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ABSTRACT

Heavy metals are the most persistent pollutant in wastewater and cause several health and
environmental hazards, contaminate soil, and reduced plant growth and productivity. Novel
biotechnological approaches through inoculating bacterial strains might be adopted for the
remediation of wastewater containing heavy metals. The study was conducted to reduce the toxicity
of heavy metals in wastewater through inoculation of bacterial strains. The wastewater samples
were collected under aseptic conditions from wastewater canals in Lahore. Bacterial strains were
isolated by using nutrient agar media amended with 50 pug mL™* of heavy metals e.g. Zn, Cd, Co,
and Hg. The multiple heavy metal-resistant bacterial strains were screened for different biochemical
and morphological characteristics. Furthermore, selected multiple-heavy metals tolerant strains were
evaluated resistance for multiple antibiotics resistance under in vitro conditions. A total of eighty
multiple heavy tolerant bacterial strains were isolated from industrial effluents. The biomass of
these multiple heavy metals-resistant bacterial strains was recorded in terms of optical density (OD).
The strains with heavy maximum OD in 50 pug mL™ were selected for antibiotics resistance and
revealed five bacterial strains were most resistant against antibiotics. The best-performing strains
were identified as Klebsiella sp. strain BH49 and Salmonella sp. BH67 heaving accession nhumbers
of MT074326 and MTQ074327, respectively, through 16S rRNA partial gene sequencing. Those
identified strains might be used as a bioremediation agent for the efficient removal of heavy metals
in contaminated wastewater.

Keywords: Bioremediation, heavy metals, minimum inhibitory concentration, phylogenetic tree,
wastewater treatment
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1.0 Introduction

Water is crucial to supporting all forms of life on the earth's crust. It has a dipolar nature because it
can dissolve almost all solvents. It acts as a solvent to dissolve the solutes found in the bodies of
living organisms. It is helpful to carry out all the metabolic activities (Ishak et al., 2011). Water
constitutes found in the human body is 71 % and all the biochemical and biological processes are
carried out with the help of water. All living organisms need water to live, and it plays a key role in
maintaining the balance of the ecosystem (Sharpe, 2003).

Pakistan has the best canal irrigation system, but the demand for water for domestic use and
agriculture is greater than its availability. Pakistan has an intensive cropping system, and the
population is also increasing day by day, so domestic demand for agricultural produce is increasing
abruptly (Ghafoor, 1999). Arid and semiarid regions in Pakistan are more humid and rain-fed.
Annual rainfall is approximately 7-25 cm in Arid and semiarid areas, which is not enough to attain
maximum agriculture production efficiency. In the USA, the canal system provided one cusec of
water to irrigate 70 acres in 1995, while in Pakistan, this quantity of water is used to irrigate almost
350 acres (Ansari, 1995). The water shortage and its increasing demand are big problems in
Pakistan and Saudi Arabia. Farmers are using brackish water and wastewater to irrigate their lands.
This water contains heavy metal contamination and a heavy amount of dissolved salts(Al-Rashed
and Sherif, 2000)and the brackish water is being used at domestic levels and for agricultural
purposes to get maximum crop production. The wastewater contains heavy metals and carries a
huge amount of nutrients. Thus, it is good for crop production, but it also contaminates the soil and
plants with carcinogenic metals (Ertek et al., 2002).

Water quality at the domestic and agricultural levels is very important. Plants use contaminated
water and accumulate all the elements in their bodies, including heavy metals and salts, which in
one way or another affect human health. Production quality is greatly affected by the quality of the
water (Bauder et al., 2004). Some chemicals that contain heavy metals are highly carcinogenic and
are not good for animals or human health as well. Government bodies are working against the use of
such types of chemicals as Hg, Pb, and Cd, and public health authorities are worried about the
presence of these toxic chemicals in rivers and seafood (Khaniki et al., 2005).

When water is contaminated with a variety of contaminants, as in the case of sewage water or
wastewater, it may become the place for the growth of different types of microorganisms, which
may have the potential to spread a variety of diseases to animals and humans. Sewage water is
unprocessed water collected from different sources, such as domestic sources, hospitals, and
industries (Sharpe, 2003). Microorganisms are viewed as most valuable in the expulsion of
overwhelming metal particles from defilement zones. Remembering the significance of substantial
metal-safe microbes in bioremediation, the present examination was arranged with destinations of
segregation and distinguishing proof of substantial metal-resistant bacterial strains, assurance of
least inhibitory focus, and anti-infection affectability designs against various anti-toxins (Cismasiu,
2001). Organisms’ decomposers regularly convert dangerous substances into simple forms, which
they can use in their metabolic procedures for their development. Microorganisms and parasites act
as decomposers, which convert macromolecules into items that they can consolidate in their
digestion (Pattanapipitpaisal et al., 2002).

