Archives of Razi Institute, Vol. 77, No. 3 (2022) 1041-1047

Copyright © 2022 by < ,# >

Razi Vaccine & Serum Research Institute
DOI: 10.22092/AR1.2022.357399.2036

Original Article
Heavy Metal Resistance Ability of Pseudomonas Species
Isolated from Sludge and Sewage in Iraq

Fawwaz Alfarras, A, Hamid AL-Fahdawi, M?, Albayaty, M. K2~

1. Department of Medical Laboratory Techniques, College of Medical Technology, Al-Farahidi University, Baghdad, Iraq
2. Department of Forensic Evidence Techniques, College of Medical Technology, Al-Farahidi University, Baghdad, Iraq

Received 6 January 2022; Accepted 1 April 2022
Corresponding Author: mustafaalbayaty42@gmail.com

Abstract

It has been well documented that one of the best ways to remediate water and soil heavy metal pollution would
be the use of microorganisms able to absorb heavy metals. The ability to resist toxic and heavy metals has been
developed in some bacteria and microorganisms. This study, therefore, aimed to test the resistance ability of
Pseudomonas species (spp.) isolated from sludge and sewage in Iraq against heavy metals, including mercury
(Hg), copper (Cu), nickel (Ni), and cadmium (Cd) with a minimal concentration of 50 pg/ml for each. Water
and soil samples were collected from different locations in Iraq. To test the tubes, 1 ml of each water sample, 1
gm of each soil sample, and 9 ml of sterilized distilled water were added and mixed thoroughly, followed by
serial dilutions for each test tube separately. A total of 100 pl of aliquots from the appropriate dilution (107?)
were also cultured on nutrient agar plates and then incubated at 37°C for 18 h. Different colonies from both
water and soil samples were selected and grown on king A and king B media plates to confirm that these types
of bacteria belong to the Pseudomonas genus. The isolates were identified based on their staining ability, shape,
color, size, production of pigments, transparency, and mucoid properties of colonies growing on nutrient agar
plates. In addition, some other biochemical tests were conducted. Several colonies were obtained and selected
from the cultured samples and consequently, cultured and purified as a single colony. The preliminary
observation and biochemical identification of these isolates indicated that two of them belonged to
Pseudomonas spp.: Ps-1(M9) and Ps-2(M19). The screening of the bacteria isolates for resistance against Cu
(1), Hg (11), Cd (I1), and Ni (I1) was performed by the use of Minimum Inhibitory Concentration. During the
experiment and screening, different metal levels were evaluated to choose the best bacterial isolates with the
ability of normal growth and resistance against heavy metal toxicity. The recorded data showed that two
Pseudomonas isolates could tolerate heavy metal concentrations ranging from 50 to 180 pg/ml. Additionally,
the two resistant Pseudomonas isolates also showed resistance to some antibiotics.
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1. Introduction

In animal and human physiology, several metal
ions, such as trace elements, play a pivotal role in
body functions. However, when concentrations of
these elements increase beyond a certain level, they
could be harmful to the living animals’ health.
Heavy metals are one of the major components of
industrial discharges that go into the environment
untreated (1).

The well-known sources of heavy metals in the
environment are water, soil, and rocks. As mentioned
by Chi Fru, Rodriguez (2), heavy metals have also been
present in the Earth’s crust since 4.5 billion years ago.
Rock erosion, soil erosion, petroleum, as well as coal
burning, industrial operations, and finally, volcanic
eruptions are the main sources and reasons for the
continuous introduction of heavy metals into the
ecosystem. In addition to the above-mentioned sources
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of heavy metals, some other activities, such as
agricultural and farming procedures, including applying
pesticides, as well as fungicides, could be other sources
of heavy metal pollution.

Heavy metals have several useful applications in the
field of medicine as well. They have been used as
antiparasitic, antimicrobial agents for treating some
skin disorders. One of the best examples in this regard
would be the application of heavy metals in the
treatment of leishmaniasis. In addition, heavy metals
have been utilized as anti-inflammatory agents for
treating itchiness and in cancer chemotherapy (3).

