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In this study, a gram negative, non- motile short rod-shaped and heavy metal resistant bacterial strain
was isolated from effluents. The optimum temperature and pH for the growth of the strain were 33°C and
7, respectively. The minimum inhibitory concentrations (MICs) of zinc (Zn), copper (Cu), chromium (Cr)
and mercury (Hg) against the isolate were determined. The isolate showed MICs of 5, 4, 3 and 2 mM
when grown on Zn, Cu, Cr and Hg, respectively. The isolate was assessed for its ability to remove zinc
from medium amended with different concentrations of zinc. Up to 65% of zinc was removed at the zinc
concentration of 1 mM. Phylogenetic analysis based on 16S rRNA gene sequences indicated that the
isolate belongs to the genus Acinetobacter with 98% similarity to Acinetobacter junni. It was then
designated as Acinetobacter sp. HM_AF14. Based on the data obtained in this study, it can be
concluded that Acinetobacter sp. HM_AF14 can be used for bioremediation of zinc from effluents.
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INTRODUCTION

Many metal ions are essential as trace elements, but at
higher concentrations, they become toxic. Heavy metals
are difficult to remove from the environment and are
ultimately indestructible, unlike many other pollutants that
can be chemically or biologically degraded (Ozaki et al.,
2003). Today, heavy metals constitute global
environmental hazard. Many industries such as
electroplating, tanning, paint and batteries, discharge
aqueous effluents containing relatively high levels of
heavy metals. The presence of such metals in aquatic
environments cause severe damage to aquatic life and
kill microorganisms during biological water purification
process (Vinodhini and Narayanan, 2008).

Bioremediation is a potential cost effective solution for the
remediation of heavy metal-contaminated environment in
opposition to the conventional chemical and physical
remediation technologies that are generally too costly
and often harmful to the environment (Okafor and
Opuene, 2007). Microorganisms with unique abilities
such as metal absorption, accumulation or resistance can
be used for remediation of polluted water and waste
streams. The advantages of using microbes for
bioremediation include natural occurrence, cheep
production, easy availability to treat large volumes of
wastewater due to rapid kinetics and high selectivity in
terms of removal and recovery of specific metals
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(Genter, 1996). Various microorganisms such as bacteria
(Lenung et al., 2001) yeast (Salinas and Melorza, 2000),
fungi (Yan and Viraraghovan, 2003) and algae (Ozaki et
al., 2003) have been reported to tolerate and remove
metals from aqueous solutions. Eze et al. (2009) studied
heavy metal resistant bacterial community isolated from
sewage. It was shown that bacterial population isolated
from effluent were members of the genera Enterobacter,
Pseudomonas, Proteus, Acinetobacter and
Achromobacter. Overall tolerance to all metals was
shown by Acinetobacter sp. and Pseudomonas sp. which
showed growth on all media containing the different
metallic salts. Similarly, Sharma et al. (2000) isolated
highly cadmium resistant Klebsiella that was found to
precipitate significant amounts of cadmium sulfide.

Zinc, the most common metal found as byproducts of
processes such as mining and ore processing, as well as
industries such as electroplating, paint and battery
production is less studied than other metals. Zinc is a
highly toxic metal to living organisms. Acute toxicity of
zinc may result in sweet taste, throat dryness, cough,
weakness, generalized aching, fever, nausea and
vomiting. Eating large amounts of zinc, even for a short
time, can cause stomach cramps, nausea, and vomiting
(Kanawade and Gaikwad, 2011). Long-term zinc intakes
higher than the requirements could, however, interact
with the metabolism of other trace elements. Copper
seems to be especially sensitive to high zinc doses
(Yadrick et al., 1989). Anemia has also been observed
after higher zinc intakes (Patterson et al., 1985). Despite
many reports about microbial resistance to heavy metals,
only a few attempts have been made to isolate and
molecularly characterize zinc resistant and zinc
biosorbed bacteria from effluent in Iran. In the present
study, we attempted to isolate and characterize zinc
resistant bacteria from effluents that are capable of
removing considerable amount of zinc and can thus be
employed in bioremediation.

