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Resumen: La contaminaciéon del agua
por metales pesados, continda siendo una
problematica de interés ambiental, por lo
que evaluar alternativas mas eficientes para
su remocion, es de gran importancia. En este
articulo se presentan los resultados obtenidos
al aplicar procesos de biorremediacién
microbiana  mediante  biosorcién y
bioacumulaciéon para la remocién de
plomo en agua mediante el uso de la
bacteria Pseudomonas putida y la levadura
Saccharomyces cerevisiae, en cultivos puros,
en cuyo caso los procesos que resultaron mas
eficientes fueron aplicados en el consorcio
bacteria-levadura. Las remociones mas altas
se alcanzaron con el proceso de biosorcion,
utilizando Pseudomonas putida inactivada
en autoclave, ya que se obtuvo una remocién
del 100 % en 24 horas, mientras que con
Saccharomyces cerevisiae inactivada en baflo
Maria se obtuvo una remocién del 90.23 %.
Posteriormente se realizo la evaluacion de los
microorganismos en consorcio, obteniéndose
una remociéon de plomo del 52.11 %,
demostrando que el uso de cultivos puros de
dichos microorganismos inactivados son una
alternativa eficiente, rapida, confiable y de
bajo costo, ya que al usar los microorganismos
inactivados se reduce el uso de medios de
cultivo para su preservacion.

Palabras  clave:  Plomo,  biosorcion,
Pseudomonas putida, Saccharomyces
cerevisiae, biorremediacion microbiana.

INTRODUCTION

The continuous environmental pollution
by heavy metals is a problem of high
importance at international level, they are
chemical elements that have a density greater
than 5 g/cm’ and are not biodegradable. They
are found naturally in the earth’s crust at low
concentrations, some of which are nutrients
for flora and fauna, but at high concentrations
under certain conditions can severely degrade

the environment, affecting people (Caviedes
et al., 2015; Rigoletto et al., 2020; Shaban et
al,, 2016).

Mercury (Hg), arsenic (As) and lead (Pb)
are some of the most studied heavy metals
due to their abundance and high toxicity to
humans (Caviedes et al., 2015; Zango et al.,
2020). The problems arising from them are
due to their continued use in the industrial and
mining sectors, as well as in the manufacturing
processes of paint, pesticides, electronic
products, munitions, among others, so that in
some cases it is impossible to do without them.
As aresult of bad handling, poor practices and
discharges of untreated waste, these metals
are incorporated directly or indirectly into the
air and soil as well as into aquifers, severely
altering the environment, resulting in be one
of the most important problems because these
metals are persistent and highly toxic and can
be incorporated into the food chain (Uslu &
Tanyol, 2006; Rodriguez, 2017).

In particular, the contamination of water
by Pb causes serious health effects, since
it is highly toxic, due to a blockage in the
biological functions of living beings causing,
in some cases, irreversible damages. Its main
sources of emission to the environment
are the smelting, recycling of batteries,
paints and pigments, as well as the mining
and electronics industry, among others
(Boskabady et al., 2018). Upon entering the
environment is mobilized in it being able
to bioaccumulate in various species of flora
and fauna, on the other hand, generates
affectations in the nervous, immune,
reproductive and cardiovascular systems
of the human being, where the effect is
proportional to the amount of metal present
in the body; Children usually have a higher
absorption of Pb compared to adults. Once
absorbed, most of it remains in the blood
and spreads to the liver, kidney, bone marrow
and central nervous system, as well as to the
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bones (Wani et al., 2015; Beltran-Pineda &
Gomez-Rodriguez, 2016; Medfu et al., 2020).

Due to the innumerable cases of water
contamination by heavy metals, various
physicochemical techniques have been
implemented for their decontamination,
such as chemical precipitation, membrane
filtration, ion exchange, coagulation and
flocculation, among others, which are able
to eliminate pollutants, but have shown
some deficiencies such as high energy
consumption, toxic sludge generation and
high maintenance costs (Abdel-Raouf &
Abdul-Raheim, 2017) reasons why other types
of effective technologies based on biological
decontamination have been contemplated,
such as bioremediation, which has proven to
be very efficient, since it allows the reduction
of costs in the process and does not generate
as many negative impacts on the environment
(Kanamarlapudi et al., 2018).</b>

In recent years, microbial bioremediation
and biosorption/bioaccumulation processes
have been considered as alternative
technologies for novel, economical, efficient
and ecological treatments, for the elimination
of heavy metals in waste water contaminated
by the industrial sector (Kanamarlapudi et
al., 2018), in addition have demonstrated
superior removal capacity to conventional
physicochemical processes (Beltran-Pineda
& Gomez-Rodriguez, 2016). Algae, fungi
and bacteria are the most commonly used
microorganisms in microbial bioremediation
as they are able to tolerate extreme conditions
of pH, temperature and high concentrations
of metals, making them viable either as active
(living) or inactive (dead) biomass, for the
various bioremediation processes (Ayangbenro
& Babalola, 2017; Vendruscolo et al., 2017;
Zango et al., 2018).

