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This laboratory study simultaneously was conducted to evaluate the resistance to
heavy metals, silver, cadmium and a number of commonly used antibiotics.
Sampling was done in 2014 of the two silver workshops in Isfahan, and the inlet of
phase 2 of Shahin Shahr wastewater treatment plant, Isfahan. To isolate resistant
bacteria to metal silver and cadmium and review multiple resistance to other metals
in the medium PHG Il agar with a concentration of 0.5 mM of metals and to
determine the minimum inhibitory concentration (MIC) of growth, agar dilution
method were used. To determine the resistance to several common antibiotics, disk
diffusion techniques in agar with Kirby-Bauer method was used. In this study,
molecular identification of bacteria was performed through gene sequencing 16S
rDNA. New nucleotide sequences of the Cdl and Cd2 isolates in GenBank’s
database were deposited under accession numbers of KP753912 and KP753913.
Most heavy metal-resistant isolated bacteria in this study had multiple resistance
(MMR) compared to the Cadmium, Silver, Copper and Zinc metals and showed
simultaneous resistance pattern to several heavy metals and antibiotics. Resistant
isolates to cadmium compared to resistant isolates to silver had lower resistance and
minimum inhibitory concentration (MIC), they also showed less resistance to a
variety of antibiotics used in this study in a way that Cd2 isolate that was
recognized as Dechloromonas hortensis strain MS2 was sensitive to all tested
antibiotics. Since some of the isolates were highly sensitive to some of the
antibiotics, the metal-resistant isolates and sensitive to antibiotic may be a proper
candidates for biological removal of these metals from contaminated wastewater in
the future.

1. Introduction

chromosomal (Silver and Phung, 1996).
Researches have shown that the antibiotic-

The pollution of the environment with toxic
heavy metals is spreading throughout the world
along with industrial progress (Edward Raja et
al., 2009). Since the bacteria are typically
exposed to these heavy metals, create different
mechanisms for resistance (Spain and Alm,
2003). Bacterial resistance to metal ions is often
determined by plasmids. These plasmids often
code resistance to antibiotics as well (Verma et
al., 2001). This resistance also can be
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resistant and resistant to metal microorganisms
appear in contact with environments which are
contaminated to metal; these polluted
environment will cause simultaneous selection
of resistance factors to antibiotics and heavy
metals. Microbial resistance to antibiotics and
metal ions is a potential risk for health because
these traits are usually associated with
transmissible plasmids (Sabry et al., 1997). The
prevalence of such resistant microorganisms is
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ecologically important, because under the
environmental conditions having metal, metal
and antibiotic-resistant microbial populations
with a prevalence of R factor are adapted
quickly than such conditions as mutation and
natural selection, thus; this leads to a rapid
increase in their number (Karbasizadeh et al.,
2003).

During a survey in 2000, Fillali et al. isolated
multiple resistant strains to heavy metals,
antibiotics,  hydrocarbons and  aromatic
hydrocarbons from water contaminated with
metal. These bacteria included strains of
Pseudomonas fluorescens, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Proteus
mirabilis and S. aureus, which showed a
network of multiple resistance to heavy metals,
antibiotics and aromatic compounds (Fillali et
al.,, 2000). Rajbanshi in 2008 conducted a
research, and isolated 10 resistant bacteria to
metal from the wastewater treatment plant that
included resistant materials to chrome such as
Staphylococcus aureus, Escherichia coli and
Klebsiella sp., resistant materials to cadmium
such as Acinetobacter sp., Flavobacterium sp.
and Citrobacter sp., resistant Bacillus sp. to
Nickel, resistant Pseudomonas species to
Copper and resistant Methylobacterium species
to Cobalt. All isolates showed high resistance to
heavy metals and some antibiotics. These
laboratory studies were conducted to determine
the resistance to heavy metals and antibiotics
simultaneously.

2. Materials and Methods

2.1. Isolation of resistant bacteria to metal from
studied wastewater

First sampling was done from the effluent of
the silver workshops and the phase 2 inlet of the
Shahin  Shahr wastewater treatment plant,
Isfahan. Sampling was done in sterilized wide
plastic bottles. Samples were transferred on ice
to research laboratory of Islamic Azad
University of Falavarjan to implement the rest of
the various stages of work. Diffusion in agar
method was used to isolate resistant bacteria to
silver and cadmium; first, 1000 ml of PHG Il
agar medium was prepared including 4 ¢
peptone, 1 g yeast extract, 2 g glucose, 15 g of
agar (all materials needed for PHG Il agar
medium was prepared from Merck Company of

