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Abstract
Urbanization, industrialization and other human activities has introduced a number of heavy metal
contaminants in the environment. Microorganisms inhabiting such sites are well efficient in developing
resistance strategies against toxic heavy metal stress. The present work qualitatively describes uptake of
nickel (Ni) and lead (Pb) by epiphytic root bacteria isolated from the rhizosphere of the weedy plant,
Acorus calamus treated with heavy metals viz. Ni and Pb contaminated drainage water. This bacterial
strain was designated as 10KN and classified as member of Klebsiella sp. on the basis of 16S rRNA
gene sequence. The isolated strain showed maximum tolerable concentration (MTC) 1500 mgL-1 in Ni
and 1400 mgL-1 in Pb toxicity. On the basis of residual analysis study using Microwave Plasma Atomic
Emission Spectroscopy (MP-AES) it was proved that Klebsiella sp. 10KN can tolerate Ni stress upto
76.2% whereas Pb stress upto 74.4% in 48 hrs incubation time. Due to the toxicity of Ni and Pb some
morphological alterations occurred which were demonstrated by Scanning Electron Microscopy and
Energy-Dispersive X-ray spectroscopy (SEM–EDX), Fourier Transform Infrared Spectroscopy (FTIR)
and Atomic Force Microscopy (AFM) micrographs of Klebsiella sp. 10KN. The ability of heavy metal
resistant bacteria Klebsiella sp. 10KN to uptake Ni and Pb could be utilized in developing feasible
bioremediation processes like biosorption and bioaccumulation technologies against toxic heavy metals
contaminated site.
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1. Introduction
Rapid industrialization is the principal cause of toxic heavy metal contamination of water
bodies (Bhattacharya et al. 2015; Sharma and Kansal 2011; Singh and Kumar 2006) [4, 34, 35].
Irrigation with such contaminated water source can cause numerous harmful effects on crops
as well as human health (Lin et al. 2012) [23]. Like other organic pollutants heavy metals
cannot be degraded and so remain in the ecosystem for a long period of time (Eduardo and
Helena 2011) [14]. Essential heavy metals such as Co, Cr, Ni, Fe, Mg, Cu and Zn have role in
various biochemical activities of an organism (Bruins et al. 2000) [16]. However, nonessential
heavy metal such as Cd, Hg, Sn and Pb do not possess any biological role and cause severe
toxicity to microorganisms even in trace amount (Roane and Pepper 2000; Huang et al.
2004) [31, 18].
Lead (Pb) is very hazardous nonessential heavy metal and extremely toxic to organisms
(Low et al. 2000) [24]. Even a small concentration of Pb exposure can result in damage of
central nervous system, headache, skin allergies etc. Whereas, Ni though being an essential
heavy metal can cause skin allergies, respiratory tract cancer, lung fibrosis and iatrogenic
effects (Clarkson et al. 1988; Kasprzak et al. 2003) [11, 19]. Conventional physicochemical
methods such as ion exchange, filtration, acid leaching was developed for heavy metal
remediation (Xio et al. 2010) [43]. However most of them are costly, demand high reagent and
energy input and produce large amount of toxic sludge (Gola et al. 2016) [15].
Microbes have evolved numerous resistance mechanisms (transformation, biosorption,
bioaccumulation, precipitation, complexation and oxidation- reduction) to deal with the
heavy metal toxicity (Huang et al. 1990; Avery and Tobin 1993; Brady and Duncan 1994;
Veglio et al. 1997; Li et al. 2011) [17, 3, 5, 40, 21]. Removal of excess heavy metal from waste
water using microbes is environment friendly and economical way to protect aquatic and
