedrich, 1991).1n Escherichia coli the 
best characterized nickel transport operon is nik; 
where nikR is associated with regulation of the 
operon and five other nikABCDE encoding 
components of a typical ATP-dependent transport 
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system (Navarro et at., 1993). In addition to the 'nik
transporter', another single gene product HoxN was 
also found to play a role in nickel-transport and 
mutation at the hoxN-Iocus reduced the activity of 
two nickel-enzymes, hydrogenes and urease in E. 
coli (Eberz et at., 1989; Eitinger and Friedrich, 1991; 
Wolfram et at., 1995). In E. coli nickel is also 
transported into the cell by a constitutive Mg2• 
transport system (Park et at., 1976). 

Although essential as a micronutrient, but at high 
concentrations metal ions are toxic to 
microorganisms. Toxicity occurs through the 
displacement of essential metals from their native 
binding sites or through ligand interactions. 
Nonessential metals bind with greater affinity to 
thiol-containing groups and oxygen sites than do 
essential metals (Hughes and Poole, 1989; Poole 
and Gadd, 1989). Toxicity results from alterations in 
the confonnational structure of nucleic acids and 
proteins and interference with oxidative 
phosphorylation and osmotic balance (Poole and 
Gadd, 1989). Bacteria have adapted themselves to 
metal contaminated environment(s) through a 
variety of chromosomal and plasmid-mediated 
resistance systems. 

Microbial metal resistance mechanisms: 

Selection pressure from a metal-containing 
environment has led to the development of 
resistance systems to virtually all toxic metals 
(Rouch ef a/., 1995). These systems are mostly 
plasmid-mediated and very specific, and were found 
in virtually all eubacterial groups studied (Silver and 
Misra, 1984; Ji and Silver, 1995). Researches 
carried out since the early 1970s, enabled to identify 
several microorganisms being resistant towards 
certain metals through one (or more) of the 
mechanisms like; (i) metal exclusion, (iQ active 
transport of the metal from the cell or organism, (iii) 
intracellular sequestration of the metal by protein 
binding, (iv) extra-cellular sequestration, (v) 
enzymatic detoxification of the metal to its less toxic 
fonn, and (vi) reduction in metal sensitivity of cellular 
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targets. These reports included mostly aerobic other metals do not evaporate out of the cell, but 
microorganisms, with prominent examples being 
Staphylococcus sp., Escherichia coli, 
Pseudomomonas aeruginosa, and Bacillus sp. 
(Nakahara et a/., 1977; Marques et a/., 1979; 
Harnett and Gyles, 1984; Schwarz and Hebel, 1989; 
Belliveau et a/., 1991; Wang and Shen, 1995}. 
Resistance has been reported for mercury and 
organomercurials in obligate anaerobes like 
Bacteriodes and Clostridium species too. With the 
help of cell surface electron-transport-systems, 
changing the valency of a metal through oxide
reduction allows bacteria to detoxify and regulate the 
movement of the metal ion across the membrane; 
e.g., reduction of chromate (Cr"} (Wang and Shen, 
1995} and arsenate (As'"} (Cervantes eta/., 1994}. 

In cyanobacteria Synechococcus and in 
Pseudomonas a new metal binding protein named 
Metallo!hionein has been discussed in some detail. 
The protein is approximately 60-amino acid in 
length, one third of which is cysteine residue, and 
associated with intercellular metal-ion'chelating 
activity (Turner and Robinson, 1995}. 

The presence of metal ions can up-regulate genes 
to initiate metal resistance by enzymatic 
detoxification (Misra, 1992; Silver and Walderhaug, 
1992}. The most prominent example is Hg2• 
resistance coded by mer operon. Mercury is highly 
toxic because of its high affinity towards thiol groups 
and thereby results into inactivation of enzymes and 
other essential cellular proteins (Kozak and 
Forsverg, 1979; Rudrik et a/., 1985}. Bacteria have 
adapted to the presence of Hg2• by evolving a set of 
genes that form a resistance by operon-encoded 
reductase enzyme. The gene products of this 
operon not only detoxify Hg2• by evaporation but 
also involve themselves in transport and self
regulation (Weiss eta/., 1977; Ni'bhriain eta/., 1983; 
Liverelli eta/., 1993). 
In contrast to that of mercury, chromium or arsenic, 
chemical reduction of Cd2•, Zn2•, Co2+, and Ni2• into 
the metallic form is not possible, mainly because 
NAD(P}H-dependent reduction of the divalent metal 
cations is energetically not favored. Therefore, 
bacteria reduce the accumulation of these metal 
ions by active efflux mechanism(s}. Unlike mercury, 

remain inside and could be re-oxidized. Hence, 
possible mechanisms of resistance towards Cd2•, 
Zn2•, Co2• and Ni2• include only complexation and 
active efflux. Methylation and other covalent 
modification of these metals might not prove to be 
plausible mechanisms for resistance, because the 
resultant organometallic compounds would be 
unstable, mutagenic, and more toxic than the 
divalent cations (Nies, 1992}. In eukaryotes, two 
different metal-ion-binding factors are known: (i} a 
small, cysteine rich protein called metallothioneins, 
that are synthesized under heavy metal-stress 
condition and are found in wide variety of animals, 
lower eukaryotes (Kojima and Kagi, 1978; Hamer, 
1986}, plants (De Miranda et a/., 1990} and 
cyanobacteria (Turner and Robinson, 1995}; (ii} In 
addition to metallothionein, an efficient Cd2• binder 
in plants have been discovered and named as 
phytochelatin (Rauser, 1990}, Activity of 
phytochelatin synthase is Cd2• dependent and 
therefore autoregulated; whose product binds with 
cadmium ion in cytoplasm (Grill et a/., 1989}. In 
Gram-positive multiple metal resistant bacterium 
Staphy/occus aureus, Cd2• and Zn2• efflux is 
catalyzed by a membrane-bound GadA protein, a P
type-ATPase (Tynecka et a/., 1981}. The czc 
determinant from the Gram-negative multiple-metal
resistant bacterium Alcaligenes eutrophus CH34 
(currently known as Ra/stonia metallidurans CH34} 
encodes proteins required for Co2•, Zn2• and Cd2• 
efflux (CzcA, CzcB and CzcC} and regulation (CzcD} 
of the operon (Nies eta/., 1987; Nies et at., 1989}.1n 
early 1990's the hypothetical model of czc operon 
mediated efflux system showed that CzcA works as 
a cation-proton antiporter, CzcB as a cation-binding 
subunit, and CzcC as a modifier protein required for 
changing the substrate specificity of the system from 
Zn2• solely to Co2•, Zn2•, and Cd2• (Nies, 1992}. 

Nickel resistance in Bacteria: to high Nickel 
Nickel resistance in bacteria: onickel ion: 

Plasmid encoded resistance to Ni2• has been 
characterized most extensively in Ra/stonia 
metallidurans CH34 (formerly known as Alcaligenes 
eutrophus CH34} (Mergeay et at., 1985}. The strain 
was reported to harbor the conjugative plasmid 
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pMOL28 (MW 163 kb), which confers resistance 
against a range of metals, including nickel. The 
resistance was mediated by an inducible energy 
dependent specific efflux system (Siddiqui and 
Schlegel, 1987; Senfuss and Schlegel, 1988; 
Liesegang et a/., 1993). Extensive molecular 
characterization of the nickel efflux system was 
achieved by cloning the resistance gene (cnr) from 
pMOL28 (Siddiqui et at., 1989). 

Cloning and sequencing of cnr determinants from 
8.5 kb fcoRI-Pstl fragment of plasmid pMOL28 of A. 
eutrophus strain CH34 showed that the operon is 
made up of three structural genes, .cmC, cmB and 
cnrA, and three regulatory genes cmY, cnrR and 
cnrH. Transformation of recombinant plasmid 
containing cnr operon (pVDZ'2) in two plasmid
cured A. eutrophus host, strains AE 106 and H16 
conferred inducible nickel and cobalt resistance to 
the strains (Liesegang eta/., 1993). The amino acid 
sequences derived from cnr and czc structural 
genes share significant homology, and the genes 
are arranged in the same order too. The gene 
products CnrC (418 amino acids) and CzcC (346 
amino acids) share 30% identity at the amino acid 
level, and both are hydrophilic proteins. CnrB (395 
amino acids) and CzcB (521 amino acids) share 
28.5% identity, and CnrA (1 ,076 amino acids) and 
CzcA (1,064 amino acids) share 45.8% identity. The 
hydropathy patterns of the deduced amino acid 
sequences revealed two strongly hydrophobic 
regions and two hydrophilic regions in both the 
proteins and a striking similarity of the hydrophobic 
and hydrophilic patterns in these regions (Liesegang 
et a/., 1993). Secondary structure analysis of CnrA 
predicted six hydrophobic alpha helices. These are 
probably transmembrane helices, as predicted for 
CzcA (Nies, 1992). These findings clearly indicate 
that CnrA represents the internal membrane protein 
of cnr resistance system and the resistance 
conferred follows the same mechanism as predicted 
for czc system. The efflux of Ni2• by pMOL28 was 
found to be highly sensitive to protonophores but not 
to inhibitors ofF, channel of ATPase (Nies, 2003). 
The result suggested that the pMOL28 encoded 
nickel efflux is dependent on chemiosmotic potential 
rather than on ATP.In 1994, another nickel resistant 
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Achromobacter xylosoxidans strain 31A) was 
isolated from a copper galvanization tank, which was 
found to tolerate nickel (40 mM), cobalt (20 mM), 
zinc (10 mM) and cadmium (1mM) (Schmidt and 
Schlegel, 1994). The strain was recorded to bear 
two conjugative mega-plasmids of 200 kb and 340 
kb, named pTOM9 and pTOM8 respectively. In 
plasmid-less metal sensitive strain of A. eutrophus 
AE104, both these above-mentioned plasmids when 
transformed conferred resistance to nickel, cobalt, 
and cadmium (Schmidt and Schlegel, 1994). The 
14.5 kb BamHI fragment of the plasmid pTOM9 was 
found to possesses two nickel resistance systems. 
(i)The nee system (8kb), made up of seven genes, 
nccYXHCBAN, conferring high-level (30-40 mM) 
nickel resistance as well as cobalt and cadmium 
resistance on A. eutrophus AE1 04 but could not be · 
expressed in E. coli, and (ii) The nre system (1.8 kb) 
of A. xylosoxidans conferring low-level (3-5 mM) 
nickel resistance was capable of expressing in E. 
coli. The predicted amino acid sequences of nccY, 
nccX and nccH shared significant homology at 
amino acid level with Cnr-proteins expressed from 
cnr operon ( NccY and CnrY, 59%; NccX and CnrX, 
76%; and NccH and CnrH, 67%). Additionally, NccH 
showed significant similarities to a new subfamily of 
sigma factors, the ECF subfamily. The 437-amino 
acid long NccC revealed 75% identity with CnrC and 
29% identity with CzcC. The ORF of nccB shared 
75% identity with CnrB and 31% identity with CzcB. 
The largest ORF predicted from nee determinants, 
nccA composed of 1 ,076 amino acids has shown 
89% identity with CnrA and 49% identity with CzcA. 
About 70 bp downstream from nccA, the last ORF 
(NccN) (213 amino acids) shared 66% identity with 
CzcN. 

The mechanism of resistance conferred by the nee 
genes has not been characterized in detail. Previous 
studies on czc and cnr, and their close homology 
with nee gene-products enabled Stoppel and 
Schlegel (1995) to conclude that the resistance 
towards high concentration (40 mM) of nickel in a 
strain A. xylosoxidans 31A bearing nee locus is an 
energy dependent efflux system. The largest of the 
Nee proteins, NccA (116 kDa), contains a double 
set of six extended hydrophobic region that possibly 

bacteria, Alcaligenes xy/osoxidans strain 31A (now spans the membrane. NccA is thought to form a 
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membrane tunnel, whtch allows ion transport across 
the membrane. NccB and NccC contain small 
hydrophobic regions of about 15 amino acids in their 
amino-terminal parts. Both proteins show significant 
similarities to CzcB or CzcC, which are assumed to 
be involved in metal cation binding or substrate 
(metal cation} specificity, respectively. NccH function 
as a sigma factor and belongs to the ECF subfamily 
of cr70 factors. NccY and NccX may have association 
with the regulation. 

In addition to the nee locus, A. xylosoxidans 31A 
was also found to possess another low-level (3-5 
mM} nickel resistance genetic system, 
accommodated in a DNA stretch of 4.2 KB, named 
as nre-system. Detailed study on nre determinants 
revealed the existence of two ORFs, NreA and 
NreB. Unlike cnr and nee, nre determinants were 
found to express in E. coli (Grass et al., 2001; 
Schmidt and Schlegel, 1994}. It was shown by 
Grass et a/. (2001} that, NreB being a nickel 
transporter was responsible for Ni2• efflux and 
resistance in the host. In E. coli and A. eutrophus 
AE1 04, NreB showed reduced uptake of nickel 
compared to that of wild-type cells and the histidine
rich C-terminus of NreB was found necessary for 
maximum nickel resistance. 
Nucleotide sequence analysis of a 4.8 kb Sa/1-fco 
Rl fragment generated from a 70 kb plasmid, 
pEJH501, of Hafnia alvei 5-5 has led to the 
understanding of an another novel high-level nickel 
resistance system in bacteria. The ncr operon of H. 
alvei is made up of five genes, ncrABCYX. The 
ncrA and ncrB gene product share 70-78 % identity 
with nreB and nreA. Although 152 amino acid long 
ORF resulting from nctC did not show any similarity 
with any of the known heavy metal resistance 
protein, but absence of any promoter-like sequence 
upstream of nctC suggested that ncrABC, conferring 
nickel resistance, should be read as a single 
transcript (Park et a/., 2004}. The NcrY and NcrX 
were expected to perform regulatory function, and 
NcrA and NcrB were predicted as main 
transmembrane protein associated with efflux of 
Ni2•, Co2• and Zn2•. (Park et a/., 2003}. Both NcrB 
and NcrC are necessary for nickel resistance and 

transport. 
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In Klebsiella oxytoca CCUG 15788, genes 
conferring resistance to nickel (10 mM NiCI2} was 
found to be located in a 4.3 kb Hin dill fragment of 
chromosomal DNA (Stoppel and Schlegel, 1995}. 
The nucleotide sequence of this novel nickel
resistance determinant was deposited under 
accession no. AY 492000 {by Park and Lee, 2003} 
as nir-locus. The nir gene cluster was found to 
consist of four genes nirABCD. Nucleotide sequence 
of nir deteminants showed 97% identity with ncr 
locus. Two major ORFs of nir, NirA and NirC, 
showed 88% and 91% identity with NcrA and NcrB, 
respectively. Domain search analysis of the NirA 
showed 34.2% similarity with a putative 
transmembrane protein (DUF 894} of unknown 
function, under protein family pfam05977. On the 
other hand, the amino acid sequence of nitC 
showed highest similarity with a high-affinity-nickel 
transport protein NicO (44.5%) under protein family 
pfam03824. All the members of this protein family 
are nickel transporters, involved in the incorporation 
of nickel into H2-uptake hydrogenase and urease 
enzymes and are essential for the expression of 
catalytically active hydrogenase and urease 
enzymes. The NitC has also shown 40.6% similarity 
with the ABC-type uncharacterized transport system, 
associated with ion efflux mechanism. Although 
there were no published documents about the 
functioning of nir-system, but its similarities with the 
transmembrane cation efflux proteins indicate its 
functional resemblance with the other known cation 
efflux system. 

The bacteria harboring the nickel resistance 
determinants, discussed so far, were isolated from 
the metal contaminated ecosystems, for exmple, the 
strain R. metallidurans CH34 (containing cnr 
system} was isolated from a zinc decantation tank in 
Liege, Belgium (Mergeay et a/., 1978); A. 

xy/osoxidans 31A (containing nre and nee locus} 
was isolated from the metal working industry in 
Holzminden, Germany (Schmidt and Schlegel, 
1989}; Hafnia alvei 5-5 (containing ncr locus} was 
isolated from the rhizophere of nickel hyper
accumulating tree Sebertia acuminata (Stoppel and 
Schlegel, 1 995); and Klebsiella oxytoca CCUG 
15788 (containing nirlocus) was isolated from a 
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mineral oil emulsion of a metal working industry in contaminated environment and presumably the 
Goetborg, Sweden (Stoppel et a/., 1995). dearth of suitable enrichment methods to isolate 
Abundance of metal resistant bacteria in the metal resistant bacteria from a mixed microbial population 
contaminated environment urges one to think that of a so called metal-uncontaminated ecosystem, 
these resistances arose as a result of human might have Jed the ea~ier authors to conclude that 
pollution in recent centuries. The other view the metal resistant bacteria could not be isolated 
regarding the origin of metal resistance genetic from the places not contaminated with heavy metals 
system is that they arose soon alter life began, in a (Stoppel and Schlegel1995). 
world already polluted by volcanic activities and 
other geological sources. Like antibiotic resistance The present study was undertaken with a view to 
determinants, toxic heavy metal resistance explore the possibilities of isolate metal resistant 
determinants were also preexistent to recent human bacteria from a free flowing snow-fed river Torsa of 
activities· that created polluted environments (Misra, northern West Bengal, India, a metal unpolluted 
1992). Therefore, one is tempted to explore the ecosystem. The physiological and molecular genetic 
existence of metal resistant bacteria in a so called characterization of the nickel resistant isolates of the 
'metal unpolluted' environments. The ease of said river was therefore obvious. 

isolation of metal resistant bacteria from metal 

· The major objectives of the study were: 

1. Construction of a database on the water quality of Torsa River. 

2. Isolation and characterization of nickel resistant bacteria from the river water. 

3. Search for novel genetic system(s) conferring nickel-resistance in suitable gram-negative bacterial 
isolates of the river. 

4. Taxonomic characterization of gram-negative nickel resistant bacterial taxa. 
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1. Physico-Chemical and Sanitary status analysis of Torsa river water: 

The demographic explosion of India has caused an Torsa is second largest river of North Bengal. This 
extraordinary growth in the demand of water for is an international river, traversing four countries. It 
domestic water supply, agriculture, industry and originates at China (Tibet), and flows through 
other purposes. Ruthless exploitation of ground Bhutan with the name of 'Amo-chu' before entering 
water has also serious consequences. In recent India, and from India the river enters into 
years, certain cases of dangerous pollution of Bangladesh. The river flows rapidly and follows a 
ground water have been reported from different confined valley between precipitous mountains. 
parts of the country, especially with toxic heavy Even in the winter, 'Amo-chu' is a fierce, swift 
metals and arsenic. Scarcity of water, therefore, straam. Torsa cuts across in a southeasterly 
demands for a better exploitation of hydrological direction and passes through a market town of 
resource and development and improvement of Phuntsholing on the Indo-Bhutan border. In the west 
water techniques and water sciences. The annual . of Torsa river Baxa-dolomites form striking ridges, 
precipitation in the sub-Himalayan West Bengal and which can be seen from phuntsholing (Karan and 
Sikkim (3000-4000 mm) is more than triple the Jenkins, 1967). As it leaves the foothills of Bhutan 
Indian average (1150 mm), and more than 80% of it and enters the undulating Duars plain in the 
occurs between June to September. As most of the northern part of West Bengal, it widens into a 
precipitation occurs within a short spell of time, braided channel and drains into the forest cover of 
frequent floods are very common menace in the Jaldapara wild life sanctuary. Water quality of this 
catchments. turbulent river, therefore, remains unaltered 

because of its environment, climatic, geologic, 
Rivers of northern West Bengal can become a hydrologic, physiographic, biological and cultural 
potential source of water, since the rivers of 
Himalayan foothills presumably do not run the risk 
of being contaminated with toxic industrial 
discharges except surface runoffs from tea gardens 
and agricultural fields. Monitoring of river water 
quality of North Bengal thus has become a 
commitment, which is generally being overlooked 
for various reasons, amongst which are primarily 
the resource and manpower constraints, institutional 
inertia and public apathy due to lack of awareness. 

There are four major glaciers fed rivers in this sector 

of country, named Teesta, Torsa, Jaldakha and 

Mahananda. The mean annual discharge rate of 

rivers, Teesta, Torsa and Mahananda, were 

estimated to be 645 (at Domohoni), 275 (near 

Hasimara) and 95 (at Fulbari) cubic meter/sec 

respectively at district Jalpaiguri of the state West 

Bengal, India. Average suspended sediment load of 

the rivers, Teesta, Torsa, and Mahananda were 

6.105, 2.91 and 1.215 million metric tons/year 

respectively, at above-mentioned sampling sites 

(Bhadra eta/., 2003). 

backdrop. The Torsa serves as a principal source of 
water· to the wild life, forest tribes and rural 
communities. The inhabitants of the Torsa 
catchment use well water, pond/ditch water along 
with the river water depending on season and 
purposes for which the water is used. 

With the development of roadways connecting 
Bhutan and India and advent of modernizations in 
Bhutan in 1950, much urban and industrial 
development is noticed in and around Phuntsholing, 
which lies on the bank of Torsa and also in the 
adjoining Duars plain in India (Karan and Jenkins, 
1967). Indiscriminate dolomite mining in Bhutan 
hillocks for cement factories has led to a large-scale 
seepage of dolomite in ground and surface water 
(Dutta, 1998; Statesman News Service, 1998). On 
the other hand, the swelling rural population of this 
region does not have services of any kind 
whatsoever, either for potable water or for excreta 
disposal. The consequent consumption of this river 
water, which has now degraded, is making the 
inhabitants of this valley more prone to diseases 
and health problems. Such observations also put 
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wild life health into question. Furthermore, with here the river is polluted by inorganic substances, 

industrialization projected towards manifold one point above and the other point below the 

increase over the current level, river water pollution actual point of discharge should be selected for 
will become an even greater problem and a matter sampling. 
of serious concern. 

Objectives of the Study: 
(i) Preparation of a database for the first time 

about the water quality of the river. 
(ii) Evaluation of the impact of various 

anthropogenic activities leading to the pollution 
of the river. 

1.1. Sampling stations and sample collection 
from the river water: 

For successful monitoring of river water quality it is 
essential to have sufficient knowledge about the 
morphometric details of the subject river, selection 
of particular sampling site(s), sample collection 
methods, and preservation & maintenance of 
samples for parameter(s) in question. The study of 
morphometry, i.e., measurement of morphological 
features of the river basin, always provides valuable 
information in selecting sample collection site(s). 
Water quality of the river water also depends on 
physiographical factors, such as, basin, bank, 
catchments area, and settlement around the river, 
as well as annual sedimentation load, water volume, 

width, and depth of the river. 

During analysis of river water quality, assortment of 
sampling site(s) is very important, and it should be 
done in the light of environmental monitoring 
program. The selection of actual sampling location 
shall depend upon the character of the water body. 
In case of widened region of the river many 
sampling sites should be selected at various 
comers. In monitoring the stream, which is narrow, 
the rapidly moving water should be thoroughly 
mixed laterally and vertically, hence only one 
sampling point needs to be selected at each 
location along the stream. 

In an organically polluted river course at least one 

site should be selected above the outfall of the 

wastes and others should be selected downstream 

representing the zone of recent pollution. In places 

Water samples collected from the river are of two 
main types depending on the collection principle; 
grab-samples, and composite samples. Grab 

· samples are collected at a specific spot at a site 
over a short period of time, on the other hand, when 
multiple grab samples are combined and treated as 
a single sample, it is called composite sample. 
Samplers· and containers should always be 
thoroughly cleaned before use, and should be 
rinsed with the sample water before collection. 
Preferably the amber colored glass containers with 
polypropylene cap should be used for the collection 
and preservation of samples. 

After collection, analysis should be done within 
maximum acceptable chemical change. To 
minimize biodegradation and volatilization between 
sampling and analysis, preservation of water 
samples at 4 °C was recommended (APHA, 1985). 
Since most parameters change with time, it is 
imperative to preserve them in a suitable 
preservative prior to analysis. Dissolved oxygen, 
pH, temperature, alkalinity, etc. changes quickly 
with time, hence their estimation is to be carried out 
in the field only. Quantification of Nitrate, Nitrite, 
Ammonia, BOD, TDS, Phosphates, Turbidity, 
Conductance, and Detergents etc. should be 
performed within 24 h, whereas estimation of 
Hardness, COD, Chloride, Turbidity, TSS etc. 
should commence within 4-7 days (APHA, 1985; 
Manivasakam, 1980). 

1.1.1. Selection of sampling stations on Torsa 
River: 

Sampling sites on Torsa River were selected after 
scrutinizing topographic map of the river. For the 
purpose of analysis of water quality, three sampling 
stations were selected (Figure 1.1A). The first 
sample site, SS-1, is located at Hasimara, Dis!, 
Jalpaiguri of the state West Bengal where Torsa 
enters into Indian territory from Bhutan, and thereby 
analysis of water quality at this place throws light on 
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Chapter 1 

Figure 1.1. (A). Map showing sampling stations on river Torsa; (B), snap of SS-1 at Hasimara,Dist. Jalpaiguri showing 
high sedimentation in river bed; (C). nature of river banks (left and right) at SS-11 at Falakata, Dist. Jalpaiguri; D. High 
sedimentation at SS-111 at Ghugumari. Dist. Coochbehar 

different anthropogenic activities influencing the 
water quality of Amo-Chu (synonym Torsa at 
Bhutan) and also helps understand the quality of 
water that drains into the Jaldapara Wild Life 
Sanctuary of North Bengal, which is the immediate 
destination of the river. At this sampling site the 
river is very turbulent, flows at high speed through 
pebbles and the river basin is around 700 meter 
wide. After SS-1, the river is alienated into small 
channels and enters into Jaldapara Wildlife 
Sanctuary; serving drinking water to the wild life and 

forest tribes. While leaving the sanctuary, small 
channels again fuse and form two large and wide 
branches at village- Falakata of Jalpaiguri district, 
named Sil-torsa and Buri-torsa, where Siltorsa is the 
major and wider (890 m) stream and were our 
second sampling station, SS-11. The river at this site 
is shallow, wide and less turbulent. The bank is 
made up of dry white sand. After leaving site SS-11, 
the tributaries, Siltorsa and Buritorsa, meet at 

district town of Coochbehar, of the state of West 
Bengal, India. This was our third sample collection 
site, SS-111, where the depth of the river is more and 
flows slowly. The riverbank is made up of clay, sand 
and humus. 

1.1.2. Sample collection: 
From each sampling site, three grab samples were 
collected from left, right and middle of the river; all 
three samples were mixed and, were treated 
/analyzed as single sample. Water samples were 
collected to a final volume of 2.5 L in amber colored 
glass container having polypropylene cap, and were 
preserved at 4 °C before analysis. Samples were 
collected once in every month from April 2001 to 
March 2002, leaving the months July and August, 
because of heavy rainfall and flood during the 
monsoon which made the condition of river and 
roadways both equally deplorable so that the task of 
collecting sample became very difficult. 
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1.2. Physico-chemical analysis of water 

samples:. 
Detailed analyses of physical and chemical quality 
of the samples were completed within 48 hours after 
collection. Temperature, pH, conductivity, Total 
Dissolved Solid (TDS), Dissolved Oxygen (DO), 
Chloride, anionic or cationic detergent content were 
analyzed or quantified at the spot during sample 
collection. Other analyses, such as, estimation of 
Total Suspended Solid (TSS), Alkalinity, Turbidity, 
Biochemical Oxygen Demand (BOD), Chemical 
Oxygen Demand (COD), Ammonia-Nitrate-Nitrite 
'N', Total Phosphorus, Silica, and Hardness were 
estimated in the laboratory. 

1.2.1. Materials and Methods: 
For the preparation of reagents, analytical grade 
chemicals and deionized double distilled water were 
used. Deionized double distilled water was used as 
negative control in experiments wherever required. 

1.2.1.1. Temperature: 
Temperature was recorded with the help of a digital 
thermometer {ELICO, India). For determination of 
water temperature the thermal sensor of the 
thermometer was dipped under approximately 30 
inches from the surface of water for 5 minutes and 
was noted. Air temperature was noted directly from 
the 'air temperature display' of the thermometer. 

1.2.1.2. pH: 
pH was recorded with the help of a digital pH meter 
(SYSTRONICS, India). Before estimation of pH the 
instrument was standardized according to the 
manufacturer's instruction. 

1.2.1.3. Conductivity: 
The conductivity was measured by employing a 
conductivity meter (SYSTRONICS). The instrument 
was standardized according to the manufacturer's 
instruction. 

1.2.1.4. Total Dissolved Solid (TDS): 
TDS-recorder of 'Water Quality Analyzer' (PE 136, 

ELICO) was used to quantify TDS during collection 

of sample on the spot according to the 

manufacturer's instruction. 
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1.2.1.5. Total Suspended Solid {TSS): 
For estimation of TSS, 100 ml water sample was 
passed through a dry, pre-weighed Gooch crucible 
(BOROSIL) and was evaporated to dryness in a hot 
air oven for 1 h at 1 03-105 oc followed by rapid 
cooling in a vacuum desiccator. The calculation and 
expression of TSS in mg/1 was done using formula, 
(W2-W1) X 10 [W1 = weight of the dried residue and 
Gooch crucible after complete evaporation; and 
W2= Weight of the Gooch crucible]. 

1.2.1.6. Dissolved Oxygen (DO): 
DO was measured with the help of a 'DO-meter' of 
'Water Quality Analyzer' (PE 136, ELICO) at the 
spot during sample collection according to the 
manufacturer's instruction. 

1.2.1.7. Chloride (CI·): 
Chloride estimation was performed by means. of 
'Visco-coler ECO Chloride Test kit' (Macherey
Nagel) according to the instruction provided in the 
information booklet associated with the kit. 1-1 0 
ppm concentration NaCI solution was used as 
standard. 

1.2.1.8. Detergents (anionic and cationic): 
With the help of 'Aqua-quant Kit for Detergents' 
(GLAXO) was used for the quantification of anionic 
and cationic detergent content of the river water 
following procedure given in 'Information Booklet' 
supplied by manufacturers. 

1.2.1.9. Total Alkalinity: 
Total alkalinity was determined by titrating 100 ml 
sample against 0.01 N HCI using methyl orange 
indicator until the yellow color changes to pink. Total 
alkalinity was measured by the formula, Total 
Alkalinity as CaCOJ, mg/ml= {(A X 0.01) X 50} [A= 
ml of total HCI used]. 

1.2.1.1 0. Turbidity: 
Turbidity free water (showed turbidity value <0.03 
NTU) was used to prepare reagents and was used 
as a negative control. A 'Nephelometer' (model CLS 
2D, ELICO) was used for quantification. Stock 
turbidity suspension having turbidity value of 400 
NTU, was prepared by mixing 5m 1% hydrazine 
sulfate and 5 ml1 ~% hexamethylenetetramine. The 
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turbidity value of 1-10 times diluted stock turbidity 
suspension was used as standard and compared 
with the data obtained form samples. The turbidity 
was expressed as Nephelometric turbidity units 
(NTU) with the formula, [M X (N+0)]/0, [M= NTU of 
diluted sample, N= volume of diluted water; 0= 
sample volume taken for dilution]. 

1.2.1.11. Biochemical Oxygen Demand (BOD): 
The oxygen content of the water sample filled in a 
BOD bottle (vol. 300 ml) was recorded with the help 
of 'DO-meter' and the BOD-bottle was transferred in 
a BOD incubator at 20 oc for 5 days. After 5 days of 
incubation the oxygen content of the subject water 
was recorded again. The BOD of the sample was 
expressed by the calculation, BOD mgn= [((DO-D5) 
X 1 0}/3], [DO= oxygen content of the sample in 
'zero' day; D5= oxygen content of the sample in 5fu 
day]. 

1.2.1.12. Chemical Oxygen Demand (COD): 
COD is the measure of oxygen consumed during 
the oxidation of the oxidizable organic matter by a 
strong-oxidizing agent. Potassium dichromate in the 
presence of sulfuric acid is generally used as an 
oxidizing agent in determination of COD. The 
glassware used for estimation of COD were washed 
with chromic acid and then washed in deionized 
double distilled water to remove all organic matter. 
To determine COD, 20 ml water sample was taken 
in a COD flask and 10 ml of 0.025 N potassium 
dichromate, 0.05 gm of Ag2S04 and 0.07 gm HgS04 
was added. After adding 30 ml sulfuric acid the 
sample was refluxed for 2h on a hot plate. The· 
volume of the refluxed liquid was increased by 
adding 140 ml water and was titrated with 0.1 N 
ferrous ammonium sulfate using terrain indicator. A 
blank set was also prepared using same quantity of 
the chemicals. The COD, mg/ml, was calculated by 
{(b-a) X 0.025 X 400} [b= ml of titrant with blank; a= 
ml of titrant with sample] 

1.2.1.13. Total Ammonia 'N' content: 
In 50 ml water sample, 5.0 ml concentrated sulfuric 
acid and 0.5 ml copper sulfate was added and was 
refluxed in a Micro-Kjeldahl distillation apparatus. 
Liberated ammonia was collected in 2.5 ml of 0.4 N 
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quantity of the chemicals. The volume of the 
distillate was made up to 50 ml by adding double 
distilled water and 1.0 ml Nessler's reagent [an 
alkaline solution of potassium tetraiodomercurate 
(II)] was added and mixed. Photometric 
measurement of the resultant brown color was 
estimated in a UV-Vis Spectrophotometer 
(SIMADZU, Japan) at 425 nm. The data obtained 
was compared with a standard curve generated by 
using known quantity of NH4CI. 

1.2.1.14. Total Phosphorus: 
In order to estimate total phosphorus, 25 ml water 
sample was digested in a Kjeldahl flask in presence 
of 1.0 ml H2S04 and 5.0 ml HNOa until the volume 
of the sample became 1.0 mi. The volume of the 
digested product was diluted by adding 20 ml water 
and neutralized with the help of 5 N NaOH. After 
neutralization, 2.0 ml ammonium mglybdate 
followed by 5 drops of SnCI2 was addbd. The 
intensity of the blue color was measured '~t 690 nm 
within 5-7 minutes and the quantification of total 
phosphorus content was done from the standard 
curve. 

1.2.1.15. Nitrate 'N': 
To 10 ml water sample, 2.0 ml of 30% NaCI and 10 
ml of concentrated H2S04 were added and mixed 
thoroughly by gentle swirling by hand. To the 
mixture, 0.5 ml of brucine reagent was added and 

. then placed in hot water bath for 20 minutes. The 
optical density at 410 nm was determined in an UV
Vis spectrophotometer at 41 Onm. The nitrate 'N' 
content was estimated from a standard curve 
prepared by the same method using known amount 
ofKNOa. 

1.2.1.16. Nitrite 'N': 
Estimation of nitrite was done by adding 1.0 ml each 
of 0.5% EDTA, 0.6% sulphanilic acid, alpha
napthylamine hydrochloride and 16% CHaCOONa 
solution in sequence, in 50 ml sample. A wine red 
color appeared and absorption at 520 nm was 
recorded, from where nitrite content was estimated 
using a standard curve. 

1.2.1.17. Silica: 
H2S04. A blank set was also run using same To the 50 ml water sample, 1.0 ml of 50% HCI solu-
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-lion was added and was mixed thoroughly for 10 
min after adding 2.0 ml ammonium molybdate, 
followed by addition of 1.5 ml oxalic acid. The blue 
solution was analyzed for absorption at 420 nm. 
The OD was plotted in a standard curve to get the 
quantity of nitrite. 

1.2.1.18. Total Hardness: 
For estimation of hardness, ammonia-buffer solution 
was prepared by adding Solution-! and Solution-11. 
Solution-! was prepared by dissolving 16.9 g NH4CI 
in 143 ml concentrated NH40H, and solution-11 was 
50 ml aqueous solution of 1.179 g EDTA and 0.78 g 
MgS04.1H20. In 50 ml water sample 1.0 ml each of 
ammonium-buffer and 5% Na2S was added, and 
titrated with 0.01 M EDTA in presence of 
Eriochrome black T indicator. The mg/ml hardness 
was calculated in terms of CaCh from the formula, 
(V X 20) [V= volume of EDTA used]. 

1.2.1.19. Calcium Hardness: 
Ca-hardness can be estimated by titrimeric method 
using Murexide indicator at a very high pH. To 50 ml 
water sample, 2.0 ml of 1 N NaOH was added and 
titrated with 0.01 M solution of EDTA, and was 
calculated by using formula, (V X 8) [V=volume of 

EDTA used) . 
. , 

1.2.1.20,, Magnesium Hardness: 
Magnesium hardness was calculated from the data 
obtained from the analysis of total hardness and 
Ca-hardness by the formula, Mg2• mg/1= [{{Th-Ch) X 
400.8}/ (50}. 1.6~5)] [Th= Total hardness; Ch= Ca
hardness]. · .. 

1.2.1.21. Statistical Analysis: 
For statistical analysis SPSS Package for Windows 
10.0 was used. 

1.2.2. Results and discussion: 
The data generated from physico-chemical analysis 
of Torsa river water in different sampling months 
(May 2001 to April 2002, except July and August) 
for three sampling sites {SS-1, SS-11, and SS-111) are 
enlisted in Table 1.1. 

1.2.2.1. Temperature: 
Interesting spatial and temporal thermal changes 

Chapter 1 

occur when solar radiation and atmospheric 
temperature come in contact with river water 
surface. Thermal change can affect both chemical 
and biological properties of river water. Increase in 
temperature of natural water tends to accelerate 
chemical reactions, lowers solubility of gases, 
changes taste and odor due to higher metabolic 
activity of organisms. Air and water temperature of 
Torsa basin ranged between 22-37 oc and 17-29 oc 
respectively. Highest water and air temperature was 
observed in the month of September 2001 at SS-11 
and lowest temperature of both water and air was 
recorded in January 2002 at SS-111. On an average 
lowest water and air temperature was recorded in 
winter (December & January) and highest was 
observed during summer (May- October). When 
plotted both against different months, both water 
and air temperature showed similar types of 
_fluctuation curve, thereby facilitating to conclude . 
that water of river Torsa was not polluted with 
thermal pollutants. 

1.2.2.2. pH: 
Quantification of W ion concentration of water is a 
very important parameter to assess water quality. In 
rivers or ponds, pH_ increases during day, largely 
due to photosynthesis and decreases at night 
because of respiratory activity. Natural water has 
pH nearly 7.0 - 8.0, and variations of that range 
indicate pollution. Average pH range of the river 
water showed minimum fluctuation around the year, 
ranged 7.7- 9.0, which is comparable to the pH 
range of other rivers, such as Kaljani, of the same 
geographical location. The pH value recorded for 
Torsa is little higher {Figure 1.2) than the 
recommended value set forth by World Health 
Organization (7 .0-' 8.5) and hence it could be 
assumed that water contained carbonates with or 
without bicarbonate but do not have free carbonic 
acids (Manivasakam, 1980). 

1.2.2.3. Conductivity: 
Conductivity is a numerical expression of the ability 
of an aqueous solution to carry electric current. 
Temperature, ions and their concentrations, 
mobility, valence etc. can influence conductivity of 
water. Freshly prepared distilled water has 
conductivity range of 0.5- 2.0 ~0/cm and in United 
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States conductivity of potable waters ranges implies about the physical and biological processes 
generally from 50- 1500 ~0/cm (APHA, 1985). The going on in water. The source of oxygen in water is 
range of conductivity of Torsa water (100- either the atmosphere itself or the photosynthetic 
270~0/cm) is safely within the range of portability. activity of phytoplanktons. Diffusion of atmospheric 
During summer months, such as May and June, oxygen into water further depends upon 
conductivity ranges between 100-156 ~0/cm, and temperature, movement and salinity of water. 
in the month of November this was found a little Autotrophic population also serves as a potential 
higher (222.4-270 ~0/cm) in all three sampling source of dissolved oxygen. Depletion of dissolved 
stations. 

1.2.2.4. Total Dissolved Solid (TDS): 
Many salts, such as carbonates, bicarbonates, 
chlorides, sulfates, phosphates, sodium, potassium, 
iron etc., are found dissolved in natural waters. A 
high concentration of dissolved solids increases the 
density of water, affects osmoregulation of fresh 
water organisms, reduce solubility of gases (like 02) 
and utility of water for drinking, irrigation, and 
industrial purpose. In all three sampling stations 
higher TDS were recorded during November and 
December, and highest value for TDS was recorded 
in sampling station SS-111 as 380 mgn in the month 
of June, whereas in other months of the year TDS 
of the water did not exceed 262.7 mg/1. TDS content 
of Torsa was found within the limit of maximum 
desirable limit for drinking water as proposed by 
APHA (500 mg/1). 

1.2.2.5. Total Suspended Solid (TSS): 
TSS content of water depends on the amount of 
suspended particle, soil, silt, and is directly related 
to turbidity of water. Disposal of sewage and 
industrial effluents contributes suspended matter to 
river and streams. According to Indian Standard 
Institution (lSI), water having TSS less than 50 mg/1 
is recommended suitable for drinking and industrial 
purpose. Torsa showed wide variation in TSS, 
ranging between 15.6 · 650 mgn, round the year in 
all three sampling sites. TSS content of the river 
water in the month of May at SS-111 (650 mg/1), and 
during June, September and October, in all three 
sampling stations, was not only recorded higher 
(128.8- 481.2 rrig/1) but also much more above the' 
desirable limit set forth by lSI. 

1.2.2.6. Dissolved Oxygen (DO): 

oxygen from river water can be assisted by several 
factors, the foremost of which is presence of organic 
pollutants or organic wastes. However, presence of 
oxidizable inorganic substances, such as hydrogen 
sulfide, ammonia, nitrites, ferrous iron, etc., can also 
deplete the oxygen content of water. Lower 
dissolved oxygen content, i.e. DO of less than 3 
mgn, has been_ proved to be lethal for fishes as well 
as for other aquatic life. The DO for Torsa river 
water, ranged between 5.2- 8.5 mg/1 in all three 
sampling stations round ·the year, and, when 
average annual fluctuation of DO and water 
temperature of the river water was plotted, a 
reverse curve originated (data not shown), l'!hich 
clearly indicated that there was inverse relationship 
between these two parameters. Low temperature 
and high aeration rate during winter was possibly 
responsible for increased amount of dissolved 
oxygen (7.8- 8.5 mgn). The torrential nature of the 
river could be held responsible for the average high 
value of DO throughout the course of this river. 
While Studying DO content of Bhigarathi River at 
Himalayan foothflls like, Uttarkashi, Tehri and 
Deoprayag, similar observation was reported 
(Gautam, 1990), where the liver water was found to 
be saturated with dissolved oxygen (7.0- 10.9 mgn). 