Germany). Then wastewater samples were
released in PHG Il agar medium with a
concentration of 0.5 mM of the respective metal.
The growth of bacterial colonies were studied
after 5 days of incubation at temperature of 30°C
(Alboghobeish et al., 2014). The silver nitrate
metal salt and cadmium nitrate were used in this
study (Scharlau, Spain); it is noteworthy that
metal salts used in this study have been
implemented in many similar studies. Lima de
Silva et al. in 2012 and Richards et al. in 2002
used silver nitrate metal salt as well to study
resistant bacteria to silver, Also Zolgharnein et
al. in 2007 used cadmium nitrate for isolation
and study of resistant bacteria to metal. Bacteria
purification was conducted with Streak Plate
Method, on PHG Il agar medium with the same
metal concentration. Microbial spreading was
prepared from pure produced colonies, and
Gram stain.

2.2. Determination of minimum inhibitory
concentration (MIC)

In this study, agar dilution method was used
to determine the minimum inhibitory
concentration of growth, in which plates
containing PHG 1l agar medium with different
concentrations (0/5, 1, 2, 4, 8, 16 and 32 mM) of
heavy metal (Ag, Cd) were prepared so that
each plate contained a concentration of metal
(Alboghobeish et al., 2014). The metal solution
with a suitable concentration was added to the
culture medium, then resistant colonies were
cultured on plates (Hassen et al., 1998). Plates
were put at the temperature of 30°C for 48
hours, after the growth of microorganisms based
on the growth or lack of growth in a
concentration, in between concentrations were
selected and growth in those concentrations was
also examined. Finally, the minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC) were determined (Coral et
al., 2005; Alboghobeish et al., 2014).

2.3. Molecular identification of isolates

In this study, the molecular identification of
isolates was done using the Colony PCR
technique with the help of public primers
designed from gene 16S rDNA, in the
Knowledge Based Pars Tali Gene Company
situated in the Scientific and Research Park of
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Isfahan. Nucleotide sequences derived from the
above technique was identified homologically
after reviewing and correcting chromatogram,
by BLAST server in site  NCBI
(http://www.ncbi.nlm.nih.gov/BLAST).

The 16S rDNA gene was amplified by using
the universal bacterial Primers of OF BUN
(5'-CGCATTTCACCGCTACAC-3) and OR
BUN (5-TATGTACACACCGCCCGT-3').

11 resistant to isolateed metal bacterial
strains, were incubated again on PHG Il agar
medium at 30 °C; these pure colonies were used
to perform PCR. In order to perform the colony-
PCR technique, first, an amount of purified
colonies were dissolved in 10 ml of sterile
distilled water using a sterile loop, and 2 pL of
it was used as a template for PCR reaction. Also
0.75 pL MgCl, 50 mM, 0.5 pl dNTP 10 mM,
0.5 pL of each directing and leading primers (20
uUM), 0.2 uL Taq polymer of 5U, 2.5 uL of PCR
10X buffer, and 18.05 pL injection distilled
water were used to form 25 pL of reaction
mixture.

In the following the initial denaturation was
done for 5 min at 94°C, there was 35 Cycle
consisting of denaturation at 94°C for 45 second,
annealing at 58°C for 45 second, extension at
72°C for 45 second and final extension at 72°C
for 5 min. A cooling temperature of 4°C was
applied.

PCR products were analyzed by 1% (W/V)
agarose gel electrophoresis containing green
viewer (2 pL) in 1x TBE buffer, and then, they
were sequenced and compared with the National
Center for Biotechnology Information (NCBI)
database using the BLAST software available
through the center 'S website
(http://www.ncbi.nlm.nih.gov/BLAST).
Subsequently, new sequences of 16S rDNA
were presented to the NCBI using the Banklt
service.

2.4. Determination of bacteria sensitivity to
antibiotics

One of the ways used to determine resistance
to antibiotics, is the disk diffusion technique in
agar with Kirby-Bauer method, which was used
in the present study. In this method antibiotics
disks included gentamicin (GM  10),
erythromycin (E 15), tetracycline (TE 30),
cephalothin ~ (CF  30), sulfamethoxazole
trimethoprim (SXT 25), cefoxitin (FOX 30),
amoxicillin (AMX 25), vancomycin (V 30),
novobiocin  (NB 5), penicillin (P 10),
Chloramphenicol (C 30), streptomycin (S 10),
rifampicin (RA 5) (Padtan Teb, Iran).