terrestrial life forms (Prasenjit and Sumathi 2005; Munoz et al. 2006) [29, 27].
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Number of bacterial species like Streptoverticillium sp.,
Streptomyces sp., Pseudomonas sp., Enterobacter sp.,
Corynebacterium sp. and Bacillus sp. are capable to tolerate
Pb stress (Chang et al. 1997; Puranik and Paknikar 1997;
Pardo et al. 2003; Choi and Yun 2004; Selatnia et al. 2004;
Lin and Lai 2006; Lu et al. 2006; Tunali et al. 2006; Uslu
and Tanyol 2006) [7, 30, 28, 8, 33,22, 25, 37, 39]. Other bacterial
species like Moraxella sp., Acinetobacter sp., Providencia
sp., Branhamella sp., Staphylococcus sp., Methylobacterium
sp., Klebsiella sp., Cupriavidus sp., Achromobacter sp. and
Helicobacter sp. have employed various Ni resistance
mechanisms (Alboghobeish et al. 2014 and Salvador et al.
2007) [1, 32].
Rhizospheric zones of various plants are associated with
numerous beneficial micro-organisms such as bacteria and
fungi, which help in nitrogen fixation and nutrient/mineral
mineralization (Clark 1940) [10]. Use of rhizospheric microorganism to remediate heavy metal from the soil provides
great advantage and will reduce the availability of heavy
metal present in soil to the plants.
In view of this, present study was carried out with the
micro-organism isolated from the rhizospheric zone of the
weedy plant Acorus calamus. Using Microwave Plasma
Plasma Atomic Emission Spectroscopy (MP-AES), heavy
metal uptake efficiency of isolated strain Klebsiella sp.
10KN was tested against Ni and Pb. Further, for the
qualitative determination of the uptake strategy of Ni and Pb
under heavy metal toxicity, Scanning Electron Microscopy
and Energy-dispersive X-ray spectroscopy (SEM-EDX)
were carried out. Cell surface roughness changes caused by
the heavy metal toxicity in Klebsiella sp. 10KN studied
using Atomic Force Microscopy (AFM). Moreover, Fourier
Transform Infrared Spectroscopy (FTIR) spectroscopy was
performed to determine the involvement of surface
functional group in heavy metal microbe interaction. In
addition, Klebsiella sp. 10KN was also tested against
various antibiotics and showed resistance against ampicillin,
amoxicillin, cefadroxil, cloxacillin, erythromycin, penicillin
and vancomycin. This study describes the concept of metal
microbe interactions employed by bacteria under heavy
metal stress.
2. Materials and Methods
2.1 Sampling and Enrichment
In the present investigation, samples were collected from
Water Technology Centre, Indian Agricultural Research
Institute (WTC, IARI) New Delhi, India. Epiphytic root
bacteria were isolated from roots of the weedy plant Acorus
calamus treated with Ni and Pb contaminated drainage
water. Obtained roots were kept in phosphate buffer saline
(PBS, pH 7, 0.05M) at 150 rpm for 1 hr at 30ºC, for the
release of bacteria into buffer saline. Inoculation of
experimental flasks was done with 1ml of phosphate buffer
sample having released epiphytic root bacteria. In 250 ml
Erlenmeyer flasks, the sample were cultured in 50 ml
autoclaved Luria broth (gm/L; Tryptone 10, yeast extract 5,
NaCl 10, Agar 15; pH 7.2±0.2 at 30 °C) supplemented with
the initial concentration of 10 mgL-1 of heavy metal (Ni &
Pb separately). Heavy metal stock was prepared by
dissolving their respective salts Ni(NO3)2.6H2O and
(Pb(NO3)2 in milliQ water. The experimental flasks (LB
media + inoculum + Heavy metal) along with Control (LB
media + Inoculum without Heavy metal) were kept in BOD
(Biological Oxygen Demand, SR® Shellab) incubator for 48