1.2.2.7. Chloride: 
Chloride ion (CI·) is one of the major inorganic 
anions in water and wastewater. River water rich in 
chloride ion is unfit for irrigation because of its 
toxicity to plants. High chloride containing water 
also harm metallic pipes and accelerate corrosion 
by other factors (APHA, 1985; and Manivasakam, 
1980). Chloride content of Torsa varied betwe(in 
3.5· 10.9 mg/1 and the highest value was recorded 
during September and October and lowest value 
was observed in February at SS-111. The average 

Oxygen dissolved in water is a very important chloride content of Torsa was recorded higher 
parameter for determining water quality, because it compared to Kaljani (1.7- 4.2 mg/1). Venkateswarlu 
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and Jayanti (1968} concluded that the values of 
chloride are associated with organic pollution in 
some rivers and reservoirs, the main source of 
which is sewage or wastewater, as NaCI is a 
common article of diet and passes unchanged 
through the digestive system. 

1.2.2.8. Detergents (anionic and cationic}: 
Detergent contamination in the river directly takes 
place from sewage disposal and washing of cloths 
and utensils in river water. Higher detergent content 
prevent solubility of oxygen from atmosphere due to 
formation of foam and contribute high phosphate to 
water. At higher concentration detergents exerts 
toxic effects in aquatic life. Cationic detergent 
content of Torsa was in the undetectable range and 
anionic detergent content ranged between 0.1- 2.0 
mg/1. 
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suspended particles. Turbidity has direct relation 
with primary productivity of water body. According to 
WHO water bodies having turbidity less than 5 NTU 
can serve the purpose of drinking. In Torsa, except 
September, annual average of turbidity data 
calculated was much lower (1.0- 5.7 NTU} and 
thereby does not affect primary productivity. During 
September the turbidity range was observed 
between 6.0- 20.5 NTU in all three sampling sites, 
and highest turbidity was recorded in SS-111 at 
Coochbehar in the sampling month of September. 

1.2.2.11. Biochemical Oxygen Demand (BOD}: 
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 measurement of 
organic waste load of water, and thus higher BOD 
will indicate high organic pollution of water. 

1.2.2.9. Total Alkalinity: According to the 'Royal Commission of sewage 
Quantification of alkalinity implies the presence of disposal', water having BOD more than 5 mg/1 is 
hydroxyl ions in a given water body. This is an uns.afe for domestic use (Her Majesty's Stationary 
important parameter used in corrosion control and Office, 1972}. The BOD value of Torsa ranged 
helps in evaluating the buffering . capacity of between 0.6- 3.0 mgn (Figure 1.2} which is 
wastewater. Bases such as carbonates, comparable to the BOD recorded in a tributary of 
bicarbonates, hydroxides, phosphates, silicates, Torsa, river Kaljani (BOD ranged between 0.2- 2.5 
borates etc. present in water contributes to the mg/1} (Bhadra et a/., 2005}, but less than 
alkalinity, and is regarded as total alkalinity. In river mountainous Bhagirathi where BOD ranged 
water, high alkalinity over 100 mgfl, generally favor between 1.5-6.9 mgfl (Gautam, 1990}. The average 
the growth of phytoplankton, especially the blue- BOD values of water calculated from ten samples 
green algae, and thereby increase the risk of collected round the year for each sample site, 
eutrophication. In the current study total alkalinity . showed that the water of SS-111 has more BOD (1.64 
value of Torsa ranged between 50.3- 585.5 mg/1, mg/1} followed by SS-1 (1.04 mg/1} and SS-11 (0.9 
the lowest alkalinity value was observed in February · mg/1}. 
in all three sampling stations and highest alkalinity 
value was observed at SS-1 in June. The range of 
alkalinity recorded in Torsa was found higher 
compared to Bhagirathi passing through the 
mountains (16- 60 mg/1) (Gautam, 1990) and Kaljani 
(53.3- 95 mg/1} (Bhadra eta/., 2005}. 

1.2.2.10. Turbidity: 
Turbidity in natural water arises due to the presence 
of suspended matter such as clay, silt, organic 
matter, phytoplankton and other microscopic 
organisms. It is determined indirectly by 
measurement of penetrability of light in water, which 
is dependent on size, shape and refractive index of 

1.2.2.12. Chemical Oxygen Demand (COD}: 
COD may be defined as the measurement of 
oxygen, which is required in oxidizing the organic 
compounds present in water by means of chemical 
reactions involving oxidizing substances. The 
estimation of COD is of great importance, since high 
COD resulting from the presence of toxic chemicals 
poses unfavorable conditions for the growth of 
microorganisms. COD of Torsa ranges between 
1.2- 8.5 mg/1 and highest value of 8.5 mg/1 was 
recorded at SS-111 during February (Figure 1.2}. The 

·'· 
most notable observation was that, the COD of SS-
111 was recorded higher in all sampling months 
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compared to SS-11 and SS-1; therefore, biologically 
resistant organic substance content of SS-111 was 
definitely higher than other two sampling sites. The 
average COD range of Torsa was much lower than 
its tributary Kaljani where [19.5- 162.4 mg/1 COD] 
(Bhadra eta/., 2005). 

1.2.2.13. Total Ammonia 'N': 
Free ammonia in river water almost invariably 
originates from animal wastes and decomposition of 
organic matters. Urea enriched fertilizers used in 
agriculture also contaminate river water through 
runoff, and are converted into ammonia by aquatic 
microorganisms. Total ammonia 'N' content of 
Torsa was observed to be very high in January, 
April, May, June, November and December, and the 
highest value was observed in the month of June at 
SS-11 (26.8 mg/1) (Figure 1.2). The total ammonia 'N' 
content of Torsa was recorded to be very high 
compared to the ·other river of the same 
geographical region, such as Kaljani (0.1- 1.3 mg/1) 
and Teesta (0.5- 1.1 mgn) (Bhadra eta/., 2003). 

1.2.2.14. Total Phosphates: 
The source of phosphate in the river water is either 
industrial effluents of metal finishing companies or 
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organisms add to autochthonous nitrpgenous 
organic matter. There are nitrifying and amonifying 
bacteria, which are known to play significant role in 
oxidation of such organic matter: mainly certain 
nitrogen-fixing bacteria (e.g., Azotobacter) and 
algae (e.g., Anabaena, Nostoc etc.) can fix 
molecular nitrogen in the form of nitrates. High 
concentration of nitrate in water indicates pollution, 
as water become rich in nutrients and favor growth 
of blue-green algae, which in tum can produce 
cyanobacterial toxin and make water unsafe for 
consumption. High nitrate content in drinking water 
. may result into blue baby syndrome in infants. 
Nitrate 'N' content of Torsa ranged between 0.21-
10.4 mg/1 and the highest nitrate content was 
observed during September and October (6.4-10.4 
mg/1) and the lowest value was recorded during 
November (0.21- 0.32 mg/1). According to WHO the 
maximum desirable limit for nitrate in drinking water 
must not exceed 50 mg/1. Therefore water of Torsa 
river cannot be regarded as nitrate contaminated. 
But compared to nitrate content of mountainous 
Bhagirathi, which was in the range of 0.09- 2.2 mg/1 
(Gautam, 1990), the nitrate content of Torsa is 
definitely higher. 

sewage dispo~alt§;pr- both, •as_ phosphates are 1.2.2.16. Nitrite 'N': 
·normal constituehi~- of hum~n excreta. Phosphate Nitrite occurs at a very low concentration in river 
co,ntam.ination in 'nature can also takes place from water, because nitrite in water is formed either by 
fertilizers, soaps and detergents>Water rich in oxidizing ammonia favored by aerobic nitrifying 
phosphate salts, favor eutrophication and result bacteria (e.g., Nitrosomonas) or by reducing nitrates 
algal bloom and c~n ;_interfere in lime-softening facilitated by aerobic denitrifying bacteria (e.g., 
process, or aid hard scale formation in boilers. The Pseudomonas). Presence of even minute quantity 
phosphate content of Torsa, however, showed a of nitrite in water has been indicative of organic 
wide range of variation, 0.15- 102 mg/1 (Figure 1.2). pollution. Water having nitrite content of more than 
Higher phosphate content of Torsa was recorded in 0.1 mg/1 is unsafe for consumption. The nitrite 
the month of February and March (66.5- 99.6 mg/1) content of Torsa was recorded to range between 
and lowest was observed in October at SS-1 and 0.002- 0.009 mg/1 throughout the year. The low level 
SS-11. of nitrate as well as nitrite in comparison to 

1.2.2.15. Nitrate 'N': 
In the river water the most important source of 
nitrate is biological oxidation of nitrogenous organic 
matter of both autochthonous and allochthonous 

ammonia nitrogen in most of the sampling months 
indicated that the nitrogenous organic matter was 
undergoing oxidation or nitrification and that the 
process was far from being complete. 

origin. Domestic sewage and agricultural runoff 1.2.2.17. Total Silica: 
have been regarded as the main sources of Silica may remain in water in colloidal or in 
allochthonous nitrogenous organic matter. particulate form which can pass through filter with 
Metabolic wastes of aquatic community and dead pore size of 0.5 ~m. Natural water having silica 
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Table 1.1: Values of physico-chemical features of waters of Torsa River (April 2001-March 2002) at three sample sites 
Physico-chemical January February March April May June September October November December 

characteristics 2002 2002 2002 2001 2001 2001 2001 2001 2001 2001 

Air temp. a 22.5 ± 0.3 27.0 ± 0.3 28.0 ± 0.3 29.0 ± 0.3 28.0 ± 0.2 29.0 ± 0.3 36.0 ± 0.3 31.5 ± 0.3 26.5 ± 0.2 24.5 ± 0.2 

(•C) 
b 24.6 ± 0.3 28.0 ± 0.3 28.5 ± 0.3 28.5 ± 0.2 30.0 ± 0.3 27.5 ±0.2 37.0 ± 0.4 31.5 ± 0.3 25.5 ± 0.2 26.0 ± 0.3 
c 22.0 ± 0.2 27.5 ± 0.3 29.0 ± 0.35 30.0 ±0.3 31.0 ± 0.3 28.5 ±0.2 36.5 ± 0.3 34.0 ± 0.2 28.0 ±0.2 25.0 ± 0.2 

Water temp. a 17.5±0.1 22.5 ± 0.2 22.5±0.1 24.0 ± 0.2 24.1 ±0.3 25.0 ± 0.2 26.0 ± 0.2 25.5 ± 0.2 21.5±0.2 20.5 ±0.2 

(•C) 
b 20.0 ±0.1 23.0 ±0.2 23.5±0.1 25.0 ± 0.1 27.5 ± 0.2 26.0± 0,1 29.0. 0.1 25.5±0.1 20.5±0.2 23.0 ±0.3 
c 17.0±0.1 23.5 ± 0.2 23.0. 0.1 25.0 ±0.1 27.5. 0.1 24.0 ± 0.2 25.5. 0.2 27.0±0.1 23.0. 0.1 20.0. 0.2 
a 8.1 ±0.1 9.0±0.1 8.3±0.1 8.0±0.1 7.9±0.1 8.5 ±0.2 7.8±0.2 7.7 ± 0.1 8.5±0.1 8.3± 0,2 

pH b 8.2±0.1 8.2±0.1 8.4 ±0.1 8.3±0.1 8.1±0.2 7.9±0.1 7.7. 0.1 7.9 ± 0.1 8.3 ± 0.2 8.2± 0.2 
c 8.3±0.1 8.4. 0.1 8.4±0.1 8.1. 0.1 7.8 ± 0.1 8.2. 0.2 7.8±0.2 7.8. 0.1 8.1±0.1 8.1 ± 0.2 

Conductivity 
a 155.5± 2.2 130.4 ± 1.7 181.4 ±1,8 175.0 ± 1.2 110.0±1.1 100.0 ± 1 116.0±1.3. 115.4 ±1.5 222.4. 2 135.0 ± 1.3 

(~Mho/em) 
b 115.0±1.5 176.5 ± 2.1 180.5 ± 1.7 171.2± 1.3 150.0 ± 1.3 156.0 ± 1.5 147.3± 1.4 135.9. 0.9 250.3 ± 2.4 175.0 ± 1.7 
c 160.5. 2.1 184.5 ± 2.3 195.5. 2 185.0 ±1.5 150.0 ±1.4 110.0±1.7 166.6 ± 1.6 166.6 ±1.8 270.0 ± 2.6 185.0 ± 2.0 
a 100.3. 0.3 66.4 ±0.1 96.6. 0.25 99.2±0.3 101.3. 0.3 101.3. 0.3 62.6 ± 0.1 63.3±0.1 235.3 ± 0.3 229.3. 0.3 

TDS (mg/1) b 90.2 ±0.2 90.0 ±0.2 93.1 ±02 97.3 ±0.3 84.4 ± 0.1 82.4 ±0.2 79.4 ±0.15 75.3 ±0.1 225.6 ±0.2 235.3 ±0.3 
c 95.6 ± 0.3 94.5 ±0.3 100.7 ± 0.3 90.0. 0.2 102.5 ±0.3 380.0. 0.3 89.9. 0.2 91.6. 0.2 220.9 ± 0.2 262.7. 0.4 
a 30.3 ±1.5 42.1 ±2 56.6. 2.3 49.3± 2.3 32.3 ± 1.6 196.7. 2.5 156.6 ±1.7 246.4 ±2.5 44.9. 2 15.6. 0.3 

TSS (mg/1) b 25.3. 1 31.2± 1.5 43.2±2 35.1±1.6 31.8 ±15 .. 128.8. 2 213.5 ±2.4 324.5 ±3.1 56.3. 2.1 26.6. 0.4 
c 28.7 ±1.3 36.9 ± 1.8 45.6 ±2.1 55.3. 2.3 650.5.3 128.8 ± 2 243.4 ±2.5 481.2 ±3.7 55.7 ± 2.1 26.3 ±0.6 
a 1.0 ±0.3 2.1 ±0.5 3.6±0.3 2.3 ±0.4 1.3. 0.6 5.7 ±1.5 6.0 ±1.7 5.4 ±1.5 1.9±0.7 1.6±0.3 

Turbidity (NTU) b 1.3±0.1 2.2±0.5 3.2± 0.2 2.1. 0.6 1.8 ± 0.5 4.8. 0.9 13.5 ± 2.4 5.5 ± 1.1 1.3±0.1 1.6 ± 0.4 
c 1.7 ±0.3 1.9 ± 0.4 3.6 ±0.9 1.8 ±0.7 1.0 ± 0.3 4.8 ±0.7 20.5 ± 2.5 4.2 ± 1.0 1.7 ± 0.1 1.3±0.1 
a 105.7 ± 0.3 50.3 ± 0.3 90.6. 0.2 109.6±0.1 130.0 ± 0.1 585.5 ± 0.2 88.5. 0.2 98.6 ± 0.3 105.7 ± 0.1 125.6. 0.2 

Alkalinity (mg/1) b 100.0 ± 0.2 62.1 ± 0.1 85.2 ± 0.2 90.3 ± 0.2 113.4 ± 0.1 91.6 ±0.2 86.6 ±0.2 109.3 ±0.3 122.6 ± 0.2 115.3±0.1 
c 98.6± 0.6 66.2 ± 0.5 100.3. 0.6 92.1 ±0.3 410.2±0.3 91.8 ± 0.4 74.4 ± 0.2 105.6 ± 0.1 100.1±0.2 111.2 ± 0.2 

Total Hardness 
a 55.6 ±0.6 73.4 ± 0.5 70.6 ±0.7 55.1 ±0.5 36.7. 0.3 36.7 ± 0.6 33.0 ± 0.3 51.0. 0.4 82.6±0.7 115.9 ± 0.7 

(mg/1)• b 61.3 ± 0.9 91.8 ± 0.6 87.9. 0.7 63.6 ± 0.5 44.1±0.7 39.2 ± 0.4 36.7 ± 0.4 57.1±0.6 131.3 ± 0.8 125.6 ± 0.4 
c 59.9. 0.3 110.2. 0.7 90.1±0.5 75.0 ± 0.5 39.2 ±0.5 56.1 ±0.5 46.5 ± 0.3 71.0 ± 0.6 141.3 ±0.7 130.2 ± 0.7 

Ca-Hardness 
a 23.5±0.3 18.4± 0.3 21.6 ±0.3 20.0 ±0.3 9.7 ±02 9.7 ±0.3 8.7 ±0.3 15.9 ±02 20.2±0.3 21.0 ± 0.1 

(mg/1)" b 21.1 ± 0.4 27.2 ± 0,2 25.6. 0.2 21.3±0.4 13.2 ± 0.3 11.2±0.4 11.7 ±0.4 18.2 ± 0.2 59.5 ± 0.3 25.6 ±0.3 
c 20.1± 0.3 27.2 ± 0.3 25.3 ±0.3 20.9 ± 0.2 15.2. 0.2 32.3 ± 0.3 13.2. 0.2 18.9 ± 0.3 77.6 ± 0.5 29.3 ± 0.2 

Mg-Hardness a 32.1±0.2 55.0 ± 0.2 49.0 ± 0.3 35.1±0.1 27.0 ±0.1 27.0 ±0.2 24.3 ± 0.1 35.1 ±0.2 62.4 ± 0.2 94.9. 0.2 

(mg/1)• b 40.2 ± 0.3 64.6 ± 0.2 62.3 ± 0.3 42.3 ±0.3 30.9 ±0.2 28.0 ± 0.3 25.0 ± 0.2 38.9 ± 0.4 71.8 ± 0.3 100.0 ± 0.3 
c 39.8 ±0.2 83.0 ±0.2 64.8 ±0.3 54.1 ±0.1 23.9 ±0.3 23.8 ± 0.3 33.3 ±0.2 52.1 ± 0.3 63.7 ± 0.1 100.9 ±0.4 
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Physico-chemical 
characteristics 

a 
DO (mg/1) b 

c 

a 
BOD (mg/1) b 

c 

a 
COD (mg/1) b 

c 

Total Ammonia 
a 

'N'(mg/1) 
b 
c 
a 

Nitrate 'N' (mg/1) b 
c 
a 

Nitrite 'N' (mg/1) b 
c 

Total Po/ · a 

(mg/1) 
b 
c 
a 

Chloride (mg/1) b 

c 

Detergent mg/1 
a 

(anionic) 
b 
c 

Total S1lica 
a 

(mg/1) 
b 
c 

January 

2002 
8.5 ± 0.1 
8 2 ± 0.2 
81 ± 0.1 
06± 0.1 
0.6 ± 0.1 
2.0 ± 0. 2 
2.6 ± 0.3 
2.2 ± 0.5 
3.1 ± 0.2 
18.8 ± 0.4 
14.3 ± 0.3 
18.7 ± 0.4 
0.52 ± 0.12 
0.61 ± 0.13 
0.72 ± 0.2 

0.006 ± 0.001 
0.005 ± 0 001 
0 006 ± 0.002 

61 ±0.2 
6.4 ± 0.1 
5.1 ± 0.1 
6.5 ± 0.2 
7.0 ± 0.1 
75 ± 0.3 

0.5 ± 0.13 
0.3 ± 0.15 
0.2±0.11 

7.3 ± 0.2 
4.9 ± 0.16 
52± 0.2 

February March April 

2002 2002 2001 
8.2 ± 0.1 8.0 ± 0.2 7.5 ± 0.1 
8.3 :t 0.1 8.3 ±0.1 7.1 ±0.2 
8.0 :t0.1 7.5 ± 0.1 6.3 ±0.1 
0.7 :t 0.1 0.9 ±0.1 1.0 ±0.1 
0.7 :t 0.1 1.5 ± 0.2 0.8± 0.1 

1.5 :t 0.2 1.5 ± 0.1 0.8 ± 0.1 
2.7 :t 0.1 3.1 ± 0.1 2.5 ± 0.2 
7.8 :t 0.3 3.7 ± 0.2 3.6 ± 0.3 
8.5 :t 0.1 5.9 ± 0.3 3.1 ± 0.3 
t1 :t0.1 3.2 ± 0.1 9.5±0.2 
1.3:!: 0.1 1.1 ±0.1 15.1 ± 0.3 

0.32 ± 0.1 1.14 ± 0.1 10.3 ± 0.3 

4.3 :t 0.4 2.3 ± 0.3 0.57 ± 0.2 
6.2 :t 0.3 6.0 ± 0.6 0.63 ±0.3 
7.0 :t 0.5 8.2 ± 0.5 1.2± 0.2 

0.005 ± 0.001 0.006 ± 0.001 0.005 ± 0.002 

0.006 :t 0.002 0.007 ± 0.001 0.005 ± 0 
0.006 :t 0.001 0.007 ± 0.001 0.007 ± 0.001 

95.3 ± 0.2 92.6 ± 0.4 48.6 ± 0.2 
75.6 ± 0.3 66.5 ± 0.3 52.5 ± 0.2 
86.9 ± 0.2 99.6 ± 0.5 85.2 ± 0.4 
6.0 :!: 0.1 5.5 ± 0.2 7.6 ±0.1 
5.2 :t 01 4.9 ±0.1 6.3 ± 0.1 
3.5 ±0.1 4.1 ± 0.2 5.2 ± 0.1 

0.2 ± 0.05 08 ± 0.12 nd 

0.1:!: 0.13 074±0.08 nd 

0.2 :t 0.07 1.1 ± 0.2 nd 

8.3 ± 0.2 9.5 ± 0.2 4.3 ± 0.1 

6.3 ± 0.1 7 8 ± 0.2 52 ± 0.14 
10 ± 0.5 11 2 ± 0.6 6.2 ± 0.21 

May June September October November December 

2001 2001 2001 2001 2001 2001 
6.9±0.1 6.7 ± 0.2 7.2 ±0.1 7.5 ± 0.2 8.3 ± 0.2 8.5 ± 0.2 
5.9 ± 0.2 5.2 ± 0.3 6.5 ± 0.1 7.2 ± 0.1 8.2 ± 0.3 7 8 ± 0.2 
7.1 ± 0.1 7.5 ± 0.2 7.0 ± 0.2 7 1 ± 0.1 7 5 ± 0.2 7 8 ± 0.3 
0.7 ± 0.1 0.7 ±0.1 1.1 ±0.1 2.5 :t 0.3 0.7 ± 0.2 1.5 ± 0.3 

0.6 ± 0.2 0.3 ± 0.2 1.3 ±0.1 2.0 ± 0.1 1.0± 0.3 0.5 ± 0.1 
1.9 ± 0.2 0.7 ±0.1 0.9 :t 0.2 3.0 ± 0.3 2.3 ± 0.2 2.1 ± 0.2 
1.5 ± 0.2 1.5 ± 0.3 5.5 ± 0.2 4.8 ± 0.2 4.0 ± 0.3 1.3 ± 0.3 
2.3 ± 0.2 1.2 ± 0.3 4.9 ± 0.3 5.0 ± 0.2 4.3 ± 0.3 1.6 ± 0.4 
2.9 ± 0.1 3.5 ± 0.3 52± 0.2 7.5 ± 0.3 5.4 ± 0.3 31 ±0.2 
15.2 ± 0.3 15.2 ± 0.3 0.13± 0.01 0.69 ± 0.01 22.5 ± 0.3 15.2 ± 0.4 
20.2 ± 0.5 26.8 ± 0.5 0.9 ± 0.1 0.71 ± 0.01 19.3 ± 0.3 7.7 ± 0.1 
19.0 ± 0.3 16.1 ± 0.3 0.07 ± 0.01 0.4 ± O.Q1 14.4 ± 0.2 9.1 ± 0.2 
0.32 ± 0.1 0.41 ± 0.03 8.4 ± 0.5 6.4 ± 0.34 0.32 ± 0.1 0.7 ± 0.2 

0.34 ± 0.2 0.46 ± 0.12 10.4 ± 0.3 9.2 ± 0.32 0.23 ±0.2 0.9±0.1 
0.41 ± 0.1 0.48 ± 0.2 10.0 ± 0.3 7.4 ± 0.26 0.21 ± 0.1 0.9 ± 02 

0.007 ± 0.001 0.003 ± 0.001 0.002 ± 0.001 0.007 ± 0001 0.006 ± 0.001 0.003 ± 0.001 
0.008 ± 0.001 0.006 ± 0.001 0.005 ± 0.001 0.009 ± 0.002 0.008 ± 0.001 0.007 ± 0002 
0.008 ± 0.001 0.006 ± 0.002 0 004 ± 0.001 0.009 ± 0.002 0.008 ± 0.002 0 007 ± 0.001 

22.0 ± 0.1 22.6 ± 0.2 38.8 ± 0.2 0.15 ± 0.01 8.3 ± 0.2 17.5 ± 0.3 
75.6 :t 0.3 47.5 ± 0.4 40.1 ± 0.3 0.15±0.01 10.3 ± 0.3 15.2 ± 0.1 
72.1 ± 0.3 102 ± 0.6 49.4 ± 0.3 0.69 ± 0.02 10.7 ± 0.2 10.4 ± 0.1 
9.6 ± 0.2 6.5 ± 0.2 6.0 ± 0.1 7.7 ± 0.1 6.0 ± 0.2 8.5 ± 0.3 
6.9 ± 0.3 9.2 ± 0.3 7.6 ± 0.3 8.2 ± 0.2 7.5 ± 0.2 8.0 ± 0.4 
7.6 ± 0.2 9.8 ± 0.3 10.4 ± 0.4 10.9 ± 0.3 8 0 ± 0.3 7 5 ± 0.3 

nd nd nd 11 ± 0.12 1.5 ± 0.22 05±006 
nd nd nd 0.9 ± 0.02 1..0 ± 0.13 0 75 ± 034 
nd nd nd 0.7 ± 0.04 2.0 ± 0.35 t5±0.21 I 

0.57 ± 0.02 0.52 ± 0.02 0.3 ± 0,01 0.33 ± 0.01 7.3 ± 0.3 8.7:!: 0.2 
0.67 ± 0.03 0.67 ± 0.03 0 35 ± O.D15 0.38 ± O.Q1 4 0 ± 0.2 4 5:!: 0.1 
0.70 ± 0.04 0 63 ± 0.01 0 4 ± 0.03 0.5 ± 0.03 4 5 ± 0 17 4 0 ±01 



Chapter 1 

content of 1-30 mg/1 and above (>40 mg/1) is 
undesirable for industrial use (APHA, 1985). Soluble 
and suspended silica was found to form scale in 
pipeline and in high-pressure-steam-turbine blades. 
Total silica content of Torsa ranged between 0.3-
11 .2 mg/1, below the maximum permissible limit set 
forth by APHA. Highest silica content was recorded 
in March at SS-111 and the lowest was observed in 
September at SS-1. 

1.2.2.18. Total Hardness: 
Alkaline earth metal cations, predominantly calcium 
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and magnesium, are the main elements imparting s ,....-----------------. 
hardness to river water. However, to a little extent, B 

ions such as, Fe2•, Mn2•, and Sr2• also impart 

hardness. When simple boiling can eliminate 

hardness, it is called temporary hardness, which 
results due to the presence of carbonate or 
bicarbonate ions in water. But simple boiling cannot 
eliminate permanent hardness contributed by Ca2• 
and Mg2• ions. Hard water is not suitable for bathing 
and washing due to less lather formation with soap. 
In high-temperature-boiler it induces scale formation 
inside and demand more heat to reach boiling point. 
Water having hardness value more than 300 mg/1 is 
undesirable for dying and textile industries 
(Manivasakam, 1980; Swarup et at., 1992). The 
hardness value for Torsa ranged between 33- 141 .3 
mg/1, where the higher hardness value during dry 
season (November and December) might be the 
consequences of dolomite mining in the upstream of 
the river. 

1.2.2.19. Calcium and Magnesium hardness: 
Both Ca and Mg are abundant in natural water, as 
both are leached from rocks and their concentration 
in river water depends upon nature of the basin. In 
aquatic environment, calcium and magnesium are 
important mineral. Ca is required in large quantities 
by the mollusks and the vertebrates, and Mg is an 
essential constituent of chlorophyll. But both these 
hardness-contributing cations reduce suitability of 
water for domestic as well as industrial use. The 
Mg-hardness value of Torsa (23.8- 100.9 mg/1) was 
found much higher than mountainous Bhagirathi (2-
27 mg/1) (Gautam, 1990). The highest Ca-hardness 
value was observed in the month of November at 
SS-11 and SS-111 (59.5 and 77.6 mg/1 respectively), 
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otherwise the Ca- hardness value for T orsa was 

found to range between 9.7- 32.3 mg/1. 

1.2.2.20. Statistical analysis of Physico-chemical 

data: 
Low positive correlation (0.111) between phosphate 

and COD indicate organic pollution of river water by 

phosphorus containing carbonaceous material. The 
pH of the river water generates low correlation value 

(0.152) with ammonia 'N' and high correlation value 
(0.629) with Hardness, which indicates direct and 
close relation between pH and hardness. Positive 

correlation of 0.664 was recorded between 

ammonia 'N' and alkalinity, which clearly implies the 

reason of high alkalinity of the river. The average 

BOD and COD value were demonstrated significant 

correlation of 0.455, and is a characteristic feature 

of the river. Low level of nitrate as well as nitrite in 

comparison to high level of ammonia nitrogen 

indicates that the nitrogenous organic matter in river 
water is undergoing oxidation and nitrification, and 

that the process is far from being complete, which 
was further confirmed by the fact that the nitrate

nitrite ratio of the river was found higher at SS-IJ and 
SS-111, compared to SS-1. Negative correlation (-

0.77) between ammonia and nitrate, and positive 

correlation between, nitrite and ammonia (0.153) 

and nitrite and nitrate (0.398) indicate ongoing

nitrification in river water, where ammonia is first 
converted in to nitrite and nitrite is then converted 
into nitrate. 

1.2.3. Conclusion: 

The principle cause of deterioration river in water 

quality in India has been increased by 
gobbledygook human activities (few examples were 

presented in Figure 1.3 and 1.4), which is done to 
fulfill the basic requirements without considering far 

reaching side effects. Neither planned drainage 
system is operating to prevent disposal of sewage 
in river, nor any sewage treatment plant exists in 

this present study area of the country, which can 
prevent contamination of river water from domestic 

and/ or agro-industrial waste. During sample 

collection we have also noticed several despicable 
human activities, such as, bathing and washing 
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Figure 1.2. Month wise variation of some physico
chemical parameters of Torsa River in three sampling 
stations (SS-1. SS-11, and SS-111). 

clothes in river, discarding dead animals in and 

around river (Figure 1.4A), bathing domestic 

animals in river etc., odious ignorance of private or 
government sector officials, such as dumping of 

garbage on the river (Figure 1.3C); and unscientific 

mining activities (Figure 1.3A), etc., has led to 

pollution of river water and made it unfrt for 

domestic and industrial use. The major 
characteristics of Torsa river water were high pH, 

alkalinity, Mg-hardness, total ammonia 'N' content 

and total phosphate, which suggests sewage 
pollution from catchments localities. Hence, sewage 
treatment planning in the catchments is necessary. 

High orrelation between pH and total hardness 
(0.629) clearly indicate soil erosion due to excessive 

mining of dolomites in its catchments. Elevated total 
phosphate 'P' content indicate pollution due to 

washing of clothes and high total ammonia 'N' data 
in some months indicate direct disposal of untreated 
sewage and animal wastes. As the river water is 
saturated with dissolved oxygen, decomposition of 
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organic waste does not lead to high BOO. Nitrate 
and nitrite content of the river water was also 
recorded very low. Water quality of Torsa can be 
maintained well by regulating disposal and dumping 
off of sewage and solid waste. This study will 
therefore be useful in future management of surface 
water and also may provide valuable database for 

further studies on water quality of other rivers of the 
India. 

Figure 1.3. Photographs showing improper dolomite 
mining leading to landslides in dolomite hillocks (A. B) in 
the catchment area of Torsa. and dumping of solid waste 
of Phunosholing city of Bhutan in Torsa River bed (C) , at 
Jaigaon Town (upstream of Sampling site-1) of district 
Jalpaiguri . 

Chapter 1 

1.3. Sanitary quality of T orsa River water: 

The feces indicating bacteria are used to measure 
the sanitary quality of water for recreational, 
industrial, agricultural and water supply purposes. 
The fecal indicators are natural inhabitants of the 
gastrointestinal tracts of human and other warm
blooded animals. They are released into the 
environment with feces, and are then exposed to a 
variety of environmental conditions that eventually 
cause their death. Studies have shown that fecal 
matter indicating bacteria survive for a few hours to 
several days in water, but may survive for days or 
months in sediments, where they remain protected 
from sunlight and predators. The bacteriological 
tests are extremely sensitive and specific in 
revealing evidence of contamination with sewage. It 
is not true that the objectives in the routine analysis 
of water would be to search pathogenic 
microorganisms. Pathogens are likely to gain 

entrance into water sporadically, and they do not 
survive there for long periods. It is known that 
pathogens enter into water bodies via contamination 
with intestinal discharges of humans or other 
animals. Furthermore, certain bacterial species. 
particularly Escherichia coli and related organisms 
designated as coliforms, fecal streptococci (e.g., 
Streptococcus faecalis), and Clostridium 
perfringens, are normal inhabitants of the large 
intestine of humans and other animals and are 
consequently present in feces. Thus the presence 
of any of these bacterial species in water proves 
fecal pollution of it. Presence of these organisms is 
indicative of the fact that the intestinal pathogen 
might also remain present in water, since, they too 
occur in feces (APHA, 1985; Manivasakam, 1980). 

The coliform group comprises all aerobic and 
facultative anaerobic Gram-negative, non-spore 
forming, and rod shaped bacteria that ferment 
lactose with gas formation within 48h at 35 °C. 
'Multiple tube fermentation technique' is the 
standard test for the quantification of coliform 
bacteria in water and result of the examination of 
replicate tubes and dilutions are reported in terms of 
the 'Most Probable Number' (MPN), which is based 
on certain probability formulas, is an estimate of 
mean density of coliforms in a sample. Therefore 
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the precision of any single test depends on the 
number of tubes used and examination of largest 

sample inocula. Adequate shaking of sample 
renders uniform distribution of bacteria in the 
sample and thereby affects accuracy of analysis. 
MPN tables are based on the assumption of a 
'Poisson distribution' (random dispersion) (APHA, 

1985). 

When drinking water is analyzed, five fennentation 
tubes each containing 10 ml or 100 ml sample is 
used, because treated drinking water should not 
contain coliform(s) in 100 ml of water. In the 
examination of river water a series of tubes, at least 
five in numbers, are inoculated with decimal 
quantities of water. The object of the examination of 

river water generally is to estimate the density of 

bacterial contamination, determine source of 
pollution, enforce water quality standards, or trace 
the survival of microorganism. The multiple-tube
fermentation technique may be used to obtain 
statistically valid numerical values of coliform 
density of water bodies. 

1.3.1. Materials and methods: 
All the chemicals and reagents are used in the 
study are of analytical grades. Deionized double 
distilled water was used for the preparation of 
reagents and media. For the maintenance of pH, 
'pH-meter' (SYSTRONICS) was used which was 
calibrated before every analysis by using 'buffer 
tablets' (NICE) for pH 9.0 and 4.5. 

1.3.1.1. Collection of sample: 
Samples were collected once in every month during 
time period of April 2001 to March 2002 leaving the 
months July and August, as due to heavy rainfall 
and flood during monsoon, collection of sample 
became very difficult. Water samples were collected 
to a final volume of 1 00 ml in airtight, sterile, 
polypropylene container, and were preserved at 4 

oc. From each sampling site, three grab samples 
were collected from left, right and middle of the river 
and were mixed in the laboratory under sterile 
condition and, were treated/ analyzed as single 
sample . After collection, analys is of the 
sample was started within si x hours . 
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1.3.1.2. Standard Total Coliform MPN test: 
Several selective and differential media greatly 

expedite the process of examining water for coliform 
organisms. The standard microbiological technique 
involves three successive tests as stated in 
'Standard Methods' (APHA. 1985): (a) the 
presumptive tests, (b) the confirmed test, and (c) 

the completed test. The culture media and 0.5% 
NaCI solution used for this purpose were sterilized 
in an autoclave at 121 oc for 15 min before inocula-

Figure 1.-4. Photographs showing disposal of dead animal 
(A) and waste from animal husbandry (B,C) into Torsa 
River near sampling site-Ill at Coochbehar. 

-lion. Before inoculation, samples were diluted by 
adding 1.0 ml water sample into 9.0 ml 0.5% NaCI 
solution and were mixed by vortexing. 

1.3.1.2.1 . Presumptive test: 
Laury! tryptose broth (tryptose, 20 1Jg/ml; lactose, 5 
g/1; K2HP04, 2.75 g~ ; NaCI, 5 g~; and Sodium Laury! 
Sulfate, 0.1 g~) having pH 6.8 ±0.2 and containing 
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Table 1.2. Th.e sanitary/ mtcrobialagical quality analysis of waters ofTorsa River at three 
sampling sites (SS-1, SS-11, and SS-111), in different sampling months between May 2001-April 
2002. 

Months Sampling HPC (cfu/ml) Minimum Probable Number (MPN)/100 ml 
sites TC FC FS 

Jan.2002 SSI 45X 10' 1100 BOO 150 
SSII 50 X 103 600 100 50 
SSIII 3.0 X 10' 500 300 80 

Feb.2002 SSI 7.5 X 103 500 170 4 
SSII 2.0X 103 250 200 22 
SSIII 4.8 X 103 900 500 240 

March 2002 SSI 3.0 X 10' 900 500 300 
SSII 9.2 X 10' 170 110 4 
SSIII 16 X 10' 550 500 50 

Apn12oo2 SSI 16 X 10' 1000 500 100 
SSII 25 X 103 900 500 240 
SSIII 14 X 103 1100 500 240 

May 2001 SSI 9.0 X 10' 1600 900 240 
SSII 50 X 103 2400 1600 900 
SSIII 65 X 103 1900 1600 80 

June 2001 SSI 460 X 10' 240 130 130 
SSII 180 X 10' 1600 1100 300 
SSIII 110X103 2600 1600 90 

Sept. 2001 SSI 46 X 103 1600 500 80 
SSII 21 X 103 1600 900 240 
SSIII 19 X 103 500 300 170 

Oct. 2001 SSI 21 X 10' 1400 900 100 
SSII 150 X 10' 1100 600 100 
SSIII 30 X 103 500 240 110 

Nov. 2001 SSI 26 X 10' 1600 1000 100 
SSII 110X103 1100 600 100 
SSIII 49 X 103 1100 1000 50 

Dec. 2001 SSI 80 X 10' 1600 1600 7 
SSII 60 X 103 900 600 80 
SSIII 90 X 103 1100 900 100 

HPC, Heterotrophic plate ocunt; TC, Total oclifonn; FC, Fecal oclifonn; FS, Fecal Streptococci. 

0.01 gfl Bromocresol purple (acid/base indicator) 
were used in presumptive test for total coliform. A 
series of tubes (5 tubes in three sets) were 
inoculated with appropriate decimal quantities (10 
ml in first set, 1.0 ml in second set, and 0.1 ml in 
third set) of diluted sample and were incubated at35 
oc for 24-48h. Formation of acid and gas from 
lactose alter incubation was evidenced from the 
color change of the medium and gas bubble in 
'Durham tube' indicate positive reaction. The 
number of tubes forming acid and gas in each 
dilution series was noted as instructed in 'Standard 
Methods' (APHA, 1985) and MPN for total coliform 
was recorded from MPN-index table (pp.881, 
APHA, 1985). 

1 .3. 1.2.2. Confirmed test: 
For this test, Brillian Green Lactose Bile (BGLB) 
broth (HIMEDIA) with inverted 'Durham tube' was 
used. The tubes showing positive fermentation 
reaction in presumptive test was used as inocula, 
and 0.1 ml inoculum was added in each culture tube 
containing BGLB broth and was incubated at 35 oc 
for48h. The change in color of the medium and gas 
formation was recorded as positive reaction, i.e. 
coliform were present. Loop-full liquid cultures were 
taken from the tubes showed positive reaction and 
were streaked on Eosin-methylene Blue agar 
(HIMEDIA, India) plates. The small colonies having 
black center with greenish metallic sheen were 
subjected tO. completed test. 
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1.3.1.2.3. Completed test: 1.3.2. Results and discussion: 
Black centered colonies of Eosin-methylene Blue The data describing sanitary status analysis of river 
agar plates were inoculated in lactose broth 
(HlMEDlA) and were tested for Gram·reaction 
(Paytkin, 1980). Formation of gas in 'Durham tube' 
and Gram· negative nature of the culture confirmed 
the presence of coliforms. 

1.3.1.3. Fecal Coliform MPN procedure: 
Elevated temperature tests for the separation of 
organism of the coliform group into those of fecal 
origin and those derived from non-fecal sources are 
available. The fecal coliform test was done using 
EC medium (Tryptose, 20 g/1; lactose, 5 gil; Bile 
salts, 1.5 gil; K2HP04, 4 gil; KH2P04, 1 .5 g/1; NaCI, 
5 gil; pH 6.9 ±0.2). A series of 5 tubes in three sets 
containing inverted 'Durham tubes' were inoculated 
with 10 ml, 1.0 ml, and 0.1 ml diluted (1 0-1) samples 
for first, second and third sets respectively. After 
incubation at 35 °C for 24h, gas formation in 
Durham tubes was regarded as positive test. The 
estimation of MPN for fecal coliform was done using 
'MPN index table' (pp. 881, APHA, 1985). The tubes 
showing positive fermentation tests for fecal 
coliform were subjected to confirmed and completed 
tests for coliform as stated above. 