MATERIALS AND METHODS
Isolation of bacteria

The effluent samples were collected from different industrial units in
and around Islamshar (Lat: 35.460670, Lon: 51.256714) located in
south-west of Tehran, Iran. The samples were collected under
aseptic condition in sterilized bottles and transported to laboratory
for bacteriological analysis. The samples were directly streaked on
nutrient agar plates amended with Zn as ZnSO, to final
concentration of 1 mM using sterile filtered Zn?* stock solutions.
Plates were incubated at 30°C for 3 days. Ten zinc resistant
isolates representing different colony morphologies were purified on
nutrient agar containing 1 mM of Zn**.

Metal resistance and minimum inhibitory concentrations
The MICs of the metals (Cr, Hg, Zn and Cu) for ten isolates were

determined by dilution method (Nieto et al., 1989) in nutrient broth
medium with concentrations that ranged from 1 to 6 mM. The

minimum concentration of metal in the medium inhibiting complete
growth was taken as MIC. The bacterial strain that showed the
highest MIC to zinc was selected for further analysis.

Biochemical and physiological properties

Physiological and biochemical characteristics including temperature
and pH range for growth and tolerance to different NaCl
concentrations were tested. Utilization of different carbon sources
and the tests for the presence of enzymes namely oxidase,
catalase, gelatinase and amylase were performed. The selected
bacterial isolate was identified by morphological and biochemical
methods in accordance with Bergey's Manual of Systematic
Bacteriology (Holt et al., 1993).

Growth curve of HM_AF14 in the presence of different
concentrations of zinc

Exponentially grown culture of the selected bacterial isolate was
inoculated into nutrient broth treated with 0 (control), 1, 2 and 3 mM
of Zn** and incubated at 30°C in a rotary shaker (150 rpm) for 24 h.
Growth was determined turbidimetrically after interval of each 4 h
by measuring optical density (OD) at 600 nm.

Molecular identification and phylogenetic analysis

The isolated bacterium was identified based on the sequencing of
16S rRNA gene. Genomic DNA was extracted from the isolated
bacterium using a DNA extraction kit (Roche, Germany). Bacterial
16S rRNA gene was amplified by polymerase chain reaction (PCR)
using bacterial universal primers, F &
AGAGTTTGATCATGGCTC3") and R
(5"AAGGAGGTGATCCAGCC3). The PCR mixture contained 10
pmol of each primer, 10 ng template DNA, 1X PCR buffer, 1 mM
MgCl;, 0.2 mM dNTP mix, and 1.25 U Tag DNA polymerase
(Fermentas, Lithuania). PCR amplification was performed under the
following conditions: 5 min at 95°C followed by 30 cycles of 30 s at
95°C, 60 s at 45°C and 60 s at 72°C using Primus thermal cycler.
The resulting PCR product was extended for further 5 min at 72°C.
The final PCR product was extracted from a 1% agarose gel
(Fermantas, Lithuania) using Gel Extraction kit (Fermantas,
Lithuania) according to manufacturer’s instruction. The purified PCR
product was sequenced using an automated sequencer by
Microgene Company (South Korea). BLAST analysis was
performed through the National Center for Biotechnological
information online services (htt://www.ncbi.nlm.nih.gov/BLAST).
The 16S rRNA sequence determined in this study was deposited in
the GenBank database under the following accession number
JN573359. Multiple sequence alignments were performed using
MEGA version 5 (Tamura et al.,, 2011) after obtaining multiple
alignments of data available from public databases by Clustal W
(Hall, 1999). Phylogenetic tree was inferred by using neighbor
joining tree making algorithm (Saitou and Nei, 1987).

Zinc removal

The isolated microorganism was cultured in NB at 33°C for 24 h
and then harvested by centrifugation at 5000 rpm for 15 min. 0.5 g
of harvested cells (dry weight) was inoculated into NB medium
containing 0.5, 1, 2, 2.5 and 3 mM Zn?". The inoculated medium
was shaken at 150 rpm at 33°C for 24 h. Residual heavy metals in
the upper phase following centrifugation at 5000 rpm for 15 min
were quantified by atomic absorption spectrometry (Philips, PU
9100X).



Table 1. The major physiological and biochemical properties of
Acinetobacter sp. HM_AF14.

Characteristic Result
Gram staining -
Motility -
Spore -

Growth at:

44°C -
41°C
37°C
Gelatin hydrolysis -
Starch hydrolysis -
Acid from glucose -
Utilization of citrate +
Pigment production -
Catalase +
Oxidase -

Statistical analysis

Each individual experiment was replicated three times. The
standard deviation among the replicates was calculated using
SPSS 16.0.