Some of the modern procedures result in the arrival of heavy metals into water bodies, which is
alarming about the impact of poisonous heavy metals as ecological toxins. This sort of pollution
introduces a test, as the presence of overwhelming metals in soils and fluid effluents prompts major
issues since they can't be biodegraded. In contrast to numerous poisons, overwhelming metals are
hard to expel from the earth (Ren et al., 2009). The nearness of high concentrations of lethal heavy
metals in wastewater straightforwardly prompts both tainting of accepting water bodies and
injurious effects on sea life(Moten et al., 1998). Some heavy metals are hazardous with no known
job; different metals are crucial for life at a low level and turn out to be poisonous at high levels (Shi
et al., 2002). These heavy metals include zinc (Zn), lead (Pb), chromium (Cr), cadmium (Cd), silver
(AQ), arsenic (As), iron (Fe), mercury (Hg), copper (Cu), and platinum (Pt). Soil and water pollution
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increase with high levels of these metals. The concentration of these metals increases when the
polluted material is dumped in the sea, lakes, and rivers without proper treatment (Gadd, 1992;
Badar et al., 2000; Franke et al., 2003).

Every element has a specific quality. Heavy metals are characterized by some qualities, like an
atomic weight from 63.5 to 2006.6 with a density greater than 5 g/cm3 (Fu and Wang, 2011). Some
heavy metals are very important even in very small amounts; most of them are very toxic to human
health at high concentrations (Adarsh et al., 2007). Heavy metals are naturally present in the
environment, and the main source of these metals is volcanic eruptions (MacKenzie and Canil,
2008) or other sources are pesticides, human activity, paints, batteries, dying colors for clothes,
different coal industries, and coal combustion (Wuana and Okieimen, 2011). Industrial waste
contains different types of toxic pollutant carbons and hydrocarbons (Diya’uddeen et al., 2011),
heavy metals, and toxic compounds such as CR, Cd, Ni, Pb, Cu, As, and Zn(Barakat, 2011).

The heavy metal contents can be diminished by the industries up to an acceptable level in the
sewage water (Dabrowski, 2004). Various methods are being used to remove heavy metals from the
waste of industries, such as adsorption (Mohan and Pittman, 2007; Ngah and Hanafiah, 2008),
precipitation,ion exchange,electrodialysis, and membrane filtration (Fu and Wang, 2011). Plant and
microbial biomass, along with substantial metal particles, could be an economical and eco-
accommodating choice for heavy metal remediation (Ahluwalia and Goyal, 2007). A few microbes
can proficiently lessen heavy metal defilement from wastewater by creating extracellular
polysaccharide containers in which metal particles are chelated (Nies, 1999).

Natural procedures are considered financially and ecologically benevolent strategies for the
remediation of overwhelming metal-tainted soils (Congeevaram et al., 2007). Microbes that can
make substantial metals can be utilized as operators of bioremediation, through which
immobilization and distinctive change procedures can be performed. The procedure of
bioaccumulation is effectively performed, which depends on the fuse of metals inside the biomass
that ingests the metal particles at the cell surface through different instruments (Raghavan and Sang,
2008). Microscopic organisms, viz. Bacillus sp., Pseudomonas sp., and Klebsiella species can be
detached through the use of substantial metals, and metals fluctuate. Microbes that develop on
metals play a significant role in the biogeochemical cycling of metal particles (Haferburg and
Kothe, 2010). It was studied that there is a connection between anti-toxin opposition in microbes
and metal resilience as two opposing qualities that are firmly related to the plasmid of the microbes
or on the DNA chromosome of microscopic organisms (Piddock, 2006). Numerous researchers
separated and identified various types of metal-safe microbes from different water sources and soil,
and these accounted for heavy metal absorption (Abo-Amer et al., 2014).

Some steps were taken towards expelling metal particles from the fluid arrangement by utilizing
innovative approaches that comprise physical, synthetic, and natural advances. Regular techniques
like concoction precipitation, flocculation, layer filtration, particle trade, and electrodialysis are
expensive or ineffective for evacuating or lessening toxic fixation (Wang and Chen, 2009).
Bioremediation of substantial metals by using microorganisms has gained extraordinary
consideration, particularly for its potential industrial application. This is a result of their non-
destructive characteristics, shoddy utilization, and prudent utilization (Rehman et al., 2012).
Substantial metal-tolerant microbes may have a critical job in the dirt treatment of metal poison. The
potential of these microbes to detoxify the metal poison can be controlled for bioremediation
purposes, particularly for evacuating the overwhelming metal sulfide in both wastewater and soil.
Effluents containing heavy metals can be treated with these microbes by adopting a few procedures,
including biosorption, bioaccumulation, and bio-precipitation.(Rajbanshi, 2008). Biosorption
utilizing microbes had been concentrated to sequester metal particles from the watery arrangement,
which was known as the shabby elective technique compared with traditional procedures. This was
because of the utilization of easy sorbent material in the biosorption process(Nameni et al., 2008).
Microscopic organisms having the potential to collect metal can be utilized in metal remediation by
evacuating, thinking about, and recuperating metals from mechanical effluents (Chowdhury et al.,
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2008). A few reports have appeared on indigenous microbes that could endure overwhelming metal
fixations in various ways and may assume a huge job in the rebuilding of a polluted site (Ge et al.,
2009). Disengagement of microbes from metal-contaminated conditions ought to be done to locate
the metal-safe strain applicants that could be utilized for overwhelming metal evacuation and
bioremediation purposes (Malik, 2004).

