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ABSTRACT

Lead (Pb) is a non-essential heavy metal that has a greater level of toxicity. Due to its pervasive, non-biodegradable, 
and persistent nature, it causes serious health and environmental problems that require adequate remediation 
procedures. This study aimed to identify lead-resistant bacterial strains from the water of Gomati River flows through 
Lucknow, India. A  total of five water samples were collected from different locations of the Gomati River. The 
collected samples underwent physiochemical analysis for biochemical oxygen demand, chemical oxygen demand, 
total dissolved solids, pH, and hardness. The water samples were further screened for the isolation of lead-resistant 
bacteria. The study identified 20 isolates that were tolerant to high levels of lead toxicity, out of which two highly 
resistant strains, S1C3 and S4C7, were selected for further characterization using morphological, biochemical, 
and molecular techniques, including 16S rRNA sequencing. The two strains were identified as Stenotrophomonas 
maltophilia and Paenibacillus dendritiformis. P. dendritiformis showed greater tolerance to lead and copper, while 
S. maltophilia exhibited superior biodegradation potential. The study findings indicate that these bacterial strains 
have the potential to be used for bioremediation of contaminated sites with heavy metals. This research article 
contributes to the understanding of microbial diversity and the potential of bacteria in the bioremediation of heavy 
metal pollution.

ARTICLE HIGHLIGHTS

•	 Isolation and characterization of Pb resistant bacteria from 
Gomati River, Lucknow 

•	 Analysis of physico-chemical parameters of samples to check the 
water quality 

•	 Assessment of Pb degradation capacity of selected isolates and its 
plasmid profiling

•	 Comparative analysis of bacterial isolates with other heavy 
metals and determination of MIC values

1. INTRODUCTION

Water contamination is a growing environmental concern caused by 
human activities such as the release of untreated sewage and industrial 
and household waste directly into water bodies, particularly rivers 
in India [1]. This contamination leads to uneven levels of suspended 
solids, altered biochemical  oxygen demand (BOD), and chemical 
oxygen demand (COD), as well as increased accumulation of harmful 
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pollutants such as sulphate, lead, chromium, copper, cadmium, and 
manganese, above permissible limits [2]. Among these, lead (Pb) is 
of particular concern due to its pervasive and dangerous nature, as 
it can cause serious health issues and environmental problems [3]. 
Lead toxicity affects the nervous system and can cause cardiovascular 
disease, renal failure, and other health problems [4]. The severity of 
lead toxicity is determined by the duration and intensity of exposure, 
as well as the mode of consumption, which can include drinking lead-
contaminated water, eating lead-contaminated food, or inhaling it 
directly from the environment [5].

Various physical and chemical remediation techniques, including 
adsorption, coagulation-flocculation, membrane filtration, 
electrocoagulation, and photocatalysis, have been employed 
to minimize and reduce water pollutants [6,7]. However, these 
physiochemical technologies have the drawback of high cost of 
operation and also the involvement of chemicals and inorganic 
contaminants, which leads to the production of secondary waste [8]. 
Thus, it is very crucial to find sustainable and cost-efficient means of 
remediation has become an essential priority. This entails exploring 
new methodologies and technologies that can successfully eliminate 
pollutants and mitigate the environmental impact of water pollution.
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Microbial remediation is an environmental-friendly technique 
that uses microorganisms to detoxify or remove pollutants from 
water bodies [9]. Some microbial species, such as Pseudomonas 
aeruginosa, Bacillus subtilis, and Staphylococcus epidermidis, have 
been found to possess the ability to remediate lead contamination 
in water bodies  [10-12]. The tolerant mechanism adopted by 
these microorganisms includes biosorption, bioaccumulation, and 
biomineralization [8], which convert the contaminants into less toxic 
components. Thus, it is decisive to isolate and characterize heavy 
metal-resistant bacteria that can efficiently accumulate metal and resist 
its toxicity. By understanding the capabilities of these microorganisms, 
we can develop effective bioremediation strategies to address water 
contamination and promote a sustainable environment.