hrs at 150 rpm and at 30±2 ºC. The isolates were streaked on
LB agar plate for the purification of distinct bacterial
colonies.
2.2 Determination of maximum tolerable concentration
Heavy metal concentrations 10, 30, 50, 100, 200, 300, 400,
500, 700, 1000, 1200, 1500, 1800 mg L-1 of Ni and Pb were
checked for Maximum Tolerable Concentration (MTC) of
strains. MTC is the maximum concentration of heavy metal
that allows microbial growth even after 48 hrs of incubation
and bacterial growth was determined by microplate
absorbance reader (BioRad, ImarkTM) in terms of ODλ595nm.
Out of all the strains that were isolated, strain 10KN showed
the maximum biomass production and tolerance against Ni
and Pb in LB media and thus chosen for further studies.
2.3 Identification of strain 10 KN
The molecular characterization was performed for the
identification of isolated strain 10KN. Using universal
primers 8F (5'-AGAGTTTGATCCTGGCTCAG-3') and
1492R (5'-TACGGCTACCTTGTTACGACTT-3') 16S
rDNA was amplified. PCR was carried out in a thermal
cycler (C1000 BIO RAD, India) with 25µl reaction mixture
consisting of 2µl dNTP (200µM), 2.5µl buffer (1X), 2.5µl
primer 8F (1mM), 2.5µl primer 1492R (1mM), 0.5µl Taq
Polymerase (1.5 U) and 7µl template DNA. Analysis of
amplified PCR products was done by 1% (w/v) agarose gel
electrophoresis in 0.5x TBE buffer with ethidium bromide
(0.5μg/ml) in a gel documentation system (BIORAD Gel
documentation system). 16S rDNA fragment was eluted by
using clean up kit (Wizard SV Gel and PCR clean-up
system, Promega, USA) and then sent to Scigenome Pvt.
Ltd., Kerala (India) for sequencing. Comparative analysis of
obtained sequences was done with previously published
databases using ADVANCED BLAST (Altschul et al. 1997)
[2]
, (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Obtained 16S
rDNA sequences submitted to GenBank via Bankit and then
MEGA software version 6.0 used for phylogenetic analysis.
2.4 To study physiological parameters, biochemical
arameters and antibiotic resistance of the isolate
Among physiological parameters pH, temperature and salt
(NaCl) hold a great value for bacterial growth. For this
investigation, 50 ml nutrient media seeded with 0.2 ml
inoculums was used. To determine the optimum pH range,
LB media was adjusted to different pH ranging from 5, 6,
6.5, 7, 7.5 and 9 and after incubating for 48 hrs at 30 ºC
under shaking condition, growth was measured in terms of
ODλ595nm. To check the temperature and salt tolerance,
incubation was done at the different temperatures (10 ˚C,
20˚C, 30˚C, 40˚C, 50 ˚C) and at different salt concentrations
(0%, 0.5%, 1%, 3%, 5%, and 7%) respectively for 48 hrs.
KB003 Hi25TM Enterobacteriaceae Identification kits
(HiMedia) were used to study the conventional biochemical
parameters. For the antibiotic resistance analysis, the isolate
was incubated on LB agar plate containing antibiotic disc
(HiMedia). After incubation, zones of inhibition were
observed and classified as resistant or sensitive.
2.5 Residual analysis of heavy metal uptake using
Microwave Plasma Atomic Emission Spectroscopy
(MP-AES)
Strain 10KN cultured in 50 ml media seeded with 0.2 ml
inoculums and 50mgL-1 concentration of each heavy metal,
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Ni and Pb separately for 48 hrs. Control was also observed
for comparative analysis of microbial growth. Then at every
4th hr, 5 ml culture was taken out from each flask and
centrifuged at 6000 rpm for 10 mins. The supernatant was
digested in microwave digester (HACH, DRB200) and then
analysed for residual heavy metal ions in MP-AES (Agilent
4200 MP AES).
2.6. Tools to study morphological alterations of isolate
under heavy metal stress
Morphological investigations were done to check the altered
cell surface morphology after heavy metal stress. For the
heavy metal loaded samples, the Klebsiella sp. 10KN was
exposed to Ni and Pb concentrations of 50 mgL-1 (pH 7.2)
and control (Heavy metal-free). After 48 hr, the grown
cultures were spun down by centrifugation (6000 rpm for 10
mins) and then pellet washing was done to remove excess
heavy metal from the suspension. After that fixation of
obtained pellet of Ni, Pb loaded samples and control were
done with 2.5% glutaraldehyde for 30 mins followed by
three times washing with PBS. After fixation, the samples
were lyophilized (vacuum dried) for further analysis.
2.6.1