Mining activities have been identified as a major contributor to soil sulfation with substantial
metals. Mining tasks regularly create vast amounts of waste materials, which contain high
concentrations of overwhelming metals, viz., Cu, Zn, Fe, Mn, Ni, Pb, and Cd (Monica et al., 2008)
and can result in far-reaching pollution of soils and water bodies. Today, soil pollution,
groundwater, silt, surface water, and air with substantial metals speak to a genuine risk to the earth
and the soundness of every single living life form since most metals are profoundly dangerous and
can't be debased like carbon-based atoms and accordingly persevere in the earth indefinitely
(Navarro et al., 2008). Consequently, the cleanup of metal-polluted materials is important for
natural and human well-being and safeguarding. In such a way, a few physiochemical techniques,
for example, precipitation, particle trade, switch assimilation, electrodialysis, and ultrafiltration, are
usually used to expel metal particles from fluid media (Hashim et al., 2011).

Bacterial biomasses can be utilized in situ, are more efficient, don't produce synthetic compounds or
organic slop, offer the possibility of metal recuperation, are cost-effective and can be effectively
incorporated with various other remediation advancements (Malik, 2004). It has been discovered
that metal-tainted situations more often contain microbes that display a cluster of biochemical and
hereditarily encoded systems to defeat the dangerous impacts of overwhelming metals in their
environment (Lee et al., 2006). These may incorporate efflux frameworks that expel metal particles
from the cell by methods for transport frameworks, intracellular sequestration of the metal by
specific metal ion restricting proteins, extracellular precipitation into complex mixes, and enzymatic
change of metal particles to less-lethal animal categories (YYan and Virarghavan, 2000).The present
study was designed to isolate, identify, and characterize the heavy metals in brackish water. To
identify the antibiotic-resistant bacteria, present in brackish water and also check the role of bacteria
in reclaiming or poisoning the water.

3.0 Materials and Methods

3.1 Study Area and samples collection

The water samples were collected aseptically from sewage water from different waste canals. Water
samples were collected in a sterile bottle and brought to the laboratory at a temperature of 4 °C.
These water samples were stored in the Laboratory at the recommended temperature (2-6 °C). The
100 mL of water samples were used for isolating the bacteria through serial dilution and agar plate
culture techniques.

3.2 Isolation of bacteria

The heavy metal-tolerant bacterial isolates were isolated based on the principle that reduced
bacterial colony numbers could be obtained by taking a water sample containing a microbial
population. The wastewater samples were diluted through the serial dilution method up to 107
(Rajbanshi, 2008). The 100 pL of wastewater samples from each of the dilutions were poured on
nutrient agar plates and incubated at 37 °C for 24 h. Bacterial colonies with variable morphology
were selected for purification (Collins et al.,1989). The resulting bacterial colonies were purified
through the strike plate method and preserved in 40% glycerol stock at -20 °C.

3.3 Screening of heavy metal resistance

The isolated bacterial strains, including Zn, Cd, Co, and Hg, were screened for heavy metal
resistance. The Luria Bertani (LB) agar medium amended with 300 pug mL™*, Zn was prepared,
autoclaved, and inoculated through the strike plate method. The plates were incubated at 3°C for 48
h, and results were recorded in terms of resistance to Zn toxicity after observing growth in culture
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plates. The Zn-resistant isolates were screened for Cd resistance. The LB agar medium amended
with 300 pg mL™* Cd was prepared, autoclaved, and isolates were inoculated. The plates were
incubated at 37 °C for 48 h. The appearance of bacterial growth on Cd-amended agar media was
considered as Cd-resistant isolates. Furthermore, such isolates were inoculated on Co amended LB
media, and after incubation, bacterial growth was considered Co resistant. The Zn, Cd, and Co-
resistant bacterial strains were screened for Hg tolerance. The 300 pg mL™ amended LB agar plates
were autoclaved and inoculated with Zn, Cd, and Co-resistant isolates. After 48 h of incubation, the
bacterial growth on Hg-amended LB media was considered Hg-resistant isolates. The control plates
each for Zn, Cd, and Co amended LB media were also run simultaneously without inoculating
bacterial isolates to check the microbial contamination (Hag and Shakoori, 1998). The Zn, Cd, Co,
and Hg resistant bacterial isolates were termed as multiple heavy metal resistance and were purified
and preserved at -20 °C until further experiments.

3.4 Minimum inhibitory concentration

The minimum inhibitory concentration (MIC) of heavy metals including Zn, Cd, Co, and Hg at
various concentrations starting from 300 pg mL™ up to 1000 ug mL™ The LB agar media amended
separately with Zn, Cd, Co, and Hg were prepared to have respective heavy metal concentrations
and screened for a minimum inhibitory concentration of these selected heavy metals. The bacterial
strains were streaked on respective heavy metal-amended media and incubated for 48 h at 37 °C.
The MIC concentration was identified by identifying the gentle incline in the growth of bacterial
strains.