In this study, we aimed to investigate the potential of naturally 
occurring bacteria to detoxify and reduce lead levels from hotspot 
areas of the Gomati River, Lucknow, India.

2. MATERIALS AND METHODS

2.1. Sampling Area
The River Gomati flows centrally through Lucknow city from west 
to east, covering a distance of around 5 km. A total of five sampling 
sites were selected for this study. These are the Baikunth Dham (site 
I), Riverfront (site II), Hanuman Setu-(site III), Shaheed Smarak-(site 
IV), and Dali Ganj-(site V) [Table  1]. The precise locations where 
the samples were collected can be visualized on the map provided in 

2.2. Samples Collection
Approximately 500 mL of water samples were collected from each 
location along the Gomati River, Lucknow, and labeled as S1 to 

S5. All Water samples from the Gomati River were collected in 
five replicates from each sampling site in clean 2.0 L pre-sterilized 
plastic bottles during June and July 2018. River water samples were 
collected 5 m downstream, approximately 2 m toward the middle of 
the stream, from the point where the drain was mixed with the river 
water and subsequently transported to the Environmental Biology 
Laboratory, Integral University, Lucknow. The collected samples 
were stored at a temperature of 4°C both before and during the 
duration of the study.

2.3. Physiochemical Analysis of Collected Samples
The physiochemical analysis of the five collected water samples was 
carried out according to the American Public Health Association’s 
standard methodology [13]. COD was determined using spectroscopic 
analysis at 600 nm based on the oxidation of organic compounds by 
K2Cr2O7, which is transformed to potassium chromate in the presence of 
HgSO4 and AgSO4 (K2CrO4). Biological oxygen demand (BOD) levels 
were determined using a standard procedure for determining the relative 
oxygen requirements of wastewater, effluents, and polluted waters. The 
testing methods used for determining the levels of total dissolved solids 
(TDS), hardness, and pH were titrimetric and colorimetric techniques.

2.4. Screening of Lead-resistant Bacteria
For identification of lead-resistant bacteria, Luria Broth (LB) agar plates 
(dextrose anhydrate 10.0g/L, peptone 10.0g/L, NaCl 5.0g/L, yeast extract 
5.0 g/L and PbNO3 300 µg /mL) were prepared for screening for bacterial 
isolates. To isolate the desired strains, a streaking method was used after serial 
dilution [14]. A control plate containing LB media with no PbNO3 were also 
incubated. After a 24-h of incubation period, the plates were examined for 
signs of positive growth. Colonies with specific morphological traits were 
chosen, collected, purified, and stored for further study.

2.5. Heavy Metal Consumption and Bacterial Growth
The optimum growth conditions were determined by using various 
concentrations of lead. Simultaneously, selected bacterial isolates were 
also tested for their resistance against copper (Cu) and mercury (Hg). 
The isolates were cultured separately in LB broth medium enriched with 
different heavy metals using a rotating shaker (Wise cube, Korea) at 
120 rpm, pH 7.0, and 37°C. The heavy metal concentration was gradually 
increased from 100 µg/mL to 1000 µg/mL. After 8 h of incubation, the 
effect of heavy metal content on growth was assessed by taking optical 

Table 1: Geographical location of the sampling sites.

Site code Site name Latitude Longitude

S‑1 Baikunth Dham 26.8579° N 80.9671° E

S‑2 Riverfront 26.8546° N 80.9706° E

S‑3 Hanuman Setu 26.8606° N 80.9374° E

S‑4 Shaheed Smarak 26.8633°N 80.9284° E

S‑5 Dali Ganj 26.8728°N 80.9276° E

Figure 1: Locations of sampling area: (a) Baikunth Dham, (b) Riverfront, (c) Hanuman Setu, (d) Shaheed Smark (e) Daliganj.

c d

e

a

b

[Figure 1]
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density at 600nm using a UV spectrophotometer (Shimadzu, Japan) [15].

