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Abstract. Lead (Pb) and Arsenic (As) are elements that negatively affect all living organisms if present in
the environment. These elements have been reported in the sediments of water supply basins in the State of
Chihuahua, Mexico. The current study consisted of the isolation of bacteria and investigating their growth
capacity and the potential removal of Pb and As. Thus, two Gram-positive bacteria resistant to Pb and two
Gram-positive bacteria resistant to As were isolated. The phylogenetic analysis -based on the 16S rRNA
gene- identified them as Paenibacillus illinoisensis (Pb114002), Bacillus luti (Pb214001), Paenibacillus
ginsengagri (As115004), and Bacillus freudenreichii (As215002). Paenibacillus illinoisensis (Pb114002)
showed a Pb removal percentage of 65.67% in the supernatant and Bacillus luti (Pb214001) displayed
6.57%. Regarding As, removal percentages in the supernatant shown were 11.96% by
Paenibacillus ginsengagri (As115004) and 42.72% by Bacillus freudenreichii (As215002).
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Introduction

The Las Virgenes dam belongs to the municipality of Rosales in the State of
Chihuahua, located to the North-West of the municipalities of Meoqui and Delicias. This
dam belongs to the sub-basin of the San Pedro River, which is located in the Municipality
of Satevo, while the Rio Conchos is located near the city of Ojinaga. Both are considered
vital basins for the supply of hydric resources for the habitants who live near, as well as
their use for economic activities in the region. However, some studies report the presence
of heavy metal contamination at these sites (Holguin et al., 2006; Rubio et al., 2013),
which affects water quality and consequently cause health and environmental problems.
Among the contaminants present in the water, particularly those used for human
consumption and food production, arsenic (As) occupies an important place due to the
impact on health due to its intake, which has caused the spread of chronic regional
endemic hydroarsenicism (HACRE), a chronic disease that can evolve into more serious
pathologies such as different types of cancer, the maximum permissible limit of As
recommended by World Health Organization (OMS) in drinking water is 10 pg/L
(Medina-Pizzali et al., 2018; Olmos and Ridolfi, 2018). Likewise, lead is highly toxic and
can accumulate in living organisms because it does not have a defined biological function
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and is regarded as biologically nonessential (Ali et al., 2019), but it has adverse effects
on different essential biochemical processes, and it is toxic at even low levels of exposure
(Rodriguez-Rey et al., 2016). Environments contaminated by heavy metals and
metalloids tend to be ideal niches for other organisms which can develop in extreme
conditions, these organisms are called extremophiles (Jorquera et al., 2019), as well as
microorganisms that grow in high concentrations of metals, called metal resistant.
Bacteria that are tolerant to heavy metals are capable of accumulating them intracellularly
and the presence of metal-binding proteins internally in the cell is associated with the
reduction of their toxicity (Suarez and Reyes, 2002). Thus, the use of metalophilic
microorganisms is of great importance and scientific interest, in addition to the fact that
they can be applied in environmental biotechnology processes for the removal of metals
(Orji et al., 2021). The interaction between microorganisms and metals or metalloids has
environmental importance, metalophilic bacteria can play a very important role in the
biogeochemical cycle of heavy metals, as well as the remediation of contaminated
environments by heavy metals or metalloids (Hu et al., 2021). Currently, environmental
biotechnology is used to decontaminate or alleviate contamination, therefore, the
objective of this study was to evaluate the potential of metalophilic bacteria in the removal
of lead (Pb) and arsenic (As), isolated from sediments of bodies of water in the State of
Chihuahua, Mexico.

Materials and methods
Microbial isolation and morphological characterization

The sediment sampling of the Las Virgenes dam and the Conchos river was carried
out at the coordinates 28°09'58.82" N 105°37'43.95" W and 29°32'41.59" N
104°28'35.66" W, respectively. The sediment samples were taken in the summer of 2018.
Fifteen samples were collected in sterile 50 mL Falcon tubes, which were stored in a
cooler at 4°C and transported to the laboratory for analysis (Hernandez-Pefia et al., 2021).
Subsequently, 10 g of sediment was weighed and incubated at 37°C for 21 days at
200 rpm in nutrient broth (DIFCO) supplemented with lead nitrate [Pb(NO3z)2] or arsenic
trioxide (As203) for a concentration of 10 mg/L of Pb or As. Samples of the culture
medium were taken after 0, 3, 7, 14, and 21 days of incubation. The collected samples
were cultured in Petri dishes with nutrient agar enriched with 10 mg/L of Pb or As, for
which serial dilutions (10°) were carried out. Morphologically different colonies were
selected for isolation on Petri dishes containing the culture medium indicated above, by
using Scottish stria. The scanning electron microscope (SEM) (Hitachi SU5000) was used
to determine cell morphology; for this, bacteria cells with a growth time of 48 hours were
collected, washed, fixed with 2% formaldehyde, and dried by dehydration by applying
acetone and ethyl alcohol (Soto-Padilla et al., 2018).

