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Abstract

Heavy metals present in the environment posses significant global problem and warrant ultimate remediation measurement. In
the present study, bacteria were isolated from the Yangtze River, China and six isolates were further selected on the basis of
tolerance to various heavy metals. Based on various biochemical, physiological and 16S rDNA analyses; these bacteria
belonged to five distinct genera, Pseudomonas putida, Cupriavidus necator, Exiguobacterium sp., Bacillus aquimaris, B.
cereus, and Alcaligenes sp. Minimum inhibitory concentration test recorded that Pseudomonas putida YR8 and Alcaligenes sp.
YR11 had a high level of tolerance (between 5 and 10 mM) to the heavy metals tested. The multiple heavy-metal resistant
bacteria of present study could survive well in the heavy metal contaminated environment and thus can be exploited for the

remediation of metals from such environment. © 2014 Friends Science Publishers
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Introduction

Heavy metals are toxic elements, which present a significant
health hazard to any form of life as well environment. They
include cadmium, chromium, cobalt, lead, mercury, copper
and many more with an adverse effect on humans and other
biological systems (Bailey et al., 1999). The remediation of
heavy metals from contaminated environment is not an easy
process as they are not easily degraded and also get
persisted in environment (Rajkumar et al., 2008). The
physical or chemical methods of heavy metals remediation
are neither suitable nor widely accepted for practical
applications.

Microorganisms have great potential in heavy metals
remediation by different processes including metals uptake
(Lopez-Errasquin and Vazquez, 2003; Achal et al., 2012).
Microorganisms, including bacteria possess a variety of
mechanisms to deal with high concentrations of heavy
metals and often are specific to one or a few metals (Silver
and Phung, 1996; Nies, 2003). Therefore, from
environmental point of view, isolation should focus on
multiple heavy-metal resistance bacteria.

In the present study, multiple heavy-metal resistance
bacteria were isolated from Yangtze River, which is most

important river in the history, culture and economy of China.

The bacterial isolates were thoroughly characterized based
on physiological and molecular characteristics. Further, the
bacteria were investigated for their potential to grow with
five different heavy metals viz. copper, cadmium, lead,

chromium, and nickel; because they are common
environmental problem and their remediation is highly
desired.

Materials and Methods
Isolation of Bacterial Strains

Water samples were collected from Yangtze River near
Chongming County, Shanghai, China. Bacteria were
isolated and enumerated using serial dilution technique
on nutrient agar (Aneja, 2003). To evaluate the multiple
metal resistances of the isolated bacteria, isolates were
grown in media supplemented with a maximum tolerance
level of five different metal ions viz. Cu®, Cd**, Pb*,
Cr® and Ni?*. The metal salts CuSO,-5H,0, CdCl,-2H,0,
PbCl,, K,Cr,0;, NiCl,-H,0, (analytical grade) were used
to prepare stock solutions (1 M) of Cu®, Cd*, Pb*,
Cr®* and Ni%".

Physiological Characterization

Morpho-physiological characterization of bacterial isolates
was carried out on nutrient media (agar or broth). All the
basic such tests were performed including carbon, nitrogen
source utilization (Bowman et al., 1996). pH and
temperature profile of bacteria were studied by growing at
different pH values of 5-11 and by incubating at different
temperatures (4, 10, 15, 20, 25, 30, 37 and 45°C).
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Molecular Characterization of Bacteria

The genomic DNA of bacterial isolates was extracted using
SanPrep DNA isolation kit (Sangon, China). The 16S rDNA
from the genomic DNA was amplified by PCR using the
universal primers (Abushady et al., 2005). The DNA
fingerprint of all the bacterial isolates based on 16S rDNA
amplification was shown in Fig. 1. 16S rDNA sequences
were compared with Ribosomal Database Project Il (RDP-I11)
and from GenBank using the BLASTN program (Altschul
etal., 1997).

Phylogenetic analysis for 16S rDNA was carried out
using PAUP* v4.0 b10. Trees were inferred using the
branch- and-bound search option as explained in Achal and
Pan (2011). Prior to analyses, BioEdit 5.0.6 was used to edit
all the sequences, which were aligned using MAFFT v
6.240 with other sequences obtained from GenBank. Trees
were visualized in Treeview (Page, 1996).