Scanning Electron Microscopy and Energydispersive X-ray spectroscopy (SEM-EDX)
Using cathodic spraying (Polaron Gold), obtained
lyophilized samples were gold coated and observed under a
scanning microscope (ZEISS EVO-50) under following
analytical condition. EHT = 20.0 kV, Signal A = SE1
(Mishra 2013; Tyagi and Malik 2010). For EDX analysis
lyophilized samples were carbon coated and observed under
the same microscope (ZEISS EVO 50).
2.6.2

Fourier Transform Infrared Spectroscopy
(FTIR)
FTIR analysis was used to study the altered spectral feature
of the microorganism (Kazy et al. 2009) [20] and responsible
functional group for metal uptake on Klebsiella sp. 10KN. 1
mg fine lyophilised biomass of Klebsiella sp. 10KN from
control (Heavy metal-free) and heavy metal loaded Ni and
Pb (50 mgL-1) samples were mixed uniformly with 100 mg
KBr. FTIR spectra were analysed by FTIR spectroscopy
(Perkin Elmer One spectrum).
2.6.3
Atomic Force Microscopy (AFM)
AFM micrographs were obtained from control (Heavy
Metal-free) and heavy metal loaded Klebsiella sp. 10KN
culture pellets of Ni and Pb (50 mgL-1). Obtained bacterial
pellets were washed with deionised water and then for
conditioning, pellets were suspended in 50mM citratephosphate buffer (pH 3). Pellets were placed on coverslips
for 30 mins, followed by repeated washing with deionised
water. Air dried pellets were analysed under AFM (Vecco
Metrology, Nanoscope III a) by silicon cantilever with force
constant 0.22- 0.77 N/m and tip height 10-12 nm in the
contact mode (Das et al. 2008) [13] and software version
V531r1 used for AFM images.
3. Results and Discussion
3.1. Sampling and Enrichment
Sampling was done from rhizospheric site treated with
heavy metal enriched drainage water. Initially, around three
hundred Ni and Pb resistant bacteria were obtained. Later
on, only four different strains were found to survive under