3.5 Characterization of bacterial strains

To differentiate the bacteria and determine whether they belong to gram-positive or gram-negative
groups, gram staining was performed. A thin smear of culture was made on glass slides, the smear
was dried and heat fixed, and covered one by one with crystal violet (60 seconds), gram’s iodine (60
seconds), 95% C>HsOH (20 seconds), and safranin (40 seconds). Air-dried the slides after washing
them with distilled water and observed them under a microscope. Morphological characteristics
such as shape, size, and color were studied by microscopic observation. The shape of the colony can
be studied by observing its margin and elevation, and the colonies may fall into either a round, rod,
or coccid shape. The size of the bacteria was investigated by microscopic observation, and it can be
calculated in millimicrons. The size of the colony was measured by the scale. The color of the
bacteria was identified by observing the colony under a microscope. The unknown cultures were
performed more to clarify the organism by Biochemical tests, which include an amylase test,
catalase test, citrate test, indole test, methyl red test, urease test, and VVoges-Proskauer test. These
tests were performed according to standard methods (Collins et al.,1989).

3.7 Antibiotic resistance assay

Antimicrobial Sensitivity testing was performed on Mueller-Hinton agar. It was first evenly
implanted throughout the plate with the desired isolate that was diluted at a standard concentration
(approximately 1 to 2 x 108 colony-forming units per ml). Commercially prepared discs, each of
which is pre-seeded with a standard concentration of a required antibiotic (ampicillin, azithromycin,
doxycycline, cefuroxime, cefixime, ceftriaxone, ceftazidime, ciprofloxacin, erythromycin,
gentamycin, tetracycline, imipenem, and meropenem), were dispensed and impregnated on the agar
surface. The test antibiotic immediately begins to diffuse outward from the disc, creating a gradient
of antibiotic concentration in the agar such that the highest concentration was found close to the disc
with decreasing concentrations further away from the disc. Growth around each disc was examined
after overnight incubation at 37 °C.Tested isolates were susceptible to a particular antibiotic, and a
clear area of "no growth"was observed aroundthatparticulardisc. The zone around an antibiotic disc
that has no growth was referred to as the zone of inhibition since this approximates the minimum
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antibiotic concentration sufficient to prevent the growth of the test isolate. Plates without antibiotics
were also used as controls(Cooper, 1995).

3.8 Identification through 16S rRNA sequencing

Sequence analysis of the 16S rRNA gene is used as a powerful mechanism for identifying new
pathogens for routine identification of bacterial isolates (Patel, 2001). Sequence identification was
useful for slow-growing, unusual, and fastidious bacteria as well as for bacteria that are poorly
differentiated by conventional methods. The strains were identified by using a partial sequence of
the 16S rRNA gene on MEGA 7.0.14 software and BLASTn searches on NCBI servers. Sequences
of closely related, validly published type strains (n = 15) were used for constructing the
phylogenetic tree and retrieved from the MEGA database. The phylogenetic and molecular analyses
were performed with selected closely related taxa according to the procedure described previously
(Roohi et al., 2012) using MEGA version 7.0.14 (Kumar et al., 2016). The evolutionary history was
inferred using the Neighbor-Joining method (Saitou and Nei, 1987). The evolutionary distances
were computed using the Maximum Composite Likelihood method (Tamura et al., 2004) and
presented in the units of the number of base substitutions per site (Mumtaz et al., 2017).

4.0 Results

4.1 Isolation of bacteria strains

A total of eighty bacterial strains were isolated on nutrient agar (NA) medium by serially diluting
the water samples. Bacterial cultures from the mixed cultures were purified using the single colony
method. Bacterial strains were purified by picking up discrete bacterial colonies aseptically and
inoculating them on the NA-containing Petri plates. All the bacterial strains inoculated on plates
were incubated at 26 + 2 °C for 48 hours. Pure bacterial colonies were preserved in 20% glycerol-
containing sterilized vials and stored at -80 °C until further use in the experiments. A total of 80
bacterial isolates were recovered from the samples and preserved at -80 °C.

4.2 Screening of bacteria strains for multiple heavy metal tolerance

A total of 80 bacterial strains coded BH1, BH2, BH3, . . . BH80 were subjected to multiple heavy
metal tolerance tests, and results are presented in Table 4.1. Pure bacterial strains were inoculated
on Zn-amended LB agar medium, and out of 80 tested bacterial strains, 71 strains were found to be
resistant to Zn metal, while nine isolated bacteria were susceptible to Zn metal. In the Cd-amended
medium, out of 71 tested bacterial isolates, 56 strains displayed a resistance response against the Cd
metal, while 15 bacterial isolates were found sensitive. Out of 56 bacterial isolates tested in a Co-
amended growth medium, 39 showed resistance responses against Co metal. A total of 39 bacterial
isolates displaying resistance responses against Zn, Cd, and Co metals were further screened against
Hg metal. Out of all the tested bacterial strains, five bacterial strains, including BH 1, BH18, BH27,
BH49, and BH67, showed resistance responses against Hg heavy metal, and these five bacterial
isolates were declared multiple heavy metal strains. These resistant bacterial strains were further
subjected to morphological studies, MIC detection, and antimicrobial resistance studies.

Table 4.1: Screening of bacterial isolates for Resistant and Sensitive response against heavy metals.