1.3.1.4. Estimation of Fecal Streptococci: 
The term fecal Streptococci indicate a group of 
enterococcus present in human and animal feces, 
e.g., Streptococcus faeca/is, S. faecium, S. bovis, S. 
equines etc. Assay of fecal Streptococci provide 
valuable supplemenlary data on bacteriological 
quality of lakes, streams, estuaries etc. For 
estimation of MPN for fecal streptococcus Azide 
dextrose broth (Beef extract, 4.5 gil; tryptone, 15 gil; 
glucose 7.5 gil; NaCI, 7.5 g/1; Sodium azide 0.2 gil; 
pH 7.2) was used. 10 ml, 1.0 ml, and 0.1 ml diluted 
(10·1) water samples were added in first, second 
and third sets of culture tubes (each set contained 5 
culture tubes) containing Azide-Dextrose broth and 
were incubated at 35 oc for 48h. Growth on the 
media indicated positive reaction and the number of 
tubes showing positive growth in each series were 
counted and MPN for Fecal Streptococci was 
determined from MPN index table following 
procedure stated in 'Standard Methods' (APHA, 
1985). 

Torsa at three sampling sites has been represented 

in Table 1.2. 

1.3.2.1. Total Coliform (TC): 
The total coliform count for Torsa was recorded very 

high through out the all-sampling months in all three 

sampling sites (SS-1, II & Ill). The lowest total 

coliform count (MPNI 100 ml= 170) was recorded 

during March at SS-11, followed by June in SS-1 

(MPNI 100 ml= 240). In SS-111, minimum of MPNI 

100 ml value for total coliform was recorded as 500 

in September, October and January. Otherwise, the 

total coliform counts of other months were very high 

in all three sampling sites throughout the year 

(Table 1.2). A high total coliform count in Torsa 

clearly indicated sewage pollution of river water. At 

SS-1 and SS-11, which are downstream to 

Phuntsholing (Bhutan) and Jaigaon (India), the river 

receives sewage and solid domestic wastes from 

growing settlements (Figure 1 .3C) and thereby 

demonstrated high total coliform count. 

1.3.2.2. Fecal Coliform (FC): 
In most of the sampling months it was observed that 

more than 50% population of total coliform bacteria 

are fecal coliforms. In the month of December at 

SS-1, MPN for total and fecal coliform count of the 

river water are same, which indicate extreme fecal 

pollution of the river water (Table 1.2). Almost 

similar observation was also recorded during 

November and March at SS-111 where the MPN1100 

ml ratio for fecal coliform and total coliform was 
0.909. In SS-11, maximum fecal coliform and total 

coliform ratio was observed in the month of 

February (0.833) followed by March (0.647). High 

TC-FC ratio in these months and high fecal coliform 

count in other sampling months (Table 1 .2) in all 

three sampling sites clearly point towards high 

degree pollution of the river water by intestinal 

micro-organisms of human and warm blooded 

animals. 
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1.3.2.3. Fecal Streptococci (FS): 
Fecal streptococci are the normal inhabitant of 
human and animal intestines and thus can be used 

' as indicators of fecal pollution. In combination with 
fecal coliform data, data on fecal streptococci 
provide specific information about pollution sources 
because certain fecal streptococci are host specific. 
FC/FS ratios between 0.7- 4.4 would indicate 
pollution through human source whereas a ratio of 
<0.7 would indicate non-human mediated pollution 
(Goldreich and Kenner, 1969). In the present 
discussion, we would not like to consider those 
ratios where MPN/1 00 ml values for fecal 
streptococcus were found below 100 to minimize 
misinterpretation of ratios (APHA, 1985). The FC/FS 
ratio in Torsa ranged from 1.6-9.0, which further 
indicate high-level pollution of the river due to 
discharge of human excreta in to river. 

1.3.3. Conclusion: 
Analysis of sanitary quality of River Torsa indicated 
high-level pollution with human excreta, which is the 
principal constituent of s.ewage. Torsa receive 
sewage and organic wastes from two growing 
townships; Jaigaon (India) or Phuntosholing 
(Bhutan) before SS-1 and SS-11 (Figure 1 .3), and 

· from Coochbehar before SS-111 (Figure 1.4). This 
was also evidenced from the data of chemical 
analysis where the ammonia 'N', phosphate 'P', 
Chloride, Alkalinity, COD and BOD were high. The 

1.5. Summary ofthe Chapter 1: 
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high MPN counts of total coliform and fecal coliform 
point towards pollution of river water by intestinal 
microflora and high fecal coliform/ total coliform ratio 
clearly indicates towards human excreta mediated 
pollution. Therefore proper treatment of sewage 
should be done before disposal into river. 

1.4. Determination of water quality index of 
Torsa River: 

According to the book 'Field Manual for Water 
Quality Monitoring', the National Sanitation 
Foundation (NSF) surveyed 142 people 
representing a wide range of positions at the local, 
state, and national level, performed about 35 water 
quality tests for possible inclusion in an index. Nine 
factors, e.g. DO, Fecal coliform, pH, BOD, 
Temperature change, Total phosphate, Nitrate 'N', 
Turbidity, and Total solids, were finally chosen 
which were used for the preparation of a 100 point 
scaleusingsoftwareavailable in the 
website http://www. cce. i a stste. ed u 
/research/ I utz/d m rwq n. b acte ria. h tm I. 
The. NSF water quality indexes of Torsa was 
determined for every sampling site in different 
sampling months and were compared with water 
quality index legend provided in the website. In the 
100 point scale the water quality index of Torsa 
ranges 38-46, whereas the comparative table given 
in the website depicts that any value between 25-50 
in 100 point scale will indicate bad quality water. 

The major characteristics of Torsa river water were high pH, Alkalinity, ammonia nitrogen, phosphate, and low BOD and COD. The 
sanitary status analysis of the river water also revealed very high count of fecal- and total coliform count through out the year. These 
data clearly indicated towards the pollution of river water with sewage. High positive correlation between total hardness and pH content 
may be interpreted as the consequential fall out of dolomite mining at the catchments of the river. One of the important features of the 
river water is its high DO, which could facilitate the aerobic degradation of biodegradable wastes. 
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2. Dynamics of metal resistant copiotrophic bacteria and heavy metal content 
analysis of Torsa River: 

Metals play an integral role in life processes of 
microorganisms. Some metals like Co, Zn, Ni, Cu, 
Mg, Mn, and Fe etc. are required as trace elements 
and therefore are essential, whereas others (Pb, 
Cd, Hg, Ag etc.) have no biological role and hence 
are non-essential. Essential metals often functions 
as catalyst for biochemical reactions, regulator for 
gene expression and are stabilizers of protein 
structure and functions (Costa and Klein, 1999). At 
higher concentration, essential metals exert toxic 
effects to microorganisms. Toxicity occurs through 
the displacements of essential metals from their 
native binding sites or through ligand interaction. 
Non-essential metals bind with greater affinity to 
thiol containing groups and oxygen sites than do 
essential metals (Hughes and Poole 1989; Poole 
and Gadd 1989). Toxicity results from alteration in 
the conformational structure of nucleic acids and 
proteins and interference with oxidative 
phosphorylation and osmotic balance (Poole and 
Gadd 1989). Bacteria, adapted in metal 
contaminated environment should have resistance 
mechanism to overcome 'high metal stress' 
condition. 

Bacteria resistant to heavy metal(s), characterized 
so far, were isolated from metal contaminated 
environments, such as, zinc decantation tank of 
Belgium (Mergeay et a/. 1978), low grade ore 
deposits of Belgium and Zaire (Mergeay 1991), 
metal working industries of Germany and Sweden 
(Mattsby-Baltzer et a/. 1989), sewage contaminated 
water (Pickup et a/. 1997), waste water treatment 
plant of Germany (Timotius and Schlegel 1987), 
anthropogenically nickel polluted or naturally nickel 
percolated eco-system (Stoppel and Schlegel1995j 
and nickel hyper-accumulating rhizosphere (Baker 
and Brooks 1989) etc. There were several reports 
regarding isolation and characterization of metal 
resistant bacteria from ecosystem containing >1000 
ppm Ni, Zn, Cu and Pb (Trajanovska eta/., 1997; 
Mengoni et a/., 2001; Hery et a/., 2003) The 
environment containing toxic quantity of heavy 
metal(s) has been generally found to exhibit poor 

microbial diversity, because the selective pressure 
tends to select only the resistant population 
possessing the genetic system to overcome the 
toxic effect of the metal ion. While isolating and 
quantifying the nickel resistant bacteria from an 
anthropogenically nickel polluted ecosystem, 
Stoppel and Schlegel (1995) concluded that metal 
resistant bacteria could not be isolated from the 
places not contaminated with heavy metals. 

During bacteriological investigations of Torsa water, 
incidence and abundance of nickel, cobalt, copper 
and zinc resistant copiotrophic bacteria in the 
sampling months of January, February and March 
of the year 2001, tempted us to investigate the 
heavy metal content of the river water. 

2.1. Investigation on Heavy Metal ion 
content of Torsa River water: 

2.1.1. Introduction: 

The term "heavy metal", although not rigidly defined, 
is generally held to refer to those metals having a 
density greater than five (Passow et a/., 1961). 
According to Kopp and Kroner (1968), element with 
atomic number greater than 20, excluding alkali 
metals, alkaline earths, lanthanides and actinides 
are termed as heavy metals. Murphy and Spiegel 
(1983) proposed that heavy metals are generally 
considered to be those giving a specific gravity 
greater than 4 to 5 and atomic numbers of 22- 34, 
40- 51, 57- 83 or 89- 103. The latest classification 
is helpful in gaining insight into the toxic mode of 
action and biochemical activities of metal ions, 
because it is based on the reactivity of metal with 
available legends. Even at a very low concentration 
most of the toxic metals or 'bad ions' (Cadmium, 
Arsenic etc.) impart toxicity to organisms by binding 
irreversibly to the 'S' and 'N' atoms of 
macromolecules, mainly proteins and enzymes, and 
thereby destroying theirfunction(s). 
The major sources of heavy metals in rivers are, 
sewage, industrial effluents and runoff from 



chemically weathered soil, mining activity around 
the river, and other anthropogenic activities. After 
contamination, in natural water, heavy metals are 
absorbed by suspended particles and sedimented 
or can exist in the form of free ions and inorganic 
complexes (Stumm and Brauner, 1973). 
Conce~trations of metals in aquatic ecosystem vary 
according to position, time, season, temperature, 
biological activities and ecology. It was observed 
that water bodies having low pH and less dissolved 
oxygen bears maximum chance of heavy metal 
contamination (Liyod, 1960; White et a/., 1963). 
Biological activity and chemical reactivity also 
depend upon the form in which these metals are 
present and their availability depends on specific 
conditions. Thus, the contents of heavy metals and 
their forms, states and chemical environments 
bring obvious change in the respective flora and 
fauna. 
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2.1.2.1. Water sampling: 
Water samples were collected from three sampling 
sites (SSI, SSII & SSIII), of Torsa River of northern 
West Bengal, India, once in every month between 
April 2001 to March 2002, except the month of July 
and August, because of heavy rainfall and flood 
during the monsoon season, water collection 
become very difficult. Sample sites 1 and II, were 
Hasimara and Falakata respectively, of the district 
Jalpaiguri, and Ill was at Ghugumari of the district 
Coochbehar, of the state of West Bengal, India (see 
figure 1.1.A of Chapter 1). From each sampling 
station, composite samples were collected in amber 
color glass bottles of 2L capacity. The samples 
were stored in iceboxes until brought to the 

laboratory. 

2.1.2.2. Sample preservation: 

The rapid upsurge of heavy elements in the Water samples were filtered through Whatman® 1 

complex air-water-food system has concerned the filter Paper (Whatman Int. Ltd., England) to remove 
environmentalists in India and consequently suspended particles; acid digested using HN03 for 
different rivers have been investigated in this light; minimizing the interference by organic matter; and 
e.g., Ghosh eta/. (1976) estimated heavy metal in was analyzed for estimation of heavy metals. 

river Hooghly at Kolkata, Chattopadhyay et a/. 
(1984) quantified heavy metals of Ganges River in 2.1.2.3. Reagents and Chemicals: 
Kanpur, Raina eta/. (1984) measured the extent of De-ionized double distilled water and analytical 
metallic pollution of river Jhelum in Jammu and grades of metal salts (MnCI2, NiCb 6H20, CoCb 
Kashmir, Verma (1990) monitored levels of heavy 6H20, ZnS04 6H20; CuS04 7H20, FeS04 7H20 
metals at Ghatshila (Bihar) in river Subemarekha, and CH3COOPb 2H20) were used to prepare 1M 
Sharma et at. (1993) determined distribution of stock solutions. The stock solutions were diluted 

heavy metal ion content of Beas River in Himachal and were used to prepare standard curves. 

Pradesh. It is therefore, very important to study the 
concentration of heavy metals in water bodies and 2.1.2.4. Analysis of samples: 
in the recent past there has been increased Deionized double distilled water was used for 
emphasis on studies related to trace metal pollution preparation of stock solutions and dilution purpose 
of various rivers (Ranu eta/., 1991; Sharma eta/., and was used as negative control during analysis. 
1993; Prebha and Selvapathy, 1997; Kaushik el a/., Quantitative estimation of heavy metal was done 
2000 & 2001 ). The analysis of heavy metal ion with atomic absorption spectrophotometer (Varian 
content of water of Torsa River was undertaken Spector AA 20 plus) using acetylene gas as fuel (at 
since there has been no database available about 89 psi) and air and nitrous oxide as supporting 
the same. In the present study the concentration of gases. AR grade purified metals and metal oxides 
heavy metals viz. Fe, Ni, Pb, Cd, Co, zn, Cu and were used for preparing various standards for 
Mn were determined at three sampling stations to calibration following Standard Methods (APHA, 

assess the suitability of the water for drinking and/ 1985). 

or irrigation purpose. 

2.1.2. Materials and Methods: 

2.1.3. Results and discussion: 
Heavy metal ion analysis of the river water was 
done for quantitative estimation of Mn, Fe, Co, Ni, 
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Table 2.1. Heavy metal ion content of Torsa River water [The values are mean of three samples (one sample 
per sampling site)]. 

Sl. Months Metal ion concentration (ppb) 
No. (Apr.2001to Mar. 2002) Mn Fe Co Ni Cu Zn Pb 

1 January 25.04 561.31 11.09 5.26 135.83 691.32 174.16 
(2.51) (27.83) (1.2) (0.72) (7.11) (33.2) (18.56) 

2 February 17.40 232.16 13.31 1.44 20.57 612.49 145.21 
(0.89) (11.63) (1.5) (0.21) (1.45) (29.7) (15.23) 

3 March - 1413.21 6.11 3.12 44.73 662.34 176.93 
(7.92) (0.81) (0.31) (4.62) (32.26) (17.55) 

4 April 9D.43 1732.35 5.72 20.30 57.20 109.06 123.23 
(4.76) (95.22) (0.95) (0.78) (5.12) (5.11) (6.21) 

5 May - - 2.22 2.37 13.19 63.01 87.03 
(0.04) (0.41) (1.21) (2.7) (4.22) 

6 June 88.23 3252.4 5.24 2.61 61.25 82.92 44.21 
(3.79) (148.32) (1.11) (0.12) (2.71) (7.2) (2.11) 

7 September - 2311.58 6.05 5.65 32.70 41.84 42.13 
(121.65) (0.67) (0.51) (1.69) (1.89) (2.43) 

8 October 25.93 1044.2 6.58 3.24 35.65 34.26 34.12 
(2.46) (89.34) (1.1) (0.23) (1.93) (1.32) (1.98) 

9 November 41.67 - 5.88 1.12 30.75 296.67 89.14 
(4.88) (0.59) (0.08) (1.n) (14.31) (4.18) 

10 December 28.09 523.55 42.63 7.45 81.42 555.45 118.32 
(2.52) (26.42) (4.76) (0.32) (4,21) (24.67) (5.95) 

Maximum pennissible limits 500' 300' 50" 20' 1000' 3000' 5oo-
(ppb) 

- .. ·" . .. , not d~ne, , WHO Standards, , USSR Standards, , lndJan Standards 

Cu, Zn and Pb. The heavy metal ion concentrations for consumption by human being. Copper is toxic to 
(mean of three samples; one sample per sampling many aquatic lives, mainly to invertebrates and 
site per month) of Torsa river water in different fishes, even at a concentration of 15 ppb (Lopez 
months are depicted in Table 2.1. Maximum and and Lee, 1977). In the present investigation, the 
minimum zinc content of the river water was copper content of the river water was recorded to 
observed in the month of January (691.32 ppb) and range between 20.57-135.83 ppb through out the 
October (34.26 ppb) respectively. The lead content year except in May 2001. Toxicity of Cu to aquatic 
of the river reached its maximum in the month of organisms varies with the chemicals, species 
March and January (176.93 ppb and 174.16 ppb present in water and other environmental 
respectively) while minimum were recorded during parameters like temperature, pH, turbidity, and 
September-October (34.12- 42.13 ppb). Maximum hardness. Agricultural runoff (from adjoining tea
quantities of dissolved Ni, Cu and Co ion content of gardens where copper fungicides are used 
the river were 20.3 ppb (in April), 135.83 ppb (in frequently) and effluents from dolomite-excavated 
January) and 42.63 ppb (in December) respectively. hillocks are suspected to be the probable source of 
The iron content of the river was recorded to be copper ion, whereas, sewage is expected to be the 
comparatively less during winter months (December source of other metal ions in Torsa. Considering the 
to February), which reached its maximum maximum permissible limit of heavy metal in the 
concentration in the month of June (Table 2.1). The drinking water as stated by WHO, USSR and lSI 
maximum Mn2• ion content ofTorsa River was also (see Table 2.1), the water of Torsa cannot be 
recorded in the month of April (90.43 ppb). The iron regarded as heavy metal contaminated. 
content of the river water was found to range 
between 232.16- 3252.4 ppb. 

In all sampling months (except February 2002) the 
iron content of the river water was found higher than 
the maximum permissible limit as stated by WHO 

2.2. Dynamics of Nickel, Cobalt and Zinc 
resistant copiotrophic bacteria: 

2.2.1. Introduction: 
Bacteria, the simplest living entities, are ubiquitous 
and more abundant than any other life forms in the 
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entire biosphere because of their diversity, rapid 
reproducibility, ratio of surface area to volume, 
which is high, and adaptability in any environmental 
niche. In contrast to the eukaryotic system, in 
general, the bacterial cells are small, enucleate and 
rely solely on diffusion for their livelihood 
(Beveridge, 1989), and hence are exposed to the 
elements of the biosphere. With the simpler 
physiology they efficiently respond to the changes 
of any of these elements/components through 
genetically programmed processes. This is 
necessary because, neither can they selectively 
acquire their essential nutrient components nor can 
they fling away toxic components (Beveridge, 
1988). 

The extreme heterogeneity of composition of natural 
water supports the sustenance of diverse microbial 
population, and further modifies and develops 
specialized ecological niches. Moreover, surface 
water also possesses necessary components to 
maintain an appropriate condition to support 
bacterial population not only for continuing their life 
processes there but also to protect them from 
otherwise highly changing situations. 

Generally the concentrations of ions of heavy 
metals in river water are very low and allow 
unimpaired growth of normal microbial flora. 
Ecosystems polluted by toxic concentration of 
heavy metal(s) are inhabited by bacteria having 
genetic mechanism that confer resistance towards 
high concentration(s) of one or more than one metal 
ions(s). Metal resistant microorganisms have been 
mostly isolated and characterized from 
anthropogenically-metal-polluted sites (Schmidt and 
Schlegel, 1994; Stoppel and Schlegel, 1995; 
Trazanovska eta/., 1997; Singh and Kumar, 1998; 
Mengoni et a/., 2001). Schlegel et a/. (1991) 
reported the occurrence of nickel-resistant bacteria 
in soil samples collected from the canopy of nickel
hyper-accumulating shrubs and trees. They 
proposed that the high population of nickel resistant 
strains in the plant rhizosphere resulted due to the 
'nickel-cycle' that was operative in nickel
metallophytes. High proportion of nickel, cobalt, zinc 
and copper resistant bacteria were isolated from 
metal polluted domestic and industrial waste and 
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soil samples (Schmidt and Schlegel, 1989). While 
studying the nature of bacterial flora of the soil 
having high lead content (260 mg/g), Trajanovska et 
a/. (1997) reported the incidence and abundance of 
metal resistant Gram-positive and gram-negative 
bacterial flora. Similar observations were also 
reported by Hery et a/. (2003) while isolating nickel 
resistant bacteria from neocaledonian soil that was 
rich in heavy metals. Pal et al. (2004) reported high 
percentage of recoverable metal resistant bacteria 
in serpentine soil containing high concentration of Ni 
(4136.7- 8033.4 mg/kg), Co (400- 533 mg/kg), and 
Cr (2760- 4436 mg/kg). The best characterized 
multiple metal resistant bacterial strains viz. 
Alcaligenes eutrophus CH34, A. xylosooxidans 31A, 
and A. eutrophus KT02, were also isolated from a 
metal decantation tank of a zinc factory in Liege, 
Belgium (Schmidt eta/., 1991 ). 

According to a school of thought it has been 
hypothesized that the toxic metal resistance 
systems arose soon after life began, in a world 
already polluted by volcanic activities and other 
geological sources (Misra, 1992). As with antibiotic 
resistance determinants, toxic heavy metal 
resistance determinants are pre-existent to recent 
human activities that create polluted environments 
(Silver and Phung, 1996). To our knowledge there 
exists a void of published document(s) reporting 
incidence and abundance of metal resistant bacteria 
from an ecosystem not polluted by heavy metals. 
Therefore, we have undertook a research program 
to look into the incidence and abundance of bacteria 
resistant to nickel, cobalt, zinc and copper from the 
waters of Torsa River (see Table 2.1) having heavy 
metal content below the range of toxicity. 

2.2.2. Materials and Methods: 

2.2.2.1. Sample collection: 
Water samples were collected separately from three 
sampling sites, SSI, SSII and SSIII [Figure 1A of 
chapter 1] of river Torsa, once in every month 
between April 2001 to March 2002, except July and 
August. For the purpose of sampling, sterile glass 
containers with polypropylene caps were used and 
were brought into the laboratory in an ice bucket 
and were analyzed. 
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2.2.2.2. Bacterial cultures and media used: 
The metal salts and bacterial strains used in this 
study are shown in Table 2.2 & Table 2.3 In order to 
enumerate total recoverable copiotrophic bacteria, 
0.1 ml volume of diluted water samples were plated 
on nutrient agar (HI MEDIA) plates and were 
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eutrophus CH34 (Mergeay et a/. 1985) and 
Klebsiella oxytoca CCUG15788 (Stoppel et a/. 
1995) were used as positive control. 
2.2.2.4. Determination of MTC of selected nickel 

resistant isolates: 
Isolates manifesting single colonies on the heavy 

Table 2.2.1. Metal salts used in the media for the isolation of metal resistant bacteria and gro'NI.h 
· e~(!_eriments. 

Metal-salts 

Nickel Chloride 
Cobalt Chloride 
Cadmium Chloride 
Copper Sulfate 
Zinc Sulfate 

Chemical formula 

NiC[,, 6H20 
coer,, BH,o 
Cd Ci2,2H,O 
cuso •. 7H20 
Znso,, BH,o 

Supplier (company) 

OUALIGEN, India 
QUALIGEN,.India 
EMARK, India 
SRL, India 
QUALIGEN, India 

Concentration used (mM) 

0.5- 14 
0.5-5.5 
0.5-5.5 
0.5-7 

0.5-7.5 

T able 2.2.2. Bacterial strains used as positive and neoative control durina characterization of metal resistant bacteria 
Bacterial strain Properties and aDiiilcatiorilSf ReferenceJs) 

SupE44 hsdR17 recA1 endA1 gyrA46 thi rei At lacF' [pro All' /acto 
Escherichia coli /acl M15 Tn10 (let•)]; Used as negative control for characterization of Bullock et at. 
strain XU-Blue m~~~l r~i~tan\ ~~cteria. M~ic for metals: Ni (2.5 mM), Co (1.5 mM), (1987) 

Cu 2 mM , and Zn 2.5 mM 
Alcaligenes eutrophus strain Plasmid free metal sensitive bacterium used as negative control for Mergeay et at. 
AE 104 characterization of metal resistant bacteria. MTC for Ni/ Co/ Cu/ Zn (1985) 

was less than 1.5 mM. 
Klebsiella oxyfoca Contains nir determinants in the chromcsome, conferring resistance 
strain CCUG 15788 towards 10 mM Ni'•, 5 mM Cu'• and 2mM Zn2•. Positive control for Stoppel et at. 

(1995) characterization of metal resistant bacteria. 
Contains czc and cnr determinants in the plasmids (pMOL 28 and 

Alcaligenes eutrophus • pMOL 30), conferring resistance towards 3 mM Ni'•, 5 mM Co'• and Mergeay eta/. 
strain CH34 5mM Zn'•. Used as positive control tor characterization of metal . (1985) 

resistant bacteria . . , Currently known as Rafstoma metallidurans CH 34 kindly prov1ded by Prof. D. N1es, Martin-Luther Umvers1ty, Gennany. 

incubated overnight at 37 "C. In order to isolate 
metal resistant copiotrophic bacteria, nutrient agar 
plates containing 3mM NiCh/ 2mM CoCb/ 4mM 
ZnSO,J 3mM CuS04 were used. For the preparation 
of metal containing plates, analytical grade of metal 
salts were used to prepare 0.5 M stock solutions, 
which were filter-sterilized and added in nutrient 
agar before plating. 
2.2.2.3. Enumeration 

and zinc 
bacteria: 

of nickel, ·cobalt, copper 
resistant copiotrophic 

For enumeration and quantification of recoverable 
metal resistant copiotrophic bacteria, 0.1 ml diluted 
water samples were directly plated on to nutrient 
agar plates containing 3mM NiCili 2mM CoClli 
4mM ZnSO,J 3mM CuS04, and were incubated at 
37 •c for 24- 48h. In all experiments, metal
sensitive-strains [A/acligenes eutrophus AE1 04 
(Mergeay et al. 1985)] and Escherichia coli XL 1Biue 
(Bullock eta/., 1987) were used as negative control; 
whereas two metal-resistant-strains, Alcaligenes 

metal containing plates were repeatedly single 
colony purified on respective metal containing 
plates. The cells of purified strains were spotted 
onto nutrient agar plates to prepare master plates 
and the same was used for replica plating on 
nutrient agar plates containing different 
concentrations of NiCb. The plates were incubated 
overnight at 35 •c and kept under observation. The 
maximum tolerable -concentration (MTC) of the 
strains was referred to the highest concentration of 
metal salt present in the medium, which allows 
confluent growth after 48h of incubation. 

Based on the gram staining (performed as 
described by Gerhardt et a/., 1994) and growth 
performances on nickel-plates, sixty metal-resistant 
strains were selected for further analysis. Selected 
isolates, showing MTC for nickel <!:3mM, were then 
clonally purified and were subjected to estimation 
for their MTC towards Co2•, Ni2•, Zn2• and Cd2•. For 
determination of MTC, dilution streaking of purified 
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nickel resistant isolates was done on nutrient agar 
plates containing 1-1 OmM Co2•/ Ni2•/ Zn2•f Cd2•. 

2.2.2.5. Statistical analysis: 
All statistical analyses were done using software 
package SPSS 10.0 for Windows. 

2.2.3. . Results and Discussions: 
2.2.3.1. Isolation and quantification of metal 

resistant copiotrophic bacteria: 
Water samples, one sample per sampling site of 
River Torsa per month, were collected from April 
2001 to March 2002. Net recoverable Copiotrophic 
Bacterial Count (CBC) and fraction of it (considering 
CBC as 100 %) that withstood the challenge of 3 
mM NiCid 2mM CoCI2/ 4 mM ZnSO,J 3mM CuSO, 
in nutrient agar were enumerated from each 
sample. The values representing net CBC and 
percent CBC resistant to Nickel or Zinc per month 
are presented as arithmetic mean of three 
independent values obtained from the analysis of 
water samples from three sampling sites (Table 
2.3). The maximum and minimum values for net 
CBC were obtained in the month of June (2.5 X 1 os 
CFU/ml) and January (4.11 X 103 CFU/ml) 
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respectively. The nickel or zinc resistant (Ni'/ Zn') 
bacteria ofTorsa river was recorded very high in the 
month of March (33.85% Ni' and 26.41% Zn') 
followed by January (25.11% Ni' and 24.58% Zn'), 
whereas, in the month of September and October 
recovery of nickel or zinc resistant bacteria was 
negligible from the river. A minimum recovery of 
0.1% nickel or zinc resistant bacteria was recorded 
in the month of September. A highest of 8.19% 
cobalt (Co') resistant bacteria was recorded during 
February 2002, whereas during September and 
October only 5-6 cobalt resistant bacterial colonies 
could be observed. While comparing with that of 
others, the recoverable copper resistant bacterial 
count in the river was recorded to be high 
throughout the year. A highest of 15.08 % copper 
resistant bacteria was enumerated during 
December 2001 and the lowest was recorded 
during October (1.56%) 2001 (Table 2.3). 

Comparative bacteriological analysis clearly 
indicated that the metal-resistant bacterial 
population of Torsa is independent to that of total 
copiotrophic bacterial load. The seasonal fluctuation 
of metal resistant bacterial population in the river 

Table 2.3. Net copiotrophic bacterial count and percent nickel, zinc, cobalt and copper resistant bacteria of Torsa River 
water in different sampling months (April2001 to March 2002). [The values are mean of three samples (one sample per 
sampling sUe)]. 

Net recoverable %Nickel %Zinc %Cobalt %Copper 
51. Months copiotrophic bacteria resistant resistant resistant resistant 
No. (CFU/ml) bacteria bacteria bacteria bacteria 

(CFU/ml) (CFU/ml) (CFU/ml) (CFU/ml) 

1 January 4.11 X 10' 25.11 24.58 7.88 9.88 
(1040.83) (3.80) (2.58) (2.33) (0.78) 

2 february 4.77 X 103 16.39 21.40 8.19 6.46 
(2750.15) (8.99) (0.71) (1.67) (2.18) 

3 March 9.41 X 103 33.85 26.41 1.87 7.24 
(6502.3) (42.87) (3.99) (0.65) (3.12) 

4 April 15.01 X 103 13.81 6.42 5.03 4.34 
(1000) (0.722) (0.31) (0.98) (0.89) 

5 May 4.1 X 104 5.22 2.10 4.76 11.19 
_(28988.§)_ (5.5ID_ _(1.T7)_ j3.66) _11.34) 

6 June 2.5 X 105 2.10 2.09 1.78 4.62 
(18520.6) (1.21) (2.78) (1.21) (1.77) 

7 September 2.8 X 10' 0.1 0.1 2.86 
(15044.38) (0.15) (0.17) NS (2.11) 

8 October 67 X 103 1.8 
(72020.83) NS NS NS j1.56) 

9 November 6.1 X 10' 2.24 2.34 0.44 4.71 
(43408.91) (0.71) (0.48) (0.21) (0.59) 

10 December 5.2 X 104 3.70 12.96 4.43 15.08 
(42168.95) (2.95) (2.77) ro.76l (6.88) .. 

NS, not Significant (value <0.03), values m the parentheSIS are standard dev1ations. 
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water has provoked to think about the reason maximum value of r2 (the coefficient of 
behind the phenomenon. Virtually all physico- determination) was observed when the variable pair 
chemical parameters were used as independent was zinc content of the river and percentage of zinc 
variables in correlation studies with the fluctuating resistant bacteria (r2 = 0.885). The copper resistant 
percentage of metal resistant bacteria, but the . bacterial population showed positive-correlation 
analyses did not yield any satisfactory result; value of 0.5, 0.534 and 0.68 with the lead, zinc and 
nevertheless when trace metal ion content were cobalt content respectively. Total copiotrophic 
used, some high correlation values were observed. bacteria resistant to 2mM CoCI2, showed a 

maximum value of 0.678 with the lead content of the 
2.2.3.2. Determination of multiple metal river water. In order to visualize the high correlation, 

resistant profiles of selected nickel the nickel and zinc resistant CBC was plotted 
resistant strains: 

Amongst all metal resistant bacteria isolated from 
river Torsa, strains showing MTC of nickel <!:3 mM 
were tested for gram negativity. Gram-negative 
nickel resistant strains were purified and their MTC 
towards Ni, Co, Cd and Zn were determined (Table 
2.4). Compared to that of Achromobacter 
xy/osoxidans 31A (Schmidt and Schlegel, 1994) and 
Hafnia alvei 5-5 (Stoppel and Schlegel, 1995) (MTC 
for Ni2• is 30 -40 mM), the nickel resistant strains of 
Torsa showed MTC towards nickel ranging between 
3.0 -12 mM, that enabled them to be regarded as 
low to moderate -level-nickel-resistant strains. All 
nickel resistant strains of Torsa showed 1.0- 4.5 
mM MTC towards cobalt, 1.0- 6.0 mM MTC 
towards zinc and 0.5- 4.0 mM MTC towards 
cadmium. 

2.2.3.3. Correlation between Metal content and 
Metal resistant bacterial population: 

The percentage of nickel or zinc resistant 
copiotrophic bacteria, and, individually different 
metal ion content of the river in different sampling 
months (Table 2.1), was used as variables in 
correlation and regression analysis by SPSS 
package. Both nickel and zinc resistant bacterial 
population showed very high Pearson correlation (I) 
values with respect to zinc and lead ion content of 
the river [0.74 (correlation significant at 0.051evel)-
0.94 (correlation significant at 0.01 level)], while the 
other metal ion content(s) used as variable(s) 
produced insignificant correlations. Surprisingly, the 
zinc and lead content of the Torsa river water in 10 
different sampling months produced high correlation 
value [0.876 (correlation is significant at the 0.01 
level)]. In regression analysis, the data entered as 
independent and dependent variables, the 

against zinc and lead content of the river water in 
respective months and are represented in Figure 
2.1. 

The importance of heavy metal resistance in 
ecological studies was recognized only recently 
(Mergeay, 1991). Till date, no information is virtually 
available about the incidence and abundance of 
metal resistant bacteria in an environment that is 
not considered as contaminated, if not said 
'polluted', by heavy metals. Based an what is 
known about the effects of zinc and lead ions on 
biological system, the government-sponsored 
research in UK has proposed safe limit(s) of them 
not exceeding 50 and 0.5 ppm respectively, in rivers 
used by people far bathing and water sports 
(http://www.water.org.uklstatic/files_archive/tZinc __ Water_UK.pdf; & 
http://www.water.org.uk/stafic/files_archive/1lead_ _Water_UK.pdQ. 

The zinc content of River Tarsa (34- 691.3 ppb), 
though observed to be much lower than the 
maximum permissible limit for consumption 
recommended by WHO and APHA (APHA 1985), 
was observed to be higher than the average zinc 
concentration (5- 45 ppb) of the various ather rivers 
world wide (Shiller and Boyle 1985). 

2.3. Conclusion: 
The nickel and zinc resistant copiotrophic bacterial 

load in Torsa waters showed high correlation with 

zinc and lead content of the river. The average zinc 

and lead ion content of the river water in different 

sampling months {Table 2.2) b~ars a strong positive 

correlation (r = 0.876) between each other. In the 

regression milieu, coefficient of determination (r2) is 

a more meaningful measure than r, far the farmer 

tells us the proportion of variation in the dependent 

variable explained by the explanatory variable(s) 
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Table 2.4. MTC (Maximum Tolerable Concentration) profile of selected Gram-negative metal resistant isolates of Torsa River 
. d d . towards four heaV}" metals. cobalt. nickel nnc an ca m1um. 

Maximum Tolerable Concentration Maximum Tolerable Concentration 

Sl. Name of the (MTC)(mM) Sl. Name oflhe (MTC) (mM) 

no Isolates Cd 
no Isolates 

Co Ni Zn Cd Co Ni Zn 

1 Vas 2N8 3.5 4.0 3.0 2.0 31 66 27 4.5 4.0 1.5 1.0 

2 Vas 3N8 2.5 4.0 3.0 1.0 32 66 32 3.5 3.0 1.5 1.0 

3 881A 2.5 6.5 4.5 1.5 33 8838 2.0 3.5 1.0 1.0 

4 BB30 2.5 5.0 3.5 1.5 34 6640 2.0 3.5 1.0 1 0 

5 6837 2.5 6.5 2.5 1.5 35 6644 2.0 3.0 1.5 2.0 

6 1 NiCo43 2.5 4.0 4.0 1.0 36 66 50 2.0 3.0 1.0 1.5 

7 2NiCo43 3.0 4.0 3.0 1.0 37 8860 3.5 4.0 1.5 2.5 

8 3 NiCo43 3.0 4.0 3.0 1.0 38 6661 2.0 4.5 1.5 1.0 

9 4 NiCo43 2.5 4.0 4.0 1.0 39 NiVa 50 1.0 4.0 3.0 1.0 

10 5 NiCo43 2.5 4.0 4.0 1.0 40 NiVa 51 3.0 7.5 5.5 1.5 
11 6 NiCo43 3.5 5.5 2.0 1.5 41 NiVa 53 4.0 5.0 2.5 1.0 

12 7 NiCo43 2.5 4.5 4.0 1.5 42 NiVa54 2.0 3.5 3.0 1.0 
13 9 NiCo43 2.5 4.5 3.5 1.0 43 NiVa 55 2.0 3.5 3.0 0.5 
14 10 NiCo43 3.5 4.0 3.5 1.5 44 NiVa 56 2.0 3.5 4.5 05 
15 14 NiCo43 3.5 4.0 3.5 1.5 45 NiVa 57 1.0 3.0 1.5 0.5 
16 17 NiCo43 3.5 4.0 3.0 1.5 46 NiVa 60 4.0 3.5 4.5 1.5 
17 6 CoNi34 3.5 4.0 4.0 1.5 47 NiVa61 4.0 5.5 2.0 1.5 
18 7 CoNi34 3.0 4.5 3.5 1.0 48 NiVas111 3.0 5.0 1.0 0.5 
19 86 2 3.0 3.0 3.0 1.0 49 NiVas 112 2.5 3.0 1.0 0.5 
20 664 3.0 3.0 3.0 1.0 50 NiVas 113 1.0 12.0 1.0 0.25 
21 666 3.0 3.5 3.5 0.5 51 NiVas 114 1.0 12.0 1.0 0.25 
22 66 7 3.5 3.0 3.0 0.5 52 Vco 32 3.0 3.0 2.0 1.5 
23 6810 3.0 3.0 3.0 0.5 53 Vco33 3.0 3.0 2.0 1.5 
24 6813 3.0 3.0 3.0 1.0 54 Vco34 3.0 3.0 1.0 3.0 
25 6616 4.0 3.5 2.5 1.0 55 VCd41 1.0 3.5 1.0 4.0 
26 6817 4.0 5.0 5.5 1.0 56 VCd 42 3.0 3.0 6.0 4.0 
27 6819 4.5 5.0 5.0 1.5 57 VCd 45 3.5 3.0 5.0 4.0 
28 68 20 3.5 3.0 2.0 1.5 58 VCd 46 1.0 3.0 5.0 4.0 
29 6625 4.0 3.0 2.5 1.5 59 VCd 55 1.0 3.0 5.0 4.0 
30 88 26 2.0 4.0 2.5 1.0 60 5CoNi 34 4.0 6.0 2.0 1.0 
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Figure 2.2. Data on percent recovery of nickel and zinc resistant bacteria in different sampling months plotted along with 
data on either lead or zinc ion content of the water in the same sampling month: a diagrammatic representation. 
•. average value calculated from the data of metal resistant bacteria of three sampling sites: ••. average value scored 

from the data of metal ion content of three sampling sites: bar represents the percentage of metal resistant bacteria. 
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and therefore provides an overall measure of the fraction of river water copiotrophs that possess such 

extent to which the variation in one variable 

determines the variation in the other. The latter 

does not have such significance. The values of r2, 
derived from regression analysis, the variable pair 

constituting zinc resistant copiotrophic fraction and 

the zinc content of the Torsa River was 0.885. The 

variable pair constituting nickel resistant 

copiotrophic fraction and zinc content of the river 

yielded r2 value of 0.547. The values of r2 derived in 

this case means that about 89% and 55% of the 

variation(s) in zinc resistant and nickel resistant 

bacteria! population respectively are explained by 

the zinc content of the Torsa River and therefore 

indicate the direct causality between them. 

The assumption was further supported by the result 
of induction studies, carried out in the laboratory, on 
some purified nickel or zinc resistant Torsa isolates, 
where cells induced with 325- 650 ppb Zn2• was 
found to have their lag phase significantly reduced 
against the challenge nickel or zinc concentration of 
3 mM. This phenomenon indicates the fact that the 

2.4. Summary of the chapter: 

inducible nickel or zinc resistance genetic system 
(requiring ppb level of zinc for induction) would get 
the selective growth advantage over metal-sensitive 
copiotrophs. In fact, the recovery of nickel or zinc 
resistant copiotrophs on metal-containing nutrient 
agar plates was poor in months when zinc content 
of the river was found below the inducible 
concentration (for nickel or zinc resistance), while in 
sampling months that recorded high Zn2•content 
(555.46- 691.32 ppb) the recovery was high (Table 
2.3). Although a high correlation value between lead 
content and nickeV zinc resistant bacterial 
population was scored, but nickel or zinc resistance 
in bacterial isolates could not be induced by pre
exposing the cells in Pb2• containing medium 
(Bhadra et a/, 2005a). The lead ion content of the 
river therefore may not have any biological 
significance in inducing nickel and zinc resistance. 
The high correlation score (0.87) between lead and 
zinc ion content of the river may be explained by the 
dissolution of these two metals from the same 
geological source. 

Heavy metal content analysis of river Torsa of India did not indicate any alanning level of toxicity for human consumption. High 
correlation between Pb and Zn ion content of \he river was recorded. The variation in recoverable nickel, cobalt, copper and 
zinc resistant copiotrophic bacterial count and the variation of metal ion content of the river water were subjected to correlation 
analysis using software package SPSS. Both lead and zinc ion content of the river showed high correlation with the bacterial 
population resistant to nickel and zinc; whereas copper and cobalt ion content showed less correlation with zinc and lead 
content of the river. Growth studies conducted with some exemplary nickel resistant strains revealed that pr!Hlxposure of the 
cells to ppb level of Zn'•, comparable to the indigenous zinc ion concentration of the river, could induce the nickel resistance. A 
minimum concentration of 5-10 ~M Zn2•(325.050 ppb) was found effective in inducing the nickel resistance of the isolates. 