Molecular identification of isolated bacteria

The DNA extraction of the isolated strains was carried out with the phenol-chloroform-
isoamyl alcohol method (Guo et al., 1997). The 16S rRNA amplification, sequencing, and
bioinformatic analysis were carried out as reported by Soto-Padilla et al. (2018). For the
amplification protocol, the universal primer 27F (5-AGAGTTTGATCMTGGCTCAG-3')
and 1492R (5TACGGYTACCTTGTTACGACTT-3") were used for fragments of 1500 bp,
Master mix (PROMEGA) was used with a final volume of 50 pL, the purification was
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carried out using UltraClean® 15DNA Purification Kit. The sequencing was carried out by
the National Laboratory of Genomics for Biodiversity (LANGEBIO) using the Sanger
platform. The bioinformatic analysis of the sequences obtained from the bacterial strains
was carried out by Finch TV, CLUSTALX 2.1, SEAVIEW, and MEGA 7.0 (Hernandez-
Pefa et al., 2021). Phylogenetic trees were constructed using the Neighbor-joining method;
and the Tamura-Nei model of distance analysis and 500 Bootstrap replications were
assessed to support internal branches (Soto-Padilla et al., 2018).

Bacterial resistance to Pb or As

This test was carried out to evaluate the minimum inhibitory concentration (MIC),
which the strains tolerate lead and arsenic, the test was carried out in Petri dishes with
nutritive agar (DIFCO) enriched with 100, 200, 400, 600, 800, 1000, and 1200 mg of
Pb/L or As/L. Petri dishes were prepared in triplicate for each concentration and bacterial
strain; in addition, uninoculated control was used for all concentrations (Pellizzari et al.,
2015). The Petri dishes were incubated at 37°C and growth was observed at 72 h.

Bacterial growth kinetics in presence of Pb or As

The culture medium (nutrient broth added with Pb or As at a concentration of
100 mg/L) was inoculated with 10% (v/v) of each isolated bacteria and incubated in
Erlenmeyer flasks. The inoculated flasks were incubated on an orbital shaker
(222DS-LABNET) at 37°C at 200 rpm. The experiments were carried out in triplicate.
For the evaluation of bacterial growth, 3 mL aliquots of the culture medium were taken
at intervals of 2 h. Bacterial growth was estimated by turbidimetry at a wavelength of
600 nm in the UV-Vis spectrophotometer (Lambda 2) (Thacker et al., 2007).

Pb or As removal kinetics

The removal of Pb or As was evaluated by taking 3 mL aliquots of the culture medium
at 2 h intervals, the samples were centrifuged at 3000 rpm for 15 minutes. The
concentration of Pb or As was determined using the atomic absorption (Perkin-Elmer,
Canada) spectrometry method (Hernandez-Garcia et al., 2008). All experiments were
conducted in triplicate.

Results and discussion
Microbial isolation and morphological characterization

Four bacterial strains were isolated under the presence of Pb or As from the sampling
sites located in the State of Chihuahua. Both Pb and As are elements that affect human
health and also cause an imbalance in the trophic chain of ecosystems (Nava-Ruiz and
Méndez-Armenta, 2011). Strains Pb114002 and Pb214001 were isolated from both
sampling sites in the presence of Pb (10 mg/L), as well as strains As115004 and As215002
in the presence of As (10 mg/L). Strains Pb114002 and Pb214001 showed a difference in
growth in circular and massive forms, respectively; in the same way, they differ in
pigmentation, strain Pb114002 showed yellow colonies, and strain Pb214004 showed
white colonies. Regarding the colonies of strains with the ability to grow under As,
differences between strain As115004 (beige) and As215002 (white). Based on the
microscopic morphology (Figure 1) using the scanning electron microscope (SEM), cells
with the shape of a bacillus (Pb114002) and coccobacillus (Pb214001) were observed,