Minimum Inhibitory Concentration (MIC)

The MIC of heavy metals (Cu, Cd, Pb, Cr and Ni) for all
selected bacterial isolates was determined by the plate
dilution method as adopted by Aleem et al. (2003). The
heavy metals were wused in different concentrations
varying from 2 to 15 mM. The growth was observed after
24-48 h at 30°C. There were three replicates for each
concentration of heavy metal used. The lowest
concentration, at which bacterial growth prevented, was
considered as MIC.

Results
Isolation and Phenotypic Characterization of Bacteria

A total of 22 bacterial isolates from Yangtze River were
tested for resistance against certain heavy metals i.e., Cu®,
Cd*, Pb*, Cr" and Ni*". Based on the pattern of heavy
metals resistance, six bacterial isolates (YR2, YR4, YR5,
YR8, YR10 and YR11) were selected for further studies.

The  morpho-physiological, and  biochemical
characteristics of all the six isolate were examined, and
results are shown in Table 1. All the isolates were rod
shaped, motile and catalase positive, while varied greatly
among other phenotypic characters. The morphological
characters based on colony colors of all the six isolates are
shown in Fig. 2. Isolates YR2, YR8 and YR11 were Gram
negative and others were positive. Except for YR2 and YRS,
all isolates hydrolyzed starch, while casein was not
hydrolyzed by YR2 and YR11. Glucose and fructose were
utilized by all bacterial isolates except YR2 and YR11,
while fructose was utilized without exception.

The pH range for growth was 6-8 for all isolated
bacteria except YR2 and YR11, while the growth
temperature ranged between 25 and 37°C except YR4
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Fig. 1: DNA fingerprints of Yangtze River bacterial isolates
based on 16S rDNA amplification. Lane M: 1 Kb DNA
marker, Lane 1. control, Lanes 2-7: isolate YR2, YR4,
YR5, YRS, YR10, YR11

Fig. 2: Photographs showing colony colors of isolate (A)
YR2, (B) YR5, (C) YRS, (D) YR10, (E) YR11, and (F)
YR4

and YR10. The growth ranges were recorded at 20-
37°C and 10-30°C for YR4 and YR10, respectively.

Molecular Characterization of Bacteria

The 16S rRNA gene sequences obtained after sequencing
were first analyzed by BLAST and RDP-Il analyses.
Maximum-likelihood 16S rDNA analysis of the bacterial
isolates divided them into five different genera (Fig. 3). The
aligned dataset contained 1,452 characters of which 1227,
91 and 134 were constant, parsimony-uninformative and
parsimony-informative characters, respectively. Gaps were
treated as missing. The branch-and-bound search yielded
parsimony trees (Tree 1: TL = 408, Cl = 0.951, RI = 0.97,
RC = 0.923, HI = 0.092; Tree 2: TL = 522, Cl = 0.692,
RI=0.814, RC = 0.712, HI = 0.26). Maximum likelihood
analysis recovered as single topology (-In L = 3765.994).
Kishino—Hasegawa test confirmed that two trees were not
statistically different and one of the Maximum likelihood
trees is shown in Fig. 3.
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Fig. 3: Maximum-likelihood tree based on 16S rRNA gene sequences from Yangtze River isolates. Parsimony bootstrap

support (BS) and Bayesian posterior probability (PP)
accession numbers are given in parentheses

The phylogenetic analysis identified YR2 as
Cupriavidus necator, which was formerly known as
Ralstonia eutropha. Isolates YR4 and YR5 belonged to
different Bacillus species; YR4 was B. aquimaris, while
YR5 was identified as B. cereus. lIsolate YR8 was
Pseudomonas putida. The phylogenetic tree analysis

values >50% are given at the internodes (BS/PP). GenBank

grouped YR10 into Exiguobacterium undae and E.
sibiricum, thus identified as Exiguobacterium sp., while
YR11 was identified as Alcaligenes sp. GenBank accession
numbers for 16S rRNA sequences of YR2, YR4, YR5,
YR10, YR8 and YR11 derived in this study are KC905026
to KC905031, respectively.
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Table 1: Morphological, biochemical and physiological characteristics of Yangtze River bacterial isolates

Characteristics

Bacterial isolates

YR2 YR4

YR5

YR8 YR10

Morphological
Colony color
Gram reaction
Shape

Motility
Biochemical
Catalase

Oxidase

Urease

Starch hydrolysis
Gelatin hydrolysis
Casein hydrolysis
Esculin hydrolysis
Nitrate reduction
Citrate utilization
Utilization of
Glucose