2.6. Minimum Inhibitory Concentration (MIC) Determination
To evaluate the MIC of corresponding heavy metals, the cultures 
were grown on heavy metal incorporated media (LB) with increasing 
concentrations of heavy metal starting from 50 µg/mL until the bacteria 
failed to form colonies. The MIC was determined by the growth of bacteria 
not observed on culture plates even after 5 days of incubation [16].

2.7. Lead Biodegradability Capacity of Selected Isolates
The bacterial strains were cultured in LB broth media (pH-7; 37°C) in a 
shaking flask for 60 min in an orbital shaker at 120 rpm. When the optical 
density reached 0.6 (lambda max = 600 nm), 100 ppm of lead was added to 
the culture flask, and the cells were allowed to grow for another 24 h under 
the same conditions. Afterward, the entire culture was spun at 5000 rpm 
for 15 min using a Sigma 2-16KL (Germany) centrifuge. The supernatants 
were collected, and a double volume of concentrated HNO3 (0.1N) was 
added. The total lead degradation was measured using an atomic absorption 
spectrophotometer (Shimadzu AA-7000, Japan) after diluting it to its initial 
concentration, and the results were compared to the control to determine 
the heavy metal degrading capacity, as follows [17].

%
( )

.
of Heavymetal cosumed HeavyMetalUsed ppm

Conc of heavymetal i
�

nnfused in LBmedia
�100

2.8. Morphology and Biochemical Characterization of Selected 
Isolates
The bacterial strains were identified using Cowan and Steel’s Manual for 
the Identification of Medical Bacteria, which involves the use of cultural, 
biochemical, and morphological characteristics [18]. Precisely, the isolates 
were subjected to various biochemical tests, including catalase, oxidase, 
indole synthesis, methyl red, citrate consumption, and carbohydrate 
(glucose, sucrose, maltose, xylose, lactose, and xylose) utilization tests.

The identification of the bacterial strains was based on the guidelines 
outlined in Bergey’s Manual of Systemic Bacteriology, which is a 
comprehensive reference work for bacterial taxonomy [19]. While 
the strains were tentatively recognized up to the genus level, further 
testing and analysis may be required to confirm their species identity.

2.9. 16S rRNA Gene Sequencing and Phylogenetic Analysis
Using the HiPer® Bacterial Genomic DNA Extraction Kit 
(HiMedia  -India), the genomic DNA of S4C7 and S1C3 bacterial 
strains was extracted. The 16S rRNA gene was amplified using a 
Polymerase chain reaction (PCR) thermal cycler (Eppendorf). DNA 
(4 µL), forward and reverse primer (2 µL for each), master mix (6 µL) 
and distilled water (6 µL) for total volume of 20 µL of reaction mixture 
were taken for PCRs with initial denaturation at 94°C for 5  min, 
followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 
55°C for 45 s, extension at 72°C for 1 min, and final extension at 72°C 

for 10 min. Using two universal oligonucleotide bacterial primers, 16S 
rRNA forward primer (5-AGAGTTTGATCCTGGCTCAG-3’) and 
16S rRNA reverse primer (5’AAGGAGGTGATCCAGCCGCA-3’), 
PCR amplification of the 16S rRNA gene was carried out and 
amplified PCR products were sent for sequencing by the dideoxy-chain 
termination method to Bio Innovations, Mumbai, India. A  sequence 
identity search was performed by using BLAST [20]. Phylogenetic 
analysis was performed using the Molecular Evolutionary Genetics 
Analysis software. The phylogenetic tree was constructed using the 
neighbor-joining tree method [21], and the genetic distance model was 
developed by using the Tamura-Nei model [22].

2.10. Plasmid DNA Extraction
Plasmid DNA extraction from lead-resistant bacteria was done 
according to the alkaline lysis method [23]. Then visualized it on gel 
electrophoresis at 1% agarose gel and compared it with marker DNA 
(1kbp sharp DNA Marker- RBC Bioscience) to assess plasmid DNA.