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(3):2817-2829.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2003_28172829
© 2022, ALOKI Kft., Budapest, Hungary



Soto-Padilla et al.: Removal of Pb and As by bacteria isolated from sediments of Las Virgenes Dam and Rio Conchos in the State of
Chihuahua, Mexico
- 2820 -

which have an average size of 1.5 pm and 1.0 um, respectively. The strains that grew in
As showed a bacillary form, with an average size of 1.4 um. For the Gram stain, the four
strains are identified as Gram-positive bacteria. The presence of heavy metals and
metalloids in sediments of reservoirs in the state of Chihuahua, Mexico has been reported
(Herndndez-Garcia et al., 2008). Pb concentrations ranged from 58 to 94 mg/Kg in
sediments, exceeding the recommended limit of 50 mg/Kg; the metalloid As was
presented in concentrations around 17 mg/Kg of sediment, coinciding with different
studies that show the presence of these elements in the riparian zones of the Conchos
River (Holguin et al., 2006; Herndndez-Garcia et al., 2008). Various studies have been
carried out regarding the isolation of bacteria resistant to Pb or As in different
environmental sites, and detected a low number of bacterial isolates (Chatterjee et al.,
2012; Pandey and Bhatt, 2015; Dey et al., 2016; Kalita and Joshi, 2017; Ugab et al., 2020),
coinciding with our research which shows that there is not a high presence of
microorganisms living to on the presence of Pb and As. The morphological
characterization observed by the isolated bacterial strains is shown in Figure 1, it is
observed that Gram-positive bacteria predominate in the form of short bacilli that range
from 1to 1.5 um.
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Figure 1. A high-resolution image of bacterial colonies of the strain taken under a scanning
electron microscope (SEM), a) Ph114002, b) Pb214001, c) As115004, d) As215002

Molecular identification of isolated bacteria

Based on sequencing the 16S rRNA gene, the isolated bacteria strains tolerant to Pb
(Pb114002 and Pb214001) were taxonomically affiliated to the species Paenibacillus
illinoisensis (MW363241.1) and Bacillus luti (NR_157730.1), respectively (Figures 2
and 3). Bacterial strains tolerant to As (As115004 and As215002) were identified as
belonging to the species Paenibacillus ginsengagri (MH491058.1) and Bacillus
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freudenreichii (KT291163.1), respectively. The analysis of the percentage of similarity
showed values between 97.5% and 98.4% with the reference strains. Most of the reports
of isolation and specie identification in soils, sediments, and waters with high
concentrations of heavy metals and metalloids belong to the genera Staphylococcus,
Bacillus, Micrococcus, Achromobacter, Pseudomonas, and Klebsiella (Carrillo-Pérez et
al., 2004; Cervantes et al., 2006; Murthy et al., 2012; Oves et al., 2013; Dey et al., 2016;
Kalita and Joshi, 2017; Ugab et al., 2020). Based on the phylogenetic analysis (16S
rRNA) of these bacterial strains showed the presence of two genera, Bacillus and
Paenibacillus, which correspond to two families Bacillaceae and Paenibacillaceae, these
families belong to a Bacillales order and a Bacilli class. Research works related to the
genus Paenibacillus have been reported from soil and water samples, but none of them
in the presence of Pb or As. Mead et al. (2012) report that Paenibacillus lautus was
isolated from Yellowstone National Park, and report that its presence in environments
similar to our sampling site. Doukyu et al. (2003) report the isolation of Paenibacillus
illinoisensis from soil samples in the Kanton area of Japan. Regarding the presence of the
genus Bacillus, they have been identified in sites with both Pb and As (Murthy et al.,
2012; Oves et al., 2013; Dey et al., 2016; Satyapal et al., 2016; Ugab et al., 2020), most
of them from soils and sediments with contamination by heavy metals and metalloids, as
the sampling sites of the present study.

