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: wastewater contaminated with heavy metals was collected
from electroplating factories located in Tehran province. The wastewater sample
was cultured on LB Agar containing certain concentrations of heavy metals and the
grown bacteria were isolated. In the grown bacteria, the minimum growth inhibitory
concentration (MIC) of heavy metals was determined by the microbroth dilution
method. The genomic DNA of two strains with the highest level of resistance, purity,
and polymerase chain reaction was performed with the help of specific primers. The
PCR product was sequenced and ribotyping was done.

: 9 gram-positive and negative bacilli and gram-negative coccobacilli were
isolated from wastewater containing heavy metals. Two Gram-negative bacillus
strains showed the highest resistance to heavy metals in the MIC test. Based on the
sequencing results, these two strains were identified as Enterobacter and
Pseudomonas.

: Two strains with the highest resistance to four metals were isolated
from the effluent of electroplating factories and phylogenetic evaluation was
performed. These bacteria can be used in the biological treatment of wastewater
containing heavy metals.
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Introduction

In the last few decades, the use of biological
agents to remove and recycle toxic metals from
water contaminated with heavy metals has been
investigated. One of the advantages of using
microorganisms is their high efficiency and
efficiency and the recyclability of metals. Therefore,
the identification of metal-resistant microorganisms
plays an important role concerning environmental
pollution and ultimately the treatment of these
environments. In this way, due to the high levels of
some metals in wastewater and in general in metal-
contaminated environments, microorganisms create
a resistance mechanism that leads to the selection of
resistant species with the ability to tolerate metal
toxicity. Therefore, the purpose of this research is to
isolate and identify bacteria resistant to heavy
metals tin, copper, chromium, and nickel from
industrial effluents.

Methodology

This study was carried out under number 47382
in Payam Noor University as follows:

Sampling

By referring to industrial electroplating factories
located in Tehran, sampling of the factory effluent
was carried out by observing all the principles of
sampling, and the safety of sampling was done in
closed and sterile containers. The samples were
immediately transferred to the laboratory for further
tests.

Isolation of bacteria from collected samples

To isolate bacteria resistant to heavy metals from
the wastewater of the electroplating plant, in the first
step, 100 microliters of the collected samples were
cultured on LB Agar medium with a concentration
of 50 ppm of each of the metal’s chromium, nickel,
tin, and copper. The plates were kept at 37°C for 24
hours. Then, the plates were examined in terms of
growth and non-growth of bacteria. In terms of
morphology, different colonies of bacteria grew on
the surface of the LB Agar plate. To purify the
colonies, each colony was cultured separately on an
LB Agar plate and kept at 37°C for 24 hours. Grown
colonies were examined for gram staining and
morphology.
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Preparation of primary solution of heavy metals

To check the resistance of bacteria isolated from
electroplating factory effluent to heavy metals such
as copper, tin, chromium, and nickel, a high-
concentration solution of each of the metals was first
prepared.

Investigating the resistance of isolated bacteria to
heavy metals

To check the resistance of the isolated bacteria to
the heavy metals tin, copper, chromium, and nickel,
the minimum inhibitory concentration (MIC) of the
studied metals was determined on these bacteria.
First, a fresh culture of the desired bacteria was
prepared on LB agar medium and heated at 37°C for
18 hours. Then, a concentration equivalent to half
McFarland's concentration was prepared from each
of the freshly cultured bacteria according to the
standard method. Microplates of 96 houses were
used. 50 microliters of each bacterial sample, which
was prepared by half of McFarland, was added to
each vial of the microplate column. Then, each vial
was brought to a final volume of 300 microliters
using LB medium. Wells 11 and 12 were used as
positive and negative controls, respectively. The
microplates were kept in a 37°C incubator for 24
hours. After 24 hours, the microplates were
examined for bacterial growth in different
concentrations of metals by comparing the turbidity
of the wells with the positive and negative controls.

Identification and ribotyping of strains with the
highest resistance to heavy metals

From the information obtained from the bacterial
culture stage in the environment containing different
concentrations of heavy metals in microplates, two
bacteria that have the highest MIC and showed the
greatest resistance to all the studied metals,
including tin, copper, chromium, and nickel were
selected and, to identify the type of bacterial strain,
genomic DNA extraction and ribotyping were
performed.

Genomic DNA extraction was performed using
a Poyagen Azma DNA purification kit (Catalog No.
PD115-050) and according to the protocol included
in the kit. Ribotyping was done using specialized
16srRNA primers in Table 2. After bioinformatics
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and Blast checks, the primers were sent to Macrogen
Korea for synthesis.