33 



Chapter 3 

Screening of Gram-negative nickel resistant 

isolates of Torsa River for the presence 

of nickel resistance genes 

by PCR method 



Chapter 3 

3. Screening of Gram·negative nickel resistant isolates of Torsa River for the 
presence of nickel resistance genes by PCR method: 

3.1. Introduction: 
3.1.1. Nickel: 
In the periodic table nickel (Ni) is found in group-4 of 
period 12. The element has electronic configuration 
[Ar]3d84s2, atomic weight 58.69 and density of 8.9 

gfml. As per the definition of heavy metals proposed 
by Murphy and Spiegel (1983) [the element(s) 

having density >5 gfml and atomic weight ranging 

between 22- 34/ 40- 51 / 57- 83/ 89- 103], Ni can be 
considered as heavy metal. lt is the 241h most 

abundant element in the earth's crust and has been 
detected in different media in all parts of the 

biosphere. Nickel is classified as a borderline metal 
ion because it has both soft and hard metallic 
properties and can bind to sulfur (S), nitrogen (N), 
and oxygen (0) groups (Costa and Klein, 1999). 

Nickel ion is very similar in structure and 

coordination properties to Magnes~m (Mg). Like 
Mg, Ni binds to the oxygen atorfl of the DNA 

phosphate backbone, and like Copper (Cu) and 

Cobalt (Co), nickel has high affinity for the imidazole 
nitrogen of histidine in proteins (Costa and Klein , 
1999). 

3.1.2. Bimolecular activity of nickel: 
Like cobalt (Co), zinc (Zn), Copper (Cu), 

Manganese (Mn), Iron (Fe) etc., nickel is also an 
important trace element required by microorganisms 

for growth. Nickel, playing the role of cofactor for 
several microbial enzymes, has to be transported 
inside the cell from the environment as Ni2• cation. It 
was reported earlier that Co2•, Zn2·, and Ni2• are 

transported into the cell by constitutively expressed 
cation uptake systems of bread specificity, i.e. , 

basically Mg2• transport systems (Nies, 1995). In a 
similar study, Srivastava eta/. (1992) had observed 

that increased Mg2• ion in a medium reduced 
toxicity to nickel. Along with Mg2• uptake channel a 
Ni2• uptake-system is also operative in bacteria. 

3.1.2.1. Nickel uptake systems in bacteria: 
Nickel uptake in prokaryotes takes places by two 
types of high affinity transport systems (Eitinger and 
Mandrand-Berthelot, 2000). The first way is ABC
type transporter and the second one is based on the 

use of a nickel specific permease. The former one, 

i.e., ABC-type transporter of Escherichia coli, is an 

A TP-dependent, multi-component system made up 
of five proteins, NikA, NiKB, NikC, NikD, and NikE. 

NikA is a soluble, periplasmic, nickel binding 

protein; NiKB-NikC form a Trans-membrane pore 
for passage of Ni2•; and NikD-NikE hydrolyse A TP 
and couple this energy to nickel transport (de Pina 

et af., 1995). A potential Ni/Co ABC-type transporter 
was also found in Actinobacillus pleuropneumoniae, 
where a five gene operon cbiKLMNQO dislplays 
sequence homology to components of other known 

ATP dependent transporter (Bosse et af. , 2001). 

Furthermore, Yersinia pseudotuberculosis, Y. pestis 
and Y. enterocofitica, each possesses both 

yntABCDE ABC-type transporter and ureH type 
permeases; where both of these operons were 

reported to express and perform Ni-transporting 
function in E. coli (Sebbane eta/., 2002). 

The single peptide mediated nickel permease was 

well studied in Ralstonia eutropha; where a single 
gene, hoxN, was found responsible for Ni-transport 
(Ebrez et a/. , 1989). HoxN exclusively transports 
Ni2• and the site directed mutagenesis approach 
showed that His62, Asp67, and His68 of highly 

conserved transmembrane domain II are critical for 
Ni-permease activity (Eitinger et at. , 1997). A HoxN 

homologue, NixA, found in Helicobacter pylori, is 
also an integral membrane Ni-permease. Chemical 
cross-linking experiments on isolated membranes 
showed that NixA is a monomeric protein and 

transmembrane domains II and Ill are essential for 

transport (Fulkerson and Mobely, 2000). One of the 
best-characterized Hox homologue, NhiF, was 
found in Rhodococcus rhodochrous J1 (Komeda et 
a/., 1997). NhlF was initially identified as an ATP
dependent Co-specific transporter, but later shown 
to transport both Co and Ni with a slight preference 
to Co (Degen et at., 1999). 
Another nickel permease HupN of Bradyrhizobium 
japonicum showed 56% identity to HoxN and was 
also studied in some detail (Fu eta/., 1994). Studies 
using Rhodospirillum rubrum have characterized 

nickel-transport by using Ni-containing carbon 
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monoxide dehydrogenase (CODH) (Watt and 
Ludden, 1999). Nickel-transport in the cell is 
particularly inhibited by Co2•, Cd2• and Cu2•, but not 
by Mg2•, Mn2•, caz• or Zn2•; more significantly, 
nickel transport is also particularly inhibited by cold 
and by protonophores, whereas A TP-synthase
inhibitors and incubation of cells in the dark 
stimulates the transport two-fold (Watt and Luden, 
1999). 

3.1.2.2. Biological role of nickel as a trace 
metal: 

Nickel is an essential micronutrient for selected 
microorganisms where it participates in a variety of 
cellular processes. Bacteria can uptake this 
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Hydrogen consumption can be coupled to reduction 
of oxygen, sulfate, carbon di-oxide or other electron 
acceptors and used for generating a proton motive 
force in diverse species. 

H; ~ 2H•+ 2e" (3) 

Carbon monoxide dehydrogenases (CODHs): 
CoDHs catalyzes reversible oxidation of carbon 
monoxide to carbon dioxide {eqn. 4). Presence of 
this enzyme allows the growth of microbes on 
carbon monoxide as a sole carbon and energy 
source. 

micronutrient via ATP-degrading transport system Methyl-coenzyme M reductase: This enzyme 
or by specific-permease when required. Microbial plays central metabolic role in methanogenic 
enzymes, such as, urease, Ni.Fe-dehydrogenase, archaea growing on acetate, methanol, 
CO-dehydrogenase, acetyl-GoA decarboxylase/ methylamines, formate and carbon dioxide and 
synthase, Methyl Co-enzyme M reductase, certain . helps generates methane. The enzyme catalyses 
. superoxide dismutases, some glyoxylases, aci- the final step in methane formation. 
reductone dioxygenase, and methylenediurease, 
require Ni2• for their activity. Biological activity of 
some nickel containing enzymes (reviewed by 
Mulrooney <lnd Hausinger, 2003) have been 
described as follows, 

Urease: 
Urease catalyzes the hydrolysis of urea to yield 
ammonia and carbamate, and resultant carbamate 
further degrades into carbonic acid and ammonia 
{eqn. 1 & 2). In many microorganisms the released 
ammonia serves as 'N' source, allowing growth on 
urea precursors such as arginine and purines 
{Mobley and Hausinger, 1989). The enzyme plays 
the role of virulence factor for gastrointestinal 
pathogen Helicobacter pylori, urinary stone 
formation for Proteus mirabilis, ammonia 
encephalopathy, and other human and animal 
disease states. 

X +H2o-- X + NH, (1) 
H2N NH2 H2fl OH 

Lllea Carbtlrrde 
0 

H ~'nH +H2o- H2C03 + NH3 (2) 
~e Carbonic Acid 

Ni Fa-hydrogenase: Hydrogenases play a central 
role in microbial energy metabolism by catalyzing 
the reversible oxidation of hydrogen gas {eqn. 3). 

Ni·dependent superoxide dismutase {SOD): SOD 
function to protect cells from the cytotoxicity of 
superoxide radical by carrying out the reaction 
shown in equation no. 6. Several forms of this 
enzyme have been isolated including those 
containing a Cu, Zn-dinuclear center and 
mononuclear Fe or Mn sites. Endorsing to its 
physiological importance, multiple forms of the 
enzyme often are observed to occur in a single 
microorganism. N~containing form of the enzyme 
was identified in several strains of Streptomyces 
(Youn eta/., 1996), especially in all strains isolated 
from clinical and soil samples {Leclere eta/., 1999). 

Ni·dependent glyoxylase: This enzyme provides 
cellular protection from methylglyoxal, a toxic 
compound. Several enzymatic processes produce 
methylglyoxal including a minor side reaction 
catalysed by triose phosphate isomerase using its 
normal substrates dihydroxyacetone phosphate and 
glyceraldehyde-3-phosphate. As because these 
glycolysis intermediates and triose-phosphate 
isomerase are so abundant in cells, significant 
amounts of methylglyoxal are generated and react 
to form covalent adducts of DNA and proteins. One 
mechanism to remove this reactive compound invol-
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~-
Cof!.SH H 

~03 
I ~ H t CH~ 
SVVV'j(~cooH_ 

CoB-S-S-CoM 0 ~0-POJ Methane 

H (5) 

G-SH + 1 CHJ--+ ~~CHJ ~ K CHJ (7) 
H...-""( G's II _G-s' 'j'CH 

0 0 OH 
HOOC CH 

HJ X -3 G-S H Glxll + G-SH 

OH H20 H OH: 

(8) 

-ves the two-component glyoxylase system (eqn. 7 
& 8). This enzyme carries out an isomerization 
reaction resulting in formation of S-D
Iactoylglutathione (eq. 7). The product of glyoxylase 
I (Gix I) is the substrate for glyoxylase II (Gix II) that 
hydrolyzes it to form lactate (eqn. 8). The structure 
and function of the enzyme was studied in detail 
from E coli (Clugston eta/., 1998). 

In addition to the Ni-dependent enzymes described 
above, many other metalloenzymes can function 
with Ni ions replacing the native Zn or other metal 
ions. The structures and mechanisms of the nine 

. known Ni-enzymes are not yet explored critically. 
Given the short time span since the first Ni enzyme 
was identified (Dixon et a/., 1975), it will not be 
surprising if more of such nickel containing enzymes 
are discovered. 

3.1.2.3. Nickel toxicity in microbes and the 
mechanisms to overcome Ni-
toxicity: 

Nickel, although essential as a trace element, exert 
toxic effects in microorganisms at high 
concentration. Toxicity occurs through the 
displacements of essential metals from their native 
binding sites or through ligand interaction. Babich 
and Stotzly (1983) reported that at high intracellular 
concentration, nickel binds to proteins and nucleic 
acids and frequently inhibits enzymatic activity, DNA 
replications, transcription and translation. In a nickel 
contaminated environment, the toxicity occurs in the 
form of conformational change in the structure of 
nucleic acid and protein, disruption in the process of 
oxidative phosphorylation, osmotic balance and da-

-mage in the cell membrane (Poole and Gadd, 
1989). 

Microorganisms those who could survive and 
flourish under high nickel containing environment 
have evolved the resistance systems. Until now, five 
different nickel resistant genetic systems have been 
discovered from gram-negative bacteria and studied 
in some detaiL Structure -function analysis of the 
gene products of these nickel resistance genetic 
systems revealed the presence of a proton-cation 
antiport efflux-system, which can pump the excess 
Ni2• ion from cytoplasm to environment. All nickel 
resistance determinants discovered so far are 
reported to form a specific type of ion transport 
channel, named RND family, named so to signify 
resistance, nodulation and cell division. All these 
three processes appear to require chemiosmotic 
antiporters that contain more than one type of 
polypeptide. 

The best-studied cation efflux system of RND family 
is Czc-system (determining resistance towards Cd, 
Zn and Co) of Alcaligenes eutrophus CH34 
[currently known as Ral~tonia metallidurans CH34] 
(Mergeay et a/., 1985), a cation proton antiporter. 
The czc determinant consists of the three 'structural 
genes', czcC, czcB and czcA, and two regulatory 
genes czcR and czcD. CzcD is a very simple 
protein that has only small hydrophilic N-terminus 
and six transmembrane alpha helices. Sequence 
similarity analysis with other CDF (cation diffusion 
facilitator) proteins clearly indicated that CzcD is an 
integral-membrane-sensor-protein involved in Zn, 
Co and Cd transport. The antiport process is 
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catalyzed by CzcABC protein complex, which is 
composed of three subunits (CzcA, CzcB & CzcC) 
in a ratio of 1:1:1 (Nies and Silver 1995). The proton 
transport activity of the Czc CBA has been 
measured in inside-out membrane vesicles by 
fluorescence quenching assay and by the divalent 
cation transport with radioactive cations (Nies, 
1995). Zn2+ binds to two co-operative binding sites, 
both with high affinity; Cd2+ binds to one site with 
high affinity; and Co2+ to one site at low affinity. The 
maximal rate of transport of all three cations is more 
or less the same (Nies, 1995). Deletion mutation 
analysis indicated that CzcC is required for Cd 
resistance and CzcB is required for Zn resistance. 
The largest protein of the efflux system, CzcA, is the 
functional center and therefore alone may function 
as a cation-proton-antiporter with low efficiency 
(Nies, 1995). A hypothetical model for the function 
of the Czc metal resistance system was illustrated 
in figure 3.1 . 

Outsitle 
Co 
Zn 
Cd 

tl ill h c . 

Regul.rtion of ~c~dznJ!t 
Cze-system 

. Mg 
IllS Ide 

Figure 3.1. A hypothetical model of transport and 
resislance lo cobalt, zinc and cadmium in Alcaligenes 
eutrophus CH 34. Cations are transported into 1he 
cytoplasm by the magnesium transporter (b). At high 
concentrations, the cations are pumped out by the Czc 
ABC cation-proton-antiporter (c). CzcD is an integral
membrane-sensor-protein involved in ln. Co and Cd 
transport and regulation (a). 

3. 1.3. Nickel resistance genetic systems in 

bacteria: 

Nickel plays beneficial role to microorganisms (disc
ussed in section 3.1.2.2) only when present at a low 
concentration ; but at a higher concentration it 
proves toxic. Bacteria thriving in metal contaminated 
environment have evolved specific efflux systems to 
overcome heavy metal toxicity. Most of these nickel 
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resistance conferring efflux systems were found to 

locate in large plasmids. Plasmid encoded nickel 

resistance in bacteria has been extensively studied 
in Ralstonia metallidurans CH34 (formerly known as 

Alcaligenes eutrophus CH34] (Liesegang et a/., 
1993) and Achromobacter xylosoxidans 31A 
[formerly known as Alcaligenes xylosoxidans 31A] 
(Schmidt et a/., 1994) and Hafnia alvei 5-5 (Park et 
a/., 2003). In addition to the plasmid encoded nickel 
resistance, there are two other chromosome based 
nickel resistance determinants too that were 
discovered from Klebsiella oxytoca CCUG 15788 
(Stoppel et al., 1995) and Synechocystis sp. PCC 
6803 (Garcia-Dominguez et a/., 2000). Most of 
these nickel-resistant strains were isolated from 
anthropogenically nickel polluted sites or places 

where natural nickel percolation into an ecosystem 
is high (Stoppel and Schlegel, 1995). The nickel 
resistance determinants discovered yet has shown 
considerable diversity in their nucleotide sequence 
as well as in amino acid sequences of their gene 
products. 

3.1 .3. 1. Cobalt-Nickel resistance operon -cnr: 
Multiple metal resistant strain R. metallidurans 
CH34, was isolated from low-grade ore deposits of 
Belgium and Zaire, which carried two plasmids; 
pMOL28 (1 63 Kb) determining resistance to nickel, 
cobalt, mercury and chromate, and pMOL30 (238 
kb) determining resistance to cadmium, zinc, cobalt, 
mercury and copper (Mergeay eta/. , 1985; Nies et 
a/., 1989). The czc determinant was found to locate 
in pMOL30 (Nies eta/., 1987) and the cnr-system, 
enabling R. metal/idurans CH34 to grow in presence 
of 3mM nickel and 5mM cobalt ions (Liesegang et 
a/. , 1993), was cloned and sequenced from 
pMOL28, and was found to consist of six genes 
cnrYXHCBA. The genes, cnrCBA encodes a 
membrane bound protein complex catalyzing efflux 
of Co2+ and Ni2~. CnrC (418 amino acids) and CzcC 

(346 amino acids) share 30% identity at the amino 
acid level, and both are hydrophilic proteins. The 
gene product CnrB (395 amino acids) shares 28.5% 
identity with CzcB (528 amino acids) and was found 
to be essential for nickel resistance (Liesegang et 
al., 1993). CnrA (1076 amino acids) , the largest 
structural gene of em-system, share almost 46% 
identity with CzcA. Structure-function analysis of 
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CnrA predicted six hydrophobic alpha helices, which 
indicated that cnrA, like that of czcA, encoded an 
integral membrane protein of the cnr resistant
system. The mechanism of action of the CnrCBA 
complex might be that of a cation-proton (Ni2+·H+) 
antiporter. The cnr regulatory genes enrYXH are 
arranged in a region upstream of the structural 
genes and are responsible for full transcription of 
the CnrCBA. CnrH is a 21 kDa protein that belongs 
to a sigma factor of the extra cytoplasmic function 
(ECF) family (Tibazarwa et a/., 2000). CnrX 
functions as periplasmic sensor containing histidine 
residue that probably binds nickel ions. CnrY is a 
trans-acting regulatory protein reported to act as a 
repressor of anti-sigma factor (Grass eta/., 2000). 

3.1.3.2. Nickel-Cobalt-Cadmium resistance 
operon - nee: 

The nee determinant, encoding resistance to 40mM 
Ni2+, 20mM Co2+ and 1 mM Cd2+, was discovered 
from a megaplasmid pTOM9 (200 KB) bearing 
strain of A. xylosoxidans (Schmidt and Schlegel , 
1994). The nee-system comprises of necYXHCBA 

genes. The predicted animo acid sequences of 
nee Y, nccX and nccH share strong amino add 
identity with proteins encoded by the cnr operon 
{NccY & CnrY, 59%; NccX & CnrX, 76%; NccH & 
CnrA, 67%]. The gene products of nccCBA showed 
strong similarities with CnrCBA and CzcCBA of R. 

metal/idurans CH34. The amino acid sequence of 
nccC revealed 75% identity with CnrC and 29% 
identity with CzcC. The second structural gene 
product NccB (397 amino acids) share 75% identity 
with CnrB and 31% identity with CzcB. The largest 
ORF of nee-system, NccA (166 kDa) share 89% 
identity with CnrA and 49% identity with CzcA. The 
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nickel, cobalt and cadmium (Nies and Silver, 1995). 
Collard eta/. (1993) reported that cnr could mediate 
zinc resistance if expression of CnrABC is altered 
by a mutation of the regulatory gene; and similar 
mutational event could catalyze nickel resistance by 

czc system (Nies and Silver, 1995). 

3.1 .3.3. Nickel resistance system -nrs: 
The nrs (for nickel resistance) genetic system was 
identified from the sequence of genomic DNA of 
unicellular cyanobacterium Synechocystis sp. strain 
PCC 6803. The deduced amino acid sequences of 
nrsB and nrsA showed similarities with CzcB and 
CzcA. While NrsA displays 35% identity and 55% 

similarity with CzcA throughout the entire amino 
acid sequence, NrsB and CzcB show significant 
similarity (34% identity and 45% similarity) only in a 
central 80 amino acid region (from amino acid 54-
132 of the NrsB sequence) (Garcia-Dominguez et 
a/., 2000). The other two ORF of nrs-system, NrsC 
and NrsD, did not show significant sequence 
homology with any of the protein of czclcnrlncc
system. Computer analysis of the NrsC sequence 
clearly indicated the presence of two putative 
transmembrane helices in the amino terminal end 
(Garcia-Dominguez eta/., 2000). 

3.1.3.4. Nickel resistance operon -nre: 
In addition to nee-genetic system, plasmid p TOM9 
of the strain A. xylosoxidans 31 A also contain nre

locus, which was capable of conferring 3-5 mM 
nickel resistance in both Ralstonia and E. coli 
(Schmidt and Schlegel, 1994). The nre-system is 
made up of two genes nreA and nreB. The closest 
homologue of nreB is the NrsD protein from 
Synechocystis sp. strain PCC 6803 (Garcia-

NccCBA also shows close similarities to the Dominguez et al., 2000). Structure-function 
CzcCBA complex, which seems to be the three- analysis of NreB indicates the presence of 12 
components of cation-proton antiporter (Schmidt 
and Schlegei, 1994). Detailed structure- function 
analysis of NccH, NccX and NccY further confirms 
its functional similarity with CnrH, CnrX and CnrY 
respectively (Schmidt and Schlegel, 1994). 

The difference in the substrate specificity between 
CzcABC and CnrABC is interesting, and NccABC 
system is much of a kind of missing link between 
cnr and czc, because it mediates resistance to 

transmembrane helices and histidine-rich C-termini, 
which is required for metal binding (Grass et a/., 
2001). NreB is most closely related to proteins of 
the DAH3 family of the MFS-transporter, and 
transport small solutes in response to a 
chemiosmotic gradient (Saier et al. , 1999). The 
results suggested that NreB of A. xy/osoxidans 31A 
confer nickel resistance through efflux mechanism 
coupled to chemiosmotic gradient (Grass et a/., 
2001). This is, in fact, the first example of an MFS-
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protein catalyzing metal transport. The quantitative 
expression in terms of regulation of nre-operon has 
not been conducted in detail, but the fact that the 
resistance system being induced solely by Nickel 
has been well understood (Grass eta/., 2001 ). 

3.1.3.5. Nickel-Cobalt resistance determinant 
ncr: 

The phenomenon of nickel (30 mM) and cobalt (2 
mM) resistance in enterobacteria Hafnia alvei strain 
5-5 was reported (Stoppel and Schlegel 1995). 
Later, Park eta/. (Park et a/., 2003) proved that the 
resistance was mediated by a conjugative plasmid, 
pEJH501 (70 KB) and named the nickel resistance 
determinant as, ncr (for nickel-cobalt resistance). 
The 4.8 KB fragment of the plasmid (bearing ncr 
locus) was expressed and evidenced to confer 
nickel resistance (7mM) in E. coli (Park eta/., 2004). 
The ncr-system was comprised of five genes, 
ncrABCXY. The NcrA is a homologue of NreB from 
A. xylosoxidans 31A (Grass eta/., 2001) and NrsD 
from Synechocystis (Garcia-Dominguez et a/., 
2000). The hydropathy profile of the NcrA protein 
showed that there were 15 regions (2:18 amino acid 
residues in length) with a hydropathy index greater 
than 1.5, which is indicative of possible membrane
spanning-a-helix for a transporter (Park et a/., 
2004). NcrA has a broad range of metal-ion 
substrates, i.e., nickel, cobalt and zinc, while NreB 
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(Stoppel et a/., 1995). The nucleotide sequence 
(AY 492000) of the determinant, submitted (Park 
and Lee, 2003), comprised of four genes nirABCD. 
Pairwise alignment of deduced amino acid 
sequences of nirA and nirC showed 91.8% and 
91.6% similarities with NcrA and NcrB of H. alvei 5-
5 (Park ef a/., 2004) respectively. The amino acid 
sequence of NirD showed 97.4% similarity with a 
hypothetical outer membrane protein found under 
the protein family pfam04076. NirD, can therefore 
be regarded as a sensor protein, which showed 
83% identity with NcrY of H. alvei 5-5. High degree 
of similarity between amino acid sequences of nir
and ncr -locus indicated their functional homology 
with that of ncr -system. 

3.1.4. Objective of the study: 
The existing diversity of nickel-resistance genetic 
system in bacteria has prompted the investigation to 
explore the nature of genetic determinant(s) 
conferring nickel resistance in gram-negative Torsa 
river isolates. The attempt to describe the nature of 
the nickel-resistance genetic loci by using PCR 
amplification technique using specific primers has 
been presented. 

3.2. Materials and methods: 
3.2.1. Bacterial strains: 
Bacterial strains, which served the purpose of 

is more s9eciflc to nickel. The TnPhoA'-1 positive and negative controls during the study, are 
mutagenesis study has shown that the NcrB and enlisted in Table 3.1. 
NcrC are necessary for nickel resistance and 
transport (Park et a/., 2004). Extensive computer 
analysis of NcrABC proteins indicated that NcrA, 
NcrB and NcrC form a membrane bound complex 
catalyzing cobalt and nickel efflux more efficiently 
than NreB (Park et a/., 2004). The promoter region 
of ncrABC was shown to be regulated by cr32, the 
same being fond responsible for transcribing heat 
shock genes in E. coli. At elevated temperature 
higher expression of NcrABC would be a more 
effective mechanism of providing resistance to 
nickel ions. 

3.1.3.6. Nickel resistance determinant nir: 
The nir-locus was cloned from a 4.3 KB genomic 
DNA fragment of the strain Klebsiella oxytoca 
CCUG15788, that enabled tolerance to 10 mM NiCI2 

3.2.2. Isolation of total genomic DNA: 
Total cellular DNA of the nickel resistant T orsa 
River isolates (listed in Table 2.4) and controls 
(listed in Table 3.1) were prepared by the method 
as proposed by Silhavy eta/. (1984). A fresh colony 
of a culture was inoculated in 70ml nutrient broth 
(NB) and incubated at 35 oc for 18- 20 hr. Cells 
were harvested through centrifugation ( 10000 rpm 
for 10 min at 4 °C washed with Tris.HCI-EDTA (TE, 
50mM: 50mM, pH 8.0) and finally re-suspended in 6 
ml of TE (1 :1) and were kept at -20 °C. Frozen cells 
were thawed followed by the addition of lysozyme 
(30 mg dissolved in 1 ml TE) and were kept in ice 
bath for 30 min. Then SDS solution [125 mg 
dissolved in 1 ml of TE (50:50)] was added into it 
and was incubated at 40 °C for 30 min. Equal 
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volume of phenol (equilibrated in 50 mM Tris.HCI, 
pH 8.0) was added and placed in a shaker (100-
125 rpm) at 37 oc for 15 min. The whole lysed 
mixture was centrifuged at 12000 rpm for 15 min at 
10 oc and the aqueous phase of it was collected. To 
this aqueous phase, equal volume of chloroform 
(Chloroform: lso amyl alcohol, 24:1) was added. 
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3.2.3.1. Primer for amplification of cnr and nee 
determinants: 

Pairwise alignment of nucleotide sequence of cnrA 
and nccA revealed two homologous stretches 
spanning a region of 700 bp [corresponding to 
nucleotide position; 7152 to 7170 and 7844 to 7863 
of cnrA, and 6502 to 6620 and 7190 to 7209 of 
nccAl. In cnrA oresence of a uniaue Pvull restriction 

Table 3.1. Bacterial strains used as positive and negative control during PCR amplification 
Sl. Bacterial strain Properties and application(s) Reference(s) 
no 

SupE44 hsdR17 recA1 endA1 gyrA46 fhi tel A11acF' jpro All> Bullock el a/. 
1 Escherichia coli lac/' /acl M15 Tn10 (tef)]; used as negative control PCR (1987) 

strain XLt-Biue amplicifation 
2 Alcaligenes eutrophus A metal sensitive strain used as negative control during PCR Mergeay el al. 

(1985) svainAE104 amplification of metal resistant bacteria. 
Klebsiella oxytoca Contain nir locus in the chromosome and used as positive Stoppel eta/. 

(1995) 3 strain CCUG 15788 control for amplification. 
Ralstonia metal/idurans Contains czc and cnr determinants in the plasmids (pMOL 28 Mergeay eta/. 

4 strain CH34 and pMOL 30), and used as positive control for czc and cnr (1985) 
locus. 

5 Achromobacter xy/osoxidans Contain nee and nre determinants in the plasmid pTOM9 and Schmidt and 
strain 31A therefore used as positive control for amplification of nee and Schlegel (1994) 

nre locus. 

Tubes were inverted several times to facilitate 
proper mixing, centrifuged and aqueous phase was 
·collected in a beaker. To this, 1/10~ volume of 3M 
sodium acetflte (pH 4.5) was added followed by 
addition of double volume of dehydrated ethanol 
(chilled). Then DNA was spooled with sterile bent 
glass rod and air-dried. The dried DNA sample was 
re-suspended in appropriate amount of TE (50mM: 
1 mM, pH 8.0) and treated with RNAase (RNaseA 
dissolved in 10 mM Tris.Hcl, pH 7.5 with 15 mM 
NaCI, heated at 100 oc for 15 min) for 30 min 
followed by extraction with phenol and 
reprecipitation with ethanol. Finally the DNA was 
suspended in TE (10mM: 1mM, pH 8.0). For 
estimation of DNA, 10 IJI of the DNA sample was 
diluted with 990 j..il TE in a 1 ml quartz cuvette and 
absorption was measured at 260 nm. The 
concentration of DNA was calculated considering 
that A2oonm of 1.0 is equivalent to 50 j..lg of double
stranded DNA (Towner, 1991). 
3.2.3. Oligonucleotide primers: 
Table 3.2 provides details of primers and the 
expected size of products from the positive controls. 
All the primers were designed from the nucleotide 
sequences of the gene(s) that yields polypeptide(s) 
for the main efflux protein of the specific nickel
resistance system. 

site at the nucleotide position 7658 and the absence 
of the similar restriction site in nccA was used as a 
marker for determination of cnr -locus in RFLP 
typing of the expected 700 bp amp Iicon. 

3.2.3.2. Primer for amplification of nre 
determinant: 

Primer for nre locus was designed from nreA gene 
using primer-designing software 'Fast PCR', v 
3.3.67 of Institute of Biotechnology, University of 
Helsinki, Finland. 

3.2.3.3. Primer for amplification of ncr and nir 
determinants: 

For amplification of nir and ncr-locus, the primer 
was designed from a stretch of nir-nucleotide 
sequence that showed 98% sequence homology 
with ncrA. The forward primer was 19 nt in length 
corresponding to nucleotide position; 489 to 508 in 
nir-locus and 860 to 879 of ncr -locus; and the 
reverse primer was 20 nt in length corresponding to 
nucleotide position; 1401 to 1421 in nir-locus and 
1777 to 1797 in ncr-locus. Amplification using thes
-e primers had resulted into 935 bp amplicon in both 
the cases, and nir locus could be identified by RFLP 
typing because of the presence of BamHI restriction 
enzyme in the expected 935 bp PCR product. 
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h d Table 3.2. List of the orimers used in t e stuay. 
Name of Sequence of the primers 

the 
orimers 

bbrc1 5' TTCGATGGTGACCGCCGCT 3' 

bbrc2 5' GCAATCGCCATCGGCACG 3' 

nre1 5' GGGCTACGATCACATCCTGT 3' 
nre2 5' CGCCTTGTAGACGACAGACA 3' 
czcA1 5' GTTTGAACGTATCATTAGTTT 3' 
czcA2 5' GTAGCCATCCGAAATATTCG 3' 

czcD1 5' CAGGTCACTGACACGACCAT 3' 

czcD2 5' CATGCTGATGAGATTGATGAT 3' 

nir1 5' GCTGTCTCTGTCACGTCTG 3' 
nir2 5' TCGGCTTATCCTCTCCGGTC 3' 

3.2.3.4. Primers for amplification of czc 
homologous determinant: 

Although czc-system do not confer nickel 
resistance, but Nies and Silver (1995) reported that 
a mutation at regulatory locus can render czc

mediated nickel resistance in Ralstonia eutropha. 
We, therefore, included two sets of primers for 
detection of czc-homologous sequences in nickel 
resistant Torsa isolates. The czcA1/A2 primer pair 
was supposed to amplify a 1.8 KB amplicon (region 
spanning nucleotide position 2883-:1776) from czcA 
gene, and czcD1/D2 primer pair was expected to 
produce an amplicon of 400 bp (the nucleotide 
positions 6131--Q529) from czcD gene. 

3.2.4. PCR amplification: 
PCR amplification was performed using 'PCR 
Amplification Kit' (GENE!, India), in 50 ~I reaction 
volume, following instructions provided by the 
manufacturer. Each 50 ~I PCR mix contained; 3 ~I 
of 1 OmM dNTP mix, 5 ~I of 1 OX buffer containing 15 
mM MgCI2, 12.5 pmol of each forward and reverse 
primer, 20 ng target DNA and 3U Taq DNA 
Polymerase. The PCR was done in a GeneAmp 
PCR system (Applied Biosystems). After initial 
denaturation at 95 °C for 5 min, each cycle 
consisted of denaturation (95 °C, 60 sec.), 
annealing (52 °C, 30 sec.) and extension (72 °C, 90 
sec.). Sterile double distilled water was used for 
dilution of target DNA. In all reactions, genomic 
DNA of E. coli Xl1 Blue (devoid czc/ cnrl nee/ nrel 
nir and ncr loci) and sterile distilled water was used 
as target, which served as negative controls. 

3.2.5. Size determination and restriction 
digestion of PCR products: 
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Positive controt(s) Approx. size References 
of the 

amplicon 

cnrA & nccA 700bp This study 

nreA 200 bp This study 

czcA 1880 bp J.'ajanovska, et al. 
1997) 

czcD 400 bp Trajanovska, et al. 
(1997) 

nirA & ncrA 935 bp This Study 

After PCR amplification, 10 ~I of the amplification 
reactions were electrophoresed in 1% agarose 
(SRL, India) gel [1 gm agarose was added in 100 ml 
1X TAE (Sambrook et al., 1989)] and run in 1X TAE 
buffer [Tris-acetate-EDTA, pH 7.8, prepared as per 
instruction in Molecular Cloning Techniques 
(Sambrook et a/., 1989)] containing 0.5 ug/ ml 
ethidium bromide. Selected amplified products 
generated by bbrc1-bbrc2, nir1-nir2 and czcA1-
czcA2 primers were digested with Pvu II, Ear I and 
Nco I (New England Biolabs) restriction enzymes 
respectively. Restriction analysis of the PCR 
products were done in a 20 ~I reaction volume, 
containing 15 ~I of the amplified PCR mix, 2 ~I 
enzymes, 2 ~I restriction buffer and 1 ~I sterile 
distilled water, for 16 h at 30 oc. After agarose gel 
electrophoresis, for visualization and documentation 
of the e'ectrophoresed bands, a UV-transilluminator ~,_.~ 

(Gibco-BRL, USA) and KD1 SO-Software package 
(Kodak Digital Science, Japan) were used 
respectively. 

3.2.6. Sequencing of the PCR products: 
For the purpose of sequencing, the amplicon was 
first purified with a 'QIA quick PCR purification kit' 
(QIAGEN, Germany). Sequencing of the 
nucleotides was carried out with the 'ABI PRISM™ 
Dye Terminator Cycle Sequencing Ready Reaction 
Kit' (Parkin-Elmer) using specific primer [the same 
primer that was used to get the amplicon(s}] and the 
reaction was analyzed in an 'AB1 PRISM 377 DNA 
Sequencer'. Similarity searches with nucleotide 
sequences in the GenBank database were 
performed with the BLAST N program (Altschul et 
a/., 1997). The ORF of nucleicacid sequence was 
derived by 'ORF finder' software of NCB! 
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restriction map of -500 bp amplicon generated by 
BB1A, BB30 and BB37, did not revealed restriction, 
as expected, digested with Eco Rl (Figure 3.4), 

3.3. Results and discussion: which indicated the sequence homology between 
The present investigation was aimed at determining them. 
the genetic system for metal resistance. To The data generated from this PCR amplification and 
investigate whether metal resistant bacteria isolated restriction analysis of the amplicons clearly 
from Torsa, so-called 'metal-uncontaminated indicated that some of the nickel resistant Torsa 
ecosystem', bears similar metal resistance genetic isolates might happen to possess cnr-system for 
system(s) previously discovered and described nickel resistance but none of them possessed nee

from bacteria isolated from metal--£ontaminated system. The MTC of nickel (4-5 mM) observed for 
ecosystem or not -was also an objective of this these isolates was comparable to that of R 
study. With the boom in the development of the · metallidurans CH34 (which showed tolerance 3- 5 
recombinant DNA technology, molecular methods mM NiCI2) but not with that of A. xylosoxidans 31A 
are being applied more and more to the (which could tolerate 40 mM NiC12) (Mergeay et a/., 
investigations of such kind, and these methods 1985; Schmidt and Schlegel, 1994), also supports 
often provide quick and accurate answer to the this assumption. 
problems. To our knowledge, there remains an 
apparent void in publishing reports on the incidence 
and abundance of nickel resistant bacteria from 
normal ecosystem unpolluted by heavy metals. The 
nickel-resistant isolates from Torsa were screened 
for the presence of already existing nickel 
resistance genes by PCR, using the primers 
designed from well characterized nickel resistant 
genetic loci. 

3.3.1. Amplification with bbrc1· bbrc2 primers 
and restriction analysis of some 
amplicons: 

Among sixty nickel resistant isolates (listed in Table 
2.4), only four isolates (BB17, BB19, NiVa 53, 
NNas 111), like R. metallidurans CH34 and A. 
xy/osoxidans 31A positive controls, have yielded the 
expected -700 bp amplicon (Figure 3.2). Other 
isolates either produced one or more than one non
specific bands (Figure 3.2) or did not produce any 
visible band(s) at all. Three isolates, BB1A, BB30, 
and BB37, repeatedly generated an amplicon of 
-500 bp with the said pair of primer (Figure 3.2). 

The -700 bp amplicon generated from four Torsa 
isolates, were digested with Pvu II restriction 
enzymes. All the digested amplicons generated two 
bands of -300 and 400 bp (Figure 3.3), similar to 
that of positive controls, and thereby indicated the 
possibility of the presence of enrA homologous 
region but not nccA. On the other hand the 

3.3.2. Sequencing and sequence analysis of the 
amplicon generated from the strain BB1A 
using bbrc1-bbrc2 primers: 

The unique amplicon (-500 bp) obtained from the 
isolate BB1A was sequenced using bbrc1 primer 
and deposited in EMBL nucleotide sequence 
database under accession no. AJ 563421 [Figure 
3.10 (B)]. Similarity searches with nucleotide 
sequences in the GenBank database did not 
produce any significant alignment with any gene/ 
protein involved in metal resistance. The largest 
ORF [141 amino acid (Figure 3.10, C)] predicted 
from the nucleic acid sequence was searched for 
similarities with the help of the BLAST program. The 
searching by BLAST P did not show significant 
homology with any of the cation-efflux-system 
protein. The data clearty suggested that the unique 
amplicon generated by isolate BB1A, BB 30 and 
BB37, had no sequence homology with cnrAI nccA 
or any other gene of known genetic system 
conferring nickel resistance and possibly unrelated 
to any of the existing metal-efflux proteins. 

3.3.3. Amplification with czc-primers and 
restriction analysis of some amplicons: 

Primer pair, czcA1-czcA2, yielded the expected 
-1880 bp amplicon from R. metallidurans CH4 DNA 
(positive control) and three other Torsa isolates 
named, NiVa 60, 6CoNi34 and Vas 2N8 (Figure 
3.5). Out of three, two isolates repeatedly generated 
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Figure 3.2. Agarose gel electrophoresis of the PCR products generated by bbrc1-bbrc2 primer pair from nickel resistant 
Torsa River isolates. Lane definitions: M, Marker lane; + & ++, Positive controls (Ralstonia metallidurans CH 34 and 
Achromobacter xylosoxidans 31A); 1 & 14, Negative controls (E. coli XL1 Blue and Alcaligenes eutrophus AE 104); 2, 
Isolate BB17; 3. Isolate BB19; 4, Isolate NiVa 53; 5, Isolate NiVas 111; 6, Isolate 5CoNi34; 7, Isolate NiVas 113; 8, Isolate 
NiVas 114, 9, Isolate 881A; 10, Isolate 7NiCo 43; 11, Isolate 9NiCo 43; 12, Isolate BB 30; 13, Isolate 8837. 

Figure 3.3. Agarose gel electrophoresis of Pvu II restricted 
700 bp amplicons generated with bbrc1-bbrc2 primer pair. 
Lane definitions; 1, Isolate 8B 16; 2. Isolate BB 19; 3, 
Isolate NiVa 52; 4, Isolate NiVas 111; M, Molecular weight 
markers, 

Figure 3.4. Agarose gel electrophoresis of EcoRI restricted 
450· bp PCR products (generated by bbrc1-bbrc2 primer 
pair) of .some nickel resistant Torsa isolates. Lane 
definition: 1, 3 & 5, are the uncut amplicon of the isolates 
B8 1A, B8 30 & BB 37; and 2, 4 & 6, are Eco Rl digested 
amplicon of the isolates BB 1A, BB 30 & 88 37; M, Marker 
lane. 

Figure 3.5. Agarose gel electrophoresis of PCR products, 
generated by czcA1/czcA2 primer pair, of some Nickel 
resistant Torsa river isolates. Lane definition; M, Marker 
!ane, 1, Isolate NiVa 60; 2, Isolate 6CoNi34; 3, Positive 
control (R. metaflidurans CH 34); 4. Isolate Vcd 42; 5, 
negative control (E. coli XL 1 Blue); 6, Vas 2N8. 

a -400 bp amplicon with czcD1-czcD2 primer pair 
(Figure 3.6). Except theabove-mentioned isolates, 
other nickel resistant isolates (listed in table 2.4) 
either did not produce any amplicon or generated 
nonspecific amplicon(s) with both the sets of czc
primers. The isolate VCd 42 although produced an 
amplicon of different size (-1.5 K8) with czcA1/A2 
primer pair but did not produced any amplicon with 
czcD1/D2 primer pair. RFLP analysis of these -1.88 
kb amplicon with Nco I enzyme (Figure 3.7), 
confirmed similar typing compared to that of czcA 
homologous region. It was interesting to note that 
the isolate Vas 2N8 which did not yield any 
amplicon with czcD1-D2 primer pair showed similar 
typing of a czcA homologous sequence. Such 
observation enables us to assume about the 
presence of a diverse czc-system lacking czcD 
gene. In addition to nickel, the isolates NiVa 60, 
6CoNi34 and Vas 2N8, have shown the ability to 
show resistance towards 3.5 -4.0 mM cobalt and 1.5 
-2.0 mM cadmium {Table 2.4). 