Microorganisms as biosorbents have the
ability to effectively remove metal ions in
the solution, in addition to reducing the

concentration of ppm to ppb -efficiently,
therefore they are considered ideal for
the treatment of complex waste water of
high volume and with low concentration
of metallic ions (Covarrubias et al., 2015).
Bioaccumulation is a mechanism dependent
on the metabolism of the microorganism to
be used, which means that biomass must be
active; This process consists of a first stage,
which is the surface adsorption of the metal
ion in the cell wall, to be later internalized
(bioaccumulated) in the cell, where the metal
in some cases is reduced, thus decreasing its
toxicity. This process occurs by cultivating
the microorganism with the metal to be
accumulated, both in the same culture
medium since in this way the metabolic
process of the microorganism is activated
and the intracellular transport systems are
activated for the accumulation of metal
ions. Biosorption is a metabolically passive
process, consisting of the binding of metal
ions to the surface of the microorganism. It
has several advantages, such as reducing the
maintenance costs of microorganisms, since
it is a non-invasive passive process, where
microorganisms are inactivated, therefore no
energy or use of culture media are required
for long-term preservation, in addition to a
low operational cost. In order for biosorption
to be carried out, the microorganism must be
suspended in the same solution containing
the ions of the metal to be removed, there
should be a process of incubation during a
certain time so that the equilibrium is reached
and biosorption begins, a surface adsorption
occurs, in which the cell wall captures the ions,
avoiding their availability (Kanamarlapudi et
al., 2018; Soares & Soares, 2013; Gupta et al.,
2016; Hansda et al., 2016; Zango et al., 2020).

Among the microorganisms
with capacity to bioremediate heavy metals,
are the bacteria Pseudomonas putida and
the yeast Saccharomyces cerevisiae, among

various
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others, which have the advantage of being
good biosorbents in processes of biosorption
and bioaccumulation (Massoud et al., 2019;
Vimalnath & Subramanian, 2018).

PSEUDOMONAS PUTIDA

It is an aerobic bacterium, Gram negative,
with short bacillus morphology, which is
capable of metabolizing various organic and
inorganic compounds, as well as showing
great resistance to heavy metals and organic
solvents. This bacterium plays an important
role in the removal processes due to its thin
cell wall, as it contains a smaller amount
of peptidoglycan, However, the presence
of an additional outer layer composed of
phospholipids and lipopolysaccharides gives
this type of bacteria a negative charge, which
facilitates the binding of metals. In addition,
due to its reduced size the surface/volume
ratio it raises, present in the microscale,
which increases the amount of active sites
available for absorption, being excellent
for sequestering metal ions from industrial
effluents (Kanamarlapudi et al., 2018; Bedoya
etal.,2019; Poblete-Castroetal.,2012; Timmis,
2002). Great efliciency in the removal of heavy
metals has been demonstrated, as reported
by Mendoza-Hernandez et al. (2010), who
demonstrated that P. putida presents high
resistance to high concentrations of As, Cr
and Pb in aqueous solutions, bioaccumulating
between 50 and 80 ppm of Pb.

SACCHAROMYCES CEREVISIAE

Fungi are considered economic and
ecological biosorbents due to their ease of
cultivation and high biomass yield, among
which are yeasts, that are single-celled
systems. Most of the yeast biomass biosorbs
a large variety of metals; in some cases,
may have affinity to a single metal ion. S.
cerevisiae biomass has ellipsoidal elongated
cell morphology; is one of the most studied

yeasts for the removal of contaminants, being
among the best to decontaminate water,
due to its great capacity for biosorption and
bioaccumulation. This yeast has proved to
be a good biosorbent for Cd, Co, Cr, Hg, Ni,
Pb, U and Th (Labuto et al., 2014; Moreno-
Rivas et al; 2018). Thippeswamy et al. (2014),
reported a removal efficiency of Pb of 61 %,
better than that obtained by Deborah and Raj,
(2016), of 59 %.

In this work, the removal of Pb was
evaluated using P putida and S. cerevisiae,
both in pure culture, and in yeast-bacteria
consortium.

MATERIALS AND METHODS
REAGENTS AND CULTURE MEDIA

For the preservation and development of
microorganisms was used for P. putida agar
of soybean trypticasein (AST) and broth
Luria Bertani (CLB), for S. cerevisiae agar
and broth Sabouraud dextrose (ASD and
CSD, respectively), all media were acquired at
Comercializadora de Materiales y Reactivos
Quimicos Tomasa Hernandez. For digestion
nitric acid (HNO,) and hydrochloric acid
(HCI), concentrates and to prepare the
synthetic water and standard solutions of Pb,
lead nitrate salt (Pb(NO,),) were used; All the
reagents were obtained from Sigma-Aldrich.

EQUIPMENT

Automatic vertical autoclave (Lab Tech),
atomic absorption spectrophotometer (GBC,
Xplora model), Millipore Simplicity Smart
water purification system for Milli-Q water,
centrifuge (Benchmark Hermle Z206A) and
HANNA potentiometer.