Heavy metals present in the industrial wastewater and
sewage sludge have been considered the main sources of
environmental pollution, which have had permanent
toxic impacts on humans and living animals’ health, as
well as the environment (4). The accumulation of heavy
metals in human organs and tissues has led to many
dangerous diseases, such as kidney failure, as well as
cardiovascular and nervous system disorders (5). Several
studies have also proved the accumulation of heavy
metals in water, rice, vegetables (6, 7), and fish (8).
Reactive Oxygen Species (ROS) have been known as
the main source of cellular damage in vivo. The toxicity
impacts of heavy metals are due to an increment in ROS
production and the accumulation of this harmful oxidant
consequently leads to the destruction of essential
biomolecules and sub-cellular organelles. It is well
documented that heavy metals, such as lead (Pb),
cadmium (Cd), copper (Cu), arsenic (As), silver (Ag),
and zinc (Zn), can accumulate in bacterial cells.
Therefore, they induce the production of free radicals
which in turn lead to severe DNA damage and disruption
in the bacterial membrane through lipid peroxidation (9).

The World Health Organization has listed Cd, mercury
(Hg), Pb, and As as toxic heavy metals which are a
major public concern. In addition to the above-
mentioned list, other elements, such as manganese (Mn),
chromium (Cr), cobalt (Co), nickel (Ni), copper (Cu),
zinc (Zn), selenium (Se), silver (Ag), antimony (Sb), and
thallium (TI), belong to the category of toxic heavy
metals. All of these heavy metals are non-degradable;

therefore, a limited range of concentration is allowed to
be discharged into the environment (10). However,
industrial wastes contain high levels of heavy metals,
which are the most important causative reasons for
plants, animals, aquatic life, and human health hazards
and problems. They also lead to increasing pressures on
living organisms and the ecosystem (11). Elements, such
as Cu, Cr, Co, and Ni, are known to be the most
commonly-used heavy metals and the most widespread
contaminants in the environment. Traces of these heavy
metals are necessary as they are cofactors of enzymatic
reactions; however, high levels of them may cause
extreme toxicity to living organisms due to the inhibition
of metabolic reactions. Each heavy metal has unigue
biofunctions or biotoxicities. As a case in point, Cu can
enhance microbial growth at low concentrations but
represses growth at high concentrations, and Cd has high
toxicity even at low concentrations (12). Some other
heavy metals have no biological role and are harmful to
organisms even at very low concentrations (13).

In recent years, several efforts have been made to
decrease the number of toxic elements, such as heavy
metals, in the environment by applying green and
biomedical methods (14). One of these methods could
be the use of microorganisms for the elimination of
heavy metal contamination from polluted sources, such
as water and waste streams, as well as soil and
sediments. On the other hand, these microorganisms
could be used to solubilize metals and facilitate their
extraction. One of the pivotal ways to remediate
polluted water and soil would be the use of bacteria
with an interesting ability of metal absorption. The
ability of toxic metal resistance has been developed by
different bacteria and higher microorganisms. These
unique features make them appropriate biological tools
to make heavy metals innocuous. Due to the ease of
access and use, these microorganisms are mostly
acceptable and applicable for fighting toxic metal
pollution in the ecosystem (15).

Therefore, the present study was designed to investigate
the heavy metal resistance ability of Pseudomonas spp.
isolated from sludge and sewage in Irag.



Fawwaz Alfarras et al / Archives of Razi Institute, Vol. 77, No. 3 (2022) 1041-1047 1043

2. Materials and Methods

2.1. Sample Collection and Preparation

Water and soil samples were collected from different
locations in Irag. To test the tubes, 1 ml of each water
sample, 1 gm of each soil sample, and 9 ml of sterilized
distilled water were added and mixed thoroughly,
followed by serial dilutions for each test tube
separately. A total of 100 ul of aliquots from the
appropriate dilution (10?) were cultured on nutrient
agar plates and then incubated at 37'C for 18 h.
2.2. Identification of Pseudomonas Isolates

Different colonies from both water and soil samples
were selected and grown on king A and king B media
plates to confirm that these types of bacteria belong to
the Pseudomonas genus. The isolates were identified
according to their staining ability, shape, color, size,
production of pigments, transparency, and mucoid
properties of colonies growing on nutrient agar plates.
In addition, some other biochemical tests were
conducted.
23. Screening of the Metal
Pseudomonas Species

The obtained colonies were plated on nutrient agar
plates containing 50 pg/ml of Ni, sulfate, cadmium
nitrate, copper sulfate, and mercury nitrate as sources of
different metal ions. The colonies were sub-cultured on
the nutrient agar medium, and their culture purity was
checked. The isolated strains were tested individually by
culturing them on the nutrient agar medium containing
different concentrations of each heavy metal ranging
from 60 to 180 pg/ml. Growth was quantified
concerning control plates containing no heavy metals.
The minimum inhibition concentration (MIC) and
maximum tolerable concentration (MTC) methods were
used to evaluate the resistance level of isolated strains.
The MTC is the highest concentration of metal, which
does not affect the growth of the resistant strain.
2.4. Determination of Minimum Inhibitory
Concentration