Bacterial Isolates Zn Cd Co Hg
BH1 R R R R*
BH2 R R R S
BH3 S NT NT NT
BH4 S NT NT NT
BH5 R R R S
BH6 R R R S
BH7 R S NT NT
BHS8 R R S NT
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BH9 R R S NT
BH10 R R R S
BH11 R R R S
BH12 R R R S
BH13 R S NT NT
BH14 R R R S
BH15 R R S NT
BH16 R S NT NT
BH17 R R R S
BH18 R R R R*
BH19 R R R S
BH20 R R S NT
BH21 R S NT NT
BH22 R S NT NT
BH23 R R S NT
BH24 R R S NT
BH25 R R R NT
BH26 R S NT NT
BH27 R R R R*
BH28 R S NT NT
BH29 R S NT NT
BH30 R R R S
BH31 R R R S
BH32 S NT NT NT
BH33 R R S NT
BH34 S NT NT NT
BH35 R R R S
BH36 R R R S
BH37 S NT NT NT
BH38 R R R S
BH39 R R R S
BH40 R R S NT
BH41 R S NT NT
BH42 R R S NT
BH43 R R R S
BH44 R R R S
BH45 S NT NT NT
BH46 R R R S
BH47 R R R S
BH48 R R R S
BH49 R R R R*
BH50 R R R S
BH51 R R S NT
BH52 R S NT NT
BH53 R R S NT
BH54 R R S NT
BH55 R R R NT
BH56 R R R S
BH57 R R R S
BH58 S NT NT NT
BH59 R R S NT
BH60 R R R S
BH61 R R R S
BH62 R R S NT

Vol. 30 No. 18 (2023): JPTCP (879-897) Page | 885


https://jptcp.com/index.php/jptcp/issue/view/79

Isolation, Characterization, And Identification Of Multiple Heavy Metal And Antibiotic-Resistant Bacteria From

Wastewater
BH63 S NT NT NT
BH64 R S NT NT
BH65 R R R S
BH66 R R R S
BH67 R R R R*
BH68 R R R S
BH69 R R S NT
BH70 R S NT NT
BH71 R R R S
BH72 S NT NT NT
BH73 R R R S
BH74 R R S NT
BH75 R S NT NT
BH76 R R R S
BH77 R R S NT
BH78 R R R S
BH79 R R R S
BH80 R S NT NT

R = resistant, S = sensitive, and NT = not tested

4.3Determination of Minimum Inhibitory Concentration (MIC) of heavy metals against
bacterial strains.

The results of bacterial strains on minimum inhibitory concentration (MIC) against heavy metals are
shown in Table 4.2. Data showed that in the case of the Zn-amended medium, the MIC value ranged
between 2 and 6 pg/ml against all the tested bacterial isolates. In the case of Cd treatments, MIC
values ranged from 0.8 to 2 pug/ml against all the tested bacterial strains. The maximum MIC value
was recorded at 2 pg/ml against BH 27, while the lowest was observed at 0.8 pg/ml against BH 67.
The MIC in the case of Co metal varied from 1 to 4 pg/ml for all the bacterial strains. In the
treatments of Hg heavy metal amended medium, MIC varied between 0.7 and 1.4 pg/ml against all
the bacterial strains.

Table 4.2. Minimum Inhibitory Concentration (MIC) of heavy metals against bacterial strains.

Heavy Metal BH1 BH18 BH27 BH49 BH67

Zn 33 mM 66 mM 22 mM 99 mM 99 mM
Cd 33 mM 22 mM 11 mM 66 mM 66 mM
Co 22 mM 22 mM 22 mM 66 mM 66 mM
Hg 33 mM 22 mM 11 mM 33 mM 33 mM

4.4 Bacterial Strains and morphological characteristics

Five bacterial isolates, viz., BH1, BH18, BH27, BH49, and BH67, were subjected to morphological
and biochemical studies, and results are given in Table 4.3. In the case of the Gram reaction, out of
five tested bacterial strains, BH18 showed a positive reaction towards the Gram staining reaction,
while the rest of the bacterial isolates were Gram Negative. Morphological studies under a
microscope have confirmed that all the bacterial strains were rod-shaped, and except for BH49, all
the bacterial strains were motile, while BH49 was a non-motile bacterium. The colony color of BH1
was pink or red, while BH18 was creamy in appearance. BH 27 was green to brown in colony color,
and BH 49 was pinkish in appearance. BH 67 was opaque or yellow in colony color. When cultured
on MacConkey agar media, all the bacterial isolates showed positive test results. Maximum colony
growth in BH 1 was observed at a pH range of 5.7-8.0, while BH 18 displayed maximum colony
growth at a pH range of 4.5-8.5. In the case of BH 27, the pH range was observed at 4.0-8.0, while
for BH 49, the pH ranged from 7.0-7.2, and for BH 67, the pH range was recorded at 6.5-7.5.

All the bacterial strains showed variations at different temperatures. BH 1 strain showed maximum
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growth at 37 °C, followed by BH 18 at 35 °C and BH 27 at 32 °C, while BH 49 and BH 67 showed
maximum growth at 35-37°C. In the Indole test, BH 1 showed positive test results, while all other
bacterial agents showed negative test results. In the methyl red test, out of 5, two bacterial isolates,
BH 1 and BH 67, showed positive test results. When cultured on Voges-Proskauer medium, only
one bacterial strain, BH 49, showed positive test results. Two bacterial strains, BH 1 and BH 49,
displayed positive test results, while in the case of the Citrate test, all the bacterial strains except BH
67 showed positive responses.