As115004
Paenibacillus lautus (MT496962.1)

Paenibacillus ginsengagri (MH491058.1)
— Paenibacillus durus (MG546219.1)

L Paenibacillus jamilae (MN176658.1)
Paenibacillus lemnae (KT719666.1)
Paenibacillus faecis (LC588575.1)
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—— Paenibacillus pocheonensis (NR_112565.1)
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Acidobacteria bacterium (RPON01001392.1)

—
010
Figure 2. Phylogenetic tree of the strains Pb114002 and As115004 with respect to the species
of Paenibacillus conducted with the Neighbor Joining method, the accession number registered
on the NCBI for the species utilized in the analysis is shown in parenthesis
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Figure 3. Phylogenetic tree of the strains Pb214001 and As215002 concerning the species of
Bacillus conducted with the Neighbor-Joining method, the accession number registered on the
NCBI for the species utilized in the analysis is shown in parenthesis

Bacterial resistance to Pb or As

The evaluation of the minimum inhibitory concentration (MIC) Pb or As of the
identified bacterial strains is observed in Table 1. The strain Paenibacillus illinoisensis
(Pb114002) showed resistance to 400 mg/L Pb and Bacillus luti (Pb214001) showed a

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(3):2817-2829.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2003_28172829
© 2022, ALOKI Kft., Budapest, Hungary



Soto-Padilla et al.: Removal of Pb and As by bacteria isolated from sediments of Las Virgenes Dam and Rio Conchos in the State of
Chihuahua, Mexico
- 2823 -

MIC of 800 mg/L Pb. For the bacterial strains resistant to As, Paenibacillus ginsengagri
(As115004) showed a MIC of 1000 mg/L As, and the strain Bacillus freudenreichii
(As215002) showed a MIC of 400 mg/L As. Regarding the MIC for the studied strains,
it can be observed that strains isolated in the presence of Pb coincide with the values
shown by the bacterium of the genus Paenibacillus reported by Govarthanan et al. (2016),
where a MIC of 400 mg/L was observed; regarding the MIC values for Bacillus strains
in the presence of Pb have ranged between 125 to 1700 mg/L of Pb (Murthy et al., 2012;
Oves et al., 2013; Ugab et al., 2020), the obtained value for the bacterial strain of this
study was of 800 mg/L. Govarthanan et al. (2016) report the effect on the growth kinetics
of bacteria of the genus Paenibacillus in the presence of As, showing a MIC of 400 mg/L,
a value below the MIC obtained in our study for the strain of the genus Paenibacillus in
the presence for this metalloid. The reports of the species of the genus Bacillus show MIC
values between 550 and 750 mg/L (Pandey and Bhatt, 2015; Dey et al., 2016), without
coinciding with the MIC values presented by the bacterial strain identified in this
research, which presented a value of 400 mg/L.

Table 1. The minimum inhibitory concentration of the bacterial isolated after 72 h of
incubation

Metal concentration (mg/L)

Bacterial strain

100 200 400 600 800 1000 1200
Paenibacillus illinoisensis + + +
Bacillus luti + + + + +
Paenibacillus ginsengagri + + + + + +
Bacillus freudenreichii + + +

+ Microorganism growth, - Absence of microorganisms

Bacterial growth kinetics in presence of Pb or As

The average values of the triplicates of the microbial growth curve for the strains
ANPD114002 and ANPb214001 at a concentration of 100 mg/L Pb is shown in Figure 4,
and the average values of the microbial growth curve corresponding to the strains
As115004 and As215002 is shown in Figure 5. The growth kinetics of the four strains
analyzed showed an average adaptation time from 3 to 4 hours, the maximum absorbance
value is presented at 12 hours of incubation. Jarostawiecka and Piotrowska-Seget (2014),
attribute various mechanisms for the resistance of microorganisms to Pb that involve
adsorption by extracellular polysaccharides, and regulation through protein expression.
For their part, Pandey and Bhatt (2015) mention that the microbial capacity to grow in
high concentrations of arsenic is favored by a variety of specific mechanisms that include
cell accumulation, surface sorption, biotransformation, and precipitation by
oxidation/reduction reaction. When performing the growth kinetic analysis in the
presence of Pb and As we can see that the maximum absorbance value is shown at
12 hours of incubation. Govarthanan et al. (2016) report the growth Kinetics for the
bacterium Paenibacillus sp. as maximum absorbance values for both Pb and As in a time
of 24 hours.
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Figure 4. Kinetic cellular growth of the strains Pb114002 and Pb214001
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Figure 5. Kinetic cellular growth of the strains As115004 and As215002