high concentrations of heavy metal, Ni and Pb after
successive transfers during enrichment.
3.2. Determination of maximum tolerable concentration
Out of the four, strain 10KN was isolated and characterized
on the basis of Maximum Tolerable Concentration up to
1500 mgL-1 of Ni and 1400 mgL-1of Pb and predominant
growth over others (Table 1).
3.3. Identification of strain 10KN
Strain 10KN was designated as Klebsiella sp. 10KN on the
basis of 16S rDNA sequence analysis and BLAST search.
Obtained sequence was submitted to GenBank (accession
number KU934222). Using neighbor-joining method a
phylogenetic tree was constructed (Figure 1).
3.4. To study physiological parameters, biochemical
parameters and antibiotic resistance of the isolate
Metal tolerance capability of microbes can be influenced by
the environmental conditions such as pH, temperature and
salt (NaCl) concentration (Mishra and Malik 2013).
Klebsiella sp. 10KN was able to grow at pH range from 6 to
8 (Table 2), however it showed maximum biomass growth
at pH 7. Growth of strain 10KN was observed from 20˚C to
40˚C temperature (Table 2) but the maximum growth was
observed at 30˚C (optimum). Similar to pH and temperature,
salinity is also an important parameter on which microbial
growth depends. Klebsiella sp. 10KN was also found to
tolerate a wide range of salinity from 0% to 7% NaCl
concentration (Table 2). While studying biochemical
parameter, strain 10KN showed positive response towards
ONPG (β galactosidase activity), urease activity, nitrate
reduction, VP (Voges Proskauer’s) test, esculin hydrolysis,
sugar fermentations and utilization of lysine, citrate,
malonate (Table 2). The strain also showed resistance
against antibiotics such as ampicillin, amoxicillin,
cefadroxil, cloxacillin, erythromycin, penicillin and
vancomycin (Table 2). Tolerance of strain against various
physiological factors (Mishra and Malik 2013) determines
its ability to grow under toxic and fluctuating environment
of contaminated sites.
3.5. Residual analysis of heavy metal uptake using MPAES
MP-AES analysis showed that the concentration of Ni and
Pb metal ion decreased in supernatant after 48 hrs (Table 3).
Here, growth curve of strain 10KN has shown that in 24 hrs
of incubation, there was around 60-65% reduction (Figure
2) of heavy metal in culture media along with an increase in
biomass (ODλ595nm) as 0.67 OD in Ni loaded culture and
0.634 OD in Pb loaded culture. Increased biomass in the
inoculated flasks was an indicator of tolerance of heavy
metal stress by Klebsiella sp. 10KN for its growth.
Furthermore, after 48 hrs this reduction was 76.2% in case
of Ni stress whereas in Pb stress it was around 72.4%.
Heavy metal uptake was negligible after 36 hrs because
further growth of microorganisms was affected. A previous
study revealed that exposure of bacterial strain to metal
leads to deviation of its energy from growth to other
functions like resistance to metal toxicity (Hernandz and
Dorian 2012) [16]. Increase in biomass along with increase in
stress (Munoz et al. 2006) [27] presents it as a good candidate
for feasible bioremediation processes of heavy metal from
contaminated sites.
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3.6. Tools to study morphological alterations of isolate
under heavy metal stress
3.6.1.
Scanning Electron Microscopy and Energydispersive X-ray spectroscopy (SEM-EDX)
The SEM micrographs clearly indicate morphological
changes and heavy metal deposition on the Klebsiella sp.
10KN grown in heavy metal loaded condition (Figure 3, B
& C). Bacterial cells appeared intact, clear with smooth
surface in control (Figure 3, A) condition whereas in the
presence of Ni, cells appeared dense, distorted and adhered
to each other due to the toxic effects of Ni. Adherence and
physical disintegration of the bacterial cells shows reduction
in total surface area exposure towards heavy metal toxicity.
Pb loaded cells appeared dense, tightly packed and with Pb
deposition on cell surface. Heavy metal deposition on
cellular surface describes the adsorption phenomenon of
remediation. Similar morphological alterations were
observed with various bacterial species (Das et al. 2008) [13]
under heavy metal stress. From the above result it was
observed that bacterial cell wall composition and surface
properties (Gola et al., 2016) [15] plays an important role in
survival under metal stress.
Additionally, the EDX analysis of the bacterium established
the presence elemental content on the microbial biomass
(Figure 4). The EDX micrograph of control (Heavy metalfree) biomass showed only prominent peaks of alkali and
alkaline earth metal indicating the presence of these
elements in the bacterial biomass. Further in Ni and Pb
loaded samples new peaks of particular heavy metal along
with the earlier peaks of the alkali and alkaline earth metal
were appeared in the biomass. The heavy metal peaks in the
EDX monograph clearly indicate the presence of the
particular heavy metal (Ni and Pb) on the biomass of strain
10KN.
3.6.2.

Fourier Transform Infrared Spectroscopy
(FTIR)
FTIR spectra for control, Ni and Pb containing biomass
were obtained in the range of 650-4000 cm-1 to demonstrate
the surface functional groups involved in Ni and Pb binding
on the bacterial biomass (Figure 5). Obtained spectra
display the absorption peaks of the control biomass and shift
in this absorption peak bands in heavy metal containing
biomass. Assignments and analysis of distinctive peaks in
this investigation were based on earlier published data
(Xiaolong et al. 2016; Choudhary and Sar 2011; Kazy et al.
2009) [42, 9, 20].
The spectra for control biomass shows prominent peaks at
3310.3 cm−1 (representing H bonded –OH group, -C≡C-H:
C-H stretching of alkynes and N-H stretching of 1º and 2º
amine and amides); 2922.7 cm−1 and 2853 cm−1(C-H stretch