2.11. Statistical Analysis
The tests were performed in triplicate, and the data was statistically 
analyzed using Graph Pad Prism (Ver.9). Analyses of variance were 
performed as necessary to compare the data obtained statistically. The 
Student’s t-test was applied to make sure the observed improvements 
were statistically significant.

3. RESULTS

3.1. Analysis of Physiochemical Parameters (BOD, COD, TDS, 
Hardness, and pH) of Collected Samples
BOD is defined as the amount of dissolved oxygen needed by aerobic 
biological organisms in a body of water to break down the organic material 
present in a water sample at a specific temperature and specified period. 
BOD is a method used to evaluate water quality by calculating the oxygen 
requirement for decomposing its organic matter. The highest BOD values 
were found in samples collected from site S4  (24.67  mg/L), while the 
minimum BOD values were observed in samples from site S2 (14.33 mg/L). 
Samples from sites S1, S3, and S5 had BOD values of 19.33, 22.12, and 
21.67 mg/L, respectively. Similarly, COD is the only method that gives idea 
about organic load in water. It is the amount of oxygen needed to oxidize 
organic and inorganic matter present in water by utilizing oxidizing agents 
such as potassium permanganate, potassium dichromate, etc. Like BOD, the 
highest COD value was observed in S4 (358.67 mg/L) samples, followed 
by sites S1 (327.21 mg/L), S3 (259.67 mg/L), and S5 (233.24 mg/L). TDS 
outlined the presence of total inorganic compounds along with organic 
matter. From the results, it could be inferred that TDS had a peak tendency 
in S2 (437.67 mg/L) and S3 (431.33 mg/L), while the minimum TDS was 
observed in S4 (308.3 mg/L). A summary of the comparative analysis of 
the physicochemical parameters of the collected samples is presented in 

Table 2: Water quality analysis of collected samples.

Parameters Site‑S1 Site‑S2 Site‑S3 Site‑S4 Site‑S5

BOD (mg/L) 19.33±2.08 14.33±2.08 22.12±2.65 24.67±4.51 21.67±2.08

COD (mg/L) 327.21±8.19 245.23±5 259.67±1.53 358.67±9.61 233.24±18.01

Hardness 118±7.21 133.67±3.21 148.33±9.07 176±8.57 156.67±2.31

TDS (ppm) 312.3±2.52 437.67±2.52 431.33±10.02 308.3±7.64 432±15.72

pH 6.13±0.32 5.02±1.2 6.87±0.32 6.13±0.59 7.33±0.29

[Table 2].
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3.2. Selection of Lead-resistant Bacteria
Isolation of lead-resistant strain was done through the enrichment 
culture technique using the LB broth containing 300 µg/mL of lead 
as lead (II) nitrate. After 24  h incubation, only twenty bacterial 
isolates were found to exhibit growth in the presence of lead. From 
these isolates, two isolates S1C3 and S4C7, were selected based on 
maximum growth of bacteria on given media and zone of hydrolysis 
for further investigation [Figure 2].

3.3. Comparative Study on Multiple Heavy Metal Degradation 
Ability of Selected Isolates
The growth analysis and resistance capability tests were conducted to 
assess the resistance of chosen bacterial isolates (S1C3 and S4C7) to 
other heavy metals copper and mercury, along with lead. The outcomes 
indicated that S1C3 had a very good potential to tolerate and degrade 
lead, mercury, and Cu. Conversely, S4C7 exhibited higher resistance 
to Pb and Cu but was found to be sensitive to Hg [Figure 3a-c].

3.4. Determination of MIC of Heavy Metals
Depending on the outcomes, the order of the MIC values for the 
chosen isolates varied. For S1C3, the order of MIC was highest for Pb, 

followed by Hg and then Cu, with values of 1800 µg/mL, 1250 µg/mL, 
and 356 µg/mL, respectively. This indicates that S1C3 is most resistant 
to Pb toxicity, followed by Hg and Cu.