Polymerase chain reaction (PCR) to identify the
studied bacteria, by adding 12.5 microliters of X2
master mix amplicon, 1 microliter of forward
primer, 1 microliter of reverse primer, 1 microliter
of genomic DNA, and 9.5 microliters of distilled
water, and final volume was 25 microliters. The
temperature  program used includes initial
denaturation at 94°C for 5 minutes, 35 cycles of
94°C for 30 seconds, annealing at 54°C for 30
seconds, and extension at 72°C for 90 seconds.
Finally, the final extension was done at 72°C for 5
minutes and one cycle. To ensure the existence of
the reaction product, 5 microliters of the PCR
product were run on 1% agarose gel. The rest of the
polymerase chain reaction product was sent to
Macrogen Korea for sequencing. The PCR product
was purified by Macrogen Korea.

After determining the sequence, the sequence
was examined using the blast program in the NCBI
gene bank, and the type of the studied strains was
determined.

Results

Isolation of bacteria

After the initial culture of electroplating factory
effluent on LB Agar medium containing 50 ppm
concentration of the studied heavy metals, the plates
were examined. It was observed that the surface of
the plates was filled with different colonies. 9
different colonies were observed. Morphological
analysis of purified bacteria showed that among the
purified bacteria colonies, there is a variety of
appearances from convex and dry, cream-colored
and slimy or needle-shaped colonies.

Gram staining of colonies showed different types
of bacilli, gram-negative coccobacilli, and gram-
positive bacilli.

Determining the minimum
concentration

The results of investigating the minimum
inhibitory concentration of each of the heavy metals
including tin, copper, chromium, and nickel,
separately on the isolated bacteria are collected in
Table 3. According to the results obtained from this
research, it was found that two types of bacteria

among the studied bacteria had the highest

inhibitory
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resistance to the studied heavy metals. These two
bacteria were: bacteria isolated from wastewater
sample No. 3 (Table 3), which was identified as
gram-negative bacteria with double cells, and the
other bacteria isolated from wastewater sample No.
4, which was identified as gram-negative bacillus
Negative with needle-shaped colony morphology on
the plate. The first well in which the bacteria did not
grow compared to the positive and negative controls
contains the minimum concentration of the heavy
metal at which the bacteria would not grow (MIC).
The positive control only includes LB broth medium
and bacteria, and the negative control includes LB
broth medium and the desired heavy metal.

Molecular identification of strains and ribotyping

Genomic DNA extraction from these two
bacteria is without protein and RNA contamination
and is suitable for polymerase chain reaction.
Examining the product resulting from the
polymerase chain reaction on genomic DNA
samples showed that the reaction was performed
correctly and a product with a size of 1500 bp was
created. Then the PCR product was sent to
Macrogen Korea to determine the sequence and
identify the bacteria. The result of their gene
sequence and blast sequence in the NCBI gene bank
showed that gram-negative double bacillus resistant
to all four studied metals, with an identity equal to
99% and E.value equal to zero in the NCBI gene
bank, was shown to be similar to Enterobacter
species. Also, the negative worm bacillus with a
needle-shaped colony with an identity of 99% and
an E value of zero was shown to be similar to the
Pseudomonas aeruginosa strain.

Discussion

In the study of KIM et al., the isolated
endophytic bacteria showed a high ability to adapt
to several metals. At a concentration of 10 mg/liter
of heavy metals, this bacterium was able to
specifically remove cadmium, lead, and copper
metals by 78.75, 80.48, and 21.25% respectively
during 24-hour incubation. In the present study, two
types of bacteria, Enterobacter and Pseudomonas,
showed the highest resistance to heavy metals
nickel, chromium, copper, and tin compared to other
bacteria isolated from the effluent and soil of the
electroplating factory. In this research, it was found
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that the isolated Enterobacter can grow in the
presence of concentrations of 743 mM nickel, 24
mM chromium, 157.38 mM copper, and 400 mM
tin. Also, the isolated Pseudomonas can grow in the
presence of concentrations of 743 mM nickel, 24
mM chromium, 78.69 mM copper, and 400 mM tin.

Conclusion

The purpose of this study was to isolate a native
bacterial species that is resistant to nickel,
chromium, tin, and copper metals so that they can be
used in the future to remove heavy metals from the
environment. In this regard, 9 different bacterial
strains were identified and investigated, among
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which Enterobacter and Pseudomonas showed the
most resistance. By investigating and studying
metal-resistant bacteria, these bacteria can be used
in the biological treatment of wastewater containing
heavy metals.
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