Of the five bacterial strains, three, BH 18, BH 27, and BH 49 showed positive test results for the
urine test. All the tested bacterial strains except BH 69 showed positive responses for the Catalase
test, while BH 18 and BH 27 were positive for the oxidase test. In the ONPG test, one bacterial
strain, BH 49, showed a positive test result, while BH 27 and BH 67 were positive for H,S
production. Based on morphological and biochemical features, BH 1 was identified as E. coli, while
BH 18 belonged to Bacillus. BH 27 was identified as Pseudomonas, BH 49 as Klebsiella, and BH
67 as Salmonella.

Table 4.3. Morphological and Biochemical characteristics of Metal Resistance Bacterial

strains.
Characteristics BH1 BH 18 BH 27 BH 49 BH 67
Gram Reaction - + - - -
Cell Type Rod Rod Bacilli Rod Bacilli
Motility + + + - +
Colony Color Pink/Red  Creamy Green, Lt Brown  Pinkish Pale
On MacConkey Agar + + + + +
Growth at PH 57-8.0 45-85 40-8.0 70-72 6.5-75
Temperature 37°C 35°C 32°C 35-37°C 35-37°C
Indole Test + - - -
Methyl Red Test + - - +
Voges-Proskauer - - - + -
Lactose + - - + -
Citrate + + + + -
Urease - + + + -
Catalase + + + + -
Oxidase - + + - -
ONPG - - - + -
H2S Production - - + - +
Strain Type E. coli Bacillus Pseudomonas Klebsiella ~ Salmonella

4.5 Sensitivity and Resistance Response of Bacterial Strains against Antibiotics

In vitro sensitivity and resistance responses of bacterial strains against antibiotics such as ampicillin,
azithromycin, doxycycline, cefuroxime, cefixime, ceftriaxone, ceftazidime, ciprofloxacin,
erythromycin, gentamycin, tetracycline, imipenem, and meropenem were tested, and results are
given in Table 4.4. Results showed that BH 1 was sensitive to cefixime, ampicillin, amikacin,
trimethoprim + sulfamethoxazole, chloramphenicol, ceftriaxone, cefuroxime, and ceftriaxone while
showing resistance against ciprofloxacin, amoxicillin, and clavulanic acid, as displayed in Figure
4.1. BH 27 showed sensitivity against tazobactam/piperacillin, imipenem, meropenem, levofloxacin,
polymyxin B, cotrimoxazole, aztreonam, tobramycin, cefepime, cefdinir while showing resistance
against trimethoprim-sulfamethoxazole and ceftazidime. Bacterial strain BH 49 displayed sensitivity
against Imipenem, Meropenem, Ertapenem, Azithromycin, and Tazobactam/Piperacillin and a
resistance response against Trimethoprim-sulfamethoxazole and cefalexin. BH 67 was found
sensitive towards amikacin, ampicillin, cefuroxime, cefixime, ceftriaxone, tobramycin, and
chloramphenicol while exhibiting resistance responses towards ciprofloxacin, amoxicillin +
clavulanic Acid, Azithromycin, and Tetracycline.
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Figure 4.1. Sensitivity and Resistance Response of Bacterial Strains against Antibiotics.

Table 4.4. Sensitivity and Resistance Response of Bacterial strains against antibiotics.

S. No. | Bacterial strain Sensitive Resistant
Cefixime, Ampicillin,  Amikacin

1 BH 1 Trimethoprim + Sulfamethoxazole, | Ciprofloxacin, Amoxicillin
Chloramphenicol, Ceftriaxone, | + Clavulanic Acid
Cefuroxime, Ceftriaxone,

2 BH 18 NA NA
Tazobactam/Piperacillin,
Imipenem, Meropenem Trimethoprim-

3 BH 27 Levofloxacin, Polymyxin B sulphamethoxazole,
Cotrimoxazole, Aztreonam ceftazidime
Tobramycin, Cefepime, Cefdinir
Imipenem, Meropenem Trimethoprim-

4 BH 49 Ertapenem, Azithromycin, | sulphamethoxazole,
Tazobactam/Piperacillin Cefalexin
Amikacin, Ampicillin, Cefuroxime, ilprof'lo?I(Ia}cm, Clavulani

5 BH 67 Cefixime, Ceftriaxone, Tobramycin, ”.]OX'C' in+ . avu amc
Chloramphenicol Acid, _ Azithromycin,

Tetracycline

4.6 Multiple Sequence alignment of Bacterial strains

Many commercial packages, e.g., the GCG package (Wisconsin Package, Genetics Computer
Group, Madison, WI) and its X Window graphical user interface, SeqlLab, were used to study
genomic sequence alignments. The sequence analysis was performed using Clustal X software. Four
genomic sequences of four bacterial strains (BH-49, BH-67, BH-27, and BH-18) were aligned, and
the results are presented in Figure 4.2. The results demonstrate that there are five colors in the
sequence blast, and highly identical residues were recorded among all sequences, which are denoted
by the * sign. Furthermore, the sequences showed a highly conserved column among the species
(denoted by --), and in a few places, the test sequences showed a weakly conserved column (denoted

by -).