The MIC of the heavy metal resistant Pseudomonas
spp. grown on heavy metals incorporated media against

Resistant

the respective heavy metal was determined by
gradually increasing the concentration of the heavy
metal, 10 pg/ml each time on the nutrient agar plate
until the strains failed to give colonies on the plate. The
starting concentration was 50 pg/ml. The culture
growing on the last concentration was transferred to the
plate containing a higher concentration of the heavy
metal by streaking on the plate. When the isolates
failed to grow on the plate, the MIC was assessed
according to the standard protocol of the European food
safety authority (Parma, Italy, 2012). (16).
2.5. Determination of Antibiotic Sensitivity and
Resistance Pattern

An antibiotic sensitivity test was performed by an
agar dilution method, and 0.1 ml of the mid-log phase
culture (0.D600 = 0.6) of the two Pseudomonas
isolates were spread on Brain Heart Infusion agar. The
plates were left at room temperature to allow the
absorption of excess moisture; then, antibiotic discs
were placed on the inoculated agar medium and
incubated at 37°C for 24 h. After the incubation,
organisms were classified as sensitive or resistant to an
antibiotic, based on the diameter of the inhibition zone
given in the standard antibiotic disc chart.

3. Results and Discussion

3.1. Isolation of Resistant
Pseudomonas Species

Sludge and sewage samples were collected from
different locations in Irag, which were contaminated by
heavy metals, to isolate heavy metal resistant
Pseudomonas spp. This study resulted in the isolation
and purification of 18 bacterial isolates originating
from 50-150 colonies found in collected samples. After
the characterization of these isolates, only two were
identified to belong to the Pseudomonas genius, which
were named Ps-1(M9) and Ps-2(M19). These two
isolates were identified according to the cultural,
morphological, and biochemical tests. It was found that
both Ps-1(M9) and Ps-2(M19) isolates could resist and
accumulate one or more toxic heavy metals [Cd (II),

Heavy Metal
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Hg (1), Ni (Il), and Cu (I1)]. This was in accordance
with a previous study by Clausen finding that
environmental samples containing elevated
concentrations of heavy metals were potential sources
for toxic metal tolerant bacteria. Such environments
might foster the adaptation and selection for heavy
metal resistance (17). Both Ps-1(M9) and Ps-2(M19)
isolates were highly fluorescent, which further confirms
that they belong to the Pseudomonas genus. This result
was compatible with the findings of Koedam, Wittouck
(18) revealing that Pseudomonas isolates were highly
fluorescent.
3.2. Identification of Bacterial Isolates

Colonies that were suspected to belong to the
Pseudomonas genus were grown on the nutrient agar
(Figure 1) and characterized by mucoidal properties.
Most of the isolates produced pyocyanin and had a
grapelike odor. The colonies showed a fried egg shape,
with smooth, flat edges, and an elevated center. The
isolates were whitish or creamy in color and had a
fruity odor. These results are in accordance with the
findings demonstrated by Gill, Arora (19). The
microscopic examination of the two isolates showed
that they were rod-shaped, non-spore-forming, and
Gram-negative. These findings were also compatible
with the microscopic findings of Holt, Kreig (20).These
two isolates were also subjected to some biochemical
tests, the results of which, as shown in table 1, indicate
that these isolates belong to Pseudomonas spp.,
according to the Bergey’s Manual of Systematic
Bacteriology (21).

B-Ps-2(M19) isolated from sludge ! A-Ps-1(M9) isolated from sewage

~

[ NN “‘:‘

Figure 1. Growth of Pseudomonas species on the nutrient
agar. A: Ps-1(M9) isolated from sewage, and B: Ps-2(M19)
isolated from sludge

Table 1. Morphological, Physiological, and Biochemical
characteristics of the isolated Pseudomonas species

Test Result
Colony color Green
Cell shape Rod
Gram stain Negative
Catalase production Positive
Growth on king A Positive
Growth on king B Positive

3.3. Heavy Metal Resistance

The two isolates [Ps-1(M9) and Ps-2(IM19)] were screened for
their metal resistance ability on the nutrient agar media
containing different metal concentrations of Ni, Cd, Cu, and Hg
(Figure 2). The MICs test results for each heavy metal are
presented in table 2. The Ps-1(M9) showed a different tolerance
ability with maximum resistance against Cu at a concentration
of 180 pg/ml. According to the MICs, the order of resistance in a
decreasing manner was Cu> Cd and Ni>Hg. The Ps-2 (M19)
showed a tolerance ability ranging from 120 to 140 pg/ml for
Hg, Cu, and Cd with maximum resistance against Ni at a
concentration of 160 pg/ml. The order of resistance for Ps-
2(M19) was Ni> Cd and Cu > Hg, in a descending order.