On the other hand, the order of MIC values for isolate S4C7 was 
different, with the highest MIC observed for Pb, followed by Cu 
and then Hg. Specifically, the MIC values for S4C7 were 1200 µg/
mL for Pb, 325 µg/mL for Cu, and 20 µg/mL for Hg, indicating that 
S4C7 exhibited resistant to Pb toxicity, followed by Cu and then Hg 
[Figure 4].

3.5. Lead Degradation Potential of Selected Isolates
The results of the Atomic Absorption Spectrophotometer analysis 
showed that S1C3 exhibited a significantly higher lead degrading ability 
compared to S4C7. Precisely, the lead degradation rate of S1C3 was 
found to be nine times higher (p < 0.05) than that of S4C7 [Figure 5].

3.6. Identification of Heavy Metal-Resistant Bacterial Isolates
From the results, the morphological and biochemical characteristics 
of the isolated bacterial species revealed that the two isolates were 
provisionally identified up to the genus level as S1C3 was identified as 
a Gram-negative coccus and S4C7 was identified as a Gram-positive 
bacillus [Table 3]. This analysis allowed for the accurate classification 
and identification of the bacterial strains, which is essential for further 
research and analysis of their biochemical and genetic properties.

3.7. Molecular Characterization and Phylogenetic Analysis of 
Selected Isolates
After conducting 16s rRNA sequencing studies and performing 
partial sequence comparison using NCBI BLAST, S1C3, and S4C7 
isolates were identified as Stenotrophomonas maltophilia and 
Paenibacillus dendritiformis, respectively. The amplified DNAs were 

Figure 3: Growth analysis of selected isolated in LB media supplemented with heavy metals. (a)-Growth of isolate in Pb-supplemented media, (b)-Growth of 
isolate in Hg-supplemented media; (c)-Growth of isolate in Cu-supplemented media. Data are mean ± SD (n = 3) (P ≤ 0.05).

a b

c

Figure 2: Visual growths of selected bacteria on lead comprising media: 
(a) Control media comprising lead, (b) growth of S1C3 on media comprising 

lead, (c) growth of S4C7 on media comprising lead.

a b c
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then sequenced and compared to those in the Gene Bank database. 
The comparison showed that strain S1C3 has 94.85% identity and 
strain S4C7 has 96.65% identity, which was then submitted to the 
NCBI (Accession No. OP835924 and OP835923). A  phylogenetic 
tree was constructed based on the 16S rRNA gene sequences, and it is 
presented in Figure 6.

3.8. Plasmid DNA Extraction
The agarose gel electrophoresis analysis revealed that both S1C3 
and S4C7 isolates contained plasmid DNA with a base pair length of 
6500bp. However, S4C7 showed a more prominent band than S1C3, 
as depicted in Figure 7. The intensity of the band for S1C3 was found 
to be less pronounced than that of S4C7 [Figure 7].

4. DISCUSSION

Industrial development and advances in technology have increased the 
impact on the environment by releasing significant amounts of dangerous 
materials and heavy metals (such as Cd, Cr, and Pb), metalloids, 
and organic pollutants that have caused significant harm to the 
ecosystem [24]. Lead is a non-essential element and extremely harmful to 
humans, animals, plants, and microorganisms [25]. The aim of this study 
was to isolate and identify bacterial agents capable of aiding in the natural 
recovery of agricultural and residential environments by remediating 
heavy metals in general and lead pollutants in particular. The sampling 
sites were carefully selected based on their status as major sources of 
heavy metal pollutants, including industries, electric crematoriums, and 
dumping of religious materials and temple wastes [26].