2.5. Determination of multiple resistance to
metals

To determine multi metal resistance (MMR),
PHG Il medium containing the desired metal
was used to study resistance. To detect microbial
resistance to other metals (silver nitrate,
cadmium nitrate, copper sulfate, zinc nitrate),
resistant colonies to relevant metal on plates
with a specific concentration (0.5 mM) of the
other metal were cultured radially. Then for a
period of 48-96 hours was incubated at 30°C.
The lack of growth of bacterial colonies in other
plates was considered as their sensitivity to that
certain metal, while the growth in each of the
plates were considered as resistant colony to that
metal (Singh et al., 2010; Egbebi and
Famurewn, 2011).

3. Results

The results of the MIC and MBC of isolate
resistant bacterial strains to metals of silver and
cadmium, as well as the lists of bacteria resulted
from the the molecular identification of isolates
are presented in Tables 1 and 2.

Table 1. The results of MIC and MBC resistant bacterial isolates to silver (in mM)

Concentration of

. silver (mM)
Isolate number Bacteria name
MIC®  MBC™

Agl Pseudomonas sp.SQ7-53 5 6
Ag2 Pseudomonas chengduensis strain MBR 5 6
Ag3 Sphingobium sp.THG-S23.15 5 6
Ag4d Stenotrophomonas maltophilia strain Y S86 1.25 15
Ag5 Stenotrophomonas maltophilia strain MS8 6 7
Agb6 Pseudomonas nitroreducens strain tonekaboni 4 5
Ag7 Pseudomonas aeruginosa strain FRD1 3 35
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Table 2. The results of MIC and MBC resistant bacterial isolates to cadmium (in mM)

Isolate number

Bacteria name

Concentration of
cadmium (mM)

*

*k

MIC MBC
Cd1 Azospira oryzae strain MS1 15 1.75
Cd2 Dechloromonas hortensis strain MS2 2 25
Cd3 Acidovorax avenae strain AF132 1 1.25
Cd4 Entrobacter cloacae strain 34983 15 1.75

“: Minimum inhibitory concentration (MIC).
: Minimum bactericidal concentration (MBC).

Table 3. The results of antibiogram resistant strains to metals (Cd, Ag) isolated from the wastewater against antibiotics disks

by Kirby-Bauer method.

Isolate Antibiotics
s Tp E v TE C GM CF  SXT FOX AMX NB S RA
10pg  15pg 30ug 30ug  30ug  10ug  30ug  25ug  30ug  25ug  5ug  10pg  5ug
| s s s s s s
Agl R 183 R 4156 32 223 R 31 R a3 R 19 R
| s s s | s s s
Ag2 R 193 R 38 273 223 156 223 R 26 R 196 R
s s s s s s s | s
AB3 35 a6 306 493 426 473 R 30 R 16 R R 31
s s s s s s
Ag4 R R 123 196 27 163 R 236 R R R 163 R
s s s s s s | s |
Ag5 R 286 103 256 26 183 R 166 R R 19 20 176
s s s s | s
AgE R R R 363 186 23 R 83 R 13 R 193 R
s | s |
Agl R R R 28 156 243 R 136 N R R R R
s s s s s s s s s | s
Cdl 393 263 176 26 R 226 486 286 44 28 196 N 226
i s s s s s s s s s s s s s
203 356 216 313 236 276 246 33 393 313 256 473 333
s s s s s s s s s s
Cd3 453 353 143 396 45 303 453 316 R 2 R 3 R
ca R s s s s s s s s s s s s
253 333 403 233 423 403 333 353 313 326 353 333

Legend and abbreviations: R: Resistant, S: Suseptible, I: Intermediate, P: Penicilin, E: Erythromycin, V: Vancomycin, TE:
Tetracycline, C: Chloramphenichol, GM: Gentamicin, CF: Cephalothin, SXT: Sulfamethoxazole Trimethoprim, FOX: Cefoxitin,
AMX: Amoxicillin, NB: Novobiocin, S: Streptomycin, RA: Rifampicin. (It should be noted that the S, R and | was determined
according to NCCLS (National Committee for Clinical Laboratory Standard) information. numbers in table are in mm).
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In this study, the inhibitory effect of some
antibiotics were investigated on the resistant
strains to isolated metals. The average of the
areola diameter of lack of growth resulted from
three repetitions of strains towards used
antibiotics in millimeters (mm), is presented in
table 3.

The molecular analysis of isolates revealed
that, the two isolates of Cdl and Cd2 had new
sequences, which were registered as Azospira
oryzae strain MS1, and Dechloromonas

-

hortensis strain MS2 with the access numbers
KP753912 and KP753913 in the GenBank of the
National Center for Biotechnology Information
(NCBI), respectively. The phylogenetic trees of
results are shown in Figures 1 and 2.