Ps-2(M19

Ps-1(M9)

Figure 2. Growth of Ps-1(M9) and Ps-2(M19) on the nutrient agar
media containing 50 pg/ml of cadmium, nickel, mercury, and copper

Table 2. Minimum Inhibitory Concentration of Ni, Cd, Cu,
and Hg for both Ps-1(M9) and Ps-2(M19) isolates

Bacteria Resistant to MIC
Ni 140 pg/ml
Ps-1(M9) cd 140 pg/ml
Cu 180 pg/ml
Hg 60 pg/ml
Ni 160 pg/ml
Ps-2(M19) Cd 140 pg/ml
Cu 140 pg/ml
Hg 120 pg/ml
Ni: Nickel Hg: Mercury
Cd: Cadmium MIC: Minimum Inhibitory Concentration

Cu: Copper
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3.4. Antibiotic Sensitivity of Heavy Metal
Resistant Isolates

The inhibition zone measurements shown in figure 3
were used to evaluate the antibiotic sensitivity of the
two isolates [Ps-1(M9) and Ps-2(M19)]. The results in
table 3 show that both bacterial isolates, Ps-1(M9) and
Ps-2(M19), were resistant to Ampicillin but sensitive to
Chloramphenicol and Erythromycin. In addition, Ps-
1(M9) showed resistance to Nalidixic acid, while Ps-
2(M19) was found to be sensitive to it. There is
evidence showing that metal tolerance and antibiotic
resistance are often found together in many clinical
isolates and that metal and antibiotic resistance are
closely associated. The wvery broad resistance of
Pseudomonas spp. against antibiotics may mean that it
is rich in plasmids that contain simultaneous antibiotic
and metal resistance genes (13).Microorganisms

resistant to antibiotics and tolerant toward metals
appear to be the result of exposure to a metal-
contaminated environment that causes coincidental
selection for resistance factors for heavy metals and
antibiotics. The ability of microbial strains to grow
in the presence of heavy metals would be helpful in
wastewater treatment where microorganisms are
directly involved in the decomposition of organic
matter in biological processes. The reason is that the
inhibitory effect of heavy metals is often a common
phenomenon that occurs in the biological treatment
of wastewater and sewage. Although the conditions
in which bacteria grow actually differ from
laboratory to natural environment, it can be
concluded from the present study that Pseudomonas
spp. could be used in the bioremediation of metal-
contaminated wastewater (13).

Ps-1(M9)

Ps-2(M19)

Figure 3. Antibiotic susceptibility of the two isolates Ps-1(M9) and Ps-2(M19) growing on the nutrient agar medium where
AM=Ampicillin, CLR= Chloramphenicol, E= Erythromycin, and NA=Nalidixic acid.

Table 3. Antimicrobial Susceptibility test profile for heavy metal resistant Ps-1(M9) and Ps-2(M19) isolates

Diameter of inhibition zone

Name Concentration Abbreviation Ps-1(M9) Ps-2(M19) Ps-1/Ps-2
Ampicillin 10 mcg AM R R e f--m---
Chloramphenicol 15 mcg CLR S S 14mm/24mm
Erythromycin 10 meg E S S 9mm/18mm
Nalidixic acid 30 mcg NA R s /19mm
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4, Conclusion

Iraq sewage and sludge can be used for the isolation
of heavy metal-resistant bacteria. The cultural,
morphological, and biochemical tests conducted in the
present study showed that the culture isolates belonged
to the Pseudomonas genus. The two isolates [Ps-1(M9)
and Ps-2(M19)] showed resistance against different
heavy metal concentrations, such as Cu, Ni, Hg, and
Cd. In addition, Ps-1(M9) and Ps-2(M19) isolates
showed multidrug resistance. In  conclusion,
Pseudomonas spp. could be usefully applied in the
bioremediation of metal-contaminated wastewater.
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