The sampling area, Baikunth Dham, was identified as a significant 
source of heavy metals due to electric crematorium effluents and Kukrail 
Nala effluents. Direct discharge of municipal waste into the riverfront 
was found to be another source of heavy metal pollution. Hanuman 
Setu temple effluents were also identified as one of the sources of 
heavy metal contamination. Shaheed Smarak, where Gomeshwar Shiv 
Mandir effluents were found, was also identified as a source of heavy 
metal contamination, and at Daliganj Setu, where the fruit market and 
temple effluents contributed to heavy metal pollution [2,26].

During the preliminary screening, several physiochemical parameters 
of the collected samples, such as BOD, COD, TDS, hardness, and 
pH, were analyzed. On analyzing the results, it was found that site-4 
(Shaheed Smark) had the highest BOD and COD levels, which could 
have resulted from the Gomeshwar Shiv-Mandir effluent area as well 
as the municipal waste loads. This high level of BOD and COD requires 
a greater amount of oxygen for chemical oxidation and decomposition. 

Figure 5: Percentage degradation of heavy metal (Pb) through isolated 
bacterial strains.

Figure 6: Rooted phylogenetic trees showing the relationship of the 16S rRNA sequence using the neighbor-joining method (bootsrap values were ran at 1000 
replications) Figure 6(a)-S1C3 and 6(b)-S4C7.

Figure 4: Minimum inhibitory concentrations of Pb, Cu, and Hg for the 
selected bacterial isolates.
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These results are correlated with the finding of Pathak and Patel [26]. 
The lower dissolved oxygen levels lead to anoxic conditions, a lack of 
nutrient availability, an increase in the loading of organic substances, 
and an increase in pathogens in the water bodies. A high BOD level 
also indicates the presence of a large number of bacteria or other 
microorganisms in the water, which may have been introduced by 
domestic and industrial wastewater, thereby increasing the BOD in the 
river water [27]. These findings are significant as they highlight the 
potential negative impact of human activities on the water quality and 
call for the need to adopt measures to mitigate such pollution.

Unfortunately, all of the selected sites were found to have exceeded the 
permissible limits set by the Uttar Pradesh Pollution Control Board, 
Lucknow, as reported on their website (http://www.uppcb.com/river_
quality.htm) [28]. The high TDS levels found at riverfront sites were 
attributed to the discharge of toxicological additives and municipal 
waste, rendering the water unsuitable for domestic and agricultural 
use. In addition, the high TDS load was found to be ineffective in 
reducing the nutrient load of urban wastewater, thereby contributing to 
the degradation of the River’s water quality [29]. The pH of the water 
was also found to fluctuate significantly over time due to factors such 
as changes in temperature, exposure to air, and biological activity.

These water samples were further examined for the isolation of lead-
tolerant indigenous bacteria. In the initial screening, 20 bacterial isolates 
were isolated by consuming culture media with lead supplements. Out 
of 20 isolates, two isolates, S1C3 and S4C7, were found to possess 
significant lead-resistant potential and chosen for further research due 
to their maximum lead-consumption capacity (Data not shown).

S. maltophilia has been previously reported to have tremendous 
bioremediation potential for heavy metals such as Pb and Hg [30]. In 
line with these findings, our study showed that S1C3 (S. maltophilia) 
has a high capacity for Pb and Hg detoxification. However, it is worth 
assuming that new genetic modifications might prove to be beneficial 
to make such microorganisms effective and more efficient in removing 
these compounds, which were previously thought to be recalcitrant.

On the other hand, P. dendritiformis has been reported to be a useful 
tool for mitigating heavy metal toxicity such as Pb, Cu and Zn [31]. Our 
study also found that S4C7, which is identified as P. dendritiformis, 
had a good potential to sequester Pb from contaminated water. This is 
in line with previous research indicating that Paenibacillus spp. can 
efficiently reduce heavy metal pollution in the environment [32].