of alkanes); 1745 cm−1(C=O stretch of carbonyls and
carboxylic acids); 1632.8 cm−1 (N-H bend of 1º amines);
1546.6 cm−1 (N-O asymmetric stretch of nitro compounds);
1456.6 cm−1(C-C stretch of aromatics and C-H bend of
alkanes) and 1370 cm−1 (C-H rock of alkanes); 1310 cm−1
(Nitro compounds and C-N stretch of aromatic amines);
1246.6 cm−1(C-O, C-H and C-N stretch); 1146.6 cm−1and
1031.2 cm−1 (C-O stretch of alcohols, carboxylic acids,
esters and ethers and C-N stretch of aliphatic amines).
However as compared to control, spectra of Ni loaded
biomass shift was seen in the peak representing 3298.8 cm−1
(H bonded –OH group, -C≡C-H: C-H stretching of alkynes
and N-H stretching of 1º and 2º amine and amides). Peak
corresponding N-O asymmetric stretching has been
completely masked by peak 1634.5 cm−1 (N-H bend of 1º
amines). In similar manner, FTIR analysis also revealed the
mechanism of Cr (VI) removal by Termitomyces clypeatus
(Das and Guha 2009). Further, a shift was seen in Pb loaded
biomass at peak 1416.6 cm−1 (C-C stretch of aromatics
amines without any C-H bend) whereas in control C-H bend
was present. Next shift was observed in C-N stretch of
aliphatic amines at peak 1243.3 cm−1 from aromatic amines
and nitro compounds. From observed data it can be
concluded that hydroxyl functional group, aliphatic amines,
aromatic amines and nitro compounds plays an important
role in bacterial interaction with Ni and Pb.
3.6.3.
Atomic Force Microscopy (AFM)
AFM is an ideal technique for investigating changes in cell
surface roughness. RMS (Root mean square) analysis of
control and heavy metal loaded (Ni and Pb, 50 mgL-1)
biomass indicated the impact of heavy metal on bacterial
cells. RMS or cell surface roughness value increased under
heavy metal stress Ni (6.205 nm) and Pb (4.115 nm), as
compared to control (1.609 nm). The arithmetic average
roughness Ra, also used to determine change in cell surface
morphology. It was observed that, Ra value also increased
under heavy metal stress Ni (4.528 nm) and Pb (2.699 nm),
in compared to control (0.843 nm). Similar increase in RMS
and Ra values in presence of Uranium and thorium was
observed with Pseudomonas sp. (Kazy et al. 2009) [20].
Moreover, similar altered cell morphology (Wang et al.
2007) [41] in presence of Ni was observed for E.coli. From
earlier reports it was found that outer cell membrane
composition (lipopolysaccharides, phospholipids, and
lipoproteins) of gram-negative bacteria also helps in their
survival under heavy metal toxicity (Suriya et al. 2013) [36].
Interaction of heavy metals with surface proteins and
lipopolysaccharides possibly leads to cell roughness.
Another reason to altered cell morphology might be due to
biosorption of heavy metal on cell surface.

Table 1: Determination of maximum tolerable concentration
Strain name
Klebsiella sp. 10KN

Maximum tolerance
against Ni (mgL1)
1500
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Maximum tolerance
against Pb (mgL1)
1400
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Table 2: To study physiological parameters, biochemical parameters and antibiotic resistance of the isolate
Physiological Parameters

Klebsiella sp. 10KN

Growth at pH
5
6
6.5
7
7.5
8
9

+
+++
++++
+++
+
-

Growth on NaCl (Salt %)
0
0.5
1
3
5
7

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

Temperature (ºC) Profile
10
20
30
40
50
Antibiotics
Amikacin
Ampicillin
Amoxicillin
Cefadroxil
Cefoperazone
Ceftazidime
Ceftriaxone
Chloramphenicol
Ciprofloxacin
Cloxacillin
Co-Trimoxazole
Erythromycin
Gentamycin
Nalidixic acid
Netillin
Nitrofurantoin
Norfloxacin
Penicillin
Tobramycin
Vancomycin