Sucrose

Fructose

Lactose

Mannose
Temperature range (°C)
pH range

Pale Yellow
+

Rod

+

Yellow

Rod
+

+
+
+

+

+

20-37
6-8

25-37
6-8.5

Yellow

+

Rod

+

+

+ 4+ + o+

+

+
+
-+

25-37
6-8

Cream Pale orange
+
Rod

+

Rod
+

+

+

+ o+
+ 4+ o+ + 4

4+

+
+
+

[T R

+
25-37
6-8

+
10-30
6-8

25-37
5-9

Minimum Inhibitory Concentration (MIC)

Among all six bacterial isolates, Pseudomonas putida YR8
showed a very high degree of resistance to most of the
heavy metals followed by Alcaligenes sp. YR1l and
Bacillus cereus YR5 (Table 2). Pseudomonas putida YR8
showed tolerance 5, 7 and 10 mM for Pb*, Cr®* and Ni**
and 7.5 mM for Cu®* and Cd*", respectively. The order of
heavy metals toxicity towards YR8 was Pb* > Cr®* > Cu?*
= Cd* > Ni*",

The MIC of heavy metals by Alcaligenes sp. YR11
ranged from 5-9 mM. The order of the heavy metals toxicity
to Cupriavidus necator YR2 was Pb* > Cr"" = Cu* >
Cd* > Ni?*. Isolates YR4 and YRS, which belongs to same
genus, Bacillus; however, different species, showed the
same order of metals toxicity. Among six isolates, Bacillus
aguimaris YR4 was more susceptible to the concentration of
heavy metals used. Further, the results indicated that
bacterial isolates showed luxurious growth at lower metals
concentrations, while growth was retarded at increased
concentration.

Discussion

Biodiversities of heavy metals resistant bacterial
communities from Yangtze River were examined using
classical biochemical, physiological and 16S rDNA
techniques. The study selected six more efficient bacteria,
which tolerated high concentrations of Cu®*, Cd**, Pb*, Cr®*
and Ni**. Among those six bacteria, the growth capacity of
YR10 at 10-30°C was observed (Table 1), suggesting that
this isolate might be suitable for bioremediation of metals
even in cold climate.

622

Table 2: MIC of heavy metals (in mM)
River bacterial isolates

against Yangtze

Heavy Bacterial isolates

metals  YR2 YR4 YR5 YR8 YR10  YRI1l
Cu® 6 5 6.5 75 6 6
Cd* 7 6 7 75 6.5 7
Pb% 45 4 45 5 4 5
cr® 6 55 6 7 5 6.5
Ni% 8 7 85 10 8 9

A slight but remarkable difference in phenotypic
characteristics was observed among six bacterial isolates,
suggesting the presence of different genera. The
morphological characters and biochemical attributes of
strains YR4 and YRS5 provide evidence to their resemblance
with Bacillus genera (Singh et al., 1998); however, further
molecular characterization was done to confirm identity.
The 16S rDNA sequencing confirmed identity of YR4 and
YRS5 as B. aquimaris and B. cereus, respectively.

Multiple-metal resistance ability of bacteria makes
them perfect to apply at metal contaminated sites for
bioremediation, as generally, more than one heavy metal is
present on such sites. Among different bacteria,
Pseudomonas putida YR8 was resistant to 10 mM Ni%*
followed by Cu®, Cd**, Cr®* and Pb*. The results were in
the agreement with previous studies (Hassan et al., 2008;
Malik and Aleem, 2011), where they found Pseudomonas
aeruginosa was highly resistant to Ni, while susceptible to
Pb. Edward Raja et al. (2006) reported tolerance by P.
aeruginosa to Pb*, Cd*, Cr* and Ni*at the
concentrations of 3.8, 4.4, 7.6 and 11.9 mM, respectively.
Nickel (Ni) was least toxic, while lead (Pb) was most
toxic to all the bacterial isolates of present study. This
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observation was in the agreement with previous reports
(Hassan et al., 2008).

Bacteria exposed to high levels of heavy metals in
their environment have adapted to this stress by developing
various resistance mechanisms. Heavy metals resistant traits
are often carried by plasmids (Chien et al., 2008). Such
bacteria could be utilized for detoxification and removal of
heavy metals from contaminated environment (Ahmed et al.,
2005).

In conclusion, in order to obtain useful
resistant bacteria, the Yangtze River isolates were
phenotypically and genotypically characterized.
Considering the wide range of multiple-metal resistant at
high concentrations by bacterial isolates of present study,
these isolates could help in the effective bioremediation of
heavy metal contaminated sites.

metal
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