In this study, the resistant bacteria to isolated
metal were also investigated in terms of
strength to concentration of 0.5 mM of other
metals (cadmium, silver, copper and zinc);the
results are provided in tables 4 and 5.

we UV 148 i
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"
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Figure 1. The phylogenetic evidence of identified isolétes'of 'Cdi; Extracte'd..f;oﬁi BLAST database.

Table 4. The multi-resistant results of the resistant bacteria to silver to the 0.5 mM concentration of other metals.

Concentration 0.5 (mM) of metals

Isolate number
Bacteria name

Cd Cu Zn

Agl Pseudomonas sp.SQ7-53 + + +
Ag2 Pseudomonas chengduensis strain MBR - + -
Ag3 Sphingobium sp. THG-S23.15 - + +
Ag4 Stenotrophomonas maltophilia strain YS86 + + +
Agb Stenotrophomonas maltophilia strain MS8 + + +
Agb Pseudomonas nitroreducens strain tonekaboni + + +
Ag7 Pseudomonas aeruginosa strain FRD1 + + +

Descriptions Table: -: lack of growth, +: growth
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Figure 2. The phylogenetic evidence of identified isolates of Cd2; Extracted from BLAST database.

Table 5. The multi-resistant results of resistant bacteria to cadmium to 0.5 mM concentration of other metals.

Concentration 0.5 (mM) of metals

Isolate number Ag Cu Zn
Bacteria name
Cd1 Azospira oryzae strain MS1 - - +
Cd2 Dechloromonas hortensis strain MS2 - - +
Cd3 Acidovorax avenae strain AF132 - + +
Cd4 Entrobacter cloacae strain 34983 + + +

Descriptions Table: -: lack of growth, +: growth
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4. Discussion

The presence of heavy metals in the
environment is directly related to the resistance;
in a way that their participation in the
environment cause simultaneous selection of
resistance factors to heavy metals and
antibiotics. It means that the microorganisms,
develope resistance mechanisms in the presence
of metals that lead to the selection of resistant
species with capability of metal toxicity
tolerance (Edward Raja et al., 2009; Anyanwu
and Nwachukwu, 2011).

In tables 4 and 5 multiple resistance of
isolated resistant bacteria to the concentration of
0.5 mM of other metals is provided; out of the
resistant bacteria to silver, isolates of Agl, Ag4,
Ag5, Agb and Ag7 in addition to silver, were
able to tolorate a concentration of 0.5 mM of
metals Cd, Cu and Zn. Isolate of Ag2 was able
to grow on the concentration of 0.5 mM of Cu
and isolate Ag3 was able to tolerate a
concentration of 0.5 mM of Cu and Zn metals.
Among the resistant isolates to cadmium, in
addition to resistance to cadmium isolates of
Cd2 and Cd1 were able to grow on the medium
containing concentration of 0.5 mM of Zn and
isolate Cd3 had resistance to Cu and Zn. Also
isolate Cd4 was able to tolorate all three metals
of Cu, Ag and Zn. As a result, it can be
concluded that in this study, the majority of
resistant isolates to isolated metal had multiple
resistance to other metals.

Multiple resistance to other metals among
isolated isolates from sea water by Sabry et al.
(1997) showed that almost all of the isolates
except for a few were resistant to several metal
ions.

Zhang et al. in 2014 in a study, isolated six
resistant bacteria to metal from the Yangtze
River in China which had multiple resistance to
metals of cadmium, copper, lead, chromium and
nickel. Vela-Cano et al. in 2014 achieved to
isolate a kind of Rhodococcus that showed high
resistance to metals of cadmium, copper, zinc
and lead. Elsilk et al. (2014) succeeded in
isolating B. anthracis PS2010 from industrial
wastewater in Egypt that had resistance to
metals such as cadmium, copper, cobalt, zinc
and lead. In the study of Varadarajan and Shikha
(2014), isolated isolates from gold plating
wastewater, showed multiple resistance to heavy
metals.

The results of this study and other
researchers’ studies, have shown that resistant
isolates to heavy metals have shown multiple
resistance to other metals. In fact, the results
show that in the majority of resistant bacteria to
metal, different categories of the expression
genes can show the similar expression when
they are exposed to different metal compounds
(Hu et al., 2007). The reason of multiple
tolerance to toxic compounds can be their
similar toxic mechanisms and since toxic metals
have similarities in their toxic mechanisms,
multiple tolerance phenotype is common among
resistant bacteria to heavy metal. Strains
including resistance gene to isolated metal in
this study, had multiple resistance to heavy
metals, and probably were able to survive in the
contaminated environment with several heavy
metals. They could be used in the removal of
heavy metals from wastewaters that are
contaminated by several metals, however, this
issue requires further study.