3.3.4. Amplification using nre1-nre2 primer 
pair: 

Out of sixty nickel-resistant isolates, five isolates 
viz. 88 26, 88 27, NiVa 51, NiVa 55 and NiVa 56, 
generated an expected -200bp amplicon with nre1-
nre2 primer pair (Figure 3.8). Another three isolates, 
881A, 8860 and NiVas 114 yielded an additional 
band of -600-800 bp along with the expected 200 
bp amplicon (Figure 3.8). Restriction digestion of 
the 200 bp amplicon with Ear I restriction enzyme 
yielded two bands of approximately 80 bp and 120 
bp, like that of positive control, for the isolates 88 
26, 88 27, NiVa 55 and NiVa 56 (data not shown); 
which clearly indicated towards the existence of 
nreA-Iocus in these isolates. One of the isolate, 
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Figure 3.6. Agarose gel .electrophoresis of PCR 
products generated from isolates, NiVa 60 (lane 1) and 
isolate 6CoNi 43 (lane 2), with czcD1/czcD2 prtmer pair. 

. :f", positive control (R. metalfidurans CH 34). 

Figure 3.7. Nco! digestion of 2 kb amplicons generated 
by czc:A1-czcA2 primer set from three isolates . Lane 
definitions; 1, NiVa 61; 2, 6CoNi 34; 3, Vas2N8; M. 
Marker lane. 
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NiVa 51, although generated an unique 200 bp 
amplicon with the said primers but did not produce 
the similar restriction fragments, like that of positive 
control, after Ear I restriction digestion. 

3.3.5. Amplification using nir1·nir2 primer 
pair: 

Experiments. involving amplification with nir1-nir2 
primer pair yielded the expected -950 bp product 
for the K. oxytoca CCUG 15788 positive control 
while some to the test isolates produced non
specific amplicons {Figure 3.9). None of the nickel 
resistant Torsa isolates yielded amplicon similar to 
the size of positive control. The nir and ncr system 
contributed resistance towards 10 and 30 mM Ni2• 
in K. oxytoca CCUG 15788 and H. alvei 5-5 
respectively, but the MTC of Ni2• for Torsa isolates 
were recorded much lower {3.0-6.5 mM) than that 
[except isolate NiVas 113 and NiVas 114 {see table 
2.4)]. Therefore, it was truly difficult to expect the 
presence of ncr or nir homologous loci in nickel 
resistant Torsa isolates, which was also evidenced 

Figure 3.8. Agarose gel Electrophoresis of PCR products of some Nickel resistant bacteria of Torsa river by 
nre1/nre2 prtmer pair. Lane definitions, 1, Isolate BB 60 ; 2, negative contropl (E. coli XLI Blue) ; 3, Isolate BB 
26; 4, Isolate BB1A; 5, Isolate NiVas 114; 6, Isolate NiVa 51; 7, Isolate BB 27; 8, Isolate NiVa 55; 9, Isolate 
NiVa 56; +, Positive control (Achromobacter xylosooxidans 31A) ; M, Molecular weight marker (From top, 
1.35 ,1.07, 0.87, 0.63, 0.31' 028,023,0.19 kb). 

Figure 3.9. Agarose gel electrophoresis of the PCR 
product generated from nickel resistant torsa river 
isolates with nir1-nir2 primer pair. Lane definitions: 1, 
Isolate BB1A; 2.1solate NiVa 61; 3, Isolate NiVas 114; 4, 
Isolate NiVa 51; 5, NiVas 111; 6, 5CoNi 34; +, Positive 
control (K. oxytoca CCUG 15788). 

from the results of PCR amplifications. But there 
remains the probability of getting diverse genetic 
loci, other than nir/ ncr, conferring nickel resistance. 

3.4. Conclusion: 
Depending on the MTC of nickel, ncr and nee -
systems could be regarded as 'high level' {30 and 
40 mM respectively) nickel resistance. Compared to 
tolerance of 30 and 40 mM Ni2•, the tolerance of 10 
mM NiCI2 conferred by nir locus and 3-5 mM NiCi2 
contributed by nre and cnr operon, can be regarded 
as 'moderate level' and 'low level' nickel resistance 
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MALDKPMSEAELQEFDELVKQRFGKSLLLIGSQRLFAL 
WTNEEETCKQNVNQQRTEISRAEIYFKELESRAKYNLP 
MTDEEKAKYEELKGHITKTRNEYENSKKYLTNIRLMTG 
VAEGLLQQAEADNAGQIIREQERKRADG (C) 

1 TTATTGAATT GAATTAATTG ATAAGCTGGC TTTAGACAAA CCCATGAGTG AAGCTGAGCT 
61 TCAAGAATTT GATGAGTTGG TTAAACAACG TTTTGGTAAG AGTTTGCTTT TAATTGGATC 
121 TCAGCGCTTA TTTGCATTGT GGACAAATGA GGAAGAAACC TGCAAACAGA ATGTAAATCA 
181 ACAGCGTACA GAAATTAGTC GTGCTGAAAT TTACTTCAAA GAATTGGAAA GCCGTGCAAA 
241 ATATAACTTG CCAATGACTG ATGAAGAAAA AGCTAAATAT GAAGAGTTAA AGGGGCATAT 
301 AACTAAAACT CGAAATGAAT ATGAGAATTC TAAAAAATAT TTGACAAATA TTCGATTGAT 
361 GACTGGCGTT GCTGAAGGCT TATTACAACA AGCTGAAGCT GATAACGCAG GACAAATTAT 
421 CAGAGAGCAA GAACGTAAAC GTGCCGATGG ijfij 

Figure 3.10. (A), Agarose gel electrophoresis of the sequenced amplicon (-500 bp) of isolate BB1A (lane 1) generated 
by bbrc1-bbrc2 primer pair; M, Molecular weight marker. (B), Nucleotide sequence (Ace. No. AJ 563421) of the 
amplicon; (C), the largest Open Reading Frame (ORF) predicted from the sequence. 

determinants respectively. The nickel resistant 
isolates recovered from Torsa river water showed 
an average MTC of Ni2• of 5 mM (±2 mM), and 
therefore, are expected to bear genetic loci (either 
known or unknown) conferring 'low level' nickel 
resistance. Only two Torsa isolates NiVas 113 and 
NiVas 114, tolerating 12 mM nickel were expected 
to bear a moderate level nickel resistance 
determinant. 

PCR amplification with operon specific primers, 
restriction analysis of the amplicons and DNA 
sequencing techniques were used to analyze the 
nature of genetic system involved in nickel 
resistance in these bacteria. Results of PCR 
amplification indicated that none of the isolate 
tested could have had nee or ncr homologous 
genetic system which could enable them confer 
high level resistance towards nickel ion. Out of sixty, 
only three and four isolates were suspected to bear 
czcA and cnrA homologous sequences respectively. 
There were possibilities of nre-locus bearing 
isolates among the nickel resistant bacterial 
populations, which was evidenced from both PCR 
amplification and restriction analysis of the amplicon 

3.5. SummaiY of chapter 3; 

generated by nre1-nre2 primers. From the result 
obtained after PCR amplification with nir specific 
primer, it was very difficult to conclude the existence 
of nir-system in some of the isolates viz. BB1A, 
NiVas 114, NiVa 51, for the presence of a diverse 
nirA homologous sequence without sequence 
verification. 

The most striking observation was that only 11 
isolates out of a total of 60 responded to the PCR 
with operon specific primers and they might have 
any relation to the existence of cnr, czc, nre -type of 
nickel resistance genetic systems, but could not 
arrive to any conclusion about the genetic nature of 
resistance system in the other 49 isolates of Torsa. 
PCR reactions with operon specific primers yielding 
expected amplicons in 18% of isolates speaks of 
the existence of such genetic system in bacteria of 
diverse ecosystems irrespective of being 
contaminated with heavy metal. The study has also 
indicated that most of the nickel resistant bacteria 
that did not respond to the PCR reaction remained 
as a rich genetic resource for exploring diverse 
metal-resistance genetic system. 

The metal-resistance phenotypes of sixty nickel-resistant bacterial isolates of Torsa River have shown varying degree 
of resistance towards cobalt, cadmium and zinc. Restriction analysis of the PCR products (amplicons generated with 
resistance operon specific primer pairs) DNA sequencing and sequence analysis were used to explore the nature of 
genetic systems responsible for the nickel resistance in these isolates. Only 11 isolates out of 60, responded positively 
in generating amplicons specific for the cnrA, czcA and nreA sequences, suggesting presence of similar genetic 
systems in certain members of natural microftora of river ecosystem having ppb level of heavy metal a below the level 
of toxicity; whereas other 49 isolates might be harboring some diverse and/or novel genetic system(s) for nickel 
re~i~t::~.nr.P. 
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4. Taxonomy and growth-physiology of some Gram-negative nickel resistant Torsa 
isolates possessing inducible nickel resistance mechanism & Application of 
molecular biology and bioinformatics tools in understanding the nature of nickel 
resistance genetic system(s) in them. 

It is apparent from the PCR amplification study physiological and biochemical tests for their 
(discussed in the section 3.3 of Chapter 3) that most probable identification up to the genus level. Growth 
of the metal resistant Torsa isolates contain physiology was studied following methods 
unexplored/ diverse nickel-resistance described by earlier authors (Stoppel et a/., 1995; 
determinant(s), other than cnr, nee, nre, nir or ncr Stoppel and Schlegel, 1995, Grass et a/., 2001; 
(Liesegang et a/., 1993; Schmidt and Schlegel, Park et a/., 2003), to understand the phenomenon 
1994; Grass eta/., 2001; Stoppel eta/., 1995; Park of induction of nickel resistance in these isolates. 
et a/., 2004) to help them survive in an environment Southern hybridization of restricted genomic DNA of 
containing high concentration of nickel. The nickel some isolates using czc, cnr, nee, nre and nir 
resistant Torsa isolates showed a varied range of specific probes yielded results that threw some light 
MTC (Maximum Tolerable Concentration) towards on the genome sequences in the context of 
NiCb. Depending on MTC of nickel, the isolates probable metal resistance genetic systems. 
(listed in Table 2.4 of Chapter 2) were categorized 
into three-classes: 4.1. Biochemical properties of some 

selected nickel resistant Torsa isolates: 
I. 'Low level' nickel resistant isolates: The Most of the nickel resistant strains, isolated from 

members of this group demonstrated MTC in the 
range of 3- 5 mM NiCb. A total of 52 isolates fell 
in this group and 11 isolates were presumed to 
contain well-explored genetic systems ( czc, cnr 
and nre) (discussed in section 3.4). 

II. 'Moderate level' nickel resistant isolates: The 
isolates showing MTC of 5.5-7.5 mM NiCb were 
grouped into this category. There were six 
isolates in this group, viz., 6NiCo 43, NiVa 61, 
5CoNi 34, BB1A, BB37 and NiVa 51. Members of 
this group either did not produce any amplicon or 
did produce one or more amplicon(s) of the sizes 
other than the expected ones; which clearly 
indicated that either well-characterized nickel
resistance determinants were absent or they were 
present in a sequence-{!ivergent group form. 

Ill. 'High level' nickel resistant isolates: There were 
only two representatives in this group. Both of the 
isolates, NiVas 113 and NiVas 114, showed MTC 
of 12 mM NiC12 and generated amplicons of 
varied sizes with bbrc1-bbrc2 and nre1-nre2 
primer pairs (Figure 3.2 and 3.8). 

The 'moderate' and 'high' -level nickel resistant 

anthropogenically nickel polluted sites of Belgium, 
Germany and Zaire belonged to the genus 
Alcaligenes (Stoppel and Schlegel, 1995), whereas 
amongst the 200 nickel resistant bacteria isolated 
from the rhizosphere of nickel-hyperaccumulating 
plant Sebertia acuminata, the predominant species 
was identified as Burkholderia (Stoppel and 
Schlegel, 1995). Pseudomonas pseudoalkaligenes 
and Klebsiella oxytoca were found to be the 
predominant taxa among the nickel resistant 
bacterial population isolated from mineral oil 
emulsion (Stoppel et a/., 1995). The diversity of 
nickel resistant bacteria isolated from various 
ecosystems encouraged taxonomic investigation of 
the nickel resistant isolates of Torsa. Physiological 
and biochemical tests of eight Torsa isolates (6NiCo 
43, NiVa 61, NiVa 51, BB1A, BB 37, 5CoNi 43, 
NiVas 113 and NiVas 114), showing resistance to 
more than 5 mM NiCb, were performed following 
techniques recommended in 'The Prokaryotes' 
(Grimont and Grimont, 1992). 

4.1.1. Materials and Methods: 

isolates ofTorsa River were subjected to several 4.1.1.1. Chemicals and reagents: 
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All chemicals used were of analytical grade and 
were purchased from Qualigens Fine Chemicals, Ill. 
India (unless otherwise mentioned). De-ionized 
double distilled water was used to prepare all 
chemicals and media. A 'digital pH-meter' 
{SYSTRONICS, India) was used for measuring the 
pH, and a digital balance {SARTORIUS) was used 
for weighing purpose. 

4.1.1.2. Media and culture condition: 
The nickel resistant bacterial strains were 
maintained in Nutrient Agar {NA) media {HI MEDIA, 
India Ltd.) supplemented with 1mM NiCI2. For 
biochemical tests, cultures were grown overnight in IV. 
a nutrient agar/ nutrient broth at 35 oc and one 
loop-full culture/ 1% inoculum {v/v) were added to 
the respective media. Culture media used for the 
experiments were supplied by HIMEDIA, India Ltd. 
{unless otherwise mentioned). 

4.1.1.3. Biochemical tests: 
The following biochemical tests were conducted for 
the identification and characterization of the strains: 
I. Gram Reaction: Gram reaction was 

performed following protocols stated by 
Cappuccino and Sherman {1996). A smear of V. 
the culture was made on a glass slide, air-dried 

II. 

and was heat-fixed. The smear was flooded 
with crystal violet for one minute, washed with 
tap water and flooded with gram's iodine for 
one minute followed by washing and 
decolorization with 95% ethanol. After washing 
it was counter stained with safranin for 45 
seconds, washed with tap water, air dried and 
finally examined under compound light VI. 
microscope with oil immersion objective lens. 
Gram-negativity of the isolates was also tested 
on McConkey Agar plate. 

Indole test: Cells were grown in 5ml 
tryptophan broth {gil; NaCI, 5.0; MgS04.?H20, 
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surface was regarded as positive test. 
Methyl Red test: The organisms were grown 

in 10 ml of glucose peptone broth for 2-3 days 
at 30 oc. The medium contained {gil) - peptone, 
5.0; KH2P04, 5.0; glucose 1 0.0; and the pH of 
the medium was adjusted to 7.4. Few drops of 
methyl red reagent {5 mg dissolved in 30 ml of 
95% ethanol and the final volume was made up 
to 50 ml with water) were added to the growing 
culture. Methyl red positive reaction was 
indicated by bright red coloration and negative 
reaction was indicated by yellow color of the 
culture medium. 

Voges-Proskauer test: One loop full of 
overnight grown test culture was inoculated in 5 
ml of the sterilized buffered glucose broth {gil, 
Protease peptone, 7.0; Glucose, 5.0; K2HP04, 
5.0; pH 7 .0) and was incubated at 35 oc lor 
48h. 1 ml aliquot of the full-grown culture was 
taken in a separate test tube and 0.6 ml of a
naptha solution {a- napthol, 5.0gm dissolved in 
100ml ethanol) and 0.2 ml 7{N) KOH was 
sequentially added and mixed well by shaking. 
Development of pink to crimson color at the 
surface within 5min considered as positive test. 

Catalase test: The organisms were grown on 
Tryptic Soya Agar {TSA) plates for 24- 28 h at 
35 oc to get the isolated colonies. A drop of 
H202 was put over a colony. As a negative 
control H202 was always dropped on any part 
of the plate devoid of any bacterial growth. 
Catalase positive character was indicated by 
effervescence of gas bubbles from the colony 
surface, immediately after the addition of Hz02. 

Oxidase test: The test was performed by 
adding bacterial culture on a strip of filter paper 
which was initially impregnated with 1% {w/v) 
aqueous solution of N-N-dimethyl-p
phenylenediamine. Development of pink color 
within 30 seconds indicated the oxidase 
positive tests. 0.2; NH4H2P04, 1.0; K2HP04; L-tryptophan, 

1 0.0, pH 7) and were incubated at 35 oc for 
24h. 0.2 ml of the test reagent {p
dimethylaminobenzaldehyde, 0.5gm; Isoamyl 
alcohol, 0.5 ml; Cone. HCI, 2.5 ml) was then 
carefully added into the full-grown culture and 

VII. Citrate utilization test: The Simmons Citrate 

the tubes were allowed to stand for 1Om in after 
a gentle shaking. A dark red colored ring on the 

medium was used lor this test. The composition 
of the Simmons Citrate medium was as follows 
{gil); NaCI, 5.0; MgS04.?H20, 0.2; NH4H2P04, 
1.0; K2HP04, 1.0; Na-Citrate, 5.0; bromothymol 
blue, 0.02; Yeast Extract, 0.05; agar powder, 
20.0; pH 6.8. Blue coloration of the media after 
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24- 48 h of inoculation was recorded as positive 
reaction. 

VIII. Urease test: Urease activity was tested with 
a medium having following composition (g/1): 
part A: peptone, 1.0; glucose, 1.0; NaCI, 5.0; 
KH2P04, 2.0; phenol red, 0.12; agar, 20.0; pH 
8.0; and part B (g/1): urea 40.0. Part A was 
sterilized at 15psi for 15 min and Part B was 
filter sterilized. After cooling it to 400-50° C they 
were mixed together and were poured into the 
plates. In each plate, a loop-full of overnight
grown culture was streaked and incubated at 
30 oc for 1- 2 days. Development of deep red 
color at the periphery of the bacterial colonies 
at the plates was indicative of positive test. 

IX. Lysine Decarboxylase test: Moeller 
Decarboxylase broth [(gfl) Peptic digest of 
animal tissue, 5.0; beef extract, 5.0; Dextrose, 
0.5; bromo cresol purple, 0.01; pyridoxal, 
0.005; cresol red, 0.005; pH 6.0] supplemented 
with 1% L-lysine was used for this experiment. 
50 1-11 of overnight grown culture(s) were added 
in 5 ml broth and incubated at 35 °C for 18 -20 
h. Change of color from yellow to red was 
recorded as positive test. 

X. Ornithine Decarboxylase test: Moeller 
Decarboxylase broth [(g/1) Peptic digest of 
animal tissue, 5.0; beef extract, 5.0; Dextrose, 
0.5; bromo cresol purple, 0.01; pyridoxal, 
0.005; cresol red, 0.005; pH 6.0] supplemented 
with 1% L-Omithine was used for this 
experiment. 50 1-11 of overnight grown culture(s) 
were added in 5 ml broth and incubated at 35 
oc for 18-20 h. Change of color from yellow to 
red was recorded as positive test. 

XI. Nitrate reduction test: The enzyme nitrate 
reductase is a molybdenum-containing 
membrane bound enzyme, which reduces 
nitrate to nitrite in presence of an electron 
donor. Nitrate reduction and denitrification (as a 
function of dissimilatory reduction of nitrate 
denoting the presence of the enzyme nitrate 
reductase) was examined in the medium 
having following composition (gfl); KN03, 1.0; 
peptone, 5.0; pH 7.5. 5 ml volume of medium 
was dispensed in each tube and sterilized at 15 
psi for 15 min. Each culture tube was 
inoculated with a single colony and incubated 
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at 30 oc for 24 h. Formation of nitrite in the 
culture medium was tested by adding 1.0 ml 
test reagent (O.Sg of sulfanilic acid dissolved in 
100 ml of 5(N) acetic acid and 0.5 g of a -
napthalamine dissolved in 100 ml acetic acid, 
mixed well before use). Development of red 
color indicates positive test for nitrate 
reductase. To monitor the production of gas by 
nitrate respiration, inverted Durham tubes were 
placed in culture medium. 

XII. Lipase test: One loop full of overnight grown 
culture was streaked on Tributyrin agar plate 
(1.0 ml Tributyrin added in 100 ml sterile 
Tributyrin agar base) and was incubated 
overnight at 35 OC. Isolates showed opaque 
zone around the growth area was considered 
as lipase positive. 

XIII. Gelatin hydrolysis test: Gelatin hydrolysis 
was examined in a medium composed of (gfl) 
gelatin, 20.0 & nutrient broth, 10. After melting, 
6ml of the medium was distributed in each of 
the tubes, plugged with cotton and sterilized at 
15 psi for 15 min. each tube was inoculated 
with freshly grown culture by stabbing, and 
incubated for 2 -3 days at 35 oc. The culture 
tubes, after growth of the organisms, were kept 
at 4 oc along with an un-inoculated (control) 
tube. The tubes that did not solidify even at 4 
°C indicated the liquefaction of gelatin and the 
isolates were recorded as gelatinase positive. 

XIV. Starch Hydrolysis: For this test organisms were 
streaked on Starch agar plates [(gfl); Nutrient 
Agar, 23.0; soluble starch, 5.0; pH 7.2] and 
incubated at 35 °C for 1 -2 days. After the 
growth of the culture the petri-plates were 
flooded with Lugol's iodine solution. 
Appearance of colorless zone surrounding the 
bacterial growth indicated the hydrolysis of 
starch leaving the other part dark blue in color 
due to the reaction of starch with iodine. 

XV. Casein hydrolysis: Skim Milk Agar plates 
were streaked with overnight grown loop-full 
culture(s) and caseinase producing bacteria 
showed a clear zone at the periphery of the 
growth. 

XVI. Fermentation of sugars: Fermentation of sugars 
was tested using 'Phelol Red Broth base' 
medium [(g/1); protease peptone 1 0.0; beef 
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extract, 1.0; Sodium chloride, 5.0; phenol red 
0.018; pH 7.4] containing different sugars at a 
concentration of 1% (w/v). An aliquot of 50 IJI 
overnight grown culture was inoculated in 5 ml 
of test media and incubated at 35 oc for 24 -48 
h. Change in the color of the media from red to 
yellow was recorded as positive test. 

XVII. Utilization of organic acids: To assay the 
utilization of organic acids as a carbon source, 
inorganic M70 media (Veron, 1975) was used. 
To prepare 1L of M70 medium, 10 ml of 'Metal-
70' solution [(mg/1): HJP04, 1960; FeS04. 
1H20, 55.6; ZnS04. 7H20, 28.7; MnS04. 4H20, 
22.3; CuS04. 5H20, 2.5; Co(N03). 6H20; 
H3B04, pH 6.2] was added in to 490 ml of 'P
Ca-Mg solution' [(mgil); CaCI2. 2H20, 14.7; 
MgS04. 7H20, 123; KH2P04, 680; K2HP04, 
2610, pH 7.2], the resultant mixture was filter
sterilized and added in 500 ml sterile 'Nitrogen 
Base' solution [(gil); NaG!, 1 0; NH4S04, 1.0]. 
The substrate was filter-sterilized and added to 
.the sterile M70 media at a concentration of 10 
% (w/v). To the 10 ml of media 100 IJI of 
growing cultures were added separately and 
growth was observed after 2 ~ days after 
incubation at35 oc. 

4.1.2. Results and Discussion: 
All the eight nickel-resistant Torsa isolates, tested 
for number of biochemical and physiological 
properties, showed poor growth in defined basal 
media [(gil); (NH4)2S04, 2.0; MgS04, 0.5; K2HP04, 
0.5; KCI, 0.1; pH 7.2] supplemented with glucose/ 
sucrose/ fructose/galactose as a sole carbon 
source. But all of them showed copious growth in 
nutrient rich heterotrophic media (viz, nutrient broth/ 
agar, Iuria broth/ agar, trypticase soy broth/ agar 
etc.); which indicated the copiotrophic nature of the 
isolates. All the isolates tested were gram-negative, 
catalase positive, motile, and formed slightly 
concave, smooth edged, white colonies on NA 
plates. The detailed physiological and biochemical 
properties of the isolates are listed in Table 4.1. 
Depending on the physiological and biochemical 
properties of the isolates, 5CoNi 34, NiVas 113 and 
NiVas 114 were identified as Enterobacter sp.; 
isolate 6NiCo 43 and NiVa 51 as Serratia sp.; and 
isolates NiVa 61, BB 1A and BB 37 were identified 
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as member of the genus Pseudomonas, 
Acinetobacter and Moraxella respectively. The 
results of physiological and biochemical 
characteristics of the isolates (Table 4.1) were 
confirmed by MTCC (Microbial Type Culture 
Collection), Chandigarh, India. 

4.1.3. Conclusion: 
The Torsa isolates showing MTC for Ni2• more than 
5mM (i.e., within the range 5.5 -12.0 mM) 
predominantly belonged to the family of 
Enterobacteriaceae. Along with the members of 
Enterobacteriaceae, the members of the family 
Moraxellaceae and Pseudomonadaceae were also 
found. Among three Enterobacter sp., isolate NiVas 
113 and NiVas 114 exhibited indistinguishable 
responses during biochemical tests (see Table 4.1), 
produced amplicons of comparable size with bbrc1-
bbrc2 primers (Figure 3.2) and demonstrated similar 
MTC towards Ni2•, Co2•, Cd2•and Zn2• (see Table 
2.4). Therefore it was assumed that these two 
isolates were taxonomically similar and were the 
representatives of same genus and species. 

Among two strains of Serratia sp. (NiVa 51 and 
6NiCo 43), NiVa 51 was found to tolerate 
comparatively higher (7.5 mM) concentration of 
nickel ion, and differences in their biochemical 
properties implied that they were probably the 
members of different Serratia species. 

Isolate BB1A and BB 37 generated a -500 bp 
amplicon with bbrc1-bbrc2 primer pair (Figure 3.2) 
and the restriction digestion analysis of the 
amplicon(s) (see figure 3.4) showed similar RFLP. 
Moreover, the results of numerical taxonomy 
identified them as Acinetobacter sp. strain BB1A 
and Moraxella sp. strain BB 37 respectively. 
Although it is very difficult to distinguish between 
Acinetobacter and Moraxel/a by biochemical tests, 
the former gave negative oxidase test in contrast to 
the later (Holt et al. 1994). Two different organisms 
have generated similar amp/icon with the same pair 
of primers revealed identical sequence. Therefore 
the exploration of the nature and function of the 
gene predicted from the sequence of -500 bp 
amp/icon with bbrc1-bbrc2 primer pair may help in 
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Table 4.1. Biochemical and physiological characteristics of some nickel resistant copiotrophic bacteria isolated 
from Torsa River. All taxa are gram-negative, motile, catalase positive, indole negative and do not produce endospore. 

Charactenstics 881A 8837 NiVa61 5CoNi43 NiVa51 NiVas113 NiVas114 6NiCo43 

Pigment + 
Methyl Red 
Voges-Proskauer 
Oxidase + + 
Urease 
Lysine Decarboxylase + 
Ornithine Decarboxylase 
Nitrate reductase + 
Upase (Tween80) nd 
Starch + 
Gelatin + 
Casein + 
Acid production from carbohydrates: 

Glucose 
Sucrose + + 
Fructose + + 

Arabinose + 
Mannitol + 

Mellibiose + 
Xylose + 

Adonotol + 

Cellibiose 
Trehalose + 

Sorbitol 
Lactose + 

Rhamnose 
Raffinose + 

Utilization of organic acid salts as carbon source; 
Malonate + 

Acetate + + + 
Lactate + 
Oxalate + + w 

Tartarate w 
Citrate + 

Succinate + 

+ 
+ + 

+ 
+ 
+ + 
+ + 

+ 

+ + 
+ + 
+ 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
w 

+ + 

nd + 

w 
+ + 
+ + 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

w 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
nd 
w 
w 
+ 

+,strain showed positive reaction;-, strams showed negative reaction; nd, not done: w, weak positive. 

providing a new insight on the evolution and origin 
of these two genera from a common ancestor. 

4.2. Study of the induction of nickel 
resistance: 

The nickel-resistant bacteria isolated from the metal 

contaminated environments, such as, zinc 

decantation tank in Liege, Belgium (Mergeay et a/., 

1985), metal working industry at Holzminden, 

Germany (Schmidt and Schlegel, 1994), from soil

litter mixture underneath the canopy of the nickel

hyper-accumulating tree Sebertia accuminata in 

New Cladonia (Stoppel and Schlegel, 1995) and 

mineral oil emulsion tank in Goteborg, Sweden 

(Stoppel et a/., 1995), have shown considerable 

diversity in the regulation of expression of genes 

involved in nickel resistance. 

In presence of sub-millimolar concentration of nickel 
and cobalt, the transcriptional response of the 
regulatory locus of inducible cnr system was studied 
in detail by a constructed transcriptional fusion of 
cnrYXH and /uxCBAD (pMOL 1550) and cnrYXHC' 
and /uxCBAD (pMOL 1551), luciferase reporter gene 
(Tibazarwa eta/., 2000). The study showed that in 
the strain Ralstonia eutropha 104 harboring 
pMOL1550/ pMOL1551, transcription from cnrYXH 
was maintained at a basal level in absence of nickel 
and cobalt, and transcription starts when cells are 
exposed to 0.02 mM Ni2+, or 0.1 mM Co2• and the 
rate of transcription reached its maximum when 
exposed to 0.3 mM NF• or 2 mM Co2•. Between 0-
0.3 mM, transcription was positively induced with 
increasing nickel concentration (Tibazarwa et a/., 
2000). As shown with Tn5-/ac Z fusion, cnr is the 
best induced by 128 J.1M Ni2+while other metal 
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served as less efficient inducers (Grass et a/., 
2000). 

The regulation of expression of nickel resistance of 
Klebsiella oxytoca CCUG15788 was studied with 
whole cells, where beginning of the exponential 
growth phase in liquid media containing 5 mM Ni2• 
was found to be dependent on the condition of pre
growth condition (Stoppel eta/., 1995). Cells pre
grown in 5 mM Ni2• have shown lag phase of 2-3 h 
whereas cells pre-grown in nickel free media 
showed lag phase of 12h. From these observations, 
earlier authors have concluded that nickel 
resistance in K. oxytoca CCUG15788 is an 
inducible property (Stoppel eta/., 1995). 

In Achromobacter xylosoxidans 31A, nreB was 
specifically induced by nickel but not by cobalt and 
zinc (Grass eta/., 2001). Cells of A. xy/osoxidans 
AX1 containing nreB-IacZ operon fusion on plasmid 
pTOM9 were induced by 0.3 mM Ni2•. 

The cells of Hafnia alvei 5-5, containing ncr 
determinants for nickel resistance, when exposed to 
5 mM NiCI2, showed lag phase of 15 h before 
growing exponentially. But when cells were pre
·exposed to 0.5 mM Ni2•, the lag phase was reduced 
to 8 h (Park eta/., 2003), clearly indicating the fact 
that the nickel resistance genetic system in H. alvei 
5-5 is an inducible genetic system. 

Pickup et a/. (1997) isolated number of nickel
resistant bacteria, from a sewage-contaminated 
place of Cambria, UK, and all of them were found to 
be the members of family Enterobacteriaceae. The 
strains were found to possess a conjugative plasmid 
which responded to the inducible nickel resistance. 
The authors demonstrated that when cells were pre
exposed overnight to 0.5 mM NiCb and then 
inoculated in nutrient broth (N8) containing 2.5 mM 
Ni2•, the lag phase of the cells were remarkably 
reduced to 3h compared to the cells incubated 
overnight without any vestige of Ni2• ion in the 
medium. From this observation the authors 
concluded that the nickel resistance property in 
those isolates was inducible. 

Following the modus operandi-stated by Stoppel et 
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a/. (1995), Pickup et a/. (1997) and Park et a/. 
(2003), similar growth experiments were performed 
to understand the nature of genetic system(s) 
conferring nickel resistance in Torsa isolates, 6NiCo 
43, NiVa 61, NiVa 51, BB1A, 88 37, 5CoNi 43 and 
NiVas 114, having MTC for nickel ranging between 
5.5 -12.0 mM. The isolates showed poor growth in 
the defined basal salt media supplemented with 
glucose; hence the nutrient broth was used as 
growth medium. As isolate NiVas 113 and NiVas 
114 responded identically during biochemical 
characterization and were suspected to be the 
member of the same genus and species, growth 
curve of only NiVas 114 was constructed for 
analysis. 

4.2.1. Materials and Methods: 
4.2.1.1. Reagents and Chemicals: 
All metal salts (NiCI2, 6H20; CoCb, 6H20; ZnS04, 
6H20; CuS04, 7H20, and CH3COOPb, 2H20) used 
in the experiment were of analytical grade and were 
supplied by Qualigens fine chemicals, India. 
Deionized double distilled water was used in the 
preparation of stock solutions and media. Required 
amounts of metal salts were dissolved to prepare 
1M or 0.1 M stock solutions, which were filter
sterilized and added in a sterile nutrient broth media 
before inoculation. 

4.2.1.2. Pre-incubation of cultures: 
One loop full of overnight grown culture of the 
isolates, 6NiCo 43, NiVa 61, NiVa 51, 881A, 88 37, 
5CoNi 43 and NiVas 114, were separately 
inoculated in 10 ml of NB and were grown at 35 oc 
for 15 -20 h. 1 ml of such cultures were centrifuged 
at 5000 rpm for 5 min at 4 oc and the pellet was 
washed twice with sterile 0.87 (M) NaCI. The 
washed cells were suspended in 0.5 ml 'defined 
basal salt medium' [(g/1); (NH4)2S04, 2.0; MgS04, 
0.5; KH2P04, 0.5; KCI, 0.1; pH 7.2] containing 1% 
glucose(w/v) and 0.1% nutrient broth (w/v), and 
was incubated overnight either in presence or in 
absence of various concentrations (0.005 -{).1 00 
mM) of added Ni2•/ Co2•/ Cu2•/ Pb2•/ Zn2• ion(s). 
Cultures grown in presence of added metal ion(s) 
were considered as 'induced pre-culture(s)" and in 
absence of the same were considered as 'un
induced pre-culture(s)". 
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4.2.1.3. Growth in liquid media: 
An aliquot of 0.1 ml of both induced and un-induced 

cultures were separately inoculated into two 

separate 100 ml Erlenmeyer flasks containing 10 ml 

nutrient broth supplemented with 3mM NiCh. The 

flasks were incubated at 35 °C with shaking (100 

rpm) and optical density of the cultures were then 

measured at regular intervals at 560 nm in a 

spectrophotometer (Shimadzu, Japan). using sterile 

un-inoculated NB as a blank. Two nickel-sensitive 

(MTC <0.4 mM) Torsa-isolates, NiVa 101 and BB1C 

(tentatively identified as an Acinetobactersp.), were 

similarly inoculated in nutrient broth containing 3 

mM NiCI2 which served as the negative control. 

The normal growth curves of four nickel-resistant 

strains, NiVa51, NiVas 114, NiVa61 , and BB1A, in 

heterotrophic medium were generated to 

understand their copiotrophic nature. For this, the 

strains were cultured overnight in nutrient broth 

(NB) at 35 °C and each culture was diluted using 

the same medium to an optical density of 0.6 at 560 

nm. After adjustment, 1ml of each culture was 

inoculated in 250 ml Erlenmeyer flask containi ng 

100 ml NB. The flasks were incubated at 35 °C with 

shaking and optical density was measured at every 

15 min mterval for a total of 3 -5 hours after 

inoculation. 

4.2.2. Results and Discussion: 

Growth experiments in liquid media revealed that 

nickel resistance in these isolates (B81A, 8837, 

NiVa 61 , 5CoNi 34, NiVa 51 , NiVas 114 and 6NiCo 

43) was an inducible property (Figure 4.1 ). When 

un-induced cultures i.e. cells incubated overnight in 

basal salt medium containing 1% (w/v) glucose and 

(wlv) 0. 1% NB without any added metal ion, were 

inoculated in N8 containing 3 mM NiC12, the growth 

initiated exponentially after a lag phase of 9-19 h 

{Figure 4.1 ), but when cells were pre-grown in the 

presence of micro-molar concentration of Ni2•! Co2·t 
Cu2·/ Zn2-/ Pb2· (induced pre-culture) and inoculated 

in N8 containing 3 mM NiC12, they started growing 

exponentially only after a lag phase of 2-8 h {Figure 

4.1). 
When un-induced cells of the isolate 881A were 
inoculated into N8 containing a challenge 

concentration of 3 mM NiCh, they initiated the 
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exponential growth after a lag phase of 19 h. 

Whereas, cells pre-grown in presence of 50 !JM 
NiCI2 (induced pre-culture) grew exponentially after 

a lag phase of only 2-3 h when exposed to the 

same medium {Figure 4.2-A). It has also been 

observed that when cells of 881A were pre-grown 
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in presence of 20-30 ~M of lead acetate/ copper 

sulfate/ zinc sulfate and inoculated in N8 containing 

3 mM NiCI2, the lag phase was reduced to the same 

extent (2- 3 h). The results suggested that micro

molar concentrations of nickel, lead, copper and 

zinc were sufficient for induction of nickel resistance 

in 881A. 

Under laboratory conditions, un-induced cells of 

NiVa 61, NiVas 114 and 6NiCo 43 showed a lag 

phase of 13 h in N8 containing 3 mM NiCI2 (Figure 

4.1-C, F & G). In all the cases the duration of the lag 

phase was shortened to 3-6 h, provided the cells 

were pre-incubated in micro-mol ar (5-1 00 1-JM) 

concentrations of ZnS04 and NiCI2 In case of 

isolates NiVa 61 and 6NiCo 43, only 5 and 8 1-JM of 

ZnS04 was found sufficient to induce nickel 

resistance respectively, whereas a minimum of 100 

1-JM ZnS04 was required to induce nickel resistance 

in NiVas 114 (Figure 4.1-C, G & F). In addition to 

nickel and zinc, pre-exposure of cells in 50 1-JM 

CoCb was also found to induce nickel resistance in 

isolate 6NiCo 43 (Figure 4.1- G). For all these three 

isolates, NiVa 61, NiVas 11 4 and 6NiCo 43, a 

minimum of 20 1-JM, 50 1-JM and 100 IJM NiCb 

respectively, were found essential for the reduction 

of lag phase in the same 3 mM nickel challenged 

medium (Figure 4.1 C, G & F) . 

In case of the isolates 5CoNi 34 and 88 37, the un

induced cells showed the lag phase of 15 and 17 h 

respectively in the NB medium containing 3mM 

NiCb, but pre-incubation in 8-10 IJM zinc sulfate or 

50 1-JM nickel chloride could effectively reduce the 

duration of lag phase by 8 -10h (Figure 4.1-0 & 8). 

Out of these two isolates, 8837 showed a similar 
reduction of lag phase in 3 mM nickel challenged 

media, when cells were pre-exposed to 50 IJM Cu2-

(Figure 4.1-B). 

The un-induced pre-cul ture of the isolate NiVa 51 , 

when inoculated in NB containing 3mM NiCI2, the 

cells entered into the log phase after a lag phase of 

9 h, but the same culture when induced by pre

exposing the cells in NF- or Zn2• or Co2• containing 

media, the lag phase was remarkably shortened to 
2 h. It was also recorded from the study that a 

minimum of 100 IJM of ZnSOJ 50 IJM of NiCb/100 
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Figure 4.1 . Induction of nickel resistance in some Torsa 
River isolates whtch tolerated more than 5 mM NiCI~. Cells 
were grown in nutrient broth media containing 3 mM NiC12 . 

Symbol defmit'1ons: A , growth curves of un-induced cells; 
\, growth curves of Zn~· induced cells; " · 9rowth curves of 
Ni~' induced cells; • . ~rowth curves of Pb • induced cells; 
1. p,rowth curves of Cu • induced cells ; • . growth curves of 

Co • indl.lced cells; • . Growth curves of nickel sensitive 
isolate BB1C (negative control): and x, growth curves of 
nickel sensitive isolate NNa 101 (negat ive control). 
[A]. Growth curves of the isolate BB1A; [B], Growth curves 
of the isolate BB37; [C] , Growth curves of the isolate NiVa 
61; [0 ]. Growt h curves of the isolate SCoNi 34; [E] . Growth 
curves of the isolate NiVa 51 , [F], Growth curves of the 
isolate NiVas 114; [G) , Growth curves of the isolate 6NiCo 
43. 
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1-1M CoCI2 was essential in order to induce nickel 
resistance in the isolate. 

Similar growth experiments, demonstrating 
inducible property of nickel resistance in Ralstonia 
metallidurans CH34, Burkho/deria strain 32W-2, 
Klebsiella oxytoca CCUG 15788, and Hafnia alvei 
M622 has been described by earlier authors 
(Stoppel & Schlegel1995; Stoppel eta/. 1995; Park 
et a/. 2003}. A considerable diversity in the 
minimum inducing concentration of Ni2• could be 
noted from these studies. The nickel resistance 
system in K. oxytoca reached full induction only 
after pre-growth at the challenge nickel 
concentration of 5 mM, while R. metallidurans CH34 
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not being considered as contaminated, if not said 
polluted, by heavy metals. In the present study, we 

have provided information for the first time about the 
incidence of nickel resistance in fractions of !tie 
recoverable copiotrophs isolated from River Torsa 
of India [Table 2.4], the metal content analysis of 
the river water, monitored round-the-year, indicated 
safe limit(s} for the metal(s} (tested} [Table 2.2] 
which people use for bathing and other purposes. 