4.7 Phylogenetic analysis of Bacterial strains
The phylogenetic analysis of 16S rRNA was performed by using Parsimony (PAUP; Swofford,
2002) and Molecular Evolutionary Genetics analysis (MEGA) version 7 (Kumar et al., 2016). The
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software PAUP has not been updated for many years and does not have the accompanying graphic
documents. Furthermore, PAUP requires more time (in hours or even many days) for computing to
run a maximum likelihood analysis. So, the phylogenetic analysis was done using the software
MEGAY7. The Phylogenetic analysis is presented in Figure 4.3, and it shows the ancestral
relationship among the bacterial isolates based on the maximum likelihood method. The tree
showed the most similarity among the BH-49 and BH-67, displaying an evolutionary distance of
0.12, while the BH-18 and BH-27 are not linked with this and do not share the maximum similarity
with the other tested sequences.

kkk kkkbkk 3 dhdk * 3 dk kk kkk bk kkk kk khbkh

-

kok kkE & dkEE K bk kk kkk kR RRER REREERE  RRERE Kbkk
BE-4%
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h
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Figure 4.2. Multiple alignments of four BH binding domain protein sequences. Residues are
colored according to the following criteria: AVFPMILW are shown in red, DE is blue, RHK is
magenta, STYHCNGQ is green and all other residues are grey. The residue range for each sequence

is shown after the sequence name.

-

BH-67 BH-27

Figure 4.3. Phylogram for “BH COATING” showing distances and the placement of LD2 in the
order. The evolutionary history was inferred by using the Maximum Likelihood method based on
the Hasegawa-Kishino-Yano model.

5.0 Discussion

Based on the obtained results, five bacterial strains were screened for further studies on the basic
degree of heavy metals and antibiotic resistance. Previously, various studies have been conducted
highlighting the valuable properties of bacterial strains and how these properties could be improved
through cutting-edge hereditary design. In various cases, information on metal-related responses
catalyzed by different microbial agents permits the improvement of the ideal procedure by
modifying the physicochemical states of the contaminated areas. The mix of genetic improvement
of the bacterial isolates impelled sensible eco-building of the polluted areas, which should be used
in future bioremediation methodologies based on resistance patterns, and these bacterial strains were
identified as belonging to Enterobacter sp. (Cul), Enterobacter sp. (Cu2), Stenotrophomonas sp.
(Cd1), Providencia sp. (Cd2), Corynebacterium sp. (Col), Comamonas sp. (Co2), Ochrobactrum
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sp. (Cr), and Delphia sp. (M1). The four heavy metal-resistant bacterial strains were tested in
mixture forms to remove high concentrations of heavy metals and reduce the organic load of
wastewater effluent. Obtained results showed that the utilization of activated sludge along with
resistant bacteria helps remove the heavy metal as compared to activated sludge alone. It was
concluded that the utilization of activated sludge and a resistant bacteria mixture could be very
effective in removing heavy metal contamination from industrial effluents (Bestawy et al., 2013).
Zouboulis et al., (2004) investigated the removal of heavy metals from contaminated wastewater
by using biological agents, which include Bacillus laterosporus and B. licheniformis under
laboratory conditions.

Bacterial strains were isolated from polluted (metal-laden) soil. The bacterial strains showed
tolerance against heavy metals and showed the best survival percentage even at high doses of
metals. The bacterial strains BH1, BH18, BH27, BH49, and BH67 were resistant to Zn, Cd, Co, and
Hg metals. Gikas (2008) reported that Ni and Co at high frictions act as microbial growth inhibitors.
Aka and Babalola (2017) isolated eleven bacterial strains from soil samples and tested them for
heavy metal tolerance against Cr, Cd, and Ni in vitro. All the bacterial strains showed varying levels
of tolerance, while BCr3, BCd33, and BNill showed the highest tolerance against heavy metals.
BH 18 was Gram-positive, while BH 1, BH 27, BH 49, and BH 67 were found Gram-negative in
biochemical reactions.

Bacterial strains were isolated on heavy metal-incorporated LB agar medium. The bacterial strains
were individually inoculated on MacConkey agar medium. On MacConkey agar, two types of
growth patterns were observed in which lactose-fermented and non-lactose-fermented bacterial
strains were separately isolated. Fulthorpe et al. (1993) screened bacterial isolates for substrate
utilization patterns, taxonomic characters, plasmid content, and resistance to antibiotics like
ampicillin, streptomycin, kanamycin, tetracycline, nalidixic acid, Hg, Ni, Cu, Co, Cd, and Zn. The
16S rRNA gene sequence analysis proved that bacterial strains with the highest As resistance
belonged to the genera Enterobacter asburiae and E. cloacae. It was found in a research study that
both the bacterial strains encode for the arsenite oxidising gene aoxA and the arsenate reducing
gene, and this gene characterization helped develop efficient bioremediation strategies (Slevi et al.,
2014). Aka and Babalola, (2017) isolated eleven bacterial strains from the soil samples and tested
for heavy metal tolerance against Cr, Cd, and Ni in vitro. All the bacterial strains showed varying
levels of metal tolerance, while BCr3, BCd33, and BNill showed the highest tolerance against all
the tested heavy metals. Belimov et al. (2005) isolated Cd-tolerant bacterial strains from the
rhizosphere of Indian mustard (Brassica juncea L. Czern.) cultivated in soil supplied with Cd and
Cd-contaminated sewage sludge and mining waste. Bacterial strains belonging to Variovorax
paradoxus, Rhodococcus sp., and Flavobacterium sp. showed tolerance to Cd and additionally
showed tolerance to Zn, Cu, Ni, and Co and promoted root elongation of B. juncea seedlings.