RESULTS
Isolation of bacteria and determination of MIC

In the present study, a total of 10 bacterial isolates which
differed in color and morphology were selected randomly
from zZn®* supplemented nutrient agar. The bacterial
isolates were tested for their resistance against zinc in
varying concentration from 1 to 6 mM. Finally, strain
HM_AF14 which showed higher resistance to zinc was
selected for further analysis. The selected isolate also
displayed substantial co-resistance against Cu®*, Cr®
and Hg”". The highest MIC was seen for Zn** (5 mM).
Strain HM-AF14 was able to grow in NB broth containing
Cu”at concentration of 3 mM. This isolate had lower
resistance to Cr®* and Hg® (MICs of 3 and 2
respectively). In the present study, toxicity of metal ions
was ranked as follows: Hg*">Cr**>Cu®*>zn*".

Biochemical and physiological properties

The major physiological and biochemical properties of the
isolate are summarized in Table 1. The isolate grew at pH
range 6.0 to 10.0, and no substantial growth was
observed at pH more than 10 or less than 6. The
optimum temperature and pH for growth were obtained at
33°C and 7, respectively. NaCl with concentration more
than 2.5% (w/v) inhibited the growth totally.
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Phylogenetic analysis

A nearly complete 16S rRNA gene sequence (1276
nucleotides) was obtained for strain HM_AF14.
Comparison with the 16S rRNA sequences available in
databases revealed that strain HM_AF14 was related to
sequences belonging to the genus Acinetobacter. A tree
depicting the relationships of this isolate within the genus
Acinetobacter is shown in Figure 1. According to the
phylogenetic analysis, strain HM_AF14 and A. junii strain
NB5 3B were in the same branch supported by a high
bootstrap value of 100% (Figure 1). Phylogenetically, the
closest relative of strain was A. junii strain NB5 3B with
similarity value of 98%.

Growth curve of strain HM_AF14

The growth curves for strain HM_AF14 at different time
intervals in the presence of 0, 1, 2 and 3 mM of Zn*" are
shown in Figure 2. The growth curve for NB medium
containing 1 mM Zn** was similar to that of NB medium
without Zn®*, with ordinary lag and exponential phases.
Growth curves for the strain in NB medium containing 2.0
or 3.0 mM Zn*" displayed the same trends, but the
OD600 value in NB medium containing 3.0 mM Zn** was
lower than in NB medium containing 2.0 mM zZn?".

Zinc removal

The removal of Zn** by Acinetobacter sp. HM_AF14 in
different concentrations of Zn*is shown in Figure 3.
Removal of Zn* by Acinetobacter sp. HM_AF14
increased progressively when the concentration of Zn”" in
the medium increased from 0.5 to 1 mM. Maximum zinc
removal was up to 65% at 1 mM of Zn*. In contrast,
removal of Zn°" by the Acinetobacter sp. HM_AF14
decreased as the concentration of Zn** was raised
beyond 1 mM.

DISCUSSION

The effluents provide enriched heavy metal contaminated
environment where heavy metal resistant bacteria could
be isolated. From the 10 strains, Acinetobacter HM_AF14
exhibited high resistance to zn*, cu*, Cr®" and Hg*.
These results are consistent with previous studies where
zinc resistant bacterial isolates were also resistant to
other heavy metals (Vullo et al., 2005, 2008).

The results of this study indicate that Acinetobacter sp.
HM_AF14 was closely related to members of the genus
Acinetobacter on the basis of 16S rRNA sequence
analysis. The major physiological properties of this strain
are in agreement with those described for the genus
Acinetobacter (Holt et al., 1993). As previously described,
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100 & Acinetobacter sp. HV AF14 (IN573359)
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Acinetobacter junif strain NB5 3B (JIN644576)

70 Acinetobacter baumannii strain IARI-V-4 (N411371)
Acinetobacter radioresistens strain NBRC 102413 (AB681769)

Acinetobacter Iwoffii strain 1E (AY277551)