In addition, there are evidences regarding the
correlation between the contamination of the
bacterial medium metal and spread of resistance
to antibiotics. The relationship between the
amount and type of contaminant metals and
specific patterns of antibiotic resistance indicates
multiple mechanisms of resistance to antibiotics
and heavy metals. It can be concluded that the
genes responsible for resistance to both external
factors are the same. Therefore, long metal
contaminations can increase the antibiotic
resistance factors (Baker-Austin et al., 2006).

In this study, the resistant bacteria to isolated
metals from mentioned wastewater were also
studied in terms of the patterns of antibiotic
resistance. The results of this study (Table 3)
showed that resistant isolates to cadmium
compared to resistant isolates to silver had lower
resistance and MIC, they also showed lower
amount of resistance to the types of antibiotics
used in this study. But resistant isolates to silver
that showed a higher average of MIC than silver,
showed more antibiotic resistance as well. In
fact, most of the resistant isolates to isolated
metal in this study, were also resistant to some
studied antibiotics, but there were some
exceptions, in a way that isolate of Cd2 known
as Dechloromonas hortensis, were sensitive to
all tested antibiotics.

A study by Whelan et al. (1997) investigated
15 strains of Enterobacter isolated from coastal
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waters in Turkey; their results showed that
plasmid resistant foils have had a resistance to
copper and nickel and by transferring plasmid
from Enterobacter to E. coli it was found that
resistant strain E. coli also has received the same
plasmid.

Study carried out in Bucharest, on the
relationship between resistance to antibiotics
(gentamicin,  tetracycline, ampicillin  and
cefotaxime) and heavy metals (cadmium,
copper, chromium and nickel) in E. coli shows
that multiple resistance to antibiotics has been
developed in all strains. Further, investigation of
plasmids showed that resistant strains had
plasmids with a length of 3.8-50 Kilobase pair
(Kbp) (Lazar et al., 2002). Singh et al. (2010) by
using the Kirby-Bauer method, investigated
sensitivity and  antibiotic  resistance  of
Pseudomonas resistant isolates to heavy metals
from industrial wastewater; their results showed
that resistant isolates to metal were resistant to
some antibiotics.

Many researches have shown that there is a
link between metal tolerance and resistance to
antibiotics in the environment. Because of the
possibility of the similarity of antibiotic
resistance and resistance to heavy metals genes
and their placement on a plasmid therefore it is
most likely for them to be moved toward
together in the medium. Because of the
increased presence of resistant pathogenic
bacteria to antibiotics, the treatment of infectious
diseases has been so difficult and expensive than
before. So we must not only put stress on
efficient use of antibiotics in the community but
also be aware of the use of other antimicrobial
substances such as heavy metals that are in the
environment (Spain and Alm, 2003).

So far, the relationship between metal
tolerance and resistance to antibiotics has been
reported several times and their results were
consistent with the results of this study.
according to all the reports, the encoding
resistance genes to metals and antibiotics are on
transferable plasmids (Rajbanshi, 2008; Edward
raja et al., 2009). In addition Fillali et al. (2000)
have also shown simultaneous resistance to
heavy metals, antibiotics and aromatic
compounds. The results of this study were
consistent with the results of other researchers
and the most resistant species to isolated metal
had resistant to other metals as well as some
antibiotics.

In a study, Jain et al. (2009) investigated the
amount of resistance to metal and antibiotic in
isolated bacteria from copper industries and
mines. They demonstrated that metal pollution
in the environment leads to the development of
multi antibiotic resistance, probably through
horizontal gene’s transfer to the bacterial
population. To overcome this problem, they
have noted the treatment of wastewater being
full of metal and their immunization.

In this study, resistant bacteria to isolated
metal showed the highest resistance to cefoxitin
antibiotics and most sensitivity to tetracycline
and gentamicin antibiotics. The majority of
resistant isolates to isolated metal in this study
were resistant to some of the studied antibiotics
but some of the isolates had high sensitivity to
antibiotics. The isolate Cd2 was sensitive to all
tested antibiotics, therefore; it seems that these
resistant isolates to metal and sensitive to
antibiotic can be proper candidates for biological
removal of these metals from contaminated
wastewater in the future. Biological removal of
heavy metals from industrial waste by resistant
bacteria to metals can be a useful solution to the
problem of environmental pollution caused by
industrial plants.
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