The multisequence alignment results demonstrated that there are five colors in the sequence blast
analysis, and high levels of identical residues were recorded among all bacterial genetic sequences.
Furthermore, the sequences showed a highly conserved column among the species (denoted by --)
and a few showed a weakly conserved column (denoted by -). He, et al., (2009) isolated a bacterial
strain CSCr-3 with high Cr (VI)-reducing ability under alkaline conditions and identified it as
Ochrobactrum sp. based on 16S rRNA gene sequence analysis. Phylogenetic analysis showed the
ancestral relationship of the bacterial strains present in the phylogenetic tree made using the
maximum similarity method. The tree showed sequence homology among the BH-49 and BH-67,
having a distance of 0.12, while the BH-18 and BH-27 are not linked with this and do not share the
common bacterial family. The bioballs used in the bioreactor were proven to be efficient attachment
surfaces for biofilm development and metal accumulation. In a previous research study, microbes,
which include Pseudomonas sp., Sphingomonas sp., and Bacillus sp., with potential metal-tolerant
ability were also identified based on phylogenetic analysis as presented byJackson et al., (2009).
Based on heavy metal and antibiotic resistances, four bacterial isolates were selected and subjected
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to morphological, biochemical, 16S rDNA gene sequencing, and phylogenetic analysis (Marzan et
al., 2017).

The results demonstrated a significant amount of variability in the tested bacterial strains. The
bacterial strains differ in genomic and phylogenetic analysis. The sequence analysis showed that the
bacterial strains have more differences at many loci. The heavy metal-tolerant strains showed the
most variability as compared to the heavy metal-sensitive strains.

6.0 Summary

Water is crucial to supporting all forms of life on the earth's crust. It has a dipolar nature because it
can dissolve almost all solvents. It acts as a solvent to dissolve the solutes in living organisms and is
also helpful to carry out all metabolic activities. The water shortage and its increasing demand are
big problems in Pakistan, like in many other countries around the world. Farmers are using brackish
water and wastewater to irrigate their agricultural lands. This water contains heavy metal
contamination and a heavy amount of dissolved salts. Keeping this in mind, the present study was
designed to isolate and screen the bacterial strain for heavy metal tolerance. Two hundred colonies
were screened on heavy metal-supplemented LB agar medium. From the obtained results, twenty
bacterial isolates were selected for further screening. Finally, five bacterial strains were selected
based on their high levels of heavy metals and antibiotic resistance. The bacterial strains BH1, BH
49, and BH 49 were Gram-negative, rod-shaped bacteria, and BH 27 and BH 67 were Gram-
negative, bacilli-shaped, motile bacteria. On the other hand, BH 18 was found Gram-positive and
motile. The bacterial strains isolated from sewage water showed optimum growth at 30 °C and pH
7.0. In heavy metal tolerance testing, bacterial strains BH1, BH18, BH27, BH49, and BH67 were
resistant to Zn, Cd, Co, and Hg metals. The isolated bacterial strains were individually inoculated on
a MacConkey agar medium. Zn and Co were observed to be less toxic at MIC heavy metal
resistance than Hg and Cd. All the bacterial strains showed varied levels of sensitivity against
Imipenem, meropenem, azithromycin, and levofloxacin while showing resistance responses against
Doxycycline and ceftriaxone.

In the sequence blast analysis, highly identical residues were recorded among all the bacterial
genomic sequences (denoted by *). Furthermore, the sequences showed highly conserved columns
among the species (denoted by --) and a few showed weakly conserved columns (denoted by -). The
phylogenetic tree showed a close association among the BH-49 and BH-67 having a distance of
0.12, while the BH-18 and BH-27 did not share common ancestors and belonged to different
bacterial species.

7.0 Conclusion

The results demonstrated a significant amount of variability among all the tested bacterial strains.
The strains showed variations in their genetic makeup in phylogenetic analysis. The sequence
analysis showed that the bacterial strains displayed more differences at many loci. The heavy metal-
tolerant strains showed high variability among all the tested bacterial strains as compared to the
heavy metal-sensitive strains. These bacterial strains may be used in fields with high heavy metal
toxicity to enhance the productivity of these contaminated soils. These heavy metals that tolerated
bacterial strains also showed resistance to many tested antibiotics.

Ethics approval and consent to participate
Ethics approval
Not applicable.
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