Acinetobacter calcoaceticus strain LRCH50 (EU221346)
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Figure 1. Phylogenetic dendrogram derived from 16S rRNA sequence analysis showing the position of strain
HM_AF14 within the genus Acinetobacter. Numbers at nodes indicate percentages of occurrence in 1000
bootstrapped trees. Only values above 50% are given. Muraxella lacunata served as out group (Carr et al.,
2003). Accession numbers are given in parentheses. Bar, 0.01 sequence dissimilarity.
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Figure 2. Growth curve of the Acinetobacter sp. HM_AF14 at different concentration of Zn*". Values
indicate the means + SD of three independent experiments.

the members of the genus Acinetobacter are strictly
aerobic gram-negative coccobacilli that are widely
distributed in soil, water and also commonly found in the
hospital environment (Dijkshoorn et al., 2007).
Acinetobacter radioresistence isolated from cotton
(Nishimura et al., 1988) and oil degrading Acinetobacter
(Di Cello et al.,, 1997) represent two of the genomic
species of Acinetobacter isolated from the environmental
sources. Notable among the habitats occupied by the

Acinetobacter species is the activated sludge (Carr et al.,
2003). The previous reports showed that some strains
related to genus Acinetobacter have displayed resistance
to heavy metals. It was reported that Acinetobacter
baumanii BL54 had a high level of resistance to silver
and was able to remove 0.25% silver per gram biomass
of bacteria from photographic wastewater effluents
(Shakibaie et al., 1999). Dhakephalkar and Chopade,
(1994) isolated 40 strains of Acinetobacter from different


http://www.springerlink.com/content/?Author=Prashant+K.+Dhakephalkar
http://www.springerlink.com/content/?Author=Balu+A.+Chopade

80

70

Bejestani et al. 4127

WN2.5 O3

30

Remowval of zine %o

HH

20

10

o %

Concentration of added Zn (mM)

Figure 3. Removal of zinc by Acinetobacter sp. HM_AF14 at different concentration of Zn?*.
Values indicate the means + SD of three independent experiments.

environmental sources. It was shown that all
environmental isolates of Acinetobacter were resistant to
multiple metal ions but most of the strains were found to
be sensitive to mercury. The results of this study
indicated that Acinetobacter sp. HM_AF14 was resistant
to multiple metals. It also exhibited resistance to mercury
(MIC of 2 mM).

The results indicate that Acinetobacter sp. HM_AF14
was able to grow well in the presence of 1 mM of Zn?*.
The growth curve of HM_AF14 in the presence of
different concentrations of Zn** showed that low
concentration of Zn** (1 mM) had little influence on
Acinetobacter sp. HM_AF14 but higher concentrations
(>1 mM) prolonged lag phase and reduced biomass.
These observations are consistent with the previous
studies (Wei et al.,, 2009; Ahemad and Malik, 2012). In
the present study, the growth of Acinetobacter sp.
HM_AF14 significantly decreased when exposed to more
than 1 mM of zinc concentrations in the treated media. In
the lower concentration, inhibition of bacterial growth was
insignificant, which suggests that low concentrations of
heavy metals are not toxic to the tested bacterium.

The selected isolate in our study were not only resistant
against heavy metals, but also had the extensive
capability of taking up zinc. It was found that the amount
of zinc taken up by Acinetobacter sp. HM_AF14
increased with increase in concentration from 0.5 to 1

mM. This result is in agreement with the findings of Da
Costa and Duta (2001) which reported an increase in
uptake with higher concentration. Maximum zinc removal
was found to be as hi%h as 65% when this strain was
exposed to 1 mM Zn“". Our studies also show that
removal efficiency diminished beyond the specific
concentrations of Zn**. As previously reported, this might
be because of the saturation of the isolate with metal or
due to increased toxicity of metals at high concentrations
(Kaewehai and Prasertson, 2002).

In this work, a zinc-resistant bacterium was isolated
from effluents and identified as Acinetobacter sp.
HM_AF14 based on 16s rRNA sequence analysis. It
showed significant heavy metal resistance to zinc,
copper, chromium and mercury. The results of this study
have shown that the removal percentage of zinc by the
isolated strain is high. However, the biosorption
experiment was performed for only 60 min; it might be
possible to obtain higher percentage of zinc removal by
increasing the exposure time and the use of optimal
conditions for pH and temperature. Findings from this
study indicate that the resistant Acinetobacter have the
potential to remove Zn®* from contaminated water.
Therefore, it will be possible to use the strain as
inoculants for bioremediation of effluent contaminated
with Zinc.
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