The copious growth of the nickel and/ or zinc 
resistant strains (NiVa 51, NiVa 61, NiVas 114 and 

BB1A} in nutrient broth exhibiting a mean 
generation time (g) of 13-25min, in contrast to 
insignificant growth by the same isolates in basal 

were induced by 0.5 mM as against the challenge salt medium containing 1% glucose (w/v} and 0.1% 
nickel concentration of 3 mM. The nickel resistance nutrient broth (v/v}, explained the copiotrophic 
system in both Burkho/deria strain 32W-2 and H. nature of the strains used in this study. However, 
alvei M622 could be induced by 1 mM Ni2•. In the 'g' values of the same strains were increased by 
contrast to all the earlier whole cell induction studies 5 to 8 times in nutrient broth containing 3mM nickel 
of nickel resistance system, the Torsa isolates chloride. 
showed full induction at a much lower inducing 
concentration (0.02 mM -0.1 mM} of nickel chloride. The Ni-resistant Torsa isolates, showing MTC of 
Except nickel, other metals (cobalt and zinc} proved more than 5mM towards Ni, were examined for the 
to be less efficient inducers of nre (Grass et a/., induction of Ni-resistance by pre-culturing the 
2001}; and as shown with Tn5-/ac Z fusion, cnrwas isolates in NB containing non-lethal concentration of 
best induced by 128 1-1M Ni2• but not by other various metal ions (5-100 iJM} and then rowing 
metal(s} (Grass et a/., 2000}. In addition to nickel, them in NB supplemented with 3mM NiC12. Control 
the Torsa isolates showed full induction of nickel strains, BB1C and NiVa 101, showed no growth in 
resistance determinant when pre-exposed to Co, 3mM NiCI2 containing NB medium even after 
Cu, Zn and Pb. Therefore, nickel resistant incubation of 26 h (Figure 4.1- C, F & G). 
determinant of the Torsa-isolates having MTC of 
nickel >5 mM, showed considerable diversity in the The growth profile of the isolates indicated that the 
nature of induction. 

Similar growth experiments in a defined basal salt 
medium containing 1% (w/v} glucose/ fructose/ 
arabinose/ lactose/ sucrose were performed, but 
could not be acquiescent to turbidometric analysis 
due to initiation of poor growth of almost all the 
isolates even after a lag phase of 38-48 h. 

4.2.3. Conclusion: 
The importance of heavy metal resistance in 
ecological studies was recognized recently 
(Mergeay, 1991}. Till date, no information is virtually 
available about the incidence and abundance of 
metal resistant bacteria in an environment that was 

nickel resistance properties of these strains was of 
inducible nature, since the pre-incubation of the 
cells in micro-molar concentration of metal cation 
had a significant effect on the reduction of lag time 
compared to the un-induced cells challenged with 
3mM NiGh. We have attempted to explain the 
reason behind the difference in proportion of nickel 
resistant copiotrophic colonies recovered from water 
samples in different sampling months round the 
year (Table 2.3}. Growth studies conducted with 
isolate 6NiCo 43, NiVa 61, BB 37 and 5CoNi 34, 
revealed that pre-exposure of the cells to 5 -10 1-1M 
zinc sulfate (= 325 --Q50 ppb Zn2•) was found 
effective in inducing the nickel resistance of the 
isolates. This phenomenon indicates the fact that 
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the fraction of river water copiotrophs that possess 
such inducible nickel resistant genetic system 
(requiring ppb level of zinc for induction) would get 
the selective growth advantage over metal-sensitive 
copiotrophs on 3mM nickel containing plates. The 
recovery of nickel resistant copiotrophs on metal
containing nutrient agar plates was poor in 
sampling-months when zinc content of the river was 
found below the inducible concentration (>200 ~M), 
while in sampling months that recorded high 
Zn2+content (555.46-691.32 ppb) the recovery was 
high (see Table 2.3). Data obtained from the similar 
induction studies enabled to conclude that nickel 
resistance in several Torsa isolate was induced by 
pre-exposing the cells in 4 ~M Zn2+(260 ppb) where 
the lag phase was found to be reduced by 6-8 h in 
all the cases. Although a high correlation (0.8) 
value between lead content and nickel resistant 
bacterial population was scored, but, except BB1A, 
the nickel resistance in other bacterial isolates could 
not be induced by pre-exposing the cells in Pb2+ 
containing medium. The lead ion content of the river 
therefore may not have any biological significance 
in inducing nickel resistance. The high correlation 
score (0.87) between lead and zinc ion content of 
the river may be explained by the dissolution of 
these two metals from the same geological 
source(s). 

Undoubtedly, the nickel resistant strains, e.g., 
6NiCo 43, NiVa 61, BB 37 and 5CoNi 34, bear the 
potential genetic material for enriching the genomic 
of nickel resistance in prokaryotes. Furthermore, the 
property of induction of metal resistance by ppb 
level of bio-available metal ions in the environment 
could be genetically manipulated in constructing 
microbe-based biosensors. 

4.3. Molecular genetic characterization of 
nickel resistant determinant(s) of three 
Torsa isolates that tolerate more than 6 
mM nickel chloride: 

Considerable diversity in nickel resistance 
phenotype along with the diversity in resistance 
genes have been observed among the bacterial 
strains isolated from metal contaminated/ enriched 
environments. Among the metal resistance 
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determinants of which nickel resistance has been 
one of component, discovered so far, cnr and nee 
operon shared high degree of nucleotide sequence 
homology as well as in protein sequence of the 
transcribed genes (Schmidt and Schlegel, 1994), 
and could not be expressed in E. coli (Lisegang et 
a/., 1993; Schmidt and Schlegel, 1994). On the 
other hand, nre operon, which co-reside with nee 
operon in plasmid pTOM9 of Achromobacter 
xylosoxidans 31A, exhibited only limited sequence 
identity with cnr and nee, and was found to express 
in E. coli (Schmidt and Schlegel, 1994; Grass eta/., 
2001 ). The nirB gene of nir operon, discovered from 
Klebsiella oxytoca CCUG 15788, shared certain 
degree of sequence homology with nreB, and high 
degree (95%) of sequence identity with ncrB gene 
of Hafnia alvei 5-5. Both, nir and ncr operon, were 
found capable of expressing in some members of 
Enterobacteriaceae including E. coli (Stoppel et a/., 
1995; Park eta/., 2003). 

Stoppel and Schlegel (1995) isolated large number 
of nickel resistant bacteria from the rhizosphere of 
nickel hyper-accumulation tree Sebertia accuminata 
and also from anthropogenically nickel polluted 
sites. The restricted total-genomic-DNA of the nickel 
resistant strains (a total of 50 isolates) were 
subjected to DNA-DNA hybridization with the 
probes prepared from the inserts of the recombinant 
plasmids containing cnr, nee, nre and nir operon 
(Stoppel and Schlegel, 1995). On the basis of 
hybridization signals, the nickel resistant 
determinants of the strains were grouped into four 
classes: (a) 'cnr/ncc' type determinants, generated 
strong hybridization signal with cnr and nee probes; 
(b) 'cnrlncclnre' type determinants, yielded 
hybridization signal with cnr, nee and nre probes; (c) 
K. oxytoca type determinants gave strong 
hybridization signal with nir probe; and (d) the 
others had no hybridization reaction with any of the 
DNA probe used. The majority of the strains, 
showed hybridization signal with cnr, nee and nre 
probes. Only two strains, out of 50, yielded strong 
hybridization signal with nir probe, and 
subsequently it was one strain among them, H alvei 
5-5, which was found to harbor a novel high-level 
nickel resistant determinant gene named ncr (Park 
eta/., 2003 and 2004). 
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(Park et al., 2003 and 2004). 
It was described earlier that nickel resistant bacteria 
were isolated from the waters of Torsa River of 
India. PCR analysis of the isolates (section 3.2) 
clearly indicated that most of the isolates failed to 
produce amplicons with primers designed from well 
characterized metal resistance operon that 
conferred resistance to metals including nickel or 
exclusively nickel. Some of the isolates, having 
MTC of nickel between 5.5 -12 mM, showed an 
inducible nickel resistance phenomenon (discussed 
in section 4.2). In order to explore the .genetic 
consUtuent that rendered nickel resistance in 
isolates of Torsa, the restricted genomic DNA of 
three isolates BB1A, NiVa 51 and NiVas 114 were 
subjected to DNA-DNA hybridization using cnr, nee, 
nre and nir probes. The rationale behind the 
selection of these three isolates rested on the 
choice of higher MTC of nickel (6.5 -12 mM) shown 
by the isolates in the pool of nickel resistant isolates 
(Table 2.4 of Chapter 2). 

4.3.1.1. Materials and Methods: 
All the reagents required for the following methods 
were prepared according to the protocols described 
by Davis et al. (1986), (unless otherwise 
mentioned). The molecular biology grade chemicals 
used for the preparation of reagents were 
purchased from Sisco Research Laboratory Ltd. 
(SRL, India Ltd.). 

4.3.1.1.1. Preparation of total genomic DNA: 
The methods employed for the isolation and 
quantification of total genomic DNA are discussed in 
section 3.2.2 of Chapter 3. 

4.3.1.1.2. Restriction Digestion of the genomic 
DNA: 

An aliquot of 50 1-11 of genomic DNA preparation 
(that contain - 5 !Jg DNA) was taken in a 0 .5ml 
microcentrifuge tube and was suspended in 81 !JI of 
sterile double distilled water. To the suspended 
DNA solution 15 !JI of 1 OX restriction buffer and 4 !JI 
of EcoRI restriction enzyme (GENEI, India) was 
added, the ingredients were mixed by vortexing and 
centrifugation, and incubated overnight at 37 oc. 
On the next day the DNA was extracted by 
consecutive phenol-chloroform (Tris-equilibrated 
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phenol and chloroform, 1:1) and chloroform-iso 
amylalcohol (24:1) treatment, and precipitated by 
dehydrated alcohol. The pellet was dried under 
vacuum and suspended in 25 !JI TE (Tris-acetate 
10.0 mM: EDTA 1.0 mM), checked on 1o/o agarose 
gel (with ethidium bromide) and the DNA was 
estimated in an UV-vis spectrophotometer 
(Shimadzu, Japan). 

4.3.1.1.3. Southern Hybridization: 
'DIG High prime DNA labeling and detection kit', 
purchased from Roche Diagnostics GmbH, 
Penzberg, Germany, was used for the experiments 
following manufacturer's instructions. 

I. Preparation of probes: 
a. PCR amplification: For the preparation of 
probes, the primers (listed in Table 3.2) were used 
to amplify specific region of cnr, nee, nre and nir 
determinants (see Chapter 3). PCR using bbrc1-
bbrc2 primers yielded -700 bp amplicon from the 
positive controls R. metallidurans CH34 and A. 
xylosoxidans 31A, representing partial cnrA and 
nccA gene respectively. Using genomic DNA of K. 
oxytoca CCUG 15788 as template, a 950 bp 
amplicon, representing partial nirA gene, was 
generated by nir1-nir2 primer pair. As the nucleotide 
sequence of the 950 bp amplicon of K. oxytoca has 
98% sequence homology with ncrA gene, no further 
probe for ncr locus was used in the experiment. An 
amplicon (200 bp) generated from nreA gene by 
using nre1-nre2 primer pair from the genomic DNA 
of A. xylosoxidans 31 A was used as a probe for 
detection of nre locus. The PCR conditions used for 
the amplification are described in section 3.2.4 of 
Chapter 3. 

b. Elution of the PCR products from low melting 
point agarose and labeling of the amplicons: 
Setting and running of the gel was performed at 4 
oc in 1 X TAE following techniques stated in 'Basic 
Methods in Molecular Biology' (Davis et al., 1986). 
The required band (s) were sliced out by sterile 
scalpel and taken in a 2.0 ml microcentrifuge tube, 
and were melted at 65 °C for 5 min. To the molten 
agarose equal volume of TAE buffer was added and 
agarose particles were removed by repeated phenol 
extraction. Finally DNA was precipitated and 
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suspended in TE (10mM Tris-el: 0.1 mM EDTA, pH 
7.5), quantified and used in labeling reaction. 

The random primed DNA labeling (non-radioactive) 
DIG- (Digoxigenin-dUTP) DNA labeling kit (Roche 
diagnostics, Germany) was used for the labeling 
reaction following manufacturer's instructions. 
Approximately 1.0 IJg of template DNA was taken in 
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was introduced again. The DIG-labeled DNA probe 
was denatured in boiling water bath for 5 min and 
was immediately placed in ice bath. The denatured 
probe was then introduced in to the hybridization 
bag and was mixed well avoiding foaming. The bag 
was immediately placed into a water bath at 50 oe 
and agitated for 15-16 h. 

Post hybridization wash: 16 IJI of sterile double-distilled water; denatured in a V. 
boiling water bath and immediately transferred in an After hybridization the membrane was placed in a 

plastic container and washed twice for 5 min in 50 
ml Solution-A (2X SSe, 0.1% SDS) at 25 oe under 

ice bath. To the denatured DNA 4 IJI of 'DIG-High 
Prime' was added, thoroughly mixed and incubated 
overnight at 37 oe. On the next day 2 IJI of 0.2 M 
EDTA was added to the mixture to stop the 
reaction. 

II. Transfer of DNA to the nylon membrane: 
In an agarose gel (1%) the fcoRI restricted 
genomic DNA of the isolates (BB1A, NiVa 51 and 
NiVas 114), positive control (selected on the basis 
of probe used) and negative controls (listed in Table 
3.1 of chapter 3) were loaded in separate lanes. Into 
the same agarose gel the PeR products generated 
by the isolates with specific primers (see Figure 3.2, 
3.8 and 3.9 of chapter 3) and the unlabeled probe 
DNA were also loaded in separate lanes. The gel 
was electrophoresed at 50 mV for at least 5 h. The 
electrophoresed DNA and PeR products were then 
transferred to a positively charged nylon membrane 
by capillary transfer method (Sambrook eta/., 1989) 
after depurination (0.25 N Hel, for 15 min); 
denaturation (1.5 M Nacl, 0.5 mM NaOH, for 20 
min); and neutralization (1.0 M Tris-el, 2.0 M Nael, 
pH 5.0, for 25 min). After transfer, the DNA on the 
membrane was fixed using a UV-crosslinker 
(Stratagene, USA). 

Jll. Pre-hybridization: 
The membrane was placed in a plastic hybridization 
bag and was allowed to wet in 10 ml of preheated 
(40 oq DIG-Easy Hyb solution. The hybridization 
bag was properly sealed with care so that no air 
bubbles remained inside. The sealed bag was 
agitated in a water bath at 40 oe for 30 min. 

IV. Hybridization: 
The pre-hybridization solution was forced out from 
the bag and 10 ml of fresh DIG-Easy Hyb solution 

constant agitation. Stringent washes were also done 
twice for 15 min (2 X 15 min) in solution-S (0.5 X 
sse, 0.1 % SDS) at 50 oe. 

VI. Blocking of membranes: 
After hybridization and stringent washes, the 
membrane was rinsed in 'washing buffer' (0.1 M 
Maleic acid; 0.15 M Nael; pH 7.5; 0.3% Tween 20). 
Then the membrane was incubated for 30 min in 
100 mi1X 'Blocking solution' (prepared by diluting 
1 OX Blocking reagent with wash buffer). The 
membrane was dipped into 20 ml 'Antibody solution' 
(1 0 IJI of Anti-Digoxigenin-AP was added in 50 ml 
Blocking solution) for 30 min and then washed twice 
in 10 ml wash buffer for 15 min to remove the 
unbound antibody. 

VII. Detection of hybridization by color 
development: 
After blocking, the membrane was transferred into a 
glass tray and equilibrated with 20 ml detection 
buffer (0.1 M Tris-el, 0.1 M Nael, pH 9.5) for 5 min. 
Then the membrane was placed in a fresh glass 
tray and 10 ml of freshly prepared 'color-substrate 
solution' (200 iJI NBT/BeiP stock solution to 10 ml 
detection buffer) was poured on it. The membrane 
was preserved in dark and the reaction was stopped 
after 16 h by transfenring the membrane in water. 

4.3.1.2. Results and Discussion: 
Bacteria resistant to nickel have so far been isolated 
from ecosystems polluted by heavy metals, such as 
waste waters, mine deposits, industrial composts 
and cooling waters of the metal-processing 
industries. Metal resistant bacteria isolated and 
characterized in detail from such ecosystems were 
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R. metallidurans CH34 (Brim et a/., 1999), 
Alcaligenes denitrificans 4a-2 (Kaur eta/., 1990), A. 
eutrophus KT02 (Schmidt et a/., 1991), Klebsiella 
oxytoca (Stoppel et a/., 1995), Hafnia alvei 5-5 
(Park et a/., 2003) etc. During this study, we have 
isolated number of nickel resistant bacteria from 
Torsa River water free of toxic level of heavy metal 
contamination. Incidence of nickel resistant bacteria 
in such ecosystem. may provide evidence 
supporting the hypothesis that bacteria evolved with 
the heavy metal resistant gene(s) in a pre-historic 
earth already contaminated with heavy metal 
elements due to volcanic activities (Misra, 1992). 

Chapter4 

more than one amplicon(s) with different primer 
pair(s) designed to amplify well known nickel 
resistant determinants (see Table 4.2). Although the 
results of the PCR amplification, restriction analysis 
and sequencing of the PCR product, indicated the 
absence of czcA, cnrA, nccA, nreA and nirA 
homolog sequences in the isolates, but probability 
of existence of DNA region having weak homology 
with any of these well known nickel resistant 
determinants could not be ruled out. 

With an aim to identify DNA regions having at least 
partial homology, if any, with czc, cnr, nee, nre, and 

Table 4.2. The number and size of the amplicon(s) generated bv three Torsa isolates with specific primers. 
Name of the Isolates Primer used for Number of Approximate Size of the 

amplification amplicon(s) amplicon(s) 

Acinetobactersp. strain BB1A 
bbrc1-bbrc2 1 0.5 kb 

nre1-nre2 2 0.2 kb & 0.5 kb 

Serratia sp. strain NiVa 51 
nre1-nre2 1 0.2kb 

nir1-nir2 1 0.9kb 

Enterobactersp. strain NiVas 114 
bbrc1-bbrc2 4 2 .0 kb, 1.5 kb, 0.8 kb & 0.6 kb 

nre1-nre2 2 0.2 kb & 0.7 kb 

With an objective to identify nickel resistance 
determinants of Torsa isolates, having MTC of 
nickel <:: 3mM, we have first conducted the PCR 

nir genes, in the genome of the isolates, Southern 
hybridization was performed with operon-specific 
probes. The result of the hybridization for each 

amplification with the primers designed from the strain is discussed under the following headings: 
well known metal resistance determinants 
responsible for imparting resistance to heavy metals I. 
including nickel or exclusively nickel. The results of 
the PCR amplification indicated towards the 
probabilities of existence of novel or diverse genetic 
loci for nickel resistance. 

Three Torsa isolates, representing different taxa, 
tentatively identified as Acinetobacter sp. strain 
BB1A, Serratia sp. strain NiVa 51 and Enterobacter 
sp. strain NiVas 114, demonstrated moderately high 
MTC of Ni2• (6.5 mM, 7.5 mM and 12.0 mM 
respectively) than the other Torsa-isolates (see 
Table 2.4 of Chapter 2). Growth-physiology of these 
isolates in liquid medium (see section 4.2) 
confirmed the inducible nickel resistance 
phenotype. The results of the PCR amplification II. 
could not be interpreted to describe the nature of 
genetic determinants involved in nickel resistance of 
these isolates. All three isolates generated one or 

Acinetobacter sp. strain BB1A: The 500 bp 
amplicon generated by bbrc1-bbrc2 primer pair 
was sequenced (see Figure 3.10-B of Chapter 
3) and analyzed. It did not show any homology 
with any gene sequences of cnr or nee 
operons. With the nre1-nre2 primer pair, the 
isolate has also generated two amplicons of 
200 and 500 bp, but none of the PCR 
product(s) of the strain yielded detectable 
hybridization signal with cnr, nee, nre or nir 
specific probe(s). But the Eco Rl restricted 
genomic DNA of the isolate generated a weak 
hybridization signal with nirA probe only (Figure 
4.2). 

Serratia sp. strain NiVa 51: Although isolate 
NiVa 51 generated 200 bp and 900 bp 
amplicons (equal to the size of positive control, 
see Figure 3.8 and 3.9) with nre1-nre2 and 
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nir1-nir2 primer pair respectively, but none of 
them hybridized with the nre and nir specific 
probes. Therefore, the amplifications can be 
regarded as spurious amplification or product of 
non-specific priming. The Eco Rl restricted 
genomic DNA of the isolate generated a weak 
hybridization signal only with nir probe, but not 
with any other probes used in the study (Figure 
4.3). 

Ill. Enterobacter sp. strain NiVas 114: Isolate 
NiVas 114 produced four amplicons with bbrc1-
bbrc2 primer pair (see Figure 3.2 of chapter 3) 
and two amplicons with nre1-nre2 primer pair 
(see Figure 3.8 of Chapter 3). The cnr specific 
probe generated weak hybridization signal with 
0.8 kb and 1.5 kb amplicons of the isolate 
generated by bbrc1/2 primers (Figure 4.4), but 
nre probe did not hybridize with any amplicon 
generated by nre1/2 primers. The Eco Rl 
restricted genomic DNA of the isolate yielded a 
weak hybridization signal with cnr specific 
probe only (Figure 4.4). 

From the result of the Southern hybridization 
experiment it could be assumed that the nickel 
resistant determinant of isolates, BB1A, NiVa 51 
and NiVas 114, were diverse in nature. The weak 
hybridization signal observed in all the cases with 
nir or cnr specific probe indicated towards the 
probability of existence of DNA regions, having a 
degree of sequence identity with sequence of 
amplified DNA region of nirA or cnrA gene. The 
PCR products of the isolate NiVas 114, showed 
weak hybridization signal with cnr specific probe 
which may enable to predict certain gene function 
related to metal resistance after analysis of the 
cloned sequence. 

4.3.2. Cloning and sequencing of amplicons 
generated hybridization signal with 
cnrprobe: 

Isolate NiVas 114 (tentatively identified as 
Enterobacter sp.) yielded four amplicons of 2.0 kb, 
1.5 kb, 1.0 kb and 0.6 kb, with bbrc1-bbrc2 primer 
pair. In Southern hybridization experiments, the 1.5 
kb and 1.0 kb amplicons generated weak hybridiza-
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Figure 4.2. Results of Southern hybridization of the 
restricted total genomic DNA using nir probe. Lanes 1 & 
2, Eco Rl restricted genomic DNA of BB1A and 
Escherichia coli XL 1 Blue (negative control); and lane 3, 
Probe DNA positive control (amplicon bracketing a 0.95 
kb region of nirA gene). 
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Figure 4.3. Results of Southern hybridization of the 
restricted total genomic DNA of isolate NNa 51 using nir 
probe. Lanes 1, Eco Rl restricted genomic DNA of NiVa 
51; and lane 2, Probe DNA positive control {amplicon 
bracketing a 0.95 kb region of nirA gene). 

1 2 3 

Figure 4.4. Results of southern hybridization experiment 
using cnr specific probe. Lane definitions, lane 1, Eco Rl 
digested genomic DNA of isolate NiVas 114; lane 2, 
PCR products of the isolate NiVas 114T generated by 
using bbrc primers; and lane 3, the unlabeled probe 
DNA positive control (PCR amplicon generated from 
Ralstonia metallidurans CH34 using bbrc112 primers). 

59 



I. 

Chapter4 

-alien with cnr-specific probe. Both these ampliconll. Transformation: 
were cloned, sequenced and analyzed to score their 
percent identity with the probe (partial cnrA gene) 
and to predict their probable role in the host. 

4.3.2.1. Materials and Methods: 
All the chemicals were used in the experiment were 
purchased from SRL Fine Chemicals (SRL India 
Ltd.) and deionized double distilled water was used 
for the preparation of reagents. The reagents were 
either filter-sterilized or autoclaved before use, and 
were preserved in glass containers. 

4.3.2.1.1. Elution of the PCR products from loYI/. 
melting point agarose: 

Approximately 100 ~I of PCR product of isolate 
NiVas 114 (generated by bbrc1-bbrc2 primers) were 
directly precipitated by dehydrated ethanol and 
were suspended in 25 ~I TE (10mM Tris-CI: 1 mM 
EDTA, pH 7.5). 20 ~I of the suspended DNA was 
loaded in a 'Low Melting Point Agarose' gel and 
were subjected to electrophoresis at 40 -45 mV for 
at least 8 -10 h. Setting and running of the gel was 
performed at 4 °C in 1X TAE following techniques 
stated in 'Basic Methods in Molecular Biology' 
(Davis et a/., 1986). The required band (s) were 
sliced and taken in an 2 ml microcentrifuge tube, 
and were melted at 65 oc for 5 min. to the mellen 
agarose equal volume ofTAE buffer was added and 
agarose particles were removed by repeated phenol 
extraction. Finally DNA was precipitated and 
suspended in TE (10mM Tris-CI: 0.1 mM EDTA, pH 
7.5), quantified and used in cloning reaction. 

4.3.2.1.2. Cloning of the PCR product: 
The pGEM®-T Easy Vector System II, purchased 
form Promega Corporation, Madison, USA, was 
used for the cloning of PCR products following 
manufacturers instructions. 
Ligation: 
The vector (25 ng) and the insert DNA were taken in 
the molar ratio of 1 :2 and were suspended in 4~1 
sterile double distilled water. 5 ~I of 2X rapid 
ligation buffer and 1 ~I of T 4 DNA ligase were 
added and thoroughly mixed by vortexing and 
centrifugation. The mixture was kept at 4 oc for at 
least 16 h, heated at 60 °C for 10 min and 5-7 ~I 
was used to transform competent E. coli cells. 

E. coli XL 1-Biue was inoculated in 50 ml Luria
Bertaini (LB) broth (Miller, 1972) containing 50 ~g/ 
ml Ampicillin. After incubation at 37 oc for 4-5 h with 
shaking, when the optical density at 660 nm 
reached 0.5 to 0.6, cells were harvested by 
centrifugation and suspended in approximately half 
the volume of the original culture with chilled CaCb. 
This was incubated in ice for 30 min and was 
centrifuged at 5000 rpm for 5 min. The pellet was 
resuspended in 111 01h volume of 100 mM chilled 
CaCb and incubated at 4 oc for overnight. 

Selection of recombinants: 
The DNA to be transformed was incubated with the 
competent cells (1 00 ~I) in a microcentrifuge tube 
and was kept in ice for 30 min. Then a heat shock at 
42 °C for 2 min was given followed by incubation at 
37 °C shaker with 1 ml LB for 1 h. Recombinants 
were selected by blue-white screening technique 
using Luria-Bertaini Agar (LA) plate containing 100 
~g/ml Ampicillin, X-gal and IPTG. Recombinant
plasmids were isolated and screened by alkaline 
lysis method (Brinboim and Daly, 1979). Purified 
clones were checked by Eco Rl restriction digestion 
followed by agarose gel electrophoresis. 

4.3.2.1.3. Sequencing of the inserts of the 
recombinants: 
The recombinant plasmids were directly used for 
sequencing of the inserts using primers for T7 and 
SP6 promoters. Nucleotide sequencing was 
performed with the ABI PRISM™ Dye Terminator 
Cycle Sequencing Ready Reaction Kits (Parkin
Elmer) using specific primer and the reaction was 
analyzed in an 'AB1 PRISM 377 DNA Sequencer'. 

4.3.2.1.4. Analysis of the sequence: 
Analysis of the sequence was done with the help of 
several bioinformatics tools. 
I. Restriction analysis: For determination of 
restriction map of the sequence, the software 
package NEB CUTIER v. 2.0 of New England 
Biolabs Inc. was used from the website 
http://tools.neb.com/NEBcutter2. 
II. Determination of open reading frame: To 
determine the largest possible protein-coding region 
the software package 'Fast PCR v 3.3.67' of the 
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Institute of Biotechnology, University of Helsinki, Escherichia coli. Two ORFs, ORF1 (75 amino 
Finland, was used. acids) and ORF2 (269 amino acids), were retrieved 
II I. Similarity Search: For similarity search studies from the sequence and were shown in Figure 
of nucleic acid and amino acid sequences the 4.7.The BLASTP analysis, of the ORF1 showed 62-
BLAST N and BLAST P programs were used 75% similarities with the amino acid sequence of 
{Altschul et a/., 1997) from the website the inner-membrane enzyme glycerol-3-phosphate 
http://www.ncbi.nlm.nih. dehydrogenese of E. coli, S. typhimurium, S. 
IV. Conserved domain search (CDD): The Domain enteritica, Vibrio cholerae and Yersinia pestis, and 
analysis of the amino acid sequence of the inserts the 269-amino-acid long ORF2 showed high (90-
was done using the program of Marchler-Bauer and 95%) similarities with the amino acid sequences of 
Bryant (2004) of the website the Serine Acetyltransferase of E. coli, S. 
http://www.ncbi.nlm.nih. typhimurium and Yersinia pestis. 
V. Structure and function analysis: For 
determination of probable secondary and three
dimensional structure of the peptides, the software 
packages, 'PredictProtein' from the website 
http://www.embl-heigelberg.de and 'SWISS
MODEL' (Schwede et a/., 2003; Guex and Peitsch, 
1997) was used. The function of the peptides was 
analyzed using the ProtFun 2.1 software of the 
website http://www.cbs.dtu.dk. 

4.3.2.2. Results and Discussion: 
The PCR products of NiVas 114, that yielded 
positive hybridization signal with cnr-specific probe 
were purified from agarose gel and were 
subsequently cloned into pGEM®T -easy vector and 
were transformed into E. coli XL 1 Blue strain (Figure 
4.5 A & B). Plasmid extracted from the resulting 
clones were digested with Eco Rl and were 
electrophoresed on 1% agarose gel (Figure 4.5 C) 
to ensure that the plasmids contained the 

The domain analysis of ORF1 and ORF2 showed 
that they are the representatives of protein family 
pfam01210 and pfam06426 respectively. The amino 
acid region 1-71 of ORF1 showed an alignment 
score of 21.6 % with the N-terminal end of GpsA 
protein (Giycerol-3-phosphate dehydrogenase) of 
the pfam01210 (Figure 4.8). The 117 amino acids at 
the N-terminal end of ORF2 yielded percent 
alignment value of 60.8 with the CysE protein 
(Serine acetyltransferase) of pfam06426 associated 
with amino acid transport and metabolism function 
(Figure 4.9). Analysis of both the ORFs indicated 
that the insert of the clone pBC1.0 could be 
hypothesized to form inner membrane proteins, like 
that of glycerol-3-phosphate dehydrogenase. From 
the result of the BLASTP and domain search 
analysis it was difficult to predict the role of the 
peptides as a part of a metal-cation transporter, 
although the probability of (75-amino acid long) 

appropriate inserts. Pair-wise alignment conducted ORF1 as a metal sensor protein cannot be ruled 
with the sequence of the probe DNA (partial cnrA) out. 
and the nucleotide sequence of the inserts, showed 
40-46 % identity. 

I. Sequence analysis of the 1 kb insert DNA of 
the clone pBC 1. 0: 
The nucleotide sequence of the insert (1 062 bp) of 
pBC1.0 was deposited to EMBL nucleotide 
sequence database under accession no. 
AM039520. The restriction map of the sequence 
has been represented in Figure 4.6. Similarity 
search studies with BLASTN program showed high 
similarities with Serine acetyltransferase gene (83-
85%) and glycerol-3-phosphate dehydrogenase 
gene (90-91%) of Samlonella typhimurium and 

II. Sequence analysis of the 1. 5 kb insert DNA of 
the clone pBC 1.5: 

The nucleotide sequence of the insert of the clone 
pBC1.5 was deposited in EMBL nucleotide 
database under accession no. AM003901. The 
restriction map of the sequence has been given in 
the Figure 4.1 0. The nucleotide sequence of the 
clone showed 82~5% identity with nucleotide 
sequence of putative integral membrane resistance 
protein of Salmonella typhimurium and Escherichia 
coli. The sequence has been predicted to code for 
two ORFs made up of 164 (ORF1) and 139 (ORF2) 
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Figure 4.5. Construction of p8C1 .0 (A) and pBC1 .5 (B) 
recombinant plasmids (not in scale) harboring 1.0 kb and 1.5 kb 
PCR products of NiVas 114 respectively. (C). Agarose gel 
electrophoresis of the PCR products of isolate NiVas 11 4 
generated by bbrc1 -bbrc2 primer pair (lane 4), and the Eco Rl 
restricted products of plasmids pBC1.0 (Jane 3) and pBC1.5 (Jane 
2). Lane 1, Eco Rl restricted vector DNA; M, Molecular size 
marker; arrows indicating the amplicons cloned in the vector. 
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Figure 4.6 . Restriction map of 1062 bp insert of pBC1 .0. 11, Cleavage affected by CpG methylation; and •• Cleavage 
affected by other methylations. 
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ORF1 
5 ' ttggcatgatgctcggacagggcagcgat 

M M L G Q G S D 
30 gtaaaaagcgcgcaggagaagactggtcaggtggtt gaaggctat 

V K S A Q E K T G Q V V E G Y 
75 cgcaatac caaagaagt t c gc gaa c t ggc gcaccgtttcggtgtt 

R N T K E V R E L A H R F G V 
120 gaaatgccaataaccgaggaaatttatc aggtattgtattgcgga 

E M P I T E E I Y Q V L Y C G 
165 aaaaatgcgcgcgaggcagcattgaccttattaggtcgtgcgcgc 

K N A R E A A L T L L G R A R 
210 aaggacgagcgcagcagcaat tagccgggaagtat cgtcacctga 

K D E R S S N * 
ORF2 

255 atgacccagccagcgcagaactggctggtcattaactatcgtctg 
M T Q P A Q N W L V I N Y R L 

300 gagcaagcaatgccgtgtgaa gaactgga tatcgtct ggaataat 
E Q A M P C E E L D I V W N N 

345 attaaagccgaagcccgagcgttggc cgact gtgagcccatgctg 
I K A E A R A L A D C E P M L 

390 gccagtt tctatcac gcggc gc t a ctta agcacgaaaatctcggc 
A S F Y H A A L L K H E N L G 

435 agcgccctgagc tat atgctcgccaataaac tggctt cccctatc 
S A L S Y M L A N K L A S P I 

480 atgcctgctattgcgattc gcgaggtggtggaagatattaaagcc 
M P A I A I R E V V E D I K A 

525 gaagcccgagcgttggccgac tgt ga gcccatgctggccagtttc 
E A R A L A D C E P M L A S F 

570 tatcacgcggcgctacttaagcac gaaaatctcggcagcgccctg 
Y H A A L L K H E N L G S A L 

615 agctatat gctcgccaata aac tggcttcccctatcat gcctgct 
S Y M L A N K L A S P I M P A 

660 attgcgattcgcgaggtggt ggaagaggcctacgccgcagatccg 
I A I R E V V E E A Y A A D P 

705 gagat gattgcttctgc cgcct g c gacatccaggc tgtgcgcacg 
E M I A S A A C D I Q A V R T 

750 cgagaccc ggcggtggataaatac tccacgccgctgctgtatctc 
R D P A V D K Y S T P L L Y L 

795 aaaggcttccac gccttacaggc g t a ccg c atcggcc actggt t a 
K G F H A L Q A Y R I G H W L 

840 tggaatgagggacgccgcgcgctggcc atcttcctgcaaaaccag 
W N E G R R A L A I F L Q N Q 

885 gtgtccgtgacc ttcca g gtcga tattcaccca gcggcgaaaatt 
V S V T F Q V D I H P A A K I 

930 ggccgcgggattatgctcgatcac gc cac cggcatt gttgttggt 
G R G I M L D H A T G I V V G 

9 75 gaaacggc ggtgatcgaagatga c gtgtcgatcc tgcaatcc gtt 
E T A V I E D D V S I L Q S V 

1020 acgctgggcggtaccggtaaaaccagcggcggtcaccatcgaa 3' 
T L G G T G K T S G G H H R 

Figure 4 .7. The nucleotide sequence (EMBL Ace. No. AM003901 ) of 1062 bp insert in the recombinant plasmid pBC 1.0. 
and O RFs (ORF1 and ORF2) from the sequence. 

ORF1 : 1 
Gps A : 259 

fL .)< SO KSl>QE T' ( </~. Y NT~ E "R >.H F · r-:MI l E 
LS DE....Lg I ~FY"" V"" TA A Y ~.tc L t-'41' .A 

ORFl : 6 1 LT~ 1\R D 71 
GpsA : 319 EE D L P 32 9 

~ C K' A ' f, '>.A 60 
E L P '>I 3 1 8 

Figure 4.8. Pair-wise alignment of the ORF1 protein sequence (of p8C1 .0) with the amono acid sequence of 329 amino 

acid long GpsA (Giycerol-3-phosphate dehydrogenase) inner membrane protein. 
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ORF2: 151 EH lL. >,AC . T " VDK STP LK Q G E A -'1FQQ 210 
CysE: 2 El G ,R£ ~ E ARS LEV yp w A. "R - L RLS L 61 

ORF2: 211 VSVTt Q I o-A.>J' "GF M " !AT ut:T E C ·l • LQS - :.;u T ~GHf' 268 
CvsE: 62 SRFL · G ; G G F HG~·= V GET G .... ~..tV YHG - GG E-·•J<R.q 119 

Figure 4.9. Pair·wise alignment of the predtcted ORF2 protein (of pBC1 .0) with the am1no aCid sequence of 194 residue 
long Serine acetyltransferase (CysE) enzyme of pfam06426. The enzyme performs Arnino acid transport and metabolism 
funct ion. 
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Figure 4.10. Restriction map of 1348 bp insert of p8C1 .5 • . Cleavage affected by CpG methylat ion; and· . Cleavage 
affected by other me! hyla!ions. 

amino acids (Figure 4. 11). The BLASTP analysis of 

the ORF1 showed a highest of 93% identity with 

hypothetical integral membrane protein of S. 

typhimurium and E. coli. Similarity search studies of 

ORF2 showed 95-96% identities with Ham1 protein 

of E. coli, S. enteritica and Shigella flexneri. 

The domain analysis of the ORF1 generated an 

alignment score of 97.6% with the YGGT protein 
family (pfam02325) (Figure 4.12). The members of 

this protein family consists of a repeated amino acid 

sequence found in conserved hypothetical integral 

membrane proteins and the function of this region 

and the proteins, which possess it, is unknown. 

Amino acid sequence of ORF2 yielded 69.2% 

identity with Ham1P protein of HAM1 protein-family 

(pfam01725) (Figure 4. 13). The proteins of this 

family controls 6-N-hydroxylaminopurine (HAP) 

sensitivity and mutagenesis in Saccharomyces 

cerevisiae. The Ham1 protein protects the cell from 

H-aminopurine, either during synthesis of 

deoxyribonucleotide triphosphate or during 

replication of DNA level by an unknown mechanism. 

Structure function analysis of the ORF1 revealed 

four transmembrane helices spanning the amino 

acid region 4-27, 64-83, 88-112 and 143-162 

(Figure 4.14), and therefore was identified as a 

transmembrane protein predicted to perform 

transport and binding function in the membrane. 

Both, BlastP and domain analysis, of the ORF1 and 

ORF2 failed to draw any similarities with any of the 

existing cation-transport protein . Pair-wise 

ali gnment of the ORF1 and ORF2 generated 

insignificant (1 5-18%) similari ties with the amino 

acid sequence of the probe DNA. Therefore, the 

role of the ORFs as a part of a cation efflux system 

could not be established. But, the secondary 

structure of the ORF1 , an integral membrane 

protein, further raises !he hope to explore it as a 

novel cation-transporter in the isolate. 

4.4. Conclusion: 

Among !he nickel resistant bacterial isol ates of 

T orsa River, only eight strains were found to 
tolerate more than 5 mM NiCb. Biochemical tests 

were conducted to identify the taxonomic status of 

these isolates. The results of the biochemical tests 

were conducted to identify the taxonomic status of 

these isolates. The results of the biochemical tests 
indicated that all of them are the members of the 

class gamma-proteobacteria and they belonged to 
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5 1 gcaatttc 
9 ggtgcgcgcgattacccccaataataaggaaacctgaggaacgcc 

ORFl 
54 atgaagacgttgactttcctgctttcaacggtcattgaactgtat 

M K T L T F L L S T V I E L Y 
99 acgatggcgctgctgttgcgcgtctggatgcagtgggcccgttgt 

T M A L L L R V W M Q W A R C 
144 gatttttacaatccattctcacaatttatcgtgaaaatcacgcag 

D F Y N P F S Q F I V K I T Q 
189 cccgttgtggggccgcttcgccgcgtcattccggcaatggggcca 

P V V G P L R R V I P A M G P 
234 attgacagttcatctctgctgatggcgtttattctgagcgttatc 

I D S S S L L M A F ! L S V I 
279 aaagcgatcgtgctgtttatggtcatcactttccagccgattatc 

K A I V L F M V I T F Q P I I 
324 tggatttcagccgttctgatcctggttaaaaccgtcggctcgctg 

W I S A V L I L V K T V G S L 
369 atcttctgggtcctgctggtgatggcgatcatgagctgggtaagc 

I F W V L L V M A I M S W V S 
414 cggggtcgtagcccggtggagtacgcgttgattcagctgactgaa 

R G R S P V E Y A L I Q L T E 
459 ccgttgctgcgtccgattcgtagcctgctgcctgcaatgggcgga 

P L L R P I R S L L P A M G G 
504 atcgacttctccccgatgcttctcgtcttctgctgtacgtgctga 

I D F S P M L L V F C C T C * 
549 atatgggtatcgcggaactgttacaggcgacgggtaatatgctgc 

594 tgccggggctgtggatggcgttatgagtgcagttagccctgcgcc 

639 gacggctggttttacgctgtcattcagccgaaagccagccgcgac 

684 agtattgttgggctgcatggcgacgagctaaaaagtcgccatcac 

729 ttgccccgccggt tgacggccaggcgaatgcgcattctgaccaaa 

774 tatctggctaaacagttcgc gtcgctaaaagccaggtcatcattg 

819 agaaaggtgaattggccggcataaacaggtaaaaatccttaaccc 

864 gcattctatcccgacggaagtcgcggctctgaaagaacaggacta 

ORF2 
909 aaccatgcagaaagttgttctcgccaccggtaacgccggtaaagt 

M Q K V V L A T G N A G K V 
954 gcgcgagctggcctcgctattaaatgattttgggctggacgtggt 

R E L A S L L N D F G L D V V 
999 ggcccagaccgagctgggcgtggactccgccgaagagaccggcct 

A Q T E L G V D S A E E T G L 
1044 gacgtttatcgaaaacgccattctgaaagcgcgccacgccgcgca 

T F I E N A I L K A R H A A Q 
1089 gatcaccggactgcccgcgatagccgatgactccggtctggccgt 

I T G L P A I A D D S G L A V 
1134 ggattttctgggcggtgcgccggggatttactccgcccgctattc 

D F L G G A P G I Y S A R Y S 
1179 cggggtggacgccaccgaccagcagaatctggaaaagctgcttat 

G V D A T D Q Q N L E K L L M 
1224 ggccctgaaagacgtccctgacgaacagcgtaccgcgcagttcca 

A L K D V P D E Q R T A Q F H 
1269 ctgcgtgctggtctacatgc gtc acgcggaagatcccacgccgat 

CVLVYMRHAEDPTPI 
1304 tgtctgtcacggcagctgaccgggcgtgtcacccg 

V C H G S * 

Chapter 4 

Figure 4.11 . Nucleotide sequence (EMBL Ace. No. AM039520) of the 1348 kb msert of pBC1 5 and 1t s two ORFs (0RF1 
and ORF2) ret rteved from the sequence. 
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ORF1: 1 MKTLTFLLSTVIELTTMALl.LR~FTNPFSQPIV!tiTQPVVGPL!UWIPAto~;P 60 
Yggt : 1 HNLLLSLLSSLLDITS FLLLI RALL SWVPNIWYNPPGRFLV!tLTDPYLNPFRRI lPP I GG 60 

ORF1 : 61 IDSSSLLMAFIL~KAIVL 80 
Yggt: 61 IOFS P IVAII l LQFLQF I LL 80 

Chapter4 

Figure 4.12. Pair wise alignment of the amino acid sequence (of 0 RF1 of pBC1 .5) with Yggt protein of pfam02325. 