++
+++
++
-

Biochemical Parameters
Klebsiella sp. 10KN
ONPG
+
Lysine utilization
+
Ornithine utilization
Urease
+
Phenylalanine deaminase
Nitrate reduction
+
H2S production
Citrate utilization
+
Voges Proskauer’s
+
Methyl Red
Indole
Malonate utilization
+
Esculin Hydrolysis
+
Arabinose
Xylose
+
Adonitol
+
Rhamnose
+
Cellobiose
+
Melibiose
+
Saccharose
+
Raffinose
+
Trehalose
+
Glucose
+
Lactose
+
Oxidase
Concentration
Resistivity (R)/ Sensitivity (S)
30 mcg
S
10 mcg
R
10 mcg
R
30 mcg
R
75 mcg
S
30 mcg
S
30 mcg
S
30 mcg
S
5 mcg
S
1 mcg
R
25 mcg
S
15 mcg
R
10 mcg
S
10 mcg
S
10 mcg
S
300 mcg
S
10 mcg
S
10 units
R
10 mcg
S
30 mcg
R

Table 3: Residual analysis of heavy metal uptake using MP-AES.
Heavy Metal
Klebsiella sp.10KN +Nickel(Ni)
Klebsiella sp. 10KN +Lead(Pb)

Heavy Metal conc. in
supernatant at 0 hr
(mg L-1)
50
50

Heavy Metal conc. in
supernatant after 48
hr (mg L-1)
11.9
13.3

Heavy
Metal
uptake
38.1
36.7

Percentage (%)
of Heavy Metal
uptake
76.2
72.4

Fig 1: Phylogenetic tree of Klebsiella sp. strain 10KN derived from neighbor joining method. (Scale bar 0.002 substitution per site)
~ 882 ~
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Fig 2: Growth rate of Klebsiella sp. 10KN and reduction in Heavy
Metal (Ni and Pb) concentration.

Fig 3: SEM micrograph of Klebsiella sp. 10KN (A) In control; (B)
at 50 mgL-1 of Ni; (C) at 50 mgL-1 of Pb (magnified to 20,000 X).
Fig 4: EDX graph of Klebsiella sp. 10KN (A) Control; (B) at 50
mgL-1 of Ni; (C) at 50 mgL-1 of Pb.

Fig 5: FTIR graph of Klebsiella sp. 10KN (A) In control; (B) at 50 mgL-1 of Ni; (C) at 50 mgL-1 of Pb.
~ 883 ~
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Fig 6: Values of various parameter obtained by AFM graph of Klebsiella sp. 10KN (A) In control; (B) at 50 mgL-1 of Ni; (C) at 50 mgL-1 of
Pb.

4. Conclusion
The present study describes the heavy metal resistance Ni
and Pb, by gram negative bacteria Klebsiella sp. 10KN
isolated from heavy metal treated rhizospherice zones.
Various physiological factors (pH, Temperature, Salt),
biochemical parameter and antibiogram were also studied to
check its growth under diverse environment. From MP-AES
analysis, it can be concluded that strain Klebsiella sp. 10KN
possessed the high level of Ni (1500 mgL-1) and Pb (1400
mgL-1) tolerance and great efficiency of Ni (76.2%) and Pb
(72.4%) uptake. The morphological alterations were
observed due to heavy metal toxicity were clearly
demonstrated by various tools like SEM˗EDX, FTIR and
AFM. This overall report strengthens the concept of survival
strategies employed by bacteria under fluctuating
environment of physiological factors and heavy metal stress.
Present investigations on uptake of Ni and Pb could be
helpful in removal, recovery and remediation strategy of
heavy metals from the contaminated site using active
biomass of strain Klebsiella sp. 10KN.
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