Pb or As removal kinetics

The Kkinetics of removal of Pb (Pb114002 and Pb214001) showed that strains exposed
to an initial concentration of this metal (100 mg/L) were able to remove 65.67% of Pb in
a time of 24 hours (Figure 6). On the other hand, strains (As115004 and As215002)
exposed to an initial concentration of 100 mg/L As showed removal of 42.72% in
24 hours (Figure 7). Figures 6 and 7 show the average values of the triplicates. Thus,
according to data obtained from the metal and metalloid removal kinetics, Table 2 shows
the estimated removal percentages for the Paenibacillus and Bacillus strains of the Las
Virgenes Dam and the Conchos River of the State of Chihuahua. Mexico.
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Figure 7. Kinetics of the removal of As to 100 mg/L by the strains As115004 and As215002

Table 2. Removal of Pb and As from isolated bacteria

Bacterial strain

Remotion (%)

Paenibacillus illinoisensis
Bacillus luti
Paenibacillus ginsengagri
Bacillus freudenreichii

65.67
6.57
11.96
42.72

Various microorganisms have been applied for the bioremediation of different heavy
metals and metalloids, these microorganisms are identified within the group of
otorhinophilic microorganisms classified as metalophiles due to their tolerance to heavy
metal concentrations. A variety of mechanisms allow them to tolerate high concentrations
of these compounds (Chien and Han, 2010; Oliart-Ros et al., 2016). In the bioremediation
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processes of Pb and As, various mechanisms such as biosorption, bioaccumulation, and
biotransformation have been studied both by bacteria of the genus Bacillus and
Paenibacillus. Chatterjee et al. (2012) mention that in bioremediation processes,
microorganisms decrease the bioavailability of heavy metals in such a way that they
provide an alternative to detoxify the pollutant in the environment, in the evaluation
carried out shows a Pb removal of 81% at 72 h. Thus, Govarthanan et al. (2016) report
removal of 40% at 48 h using a bacterium of the genus Paenibacillus. The bioadsorption
process is characterized by non-specific binding from metal ions to polysaccharides and
extracellular proteins (Satyapal et al., 2016), the Pb biosorption process was evaluated by
Oves et al. (2013) demonstrating with their results the application of Bacillus
thuringiensis in the biosorption process of different heavy metals. Similarly, Murthy et
al. (2012) reported the biosorption of Pb using the bacterium Bacillus cereus with a
reduction of the concentration in the medium of 90% in a time of 48 h. The
bioaccumulation mechanism is the entry of heavy metals through bacterial membranes,
including ion pumps, ion channels, carrier-mediated transport, endocytosis, and lipid
permeation (Satyapal et al., 2016). Ugab et al. (2020) report the sequestration of 65% of
Pb by the bacterium Bacillus thuringiensis, a study similar to the accumulation reported
by Pandey and Bhatt (2015), but in their case, it is the accumulation of As by Bacillus sp.
reporting values of 60%. Bacteria have been reported to have arsenic redox potential, as
well as the production of genes and enzymes involved in the transformation of arsenic
(Satyapal et al., 2016; Suhadolnik et al., 2017). Dey et al. (2016) report a 51.45% removal
of As applied to a bacterium isolated from groundwater in India and belonging to the
genus Bacillus. On the other hand, Govarthanan et al. (2016) report removal of around
30% at 24 h using the bacterium Paenibacillus sp. isolated from the roots of Tridax
procumbens. The results obtained in our investigation regarding the removal of Pb and
As, shown in table 2, exceed the values shown by Paenibacillus reported by Govarthanan
et al. (2016) for removal of Pb by Paenibacillus illinoisensis, but not for removal As by
Paenibacillus ginsengagri.

Conclusion

Based on the results of this research the presence of microorganisms with resistance
to contaminating metals in the sediments sampled from water bodies was demonstrated.
Similarly, the genus Paenibacillus and Bacillus were identified within these
microorganisms. The research also showed that a noticeable remotion of metal occurred
after 24 hours of bioremediation up to 50% in the case of Pb. Based on the promising
results obtained in our work, further research needs to be developed to understand the
biochemical and/or molecular mechanisms used by the strains to design bioproducts for
Pb and As remediation in situ.
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