ORF2 : 4 VVLA~LASLLNDFGLDVVAQTELGVDSA&J:TGLTFIKNAILDRHUQITGL 63 
HllllllP : 1 LVFATGNPGICLKEVKEILSDFGLIEIVQLDLE-DYPEETGSTFE~AVGK 59 

ORF2 : 64 PAIADDSGLAVDFLGGAPG.I YSARYS GVDATDQQNl.aXLLMALKDVPD.&QR TAQFHCVLV 123 
HamlP : 60 PVIAEDSGLFVEALNGF PGVYSARTVQETIGD- - - l EI!ti LKLLEGV- - ENJU<AYFVSVI A 114 

ORF2: 124 YMRHAEDPTP IVCHG 138 
Hlliii1P : 115 FADDGE---PEVFEG 126 

Figure 4.13. Pair wise alignment of the amino acid sequence of 0RF2 (of pBC1 .5) with Ham1P protein (pfam01725) 
of HAM1 protein family_ 

HKl'LTFLLST VIELYMALLL RVWM;lNARCD FTNPFSQFIV l!tiTQPVVGPL 50 
oooHHHBBBH HBHHHHBBBM BHHRHBRi~~ ~~~~~11111 1111111111 

RRVIP»GPI OSSSLLMAFI 
ii.4i1J.l..J.l..l. h.iRBHBHRB 

VGSLUWVLL VHAIMSWVSR 
HAHHHQHHHH HHJ..l.J.J..l.J...l.J. 

DFSPHLLVPC CTC 163 
HHliBHBHBBB HBo 

LSVIKAIVLF 
HIIHHHHHHBH 

GRSPVEYALI 
l.l..l..1l.l..1.1.l..l. 

HVITFQPIIW ISAVLILVKT 100 
HHHooooHHH RHHHHHBBRB 

QLTKPLLRPI RSLLP»GGI 150 
l.l.l..l.l.l.l..l..l.l. il. liBBHBHHB 

Figure 4.14. Distribution of predicted transmembrane helices (4-27, 64-83, 88- 112 & 143-162) of ORF1 protein 
derived from nucleotide sequence of the insert of pBC1 _5 [H. helix; I. Loop; o. Others] . 

Figure 4.15. Probable 30 structures of the proteins derived from amino acid sequences predicted from each ORF2 of 1062 
kb (A ) and 1348 kb (B) PCR products 
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the genus Acinetobacter, Pseudomonas, Moraxella, restricted genomic DNA, or the PCR products 

Serratia and Enterobacter. Growth studies in liquid derived from them, failed to produce any detectable 

medium containing 3mM NiCI2 implied that the hybridization signals with nre-specific probe DNA. 

nickel resistance genetic system(s) of these isolates Rather, the restricted genomic DNA of both BB1A 

wereinducible in nature. Cells pre-incubated in a and NiVa 51 generated only a weak hybridization 

medium containing 20-100 ~M NiGh (induced pre- signal with nir-specific probe. On the other hand, 

cultures), showed considerable reduction in lag restricted genomic DNA as well as the PCR 

phase compared to un-induced pre-cultures. In products of the isolate NiVas 114 (generated by cnr

addition to nickel; pre-incubation of cells in other nee specific primers) showed a weak hybridization 

metal ions (Co2•/ Zn2•fCu2•fPb2•) were also found to signal with cnr specific probe. 

induce the nickel resistance in these isolates. 

Interestingly, in case of isolates 6NiCo 43, NiVa 61, The PCR products of NiVas 114 (approximate size 

BB 37 and 5CoNi 34, pre-exposure of the cells to 1.0 kb and 1.5 kb), that hybridized weakly with cnr 

5.0 -10 ~M zinc sulfate (equivalent to 325 -{)50 ppb probe, were cloned in pGEM T-easy vector. The 

of Zn2•) was found to induce the nickel resistance. recombinant plasmids harboring approximately 1 kb 

Compared to other sampling months, the high and 1.5 kb amplicons were named as pBC1.0 and 

nickel-resistant CBC (Copiotrophic Bacterial Count) pBC1.5 respectively. The sequence of the clones 

on 3 mM NiGh containing plates in three sampling showed only 41-46% identity with the sequence of 

months, January, February and March (see Table the probe DNA, explaining the reason of getting a 

2.3 of Chapter 2), can therefore be corroborated weak hybridization signal at low stringency. Four 

with the higher Zn2• ion content of the river water. ORFs were predicted from the clones (Figure 4.7 

The isolates having nickel resistant genetic and 4.11) and the analysis of the amino acid 

determinants induced by ppb level of Zn2• ion would sequence of the ORFs failed to yield significant 

therefore will get a selective advantage to form identity with the amino acid sequence of any of the 

colonies on 3 mM NiCI2 containing plates after 14- known cation efflux protein. 

16 h of incubation out-competing others. 

The conserved domain search studies indicated that 

Compared to other nickel resistant strains isolated the amino acid sequences of the ORFs showed 

from the waters of Torsa River, three isolates, identities with Glycerol-3-phosphate-

identified as Aeinetobaeter sp. BB1A, Serratia sp. dehydrogenase, Serine acetyltransferase, 

NiVa 51 and Enterobaeter sp. NiVas114, showed hypothetical integral membrane protein and Ham1 

relatively higher MTC of Ni2•. The results obtained protein of the protein familie pfam01210, 

from the PCR analysis using cnr-ncc, nir-ncr and pfam06426, pfam02325 and pfam01725 

nre specific primers (see section 3.3 of Chapter 3), respectively. Whereas the amino acid sequence 

did not indicate any thing specific about the nature derived from the sequence of probe DNA (partial 

of genetic determinants, but it served as a precursor CnrA protein), showed identities with putative silver 

to think and explore more vertically. In order to efflux pump and AcrB cation/ multidrug efflux pumps 

explore the degree of homology with the existing of protein family pfam00873 and COG3696 

nickel resistance genetic determinants, the respectively. The probable three-dimensional 

restricted genomic DNA of the isolates as well as structures predicted from two ORFs using SWISS

their PCR products were subjected to Southern MODEL software, failed to show existence of any 

hybridization using enr, nee, nre and nir specific cation-transport channel (Figure 4.15) within them. 

probes. Although the three isolates generated Thus, from the present state-of-art, it is very difficult 

amplicon(s) with nre1-nre2 primer pair, the to hypothesize any function to the predicted ORFs · 
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to be a part of a cation transporter; but further 

structure function analysis of predicted protein from 

ORF1 may yield some important information(s). The 

results obtained from the induction studies, DNA

DNA hybridization, and sequence analysis of the 

cloned PCR products indicated the fact that all 
these strains are worthy to the scientific community 

in terms of exploring novelty and diversity of nickel 

resistance genetic system. The nickel resistance 

system of strain BB1A is of principal importance, 

because nickel-resistance of the strain could be 

induced by various other metal ions (Pb, Zn, Cu) in 

addition to nickel. Vertical exploration leading to 

targeting and sequencing of the nickel resistant 

gene of these isolates will definitely enrich the 

knowledge of metal resitant genomics of bacteria. 

To facilate the process of gene transfer and 

targeting it was necessary to know the phylogeny 

and systematic position of these isolates. 

4.5. Summary of chapter 4: 
Several nickel resistant strains were isolated from Torsa River of India. Eight isolates among them showed maximum 
tolerable concentration (MTC) of 5.5 mM NiCb and above. Numerical taxonomy enabled to identify them as the members of 
the class gamma-proteobacteria, and assign them to the following genus: Acinetobacter, Moraxella, Pseudomonas, Serratia 
and Enterobacter. The nickel resistance phenotype and the nature of inducibility exhibited by the Torsa isolates were 
studied in some detail. Cells prEliJrown in a medium containing micromolar concentration of Ni'•/ Co2•/ Cu2•/ Pb'•t Zn2• 

(Induced pre-cultures) could selectively reduce the duration of lag phase compared to the uninduced pre-cultures in nickel 
challenged medium. Southern hybridization results have shown that the nir-specific probe hybridized weakly with the 
res!Jicted genomic DNA of NiVa 51 and BB1A, while cnr specific probe generated faint hybridization signal with both PCR 
products and restricted genomic DNA of the isolate NiVas 114. The PCR products of NiVas 114 which produced 
hybridization signal, were cloned in pGEM T -easy vector and were sequenced. The pair wise alignment of the nucleotide 
sequence of the clones showed only 41-46% s"1milarily wilh lhe sequence of the probe DNA {partial cnrA). The analysis of 
the amino acid sequence predicted !rom ORFs of the sequenced DNA regions did not show significant homology with any 
existing cation-transport protein. The ORF1 protein of the 1.5 kb amplicon was predicted to fonm an integral membrane 
protein which could be a part of a novel cation-transporter. 
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5. Molecular systematic study: phylogenetic position of three nickel-resistant 
strains of River Torsa: 

Both numerical taxonomy and molecular genetic 
characterization of the three nickel resistant Torsa 
isolates, BB1A, NiVa 51, and NiVas 114, have 
produced results identifying potential in them to 
enrich the field of microbial as well as genetic 
diversity. The remarkable diversity exhibited by 
them, in terms of conventional biochemical tests 
and metal resistance phenotype, compelled an 
active scientific urge to ascertain their proper 
systematic positions. Depending on the 
physiological and biochemical properties the 
isolates were tentatively assigned to the genus 
Acinetobacter sp. (BB1A), Serratia sp. (NNa 51) 
and Enterobacter sp. (NiVas 114). Polyphasic 
taxonomic approaches were undertaken to 
ascertain the phylogenetic position of the strains. 

5.1. Phylogenetic analysis using 165 rRNA 

gene sequences: 

Besides functional constancy, ubiquitous 
distribution and size (1.5 KB), genes encoding for 
16S rRNA exhibited both evolutionary conserved 
locus as well as highly variable regions. For these 
reasons, comparison of 16S rRNA gene sequences 
of the organisms could be used to calculate 
evolutionary distances between organisms (Weese 
eta/., 1990). The 16S rRNA gene of bacteria can 
be amplified and sequenced by using specific 
primers, designed from conserved regions. To 
identify the systematic position of an isolate, the 
16S rRNA gene was sequenced and the sequences 
were used to generate phylogenetic trees with 
nearest relatives. 

5.1.1. Materials and Methods: 
5.1.1.1. Isolation of total genomic DNA: 
The total genomic DNA of the strain BB1A, NiVa 51 
and NiVas 114 were isolated following protocols 
described in section 3.2.2 of Chapter 3. 

5.1.1.2. Amplification, cloning and sequencing 
of 165 rRNA gene of the strains: 

PCR amplification was performed using 'PCR 
Amplification Kit' (GENE!, India), in 501JI reaction 

volume, following instructions provided by the 
supplier. Each 50 !JI PCR mix contain; 3 !JI of 
10mM dNTP mix, 5 IJ\ of 10X buffer containing 15 
mM MgCb, 12.5 pmol of each forward {Q and 
reverse (r) primers [27f (5'
AGAGTTTGATCCTGGCTCAG-3') and 1500r (5'
AGAAAGGAGGTGATCCAGGC-3') {Gerhardt et a/ .• 
1994) corresponding to the Escherichia coli 
numbering system] (Brousius et a/., 1978)], 20 ng 
target DNA and 3U Taq DNA Polymerase. The 
PCR was done in a GeneAmp PCR system 
(Applied Biosystems). PCR cycling parameters 
included an initial denaturation at 94 oc for 3 min; 
followed by 30 cycles of denaturation at 94 oc for 
30 sec, annealing at 58 oc for 30 sec and 
amplification at 72°C for 1 min and final extension 
at 72 °C for 5 min. The 1.5 KB amplicon was 
purified using PCR purification kit (KT 62, GENE\, 
India), cloned into pGEM®T --€asy vector system II 
(Promega, USA) and transformed in E. coli XL 1 
Blue following techniques stated in section 4.3.2 of 
Chapter 4. Plasmid from the resulting clones, 
extracted by using 'alkaline lysis method' (Brinboim 
and Daly, 1979), was checked for the presence of 
1.5 KB inserts from EcoRI digestions prior to 
sequencing. Sequencing was carried out with an 
ABI DNA sequenetor model 377a (Applied 
Biosystems) using Big-Dye Terminator kit (Applied 
Biosystems). 

5.1.1.3. Phylogenetic analysis of the strains: 
The 16S rRNA gene sequences of the strains were 
used as query sequences to search for homologous 
sequence in the nucleotide sequence databases by 
using BLASTN program (Altschul eta/., 1997). The 
16S rONA sequences showing high similarities 
were retrieved from the GenBank database and 
were aligned with 16S rRNA gene sequences of the 
isolates by using CLUSTAL W software 
(Thompson, 1997) of the European Bioinformatics 
Institute website (http://www.ebi.ac.uk/clustalw). 
Distances were calculated according to Jukes & 
Cantor (1969) one-parameter, Kimura two-
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parameter (1980), Tajima & Nei (1987) three
parameter, and Tamura and Nei (1993) four

parameter methods when software package MEGA 
3.0 (Kumar eta/. , 2004) was used for generation of 
phylogenetic trees. When PHYUP v 3.6 software 
package (Felsenstein, 2002) was used for the same 
purpose, distances were calculated by using Jukes 
& Cantor on~parameter and Kimura two-parameter 
methods. 
Phylogenetic trees were inferred by using the 
neighbour-joining (Saitou & Nei, 1987), Maximum
likelihood (Yang, 1997) and parsimony 
(Felsenstein, 1983) analysis methods. Bootstrap 
analysis was based on 100 re-samplings. For 
neighbour-joining and parsimony analysis both 
MEGA 3.0 and PHYLIP 3.6c software packages 
were used; and for Maximum-likelihood analysis 

only PHYLIP 3.6c was utilized. 

5.1.2. Results and discussion: 

The 1.5 kb 16S rONA ampficons derived from, 
BB1A, NiVa 51 and NiVas 114, were checked in an 
agarose gel with respect to the molecular size 
marker (Figure 5.1 ). The PCR products were 
purified and cloned in pGEM T-easy vector prior to 
sequencing. The recombinant plasmids containing 
1.5 KB PCR products of BB1A, NiVa 51 and NiVas 
114 were named as pVR1A, pVR51 and pVR114 
respectively (Figure 5.2). The phylogenetic 
analyses of the isolates were discussed: 

Chapter 5 

I. Isolate BB1A: 

The 16S rRNA gene sequence (Figure 5.3) of the 
isolate was deposited in EMBL nucleotide database 
under accession no. AJ786647. The sequence was 
used as a query to search for homologous 
sequence in the nucleotide sequence databases by 
running BLASTN program. The consensus 
sequence, obtained using three replicate sequence 
reads, was compared with those in GenBank using 
the BLAST program. The 16S rRNA gene 
sequences of 12 species and one strain (A TCC 
9957) of Acinetobacter showed 97-99% similarities 
with the 16S rONA sequence of BB1A. A 
phylogenetic tree obtained with 

1 2 3 M 

KB 

3.0 
2.5 

2 .0 

1 .5 

1.0 

0 .5 

Figure 5.1. Agarose gel electrophoresis of the amplified 
16S rRNA gene from isolate BB1A (lane 1), NNa 51 
(lane 2) and NiVas 114 (lane 3) using primers 27f -
1500r (M. marker lane). 

Figure 5.2. Construction of recombinant plasmids pVR1A. pVR51 and pVR114 (not in scale). Amp' , gene for 
ampicillin resistance; ori, origin of replication , /acZ, gene for the synthesis of 11-galactosidase. 
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l. atgagcgctg gcggcaggct taacacatgc aagtcgagcg gagatgaggt gcttgcacct 
6l. tatcttagcg gcggacgggt gagtaatgct tatgaatctg cctattagtg ggggacaaca 
l.2l. ttccgaaagg aatgctaata ccgcatacgt cctacgggag aaagcagggg atcttcggac 
l.Si. cttgcgctaa tagatgagcc taagtcggat tagctagttg gtggggtaaa ggcctaccaa 
24l. ggcgacgatc tgtagcgggt ctgagaggat gatccgccac actgggactg agacacgacc 
30l. ccacactggt acgggaggca gcagtgggga atattggaca atggggggaa ccctgatcca 
36l. gccaggcccg cgatgtgtga aga8ggcctt atggttgtaa agcactttaa gcgaggagga 
42l. ggctactgag actaatactc ttggatagtg gacgttactc gcagaataag caccggctaa 
48l. ctctgtgcca gcagccgcgg taatacagag ggtgcgagcg ttaatcggat ttactgggcg 
54l. taaagcgtgc gtagcggctt tttaagtcgg atgtgaaatc cccgagctta acttgggaat 
60l. tgcattcgat actgggaagc tagagtatgg gagaggatgg tagaattcca ggtgtagcgg 
66l. tgaaatgcgt agagatctgg aggaataccg atggcgaagg cagccatctg gcctaatact 
72l. gacgctgagg tacgaaagca tggggagcaa acaggattag ataccctggt agtccatgcc 
78l. gtaaacgatg tctactagcc gttggggcct ttgaggcttt agtggcgcag ctaacgcgat 
84l. aagtagaccg cctggggagt acggtcgcaa gactaaaact caaatgaatt gacgggggcc 
90l. cgcacaagcg gtggagcatg tggtttaatt cgatgcaacg cgaagaacct tacctggcct 
96l. tgacatacta gaaactttcc agagatggat tggtgccttc gggaatctag atacaggtgc 
l.02l. tgcatggctg tcgtcagctc gtgtcgtgag atgttgggtt aagtcccgca acgagcgcaa 
108l. ccctttecct tacttgccag catttcggat gggaacttta aggatactgc cagtgacaaa 
l.l.4l. ctggaggaag gcggggacga cgtcaagtca tcatggccct tacggecagg gctacacacg 
l.20l. tgctacaatg gtcggtacaa agggttgcta cacagcgatg tgatgctaat ctcaaaaagc 
l.261 cgatcgtagt ccggattgga gtctgcaact cgactccatg aagtcggaat cgctagtaat 
l.32l. cgcggatcag aatgccgcgg tgaatacgtt cccgggcctt gtacacaccg cccgtcacac 
l.3Bl. catgggagtt tgttgcacca gaagtaggta gtctaaccgc aaggaggacg cttaccagcg 
l.44l. gtgtggccga tggctgc 

Figure 5.3. 165 rRNA gene sequences of the isolate BB1A ( EMBL Accession no. AJ786647). 
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BB1A (AU786647) 

86 Aclnelobader junil DSM 1532 (XS1665) 
99 

Aclne!obacter junil ATCC 17908T (ASZ93438) 

24 Acine!obacter grimontii (AF509828) 

,-------- Acine!ob~>cler r~>rliore•i•!ens DSM6976 (AR16SRRNB) 

Acine!obacter •"""li~UW• ATCC 31012 (AVE295007) 

Aclne!obacler •P· LMG M71 (A.:J633639) 

47 92 Aclne!obacter 1%t!ilra!as ATCC 15308(AAU10874) 

90 Aclne!obacter bCiamannil DSM30008 (AB16SRRNY) 

..-----Aclnelobacter mlll'i""" (AY633607) 

'------- Acino!obacter •eohaensi• (AY633608) 

Aclne!obacter haemolylicml DSM6962 (AH16SRRNB) 
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Figure 5.4. Phylogenetic trees of representative members of Acinetobacterinferred from 16 S rONA sequences showing 
the systematic position of the isolate BB1A. Bootstrap values for 100 replication are also shown at the branch nodes and 
the bar, indicates number of substitutions per 100 nt. (A), Tree obtained by the neighbour-joining method and 
evolutionary distances were calculated with using Kimura two-parameter model. (B), Tree obtained by maximum
parsimony analysis method. 

Kimura's two-parameter model and the neighbour
joining method (Figure 5.4A), showed that strain 
BB1A form a separate cluster with Acinetobacter 
junii OSM 1532 (Ibrahim eta/. 1997), Acinetobacter 
junii ATCC 17908T (Rainey et a/. 1994), and 
therefore undoubtedly a member of the genus 
Acinetobacter. The same results were obtained 
when phylogenetic distances were calculated by 
using the Jukes-Cantor one-parameter, Tamura-Nei 
three-parameter and Tajima-Nei four-parameter 
models. The maximum-parsimony (Figure 5.48) 
and maximum-likelihood analysis also showed the 
same results. Sequence similarity, based on 
pai!Wise sequence comparisons, was investigated 
by using complete 168 rONA sequences. The data 
showed that the 168 rONA ·sequence of strain 
BB1A had the maximum similarity of 99.5% with A. 
junii OSM 1532, while 168 rRNA gene A. baumanii, 
A. venetianus and A. anitratus showed 97.3 -
97.7% similarities and other species of 
Acinetobacterfell in the range of 95 -96% similarity 

II. Isolate NiVa 51: 
Almost complete 168 rONA sequence (1530 nt) of 
isolate NiVa 51 (EMBL accession no. AJ854062) 
was obtained (Figure 5.5). The consensus 
sequence, obtained using three replicate sequence 
reads, was compared with those in GenBank using 
the BLAST program. The 168 rONA sequences of 
validly published taxa showing 95 -98% similarities 
with the 168 rONA sequence of the strain NiVa 51 
were retrieved and aligned using CLUSTAL W 
version 1.8 software. Phylogenetic trees were 
constructed according to three different methods 
[neighbor-joining, maximum-parsimony and 
maximum-likelihood analysis], that included 
Pectobacterium carotovorum, Escherichia coli, 
Enterobacter aerogenes, seven species of the 
genus Serratia and two sub-species of S. 
marcescens, three species of the genus Klebsiella 
and Erwinia, and two species of the genus 
Buttiauxel/a and Citrobacter, using software 
package PHYLIP v. 3.6c. For neighbor joining, 
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1 atagtttgag atggctcaga ttgaacgctg gcggcaggct tacacatgca agtcgagcgg 
61 tagcacaggg gagcttgctc cctgggtgac gagcggcgga cgggtgagta atgtctggga 

121 aactgcctga tggatgggga taactactgg aaacggtagc taataccgca taacgtcgca 
181 agaccaaaga gggggacctt cgggcctctt gccatcagat gtgcccagat gggattagct 
241 agtaggtggg gtaatggctc acctaggcga cgatccctag ctggtctgag aggatgacca 
301 gccacactgg aactgagaca cggtccagac tcctacggga ggcagcagtg gggaatattg 
361 cacaatgggc gcaagcctga tgcagccatg ccgcgtgtgt gaagaaggcc ttcgggttgt 
421 aaagcacttt cagcgaggag gaaggtggtg agcttaatac gctcatcaat tgacgttact 
481 cgcagaagaa gcaccggcta actccgtgcc agcagccgcg gtaatacgga gggtgcaagc 
541 qtta.atcgga attactgggc gtaaagcgca cgcaggcggt ctgtcaagtc ggatgtgaaa 
601 tccccgggct caacctggga actgcattcg aaactggcag gctagagtct tgtagagggg 
661 ggtagaattc caggtgtagc gatgaaatgc gtagagatct ggaggaatac cggtggcgaa 
721 ggcggccccc tggacaaaga ctgacgctca ggtgcgaaag cgtggggagc aaacaggatt 
781 agataccctg gtagtccacg ccgtaaacga tgtcgacttg gaggttgtgc ccttgaggcg 
841 tggcttccgg agctaacgcg ttaagtcgac cgcctgggga gtacggccgc aaggttaaaa 
901 ctcaaatgaa ttgacggggg cccgcacaag cggtggagca tgtggtttaa ttcgatgcaa 
961 cgcgaagaac cttacctact cttgacatcc agagaactta gcagagatgc tttggtgcct 

1021 tcgggaactc tgagacaggt gctgcatggc tgtcgtcagc tcgtgttgtg aaatgttggg 
1081 ttaagtcccg caacgagcgc aacccttatc ctttgttgcc agcggttagg ccgggaaccc 
1141 aaaggagact gccagtgata aactggagga aggtggggat gacgtcaagt catcatggcc 
1201 cttacgagta gggctacaca cgtgctacaa tggcgtatac aaagagaagc gacctcgcga 
1261 gagcaagcgg acctcataaa gtacgtcgta gtccggattg gagtctgcaa ctcgactcca 
1321 tgaagtcgga atcgctagta atcgtagatc agaatgctac ggtgaatacg ttcccgggcc 
1381 ttgtacacac cgcccgtcac accatgggag tgggttgcaa aagaagtagg tagcttaacc 
1441 ttcgggaggg cgacttacca ctttgtgatt catgactggg gtgaagtcgt aacaaggtaa 
1501 ccata 

Figure 5.5. 165 rRNA gene sequences of the isolate NiVa 51 ( EMBL Accession no. AJ854062). 

r-----Pies/omopa~.shlgelloldes -ATCC f4029T (PS1-6SRRNA) 
Serratia fii:arfa DSM 4569 (SFI233428) 
Serralla entomophlla DSM 12358 (SEN233427) 

Serratla Odorffera DSM 4582 (SOD233432) 
r---SerratlaroDldaea DSM4480 (SRU233436) 

SefTJl!iamareescefls subsp. mareescens DSM 30121 (SI\IA2334311 
Se1171f!a man;esceps subsp. salaJensis JCM 11315 [AB06.16.85) 

NiVa51T (AJ854062) 
Pecto. carotovorom subsp. carotovorom DSM 30168 (ECA233411) 

r---Esche'rtch/aeo/1 ATCC43895 (EC16SRRN1) 
Erwin/a cyprfpedi/DSM 3873 (ECY233413) 

13 ElWin/a amy/ovora DSM 30165 (EAM233410) 
60 Efl'llnla rtJaponticl DSM 4484 (ERH2334Jn 

Enterobacteraerogenes NCTC10D06T (EAE25146S) 
iUebslel/a omithinolyt/ca JCM6096T (KOR251467) 
Klebsiella teritgena ATCC33257T (KTY1765S) 

Klebsiella oxvtoca ATCC13182T (KOY17655l 
Cltiollacterbraakfl tAf025368) 

74 Cltio_bactertreuntlll DSM 30039 (CFR233408) 
tluttiauxel/a izantil DSM 9397 (BIZ233404l 

98 Bliltiauiietla noack/ae DSM 11401 (8N0233405) 
Serratla plymuthlca DSM4540 (SP~233433) · 

Seilalla gtfmes/1 DSM 30063 (SGR233430) 
Seniltia proteamaculans DSM 4543 (AJ233434) 1% 

Figure 5.6. Phylogenetic tree derived from 168 rRNA gene sequences (1430 nucleotides) using maximum
likelihood method showing the relationship between isolate NiVa 51 and its phylogeneticaly related taxa. Bootstrap 
values for 100 replications are given at branch nodes (only values of 60 and above are given). The bar represents 
single substitutions per 100 nucleotides. 
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.----P/.Siomonassh/gello/d~ ATCC 14029T (PS16SRRNA) 

SerraUa odoTIIera DSM 45U2 (SOD233432) 
72 Seflill{a [UD/daea DSM 4480 (SRU233436) 

· SerraUa marcescens subsp. sakuens/s JC:M 11.315 (AB061685) 
60 Seflilira mall:escens stibsp. niarcescens DSM 30121 (80033431) 

86 Ni\ta 51T (AJ854062) 
· · Peclo. carotovorum slibsp. carolovorum·DSM 30168 (ECA233411) 
K/ebslet/a om/thlliolyUca JCM6096T {KOR251467] 
Enterobacteraerogenes NCTC1000~J: {EAE251468) 

Klebsiella terrtgena ATCC33257T (KTY17658) 
K/ebsleifa oXI'toca ATCC13182T (150Y17655) 

Buttlauxel/a noackiiJ~ DSM 9401 (BN0233405) 
99. Bljarauxeila Izard// DSM 9397 {BIZ233404) 

Esi:henc/ila·co/1 ATCC43895 (EC16SRRN1) 
ElWin/a cypnped/1 DSM 3873(ECY233413) 
ElWin/a amy/ovora DSM 30165 {EAM23341 0) 

66 Erwin/a rhaponlici DSM 4484. (ERH233417) 
Cltrobacterbraakil (AF025368) 

• . 75 ClltDbacter treundll DSM 30039 (CFR233408) 
ser;raua entomop~!l~ DS\1'112358 (SEN233427) 
serraua tlcarfa DSM 4569. (SFI233428) 

Semlia plyniuthlca DSM 4540 {SPL233433) 
9 SerraUa grfmes/1 DSM 30063 (SGR233430) 

· 99 Serratia pnJteamilcu/ans DSM 4543 (AJ233434) 
100/o 

Figure 5.7. Phylogenetic tree derived by maximum-parsimony method showing systematic position of NiVa 
51 within members of the family Enterobacteriaceae. The bootstrap values were calculated using 
SEQBOOT program for 100 replications (only values of 60 and above are given). The bar represents one 
substitution in 10 substitutions per 100 nucleotides. 

1 agagtttgat cctggctcag attgaacgct ggcggcaggc ttaacacatg caagtcgtac 
61 ggtaacatga atccgcttgc tgcttcgctg acgagtggcg gacgggtgag taatgtctgg 

121 gaaactgcct gatggagggg gataactact ggaaacggta gctaataccg cataacgtcg 
181 caagaccaaa gagggggacc ttcgggcctc ttgccatcgg atgtgcccag atgggattag 
241 ctagtaggtg gggtaacggc tcacctaggc gacgatccct agctggtctg agaggatgac 
301 cagccacact ggaactgaga cacggtccag actcctacgg gaggcagcag tggggaatat 
361 tgcacaatgg gcgcaagcct gatgcagcca tgccgcgtgt atgaagaagg ccttcgggtt 
421 gtaaagtact ttcagcgggg aggaaggtgt tgaggttaat aacctcgtcg attgacgtta 
481 cccgcagaag aagcaccggc taactccgtg ccagcagccg cggtaatacg gagggtgcaa 
541 gcgttatcgg attactggcg taaagcgcac gcagcggtct gtccagtccg atgtgaaatc 
601 cccggctcaa cctgggaact gcattcgaaa ctggcaggct agagtcttgt agaggggggt 
661 agaattccag gtgtagcggt gaaatgcgta gagatctgga ggaataccgg tggcgaaggc 
721 ggccccctgg acaaagactg acgctcaggt gcgaaagcgt ggggagcaaa caggattaga 
781 taccctggta gtccacgccg taaacgatgt cgacttggag gttgtgccct tgaggcgtgg 
841 cttccggagc taacgcgtta agtcgaccgc ctggggagta cggccgcaag gttaaaactc 
901 aaatgaattg acgggggccc gcacaagcgg tggagcatgt ggtttaattc gatgcaacgc 
961 gaagaacctt acctactctt gacatccaga gaacttagca gagatgcttt ggtgccttcg 

1021 ggaactctga gacaggtgct gcatggctgc cgtcagctcg tgttgtgaaa tgttgggtta 
1081 agtcccgcaa cgagcgcaac ccttatcctt tgttgccagc ggttcggccg ggaactcaaa 
1141 ggagactgcc agtgataaac tggaggaagg tggggatgac gtcaagtcat catggccctt 
1201 acgagtaggg ctacacacgt gctacaatgg cgcatacaaa gagaagcgac ctcgcgagag 
1261 caagcggagg tcataaagtg cgtcgtagtc cggattggag tctgcaactc gactccatga 
1321 agtcggaatc gcttagtaat cgtggatcag aatgccacgg tgaatacgtt cccgggcctt 
1381 gtacacaccg cccgtcacac catgggagtg ggttgcaaaa gaagtaggta gcttaacctt 
1441 cgggagggcg cttaccactt tgtgattcat gactggggtg aagtcgtaca aggacaaggt 
1501 agccgtaggg gaacctgcgg ctggatcacc tcctttct 

Figure 5.8. 168 rRNA gene sequences of the isolate NiVas 114 ( EMBL Accession no. AJ854063). 
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KITSCH, and FITCH analysis, distances were 
calculated by using both Kimura-two parameter 
(Kimura, 1980) and Jukes-Cantor one parameter 
(Jukes & Cantor, 1969) model with DNADIST. The 
16S rONA sequence of P/esiomonas shigelloides 
(the most closely related species of the 
Enterobacteriaceae family) was used to root all the 
trees. To determine the confidence values for 
individual branches, 100 bootstrap replications were 
done for each generated tree using SEQBOOT and 
CONSENSE from the PHYLIP package. 
Phylogenetic trees obtained with maximum
likelihood method showed that strain NiVa 51 
branched deeply with the Serratia cluster consisting 
of S. marcescens, S. rubidaea, and S. odorifera 
(Figure 5.6). Similar pattern of branching have been 
noted in trees derived from maximum-parsimony 
(Figure 5.7), KITSCH and FITCH analysis. 
Sequence similarity, based on pair-wise sequence 
comparison, was investigated by using complete 
16S rONA sequences. The 16S rONA sequence of 
strain NiVa 51 showed 96 -97 % similarities with 
many species of the genus Serratia, except in the 
case of S. marcescens subsp. sakuensis and S. 
marcescens subsp. marcescens (to which it shows 
98.30 -98.35% similarity). 

Ill. Isolate NiVas 114: 
The sequence of the 16S rRNA gene (Figure 5.8) of 
the isolate NiVas 114 was obtained (1538 bp) and 
was deposited under EMBL accession no. 
AJ854063. Tile sequence obtained was compared 
with those in GenBank using the BLAST program. 
The 16S rONA sequences of validly published taxa 
showing 96- 98% similarities with the 16S rONA 
sequence of the strain NiVas 114 were retrieved 
and aligned using CLUSTAL W software. Distances 
were calculated according to the of Jukes & Cantor 
one parameter, Kimura two parameter, Tajima & 

Nei three parameter, and Tamura and Nei four 
parameter methods. Phylogenetic trees were 
constructed by using the neighbour-joining, 
Maximum-likelihood and parsimony analysis 
methods. 16S rONA sequence of P/esiomonas 
shigelloides (the most closely related species of the 
Enterobacteriaceae family) was used to root all the 
trees. A phylogenetic tree obtained with Kimura's 
two-parameter model and the neighbour-joining 
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method that included, twelve species of the genus 
Enterobacter, four species each under the genera 
Citrobacter, Erwinia and Salmonella; three species 
of the genus Klebsiella; and two species each 
under the genera Pectobacterium, Pantoea, 
Buttiauxella and K/uyvera (Figure 5.9), showed that 
strain NiVas 114 is a new member of the 
Enterobacter cluster constituted of E. 
cancerogenus, E. cloacae and E. honnaechei. The 
same results were obtained when phylogenetic 
distances were calculated by using the Jukes
Cantor one-parameter, Kimura two-parameter, 
Tamura-Nei three-parameter and Tajima-Nei four
parameter models. Maximum- likelihood and 
maximum- parsimony analysis also showed same 
results. Sequence similarity, based on pairwise 
sequence comparisons, was investigated by using 
complete 16S rONA sequences. The data obtained 
showed that the 16S rONA sequence of strain 
NiVas 114 depicts more than 98% similarity with E. 
cloacae and E. honnaechei. Therefore, strain NiVas 
114 form a group within the genus Enterobacter 
that is clearly distinguishable from the other 
species, based on 16S rRNA gene sequences. The 
results are in agreement with that of physiological 
and biochemical tests (table 4.1), based on which 
isolate NiVas 114 was regarded as a member of the 
genus Enterobacter. 

5.1-3. Conclusion: 
Phylogenetic analysis based on 16S rRNA gene 
sequences clearly indicated that the isolate BB1A is 
a strain of Acinetobacter junii. In the phylogenetic 
trees obtained by the neighbour-joining and 
maximum-parsimony methods, BB1A branched in a 
cluster with the type strains of A. junii. The isolate 
also showed some differences in biochemical 
properties with the type strains (Table 5.1). Based 
on the biochemical properties and 16S rONA \ 
sequence similarities, the isolate was identified as a 
novel strain of Acinetobacter junii. Other two 
isolates, NiVa 51 and NiVas 114, showed 97-98% 
similarities with the type strains of Serratia and 
Enterobacterrespectively.ln the phylogenetic trees, 
depicted in the Figure 5.6, 5.7 and 5.9, the isolates 
formed robust clade with S. marcescens and E. • 
honnaechei respectively, with which the isolates 
showed highest 16S rONA sequence similarities. 
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27 

,-----Citrobacter amalonaticus (AF025370) 

69 Salmonell~ typhlmurium (STE1 OR16S) 

r-----"9"j9 Salmonella typhi (STRNA16) 

Salmonella enterli:a [AF227869) 

53 Salmonella bongori JEO 4162 (AF029226) 

65 . Enterobacter cawanll CIP107300 [EC0508303) 

. Enterabaetet:;alcazalcil ES 11 [AYB03187) 
'-------:::99~. Enterobacte.r sakf'Z!'Idi FS~ 266 AYB03190 

66 Enterabacter sal<azalcii FSM 265 (AY803191) 

Enterobac;ter cloacae Nr 3 (ECY17665) 

cl')!erobacter hOrmaechel subsp, stelgerwaltil EN.S62T (AJB53890) 

Enterobacterhormaech.el subsp,oharae EN-314T (AJB63BB9J 
L_ __ NIVas 114T (AJ854063J 

Enterabacter cancerogenus LMG 2693 (ECZ96078) 

Enterabacter ludWigli E:N·119T (AJB53B91) 

Enterabacter agglomerans (AF.157688) 

Eriterabacter cloacae ATCC 13047T (ECL251469) 

Enterobacter disso/vens L~G 268.3 [EDZ96079) 

Buttiauxella warmboldlae DSM 9404 (BWA233406 

Buttlauxel/a izardii DSM 9397 (811233404) 
Enterabacter.nlmlpressural/s LMG 1 0245-T (ENZ96077) 

'----Enteraf!acterlcobei CIP 105566 (EK0508301) 

Enterabacter aero genes NCTC 1 0006T [EAE251468J 

Klebsiella pneumonlae subsp: rhlnoscleramatls (AF1309B3) 
5 ·1a 98 Klebsiella pneumontae DSM 30104 (KPN233420) 

79 86. Klebsiella pneumoniae ATCC 13884T (KPY17657) 

'-----Klebsiella terrigena ATCC33267T (KTY176SBJ 

,------- Kluyvera ascarbata CDC.2064178 (AF176567) 

K/uyvera cryacrescens (AF310218) 

f----Klebsiella oxytoca ATCC 13182T (KOY17655J 

Cltabacter werkmanil [AF025373) · 

-='- Citrobacter freundii DSM 30039 [CFR233408) 

Citrobacier braak/1 (AF025369j 

99 P;mtoea ilgglomerans DSM 3493 (PAG233423) 
,--------"-'-1 Pantoea ananas LMG 2665 (PAZ96081) 

'----=i Erwinia psidii LMG 7034 (E:PZ96085) 

,-------Erwinla amy/ovora DSM 30165 [EAM233410) 

'------ Erwlnla cypripedll DSM 3873 [ECY23341J) 

,--------- Pectobacterium cacticidum LMG 17936-T (PCA223409) 

64 Erwin/a ~rotovora DSM 30168 (LMG 17936-TJ 

99 Pectebacterlumcaratovora Sl!b8p. betavasculorum (ECU8019B) 

L------------------ Plesiomonas shigelloides ATCC 1402ST (PS16SRRNA) 

1% 

Figure 5.9. Phylogenetic tree of representative members of Enterobacteriaceae inferred from 165 rONA sequences 
by the neighbour-joining method showing the relationship between isolate NiVas114T and its relatives. The 
evolutionary distances were calculated with using Kimura two-parameter model. Bootstrap values for 100 replication 
sare also shown at the branch nodes. Bar, indicate 1 substitution per 100 nt. 
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Therefore, further exploration of their genomic DNA 
relatedness as well as chemotaxonomic features 
were required for identification of their proper 
taxonomic positions. 

5.2. Determination of fatty acid composition, 
GC content and DNA-DNA relatedness: 

5.2.1. Analysis of cellular fatty acids (FAME): 
A popular method of bacterial identification is the 
characterization of types and proportions of fatty 
acids present in membrane. The chemistry of fatty 
acids are so variable, including differences in chain 
length, the presence or absence of unsaturated 
groups and rings or branched chains, and hydroxyl 
groups, the fatty acid profile of a particular 
bacterium can often be useful diagnostically. For 
analysis, fatty acids, extracted from bulk lipids of a 
bacterial culture grown under standardized 
conditions, are chemically modified to form their 
corresponding methyl esters. These volatile ester 
derivatives are then estimated quantitatively and 
qualitatively by gas chromatography and compared 
with a database containing the fatty acid profiles of 
thousands of reference bacteria (that were grown 
under the same conditions) and the best matches to 
that of the unknown is selected for identification. 

