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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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-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: 

Chapter 3 

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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(http://www.ncbi.nlm.nih) and subjected to similarity 
search by BLAST P (Altschul eta/., 1997) program. 

Chapter 3 

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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