The multiple heavy metal resistance of both strains was also investigated 
in the study, which revealed that the biomass of bacterial strains 
decreased with increasing heavy metal levels. The growth of bacteria 
was monitored in the presence of heavy metal(s) and it depicted that P. 
dendritiformis was less resistant to Pb and Cu than Stenotrophomona 
smaltophilia, while more sensitive to higher concentrations of Hg. In 
contrast, S. maltophilia (S1C3) showed greater resistance and tolerance 
to Pb and Cu (p ≤ 0.05).

These findings highlight the diverse abilities of different bacterial 
strains in responding to heavy metal pollution in the environment 
and the need for careful consideration of the microbial community 
when developing strategies for heavy metal remediation. It was 
evident from previous studies that many bacteria had great potential 
for resistance to various heavy metals such as Zn, Pb, Cu, and Hg. 
Among them, Micrococcus luteus was discovered to be the most multi-
metal resistant [33,34]. Based on previous findings, it was observed 
that P. dendritiformis exhibited the lowest capacity for reducing Pb 
and Cu, and also displayed sensitivity toward Hg [35]. Recently, EDX 
analysis combined with FT-IR analysis revealed that the SY-2 strain 
of S. maltophilia has significant metal tolerance and bioremediation 
potential against cadmium [36].

Heavy metal resistance in bacterial strains can be attributed to 
plasmid-mediated or chromosomal DNA-mediated mechanisms, and 
plasmid profiling is required to determine the genetic basis of metal 
resistance [17]. P. dendritiformis has been found to possess a prominent 
band (6500 bps) in isolates, which confers strong degrading capability, 
possibly due to plasmid-holding resistance [37]. Heavy metal 
resistance genes can be found on the chromosome, plasmids, or both, 

Table 3: Morphological and biochemical characterization of S1C3 and 
S4C7.

Tests S1C3 S4C7

Morphological identification

Catalase Positive Positive

Gram staining Negative Positive

Spore formation Negative Positive 

Shape Coccus Rod

Mannitol Negative Negative 

Indole Negative Negative

Methyl red Positive Negative

Voges Proskauer Negative Positive

Urease Negative Positive

Biochemical Characterization

Glucose fermentation Positive Positive

Lactose Positive Positive

Xylose ND

Maltose Positive ND

Sucrose Positive Positive

Resistance capacity

Pb +++ +++

Cu ++ +++

Hg +++ +

Provisionally identified bacteria Staphylococcus spp. Bacillus spp.

Figure 7: Plasmid profile of lead-resistant bacteria S1C3 and S4C7 (Lane 1: 
S1C3 strain, Lane 2: S4C7 strain Lane 3, 1 kb DNA ladder marker).
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with plasmid resistance being more commonly conferred [38]. These 
genes are coding proteins that are associated with transferring and 
sequestering heavy elements in the intercellular space and cell surface 
of bacterial, thus reducing the negative effects of heavy metals [39]. 
However, some Pb-resistant genes have also been discovered in 
Enterobacteria chromosomal DNA [40]. Therefore, further studies are 
needed to fully understand the mechanisms of heavy metal resistance 
in bacterial strains and their potential for bioremediation. However, 
detailed mechanisms linked with the detoxification of heavy metals 
are not yet fully explored. Even though basic research will allow 
plasmid curing, heavy metal resistance transformation, and assessment 
can pave the way for the genetic foundation of heavy metal resistance 
mechanisms. The findings from this study could potentially be used to 
recover future pollution caused by untreated heavy metal-containing 
effluent.

5. CONCLUSION 

The water pollution level in the Gomati River was found to be extremely 
high, indicating the poor quality of water, which makes it dangerous 
and unsuitable for any use. All of the indices are above average, raising 
serious concerns about the river ecosystem. The river ability to purify 
itself was compromised due to the massive volume of organic and 
inorganic waste, which resulted in an increase in bacterial proliferation.

The isolation and characterization of beneficial microorganisms is a 
promising strategy for pollution reduction. Based on the above findings, 
it can be concluded that isolated bacterial strains S. maltophilia, and 
P. dendritiformis could be used to remediate lead from wastewater.
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