5.2.1.1. Materials and methods: 
For determination of CFA compositions cells were 
grown in Tryptone Soya Broth (HIMEDIA) (gil; 
Casein enzymatic hydrolysate, 17.0; peptic digest 
of soyabean meal, 3.0; NaCI, 5.0; ~HP04, 2.5, 
Dextrose, 2.5; pH 7.3) at 28 °C. Fatty acid 
extraction, methyl-ester preparation and analyses 
were performed as described by earlier authors 
(Katayama-Fujimura eta/., 1982; Groth et a/., 1996; 
Labrenz et at., 1998). All chemicals used in this 
experiment are purchased from SRL India Ltd. 
(India). 

5.2.1.1.1. Extraction and analysis of fatty acid 
methyl esters (FAME): 

Freeze dried samples (100 mg) were homogenized 
in a steel homogenizer for two minutes, with 
methanol-chloroform mixture (2:1, v/v), filtered and 
filtrate was collected, residue was further 
homogenized for two minutes with methanol-
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chloroform-water mixture (2:1 :0.8, v/v/v), filtered 
and residue was further homogenized for another 
two minutes with the first solvent mixture and 
filtered. The combined filtrates diluted with little 
chloroform and enough water, shaken vigorously 
and allowed to settle for layer separation in a 
separation funnels. The bottom chloroform layer 
containing lipid was removed and dried over 
anhydrous sodium sulfate. The solvent was 
evaporated in a rotary evaporator under vacuum of 
40 °C. Finally, the lipids were weighed and stored in 
a deep freezer at -20 °C, in redistilled hexane, 
under nitrogen atmosphere, till used. The lipid 
sample (500 mg) was hydrolyzed by refluxing it with 
1.5 (M) solution of potassium hydroxide in methanol 
(10 ml) for 2 h in an atmosphere of nitrogen gas. 
After saponification, methanol was removed under 
vacuum; the suspension thus obtained was 
dissolved in water, cooled, transferred to a 
separation funnel and extracted three times with 
diethyl ether to remove non-saponifiable material. 
Whenever necessary, centrifugation was done to 
break any emulsion that was formed. The solvent 
extracts were washed several times with water and 
dried over anhydrous sodium sulfate. The non
saponifiable material was recovered on removal of 
solvent in a rotary evaporator and then weighed in a 
microbalance. Water washings were added to the 
aqueous layer, which was acidified with 4(N} H2S04 

and extracted with diethyl ether and hexane for 
three times. The fatty acids were recovered after 
washing the extracts with distilled water to make it 
free from any mineral acid contamination and then 
dried over anhydrous sodium sulfate. and solvent 
was removed in a rotary evaporator under reduced 
pressure at room temperature. Fatty acids were 
methylated by ethereal solution of diazomethane. 
The diazomethane gel was generated by treating N
nitrosomethyl urea with methanolic potassium 
hydroxide, distilled and dissolved in cool dietihyl 
ether. The ethereal solution of diazomethane was 
added to the ethereal solution of fatty acid 
containing few drops of dry methanol and was kept 
overnight at 4 oc. Solvent was removed in a rotary 
evaporator. 
FA methyl-esters were applied with a syringe to 20 
X 20 em silica gel thin layer plates (thickness 0.25 
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mm) as a streak (20 mm). The plates were 
developed in light petroleum ether (40 -BO °C): 
diethylether (85:15, v/v) until the mobile phase had 
nearly reached the top of the plates (19 em). 
Chromatograms were then air dried and visualized 
in l2 vapor. Normal FAMEs had Rf value of 0.75-
0.85 in this mobile phase and 2-hydroxy and 3-
hydroxy FAMEs had Rf values of 0.22 and 0.16 
respectively. The individual fatty acid spots on the 
thin-layer plates were scraped of by sucking the 
silica gel into Pasteur pipettes packed with 
siliconized glass wool. The FAMEs were eluted 
from the columns with 5 ml diethyl ether. The ether 
extract was evaporated to dryness and preserved in 
Hexane for GLC. 

5.2.1.1.2. Catalytic reduction of fatty acid 
methyl esters: 

Fatty acid methyl ester samples were hydrogenated 
in a multiple hydrogenator. In each hydrogenetion 
flask, 3.0 mg of Adams' platinum oxide catalyst and 
3.0 ml of super-dry methanol were taken. Air inside 
the flask was removed by flushing hydrogen. 
Stirring of the catalyst in the hydrogen atmosphere 
was maintained till the catalyst turned clack and 
coagulated. After activation, 1.0 mg FAMEs of each 
sample, 2.0 ml of super-dry methanol was added to 
the flask. Air was removed as before and 
hydrogenation was continued for 3 h at 30 °C, 
maintaining slight positive pressure inside the 
flasks. The hydrogenated samples were filtered 
through a Whatrnan 42 (Whatmanman Int. Ltd., 
England} filter paper by several transfers with 
chloroform. Solvent evaporated and the reduced 
FAMEs were pressured for GLC. 

5.2.1.1.3. Gas Liquid Chromatography of the 
fatty acid methyl esters: 

The FAMEs were analyzed by GLC on polar 1 0% 
DEGS (Diethylene glycol succinate polyester) liquid 
phase which was coated on solid support, 
chromosorb-w(HP), 80-100 mesh in a rotary 
evaporator. The column material thus obtained was 
packed into a coiled glass column (1.8 mt. X 2 mm) 
e.d. by gentle tapping and applying a gentle suction 
from a vacuum pump. The column was then 
conditioned at 198 °C. During the course of 
analysis, the oven temperature was 196 °C, 
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whereas detector and infection port temperature 
were around 250 °C. Carrier gas was N2 with a flow 
rate of 30m II min. 

Identification of fatty acids was done by; (i) 
comparison of the relative retention time of their 
ethyl esters with that of standard fatty acids (14:0, 
15:0, 16:0, 17:0, 18:0, 19:0, 16:149, 18:149); (ii) 
unsaturated FAMEs were identified comparing of 
the chromatograms of hydrogenated methyl esters 
samples with those of original samples 
(hydrogenation process described earlier)); (iii) 
cyclopropene acids were identified by following 
elimination procedures: another aliquot (2-3 mg) of 
the sample was heated in 5 ml of 5.4 % (w/v) 
methanolic solution of anhydrous HCI under reflux 
for 3h. After 1 ml of water being added to the 
refluxed solution, fatty acid methylesters were 
extracted with petroleum ether and analyzed by 
Gas Liquid Chromatography. Although under the 
present gas chromatographic conditions 
cyclopropane acids were eluted with the 
corresponding straight-chain mono-unsaturated 
acid, they could thus be differentiated from the later. 
Positional isomers of mono-unsaturated acids were 
tentatively identified by the comparison of their 
retention data in the 10% DEGS column. 

5.2.1.2. Results and discussion: 
The cellular fatty acid compositions of the isolates, 
NiVa 51 and NiVas 114 are summarized below: 

(/) CFA analysis of strain NiVa 51: 
The fatty acid profile of the strain NiVa 51 was 
compared with the other members of the same 
Serratia cluster (S. marcescens, S. rubidaea and S 
odorifera) and represented in the Table 5.1. The ' 
major cellular fatty acid of the isolate was identified 
as 16:0, Summed feature 3 (comprising 16:1 w7c/ 
15iso20H) and 18:1 (see Fable 5.1). The fatty acid 
composition of the isolate, generated the highest of 
0.747 SIM-index value with S. marcescens, when 
compared with the fatty acid content of other 
bacteria of Sherlock TSBA 40 (v 4.5) identification 
library of MIS (Microbial Identification Library). 
When compared with the closest phylogenetic 
relative of the isolate, S. marcescens, the fatty acid 
17:0 CYCLO and 19:0 CYCLO content of the strain 
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Table 5.1. Cellular fatty acid composmon of the strain NiVa 51 and ~s phylogenelically related taxa of the same genus. 

Fatty acid type Serratia marcescens• Se"atia marcescens Se"atia Se"atia 
NiVa 51T GC subgroup B subsp. sakuensis'> adarifera' rubidaea' 

12:0 1.40 1.46 1.25 2.95 4.26 
12:0 20H 0.26 0.26 - 0.52 -
Unknown 13.957 0.97 0.57 - - -
14:0 6.26 6.94 - 7.40 6.52 
Unknown 14.502 0.65 0.71 - 0.74 -
14:020H 2.21 2.05 2.63 - -
15:0 0.29 - 0.56 - 1.31 
16:0 31.01 31.66 32.2 30.74 17.96 
17:0CYCLO 2.69 11.68 - 4.96 -
17:0 0.35 0.43 0.66 - 0.63 
18:1 w7c 17.69 16.66 - 14.40 11.39 
18:0 0.46 0.43 1.93 0.47 0.45 
19:0CYCLO w6c 0.25 1.24 - 0.47 -
Summed feature 2 8.01 8.44 - 6.96 4.11 
Summed feature 3 27.07 16.51 - 26.04 47.63 

• . . .. , Data from Sherlock MIS TSBA50 Identification l1brary (courtesy,1r. Claudme Vereecke, BCCMTUIL.MG Bactenal collection, Gen~ Belg1um), , Data from Aj1tkumar el al. 
(2003); -,data not available. 

Table 5.2. Cellular fatty acid composition of !he isolate NiVas 114T and its phylogenetically related taxa. 

Fatty acid type NiVas114T Enterobacter cloacae* Enterobacter aerogenes* Enterobacter cancerogenus* 

12:0 1.51 2.86 1.25 3.30 
12:020H 0.29 
Unknown 13.957 0.66 
14:0 6.59 6.76 9.34 7.17 
Unknown 14.502 0.72 0.80 0.92 
14:0 20H 1.95 1.27 
15:0 0.24 1.66 
16:0 w5c 0.10 
16:0 32.18 27.56 31.00 24.77 
17:0 CYCLO 3.53 5.94 11.04 15.36 
17:0 0.21 1.27 0.69 3.25 
16:1 w7c 16.24 22.69 19.27 19.97 
16:0 0.32 0.30 
19:0 CYCLO w8c 0.27 2.67 0.56 
Summed feature 2 8.04 7.970 9.00 7.09 
Summed feature 3 26.95 20.890 12.98 15.46 

•, Fatty ac1d data was received from Sherlock MIS TSBASO identification hbrary, -, data not available. 

was recorded to be 5 times higher and 4 times 
lower respectively. The existing diversity of the CFA 
content of NiVa 51 indicated towards the novelty of 
the strain from any other existing taxa so far 
discovered. The fatty acid profile of the isolate was 
also kindly confirmed by Deutsche Sammlung von 
Microorganismen and Zellkulturen GmbH (DSMZ), 
Germany. 

(II) CFA analysis of strain NiVas 114: 
The fatty acid profile of the strain NiVas 114 has 
been presented in the Table 5.2. The major fatty 
acids of the isolate were, 16:0, Summed feature 3 
(comprising 16:1 w7c/ 15iso20H) and 18:1 (see 
Table 5.2). The CFA profile of the isolate was found 
to be distinctly different from Enterobacter cloacae, 

with which it showed highest 16S rONA sequence 
similarities. The fatty acid 15:0 and 17:0 content of 
the isolate was found to the 6-7 times lower than E. 
cloacae. When CFA profile of the isolate was 
compared with the fatty acid content of other 
bacterium enlisted in Sherlock TSBA 40 (v. 4.5) 
identification library of MIS, a Sim-index value of 
0.665 and 0.580 was recorded with E. pytinus and 
E. entenmedius respectively. The fatty acid profile of 
the isolate was also kindly confirmed by DSMZ, 
Germany. The analysis of cellular fatty acid result 
strongly suggested that the isolate does not belong 
to any other taxa discovered previously. 
5.2.2. Analysis of base composition of DNA: 
The analyses of base composition of DNA were 
made by BCCM™/LMG bacterial collection, Ghent 
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University, Belgium. The genomic DNA was 
prepared according to the methods described in 
section 3.2.2 of Chapter 3. The DNA of the strains 
were hydrolysed with P1 nuclease and the 
nucleotides were de-phosphorylated with bovine 
alkaline phosphatase as described by Mesbah eta/. 
(1989). From the resulting deoxyribonucleosides, 
G+C contents (mol%) were analyzed using HPLC 
(Mesbah et.a/., 1989). The instrument was 
calibrated with non-methylated lambda DNA 
(Sigma; G+C content 49.86 mol%). The G+C 
contents were calculated from the ratio of 
deoxyguanosine (dG) and deoxyadenosine (dA) as 
described by Mesbah et.a/. (1989). 

The G+C content of the DNA of the isolate NiVa51 
was found to be 60 mole%. The value observed for 
the isolate was found to be higher than Serratia 
marcescens subsp sakuensis [(58 mol%), 
Ajithkumar eta/., 2003], but comparable with that of 
Serratia marcescens [(57.5- 60%), Grimont & 
Grimont, 1992]. On the other hand the G+C content 
of the DNA of the isolate NiVas 114 was found to 
be 59.9 mole%. The value observed for the isolate 
NiVas 114 was found to be higher than its 
phylogenetically related taxa, Enterobacter 
aerogenes [(57 % mol), Holt et a/., 1994], and 
Enterobacter cancerogenes [(56.4 % mol), Holt et 
a/., 1994], but comparable with that of Enterobacter 
cloacae [(53- 60% mol), Grimont & Grimont, 1992]. 

5.2.3. Study of DNA-DNA relatedness: 
For the study of genomic relatedness with the 
nearest phylogenetic relatives 'Dot Blot' 
hybridization technique was used following 
principles stated by Ezaki et at. (1989). The type 
strains used in the experiment were collected from 
recognized culture collection centers. DIG-High 
Prime DNA labeling and detection kit (Roche 
Diagnostics GmbH, Germany) was used for the 
experiments. 

5.2.3.1. Materials and Methods: 
5.2.3.1.1. Preparation of the total genomic 

DNA: 
The total genomic DNA of the test strains and type 
cultures were prepared following techniques stated 
in section 3.2.2 of Chapter 3. For quantification and 
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purity checking, 10 ~I of genomic DNA preparation 
were diluted in 995 ~I sterile TE (10 mM Tris-CI: 0.1 
mM EDTA, pH 7.6) in a 1 ml quartz cuvette and 
absorption (A) was measured at 260nm as well as 
at 280nm. The preparations showed A260nm/ A280 
nm ratio of >1.7 which were used for the 
experiments. The concentration of DNA was 
calculated considering the A260nm of 1.0 is 
equivalent to 50 ~g of double stranded DNA 
(Towner, 1991). 

5.2.3.1.2. Transfer of DNA to the nylon 
membrane: 

The nylon membrane was cut according to the size 
of the dot-blot apparatus (with 96 wells, BRL, USA) 
attached to a vacuum pump. This membrane was 
soaked in 6 X sse and was placed on the dot-blot 
apparatus. DNA samples were denatured by 
heating for 10 min in a boiling water bath and were 
immediately chilled. The dot-blot apparatus was 
continuously run under vacuum during the following 
steps: 
Slots were washed with 6 X SSC and were charged 
with the DNA samples to be fixed in the membrane. 
Finally the slots were washed with 6 X sse, the 
membrane was removed from the apparatus and 
DNAs were fixed by UV crosslinker (Stratalinker, 
Stratagene, USA) as recommended by the 
manufacturer. 

5.2.3.1.3. Preparation of probe DNA: 
The genomic DNA preparation of the isolates, NiVa 
51 and NiVas 114 were separately digested with 
Sau lilA restriction enzyme (New England Biolabs 
Inc.) following procedure discussed in section 
4.3.1.1.2 of Chapter 4. According to the random 
primer DNA labeling technique, approximately 5 ~g . 
of the restricted DNA of each isolate was labeled by 
digoxigenin-dUTP. The detailed procedure of the 
probe preparation was discussed in section 
4.3.1.1.3 of Chapter 4. 

5.2.3.1.4. Hybridization and detection of 
hybridization-intensities: 

The hybridization was carried out in a hybridization 
bag, and the technique used for prehybridization, 
hybridization, post hybridization; blocking and 
detection were done following techniques stated in 
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section 4.3.1.1.3 of chapter 4. Approximately 100-
times excess of the probe DNA was used in 
hybridization against frames of three target DNAs 
taken in quantities of triplicate (10 ng, 20 ng and 30 
ng) at a time in a positively charged nylon 
membrane. Hybridization was carried out at 65 oc 
and the membrane was washed under high 
stringency condition. All the hybridization blots were 
analyzed by densitometer scanning device (810 
RAD Inc., model GS- 700 Imaging densitometer 
and molecular analyst software) and the results 
were expressed as % of positive control. In all 
experiments genomic DNA of E. coli DH Sa and 
Acinetobacter junii were used as negative control, 
and NiVa 51 or NiVas 114 were used as positive 
controls. 

5.2.3.2. Results and discussion: 
Using genomic DNA of NiVa 51 as a probe, DNA
DNA hybridization was recorded as 43.7% with 
Serratia marcescens subsp. marcescens, 29.2% 
with Serratia odorifera, 27% with Serratia rubidaea, 
18.3% with Enterobacter aerogenes, 19% with 
Citrobacter freundii, 20% with ETWinia amy/ovora, 
and 21.7% with Pectobacterium carotovorum 
subsp. carotovorum. When the genomic DNA of 
NiVas 114 was used as probe, DNA-DNA 
hybridization was recorded as 35% with 
Enterobacter cloacae, 28.4% with Enterobacter 
cancerogenus, 23.3% with Enterobacter aerogenes, 
18.2% with ETWinia carotovora, 12.3% with 
Citrobacter freundii, 16.3% with Klebsiella oxytoca, 
and 11% with Serratia marcescens. When the 
recommended threshold value of 70% DNA-DNA 
similarity for species definition was considered 
(Wayne et a/., 1987), the result indicate that strains 
NiVa 51 and NiVas 114 does not belong to any of 
the taxa used in DNA-DNA hybridization. 

5.3. Conclusion: 
Therefore, on the basis of 16S rONA sequence 
analysis, fatty acid profile, DNA base composition 
and DNA-DNA hybridization studies, it can be 
concluded that the isolates NiVa 51 and NiVas 114 
are novel species of Serratia and Enterobacter 
respectively. The detailed phenotypic analysis of 
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the isolate NiVa 51 and NiVas 114 were performed 
following protocols described in section 4.1.1.3, and 
were compared with there phylogenetically related 
taxa (Table 5.4 & 5.5). 

On the basis of phenotypic tests, NiVa 51 scored 
similarity coefficient (SsM) values in the range of 
0.75- 0.87 with the members of Serratia with which 
it branched most deeply (data not shown). One of 
the unique characteristics of the isolate NiVa 51 is 
to utilize urea as a sole source of nitrogen for 
growth, whereas none of the strains under the 
genus Serratia was reported to have urease 
activity. In the active culture medium containing 0.5 
mM urea as sole nitrogen source and initial cell 
density of 3 x 108 cells/ ml, the rate of free ammonia 
'N' released in the culture medium in the first two 
hours of incubation was 0.6 ppm/ h and reached to 
the maximum rate of 1.4 ppm/ h during 6fu to 1 Qfu 
hour of incubation (Bhadra et a/., 2005b). The 
maximum SsM value (0.87) observed between NiVa 
51 and S. marcescens corresponds with the highest 
SIM index value (0.747) of the same pair (in terms 
of FAME profiles) obtained from the matches with 
entries in the Sherlock MIS TSBA 50 Identification 
library. Also the DNA-DNA hybridization values are 
typical of those found between species of Serratia. 
The 16S rONA analysis showed that the strain NiVa 
51 is closest to S. marcescens. Therefore, isolate 
NiVa 51 demands its classification as a novel 
species of Serratia, for which the name Serratia 
ureilytica was proposed. 

On the other hand, NiVas 114 scored highest SsM 
values of 0.87 -0.91 that of Enterobacter cloacae 
with which it generated a highest of 35% DNA-DNA 
similarity. The claim for a novel species of 
Enterobacter for the isolate can thus be justified 
with its unique fatty acid profile, low DNA-DNA 
similarities with related taxa, GC content and 16S 
rRNA phylogeny. The isolate showed high MTC (12 
mM) towards nickel chloride, and novelty in nickel 
resistance genetic determinant of the isolate can be 
derived from the data obtained from PCR study, 
Southern hybridization and nucleotide sequencing 
(discussed in detail at Chapter 3 & 4). We therefore 
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Table 5.4. Biochemical and physiological charactenslics of strain NiVa 51. 

Serratia marcescens subsp. marcescens, Serratia marcescens subsp. sakuensis ,- Serratia odorifera and 
Se"atia rubidaea were used as reference strains. All the species are oxidase negative; catalase positive; rod 
shaped; motile by means of peritrichous flagella; can grow in presence of 1.4 M NaCt; does not produce indole, 
amylase and H2S: but showed positive tests towards- VP; esculine hydrolysis; utilization of acetate, succinate 
and citrate (Simmons); lysine and ornithine decarboxylation; nitrate reduction; utilization of L-arginine and L
histldine as sole carbon source; and acid production from glucose and sucrose. The characteristics that 
distinguished NiVa 51r from S. marcescens subsp. marcescens are indicated by asterics (*). 

Serratia marcescens SerraUa marcescens Serratia Serratia 
Characters NiVa51 subsp. marcescens subsp. sakuensis odorifera rubidaeil> 

LMG2792 JCM 11315' MTCC495 
Spore +(Round) 
Pigment• + + 
Methyl red• + + 
Caseinase" + + 
Urease • + 
lipase (Tween 80) + + + + 
Arginine dihydrolase• + 
Acid production from carbohydrates: 
Adonitol• + Na + 
lactose + + 
Smb\tol ... ... + ... 
Arabinose ... + 
Raffinose nd ... 
Rhamnose ... 
Xylose• + ... ... 
Mellibiose + Na ... ... 
Utilization of organic acid salts: 
Oxalate• ... + nd Na 
laclate ... ... ... Na 
Amino acid utilization: 
Dl.Senne ... + + nd Na 
l.Qm\!hine + + nd 
Dl-Aianine + + + + 
l-Proline + + Na nd Na 
Dl-Threonine• + Na Na 
Dl-Phenyl alanine + + Na nd 
l-Hydroxy proline + ... ... Na 
l-Tryplophan• ... Na ... Na 

Na, data not SY<!llable; nd, not done; a, data are from Ajlthlwrnar, ef a!. {2003); b, Data from Grimont &. Gnmon\, {1992). 

propose the name, Enterobacter indica, for the important bacterial strains for enriching the 
isolate NiVas 114; which could be an important genomics of metal resistance in Enterobacteria. 
bacterial strain for studying the genomics of nickel 
resistance in bacteria. 

Compared to H. alvei 5-5 and K. oxytoca CCUG 
15788 [requite 5 and 0.5 mM Ni2•, respectively, for 
induction, (Pari< et al., 2003 & Stoppel et al., 1995)] 
much lower concentration of nickel ion (0.05-0.1 
mM) is required to induce nickel resistance in novel 
isolates NiVa 51 and NiVas 114. Moreover, pre
incubation in 0.1 mM Zn2• was also found to induce 
nickel resistance in both the isolates; which was not 
reported in case of nirl ncr locus. Therefore, the 
new bacterial strains Serratia ureilytica strain NiVa 
51T and Enterobacter indica strain NiVas 114T, 
could be 

,_ 

' 

':;-· 

" Seuatia ureilftica; (type strain, NiVa 5F = 
LMG 22860 T = CCUG 50595T=MTCC6935l). 

Enteroba_cter indica; (type strain, NiVas 
, 114~ ·= CCIJG 505941 = MTCC7087T). 

-"'.' _, ' --~~~;:;-~::-'- .. :0 " ' 

':t:lt~~~t;"":) ·. " -·'" . J. :, 
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Table 5.5. Biochemical and physiological characteristics of strain NiVas 114. 
Enterobacter cancerogenus and Enterobacter aerogenes was used as reference strains. All strains 
were positive for- Simmons Citrate; nitrate reductase: catalase, esculin hydrolysis and ornithine 
dec_a~oxylase test~ ~reduced acid from _dextrose, arabinose, rhamnose, maltose, xylose, trehalose, 
~~~rbrose and melhbrose; acetate, succmate, g/uconate, L-arginine, DL-alanine and DL-serine was 
~trhzed as. carbon source. All taxa showed negative tests for iodole and H2S Production; enzymes 
lrke_ casemase, a~ylase, gel~tinase , oxidase and liPase are not produced; oxalate, DL
ammobutyrate, glycme, Dl-vallne, DL-phenyl alanine are not utilized as sole carbon source. + 
posotive;_ :• negative; na, data not available; [d], 25-75% are positive; [+], 76- 89% positive; [-], 11: 
25% pos1t1ve. 

Biochemical Characters NiVas114 Enterobacter Enterobacter 

Methyl red + 
Voges-Proskauer + 
Lysine decarboxylase 
Urease + 
Acid production from carbohydrates: 
Sucrose 
Mannitol 
Dulcitol 
Salicin 
Adonitol 
lnostlol 
Sorbitol 
Raffinose 
Utilization of organic acids: 
Tartarale 
Lactate 
Malonate 
Amino acid ufilization: 

+ 
+ 

+ 

+ 
+ 
+ 

cloacae* 

+ 

[d] 

+ 
+ 
[-] 
[+] 
[-] 
+ 
+ 
+ 

na 
na 

L .Ornithine + na 
L-Histidine + + 
L-Proline + na 

cancerogenus 
LMG2693 

+ 

+ 

+ 

+ 
+ 
+ 

L-Tryptophan + na + 
L-Leucine + na + 
DL-Threonine + + 
L-Hydroxy proline + na + 

Enterobacter 
aerogenes 

MTCC 111 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

DL-Methionine + + + 
•, The charactensUcs of Enterobacter cloacae were taken from Gnmont & Gnmont (1992) and Holt eta/. (1994) lor 
companson. 

ChapterS 

Description of Serratia ureilytica sp.nov. 
Se"atia ureilytica [N.L.n.urea -<~e, urea; N.L.adj. 
lyticus -<~-urn (from Gr.adj. lutikos), dissolving; 
N.L. fern. adj. ureilytica, urea dissolving]. 
Gram-negative, motile, with peritrichous flagella, 
non-fluorescent, non-pigmented, catalase positive 
and oxidase negative. Cells are straight rods, 0.7-
1.0 [Jm long and 0.8-1 [Jm wide and can grow 
between 8-43 oc over a pH range of 5-11 in nutrient 
broth media and can tolerate NaCI concentration up 
to 1.4 M. Freshly grown colonies are white, round, 
with convex surfaces and smooth edges. Gives 
negative tests in indole and H,S production and 
positive tests towards, Voges-Proskauer, lysine and 
ornithine decarboxylation, methyl red, citrate 
(Simmons') utilization, arginine dehydrolase, and 
esculine hydrolysis. Enzymes such as urease, 

casinase, lipase and nitrate reductase are present 
but amylase is absent. Produces acids from 
glucose, sucrose, mannitol, salicin, adonitol, 
inositol, sorbitol, maltose, xylose, trehalose, 
mellibiose and glycerol. Organic acid salts such as 
tartarate, oxalate, acetate, lactate, succinate and 
gluconate is used as a carbon source for growth in 
inorganic media. Amino acid such as, L-arginine, 
DL-alanine, DL-serine, L-omithine, L-histidine, L
proline, DL-threonine, DL-phenyl alanine, L-hydroxy 
proline and DL-aminobutyrate are utilized and L
tryptophan, L-leucine, glycine, DL-valine and DL
methionine are not uUiized. The isolate has a 
plasmid of 50 kb of unknown function and can grow 
in nutrient agar media containing 40 [Jg/ml 
ampicillin, 15 (Jg /ml tetracycline and 20 [Jg/ml 
chloramphenicol. 
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Description of Enterobacter indica sp.nov. 
Enterobacter indica (In di" .ca. L. fern. adj. indica 
pertaining the geographical source of the organism, 
of country India). 
Gram-negative, motile, with peritrichous flagella, 
non-fluorescent, catalase positive and oxidase 
negative. The strain showed negative Voges
Proskauer and positive methyl red tests; can grow 
between 8-43 oc over a pH range of 5-11 in nutrient 
broth media and can tolerate NaCI concentration up 
to 7%. Freshly grown colonies are white, round, 
with convex surfaces and smooth edges. Gives a 
positive ornithine decarboxylase and negative 
lysine decarboxylase test. Enzymes such as urease 
and nitrate reductase is present but amylase, lipase 
and gelatinase is absent. 

5.4. Summary of the chapter 5: 

Chapter5 

Produce acid from glucose, sucrose, mannitol, 
salicin, adonitol, inositol, sorbitol, arabinose, 
raffinose, rhamnose, maltose, xylose, trehalose, 
cellibiose and melibiose. Organic acid salts such as 
malonate, tartarate, oxalate and lactate are not 
used and acetate, succinate and gluconate are 
used as a carbon source for growth in inorganic 
media. Amino acid such as, L-arginine, DL·alanine, 
DL-serine, L-omithine, L-histidine, L-proline, L
tryptophan, L-leucine and L-hydroxy proline are 
utilized and glycine, DL-valine, DL-threonine, DL
phenylalanine, DL-methionine and DL
aminobutyrate are not utilized. The isolate has a 
plasmid of 70 kb of unknown function and can grow 
in nutrient agar media containing 40 )..lg/ml 
ampicillin and 15 )..lg /ml tetracycline. 

The taxonomic positions of three nickel-resistant bacteria, isolated from Torsa River of India, were 
studied using polyphasic approach. Phylogenetic analysis with 168 rRNA gene sequences indicated that 
strains 881A, NiVa 51 and NiVas 114 are Acinetobacter junii, a novel species of Serratia and a novel 
species of Enterobacter respectively. Cellular fatty acid composition of the isolates NiVa 51 and NiVas 
114 showed similarities with Serratia marcescens and Enterobacter cloacae. DNA-DNA hybridization 
analyses. on the other hand, showed relatively low level of homologies (34- 43%) with their closest 
phylogenetically related species. The G+C %mol content of the isolate NiVa 51 and NiVas 114 are 60 
and 59 respectively. Therefore, on the basis of DNA-DNA relatedness. G+C content, cellular fatty acid 
profile and 16 rDNA similarities, the name Serratia ureilytica sp. nov. (type strain, NiVa 51 T = LMG 
22860 T = CCUG 50595T=MTCC6935T) and Enterobacter indica sp. nov. (type strain, NiVas 114T = 
CCUG 50594T = MTCC7087T) was proposed for isolate NiVa 51 and NiVas 114 respectively. 
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General discussion and Summary 

General discussion & Summary: 

In human history, urbanization has been at once a granted -then similar investigations are needed to 
major result and an influential factor of socio- be carried out in other ecosystems before coming to 
economic development. The ever-greater intensity a general conclusion. The general proposition 
of natural resource utilization dramatically modified forwarded by other authors regarding the evolution 
the essential changes of the biosphere. There is a and origin of metal-resistance " .... .it seems, 
varying degree of change in the characteristics of however, more likely that toxic metal resistance 
climate in areas of maximum intensive economic systems arose soon after life began, in a world 
development and profound alterations in the natural already polluted by volcanic activities and other 
biologeochemical circulation of substances. The 
four heavy metals, Zinc, Cobalt, Cadmium, and 
Nickel are used in industrial countries and the 
growing industrial pockets of applications. Cobalt 
and Nickel are chemically related to Iron and are 
both used for the production of steel and for 
electroplating. Salts of these two metals have been 
used for centuries for the production of blue and 
green pigments respectively. Extensive uses of 
Cadmium, Zinc, Cobalt, and Nickel by man have 
consequently led to contamination of soil and 
freshwater habitats with the divalent cations of the 
four heavy metals. 

Besides the anthropogenic contamination, heavy 
metal may leak from naturally occurring minerals 
into soil and freshwater habitats. In both cases it is 
not generally one cation that is present in toxic 
concentrations, but usually a major cation plus 
some accompanying ions, e.g. Zn2• plus Cd2• and 
Ni2• plus Co2• and CrOl·. As a response to this 
challenge, multiple-ion resistant bacteria evolved 
which contain a variety of metal resistance 
determinants. It has been established by the earlier 
authors that from among the heavy metal resistant 
organisms, 'the Nickel resistant bacteria offer the 
unique opportunity to compare bacterial isolated 
from anthropogenically nickel polluted ecosystems 
with those isolated from naturally nickel percolated 
ecosystem' (Stoppel and Schlegel, 1995). They 
have stated their experience as· 'nickel resistant 
bacteria could not be isolated from normal arable 
soils in Germany and New Caledonia'. The search 
for nickel resistant bacteria from metal 
uncontaminated/ normal soil in Germany turned 
futile; and if such is the phenomenon taken to be 

geological sources. As with antibiotic resistance 
determinants, toxic heavy metal resistance 
determinants are pre-existent to recent human 
activities that created polluted environments .... ." 
{Silver and Phung, 1996). This study was 
undertaken to test this hypothesis. 

The River Torsa has been chosen as a subject to 
test the hypothesis. Torsa traversing through an 
underdeveloped country Bhutan, flows through 
another largely underdeveloped part of the state of 
West Bengal, where Tea industries are only the 
major industries. The most characteristic 
development that took place in the catchments of 
Torsa was the swelling of rural populations. In the 
upper catchments of Torsa, within Bhutan, blasting 
of dolomite for the cement factories is the major 
mining activity. The conditions assumed before 
hand, therefore, might suite the condition of an 
ecosystem, least affected by the contamination of 
heavy metals. Therefore, the search of nickel 
resistant bacteria from the surface flow of Torsa 
was intricately associated with the water quality for 
validation of the hypothesis. 

In order to assess the level of pollution, detailed 
physico-chemical and sanitary analysis of Torsa 
River was done for a period of one year (April 2001 
to March 2002). The major characteristic features of 
Torsa were high pH, alkalinity, Mg-hardness, total 
ammonia 'N' content and total phosphate. The 
hardness value for Torsa was recorded high during 
dry seasons (November and December) which 
might be due to dolomite-mining upstream the river. 
A high correlation value between pH and total 
hardness (0.629) indicated soil erosion due to 
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excessive mining of dolomites in its catchments. the river were 20.3 ppb (in April), 135.83 ppb (in 
Higher phosphate content of Torsa was recorded in January) and 42.63 ppb (in December) respectively. 
the month of February and March (66.5- 99.6 mg/1) The iron content of the river was recorded to be 
and lowest was observed in October at two comparatively less during winter months (December 
sampling sites. The total ammonia 'N' content of to February), which reached its maximum 
Torsa was recorded to be very high compared to concentration in the month of June. The iron content 
the other rivers [Kaljani (0.1- 1.3 mg/1) and Teesta of the river water was found to range between 
(0.5- 1.1 mg/1)] of the same geographical region. An 232.16- 3252.4 ppb. The maximum Mn2• ion content 
elevated level of total phosphate 'P' content was a of Torsa River was also recorded in the month of 
sign of pollution due to washing of clothes, and high · June (90.43 ppb). On the basis of the metal ion 
total ammonia 'N' data in some months indicated content data, it can be concluded that the river 
sewage pollution. Low temperature and high water is safe for human use. 
aeration rate during winter was possibly the reason 
for increased amount of dissolved oxygen (7 .8- 8.5 The total recoverable copiotrophic bacterial count 
mg/1) in the river water. The BOD value of Torsa (CBC) and the metal-resistant CBC of the river 
ranged between 0.6- 3.0 mg/1 which was water were estimated in every sampling month. The 
comparable to the BOD recorded in one of its data showed that the nickel or zinc resistant (Ni•/ 
tributary Kaljani, but was less than mountainous Zn•) bacteria of Torsa river was very high in the 
Bhagirathi where BOD ranged between 1.5- 6.9 month of March (33.85% Ni• and 26.41% Zn') 
mg/1 (Gautam, 1990). As the river water was followed by January (25.11% Ni' and 24.58% Zn•), 
saturated with dissolved oxygen, decomposition of whereas, in the month of September and October 
organic waste did not lead to high BOD. On recovery of nickel or zinc resistant bacteria from the 
comparing several parameters like chloride, river water was negligible. A minimum recovery of 
ammonia 'N', phosphate 'P', BOD, COD, and DO 0.1% nickel or zinc resistant bacteria was recorded 
content of Torsa with Yamuna, Cauvery, Ganges, in the month of September. A highest of 8.19% 
etc. (Chakraborty et al., 1959; Dhanapakiam et al., cobalt resistant (Cor) bacteria was recorded during 
1999; Singh et at., 1999), it may not be branded as February 2002, whereas during ·September and 
'highly sewage contaminated' river. High MPN October only 5- 6 cobalt resistant bacterial colonies 
counts of total colifonns and fecal colifonns, pointed could be observed. While comparing with that of 
towards pollution of the river water by intestinal other metal resistant bacterial count, the 
microflora. The ratio of fecal colifonn to total recoverable copper resistant bacterial count in the 
colifonn clearly indicated about the pollution by river was recorded to be high throughout the year. A 
human excreta. highest of 15.08 % copper resistant bacteria was 

estimated during December 2001 and the lowest 
The heavy metal ion (Mn, Fe, Co, Ni, Cu, Zn and was recorded during October 2001. In order to find 
Pb) content of the river water was compared with out the reason behind the month-wise fluctuation of 
the maximum pennissible limits as stated by WHO, metal resistant bacteria, the percentage of metal 
USSR and Indian Standards. Heavy metal did not resistant bacterial population of every sampling 
indicate any alanning level of toxicity. Maximum and month were used as variable and were subjected to 
minimum zinc content of the river water was correlation analysis with the data of all physico
observed in the month of January (691.32 ppb) and chemical parameters of respective months. 
October (34.26 ppb) respectively. The lead content Surprisingly, the zinc and lead content of the river 
of the river reached its maximum in the month of water showed high correlation with the nickel and 
March and January (176.93 ppb and 174.16 ppb zinc resistant bacterial count which indicated the 
respectively) while minimum were recorded during effect of micromolar quantity of these metal ions on 
September-October (34.12- 42.13 ppb). Maximum the percentage recovery of metal resistant bacteria. 
quantities of dissolved Ni, Cu and Co ion content of Under laboratory condition, few exemplary nickel-
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resistant Torsa isolates when pre-incubated in a homologous region in the genomic DNA of these 
medium supplemented with zinc (keeping isolates. The genomic DNA and PCR product 
concentration equal to that of the river water), the (generated with cnr-ncc specific primer) of another 
growth advantage of the isolates in nickel isolate, NiVas 114, produced faint hybridization 
challenged medium was noted. Although a high signal with cnr -specific probe. 
correlation value between lead content and nickel/ 
zinc resistant bacterial population was scored, but The PCR products of NiVas 114, which hybridized 
similar advantage of growth in nickel challenged with cnr specific probe, were cloned in pGEM® T
medium was not observed by preexposing the cells easy vector and were sequenced. The nucleotide 
in Pb2• (the concentration equal to that of river sequence of the PCR products showed only 41-
water) containing media. The lead ion content of the 46% identity with the probe DNA sequence. Four 
river, therefore, may not have any biological ORFs were predicted from the two sequences. The 
significance in inducing nickel and zinc resistance. translated products predicted from the ORFs 
The high correlation score (0.87) between lead and showed no significant identity with any of the known 
zinc ion content of the river might be reasoned by cation-efflux proteins. Structure-function analysis, of 
dissolution of these two metals fiom the same the amino acid sequence of an ORF (p8C1.5-
geological source(s). ORF1 ), predicted to be an integral membrane 

protein. The novel ORF was characterized but it is 
Studies related to induction of nickel resistance, in too early to predict its role in efflux function. Gene 
some of the Torsa isolates, yielded interesting targeting or gene disruptions studies in these 
observations on the phenotypic expression of isolates would enable to study the gene function 
resistance. Nickel resistance of some Torsa thus enriching the genomics of bacterial metal 
isolates, NiVa 61, 5CoNi 34, 6NiCo 43, 8837 and resistance. 
881A, was found to be fully induced when exposed 
to 5-20 IJM (325 -1300 ppb} zinc sulfate. The phenotypic characterization of nickel resistant 
Undoubtedly, these nickel resistant strains have in isolates from Torsa induced the present author to 
them the potential genetic material for enriching the go by polyphasic approach. Molecular taxonomy 
genomics of nickel and zinc resistance in 
prokaryotes. Furthermore, the property of induction 
of metal resistance by ppb level of bio-available 
metal ions in the environment could be genetically 
manipulated for constructing microbe-based 
biosensors. 

Molecular techniques involving, PCR amplification, 
DNA-DNA hybridization, DNA-sequencing, and 
sequence analysis were used to identity the nature 
of nickel resistant genetic system(s) present in 
Torsa isolates. The results of the experiments 
showed that only few isolates harbored well-known 
nickel resistant determinants (cnr, nir and czc), 
while of other isolates were presumed to contain 
either novel or diverse nickel resistant 
determinant(s). Under low stringency condition, the 
restricted genomic DNA of two Torsa isolates, NiVa 
51 and 881A, generated weak hybridization signal 
with nir-specific probe, suggesting a nirA 

including 165 rRNA gene sequence analysis was 

used to denote the proper taxonomic position of the 

isolates. The isolate NiVa 51 and NiVas 114tumed 

out to be novel species of Serratia and Enterobacter 

respectively, for which the name(s) Serratia 

ureifytica and Enterobacter indica were proposed. 

Finally, it may be concluded that nickel resistant 

bacteria could be isolated from natural fresh water 

habitat even if it is not contaminated by heavy metal 

to the level of toxicities. The discovery of novel 

induction phenomenon of nickel resistance by ppb 

level of metal ions -itself spoke of the presence of 

diverse genetic system. The search has opened up 

avenues for future academic research as well as 

application in the field of biosensor development. 
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