MICROORGANISMS

Two different microorganisms were used
in this study: the P putida bacteria from
the culture collection of the Environmental
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Microbiology Laboratory of the Universidad
Auténoma Metropolitana-Azcapotzalco of
Mexico City and the yeast S. cerevisiae, Saf-
instant, LESAFFRE brand, freeze-dried.

Optimization of the pb removal process
using pure cultures

Inactivation of microorganisms

For the inactivation of P. putida and S.
cerevisiae, two physical treatments were
evaluated:

« Inactivation in a water bath: 3 tubes
with 5 mL of the microbial culture were
placed in a water bath at 85 °C for 1
hour.

« Autoclave inactivation: 3 tubes with 5
mL of the microbial culture were placed
in the autoclave at 15 psi and 121 °C, for
15 minutes.

Once these treatments were completed,
the efficiency of the inactivation process was
determined by reseeding in Petri dishes and
tubes with sterile culture media. P. putida
was resembled in Petri dishes with AST
and CLB tubes, which were incubated for
a period of 24 to 48 hours at 28 °C, while
S. cerevisiae was resembled in ASD Petri
dishes and CSD tubes, which were incubated
for a period of 48 to 72 hours at 28 °C. If
microbial development was observed at the
end of incubation, that inactivation process
was ruled out. On the contrary, the lack of
development demonstrated the efficiency of
the inactivation process.

From the tubes containing the efficiently
inactivated microorganism, duplicate smears
were prepared to verify its morphology,
because it is of the great importance that
microorganisms retain their original
morphology so that there are sites where
metal ions will bind.

Parameter optimization in the removal of
Pb in pure cultures

For the optimization of the parameters for
the maximum removal of Pb, the active and
inactive biomass of each microorganism was
used in pure culture to determine which of
the two obtained a higher removal of Pb.

Glass bioreactors containing 7 mL of S.
cerevisiae in CSD and 28 mL of P. putida in
CLB were prepared, respectively, in addition
to 4.2 mL of synthetic water (Pb solution in
Milli-Q water at a concentration of 30 mg/L),
which were rated at 70 mL with Milli-Q
water, incubated at 30 °C. Table 1 shows the
design of biosorption and bioaccumulation
processes in bioreactors, with the parameters
to be evaluated in each case.

Figure 1 shows the diagram of the 6
types of experiment in which the different
values for the optimization of parameters
described in Table 1 were evaluated. In each
case, the concentration of Pb present in each
bioreactor at the beginning and at the end
of the experiment using atomic absorption
spectrophotometry (EAA) in duplicate.

All experiments were performed in
triplicate. As controls, the same number of
bioreactors were prepared in the absence of
microorganisms.

Process of removal of Pb by the consortium

According to the results obtained during the
bioaccumulation and biosorption experiments
of Pb with P. putida and with S. cerevisiae in
pure cultures, the most efficient process was
determined for each microorganism, to test
the bacteria-yeast consortium, under the
same conditions, for which the corresponding
bioreactors containing the metal, the sterile
culture medium, synthetic water and the
consortium were prepared. The experiment
was performed in triplicate; As a control, 3
bioreactors were prepared in the absence of
the consortium.
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Table 1. Parameters to optimize in bioreactors.

Figure 1. Hllustrative diagram of the 6 experiments for optimization of parameters in biosorption and

bioaccumulation processes, using pure cultures and the consortium.




Determination of the remaining Pb by
atomic absorption spectrophotometry

In all the processes the remaining Pb was
determined by means of EAA, for which it was
necessary to carry out previously a digestion
process to the samples to be analyzed, to
avoid possible interfering in the readings.
The determination of the concentration of
Pb was carried out at a wavelength (A) of
283.3 nm, using air-acetylene flame.

Digestion of samples

This was done in autoclave, placing 25 mL
of each reactor in 50 mL test tubes with screw
cap, together with 1 mL of HNO, and 1 mL
of HC], concentrated. The tubes were placed
inside the autoclave for 1 hour at 121 °C
and 15 psi, once the process was completed,
the tubes were allowed to cool to room
temperature; The solution was subsequently
filtered with Whatman filter paper No. 1 and
stored at 4 °C until read.

Calibration curve of Pb

The calibration curve was obtained using
standard concentrations of: 1, 5, 10, 15, 20
and 25 mg/L and a Milli-Q water target. Each
determination was made in duplicate.

Determination of Remaining Pb

Once the incubation time of the Pb
removal processes was finished, 25 mL of
each bioreactor were taken, which were
centrifuged in 50 mL to 5 G Falcon tubes for 5
min to 4 °C, to separate the microorganisms.
Subsequently, the supernatant underwent
the digestion process and the remaining Pb
was quantified by EAA. All the samples were
analyzed in duplicate.

RESULTS AND DISCUSSION

INACTIVATION OF
MICROORGANISMS

For Pseudomonas putida

It was determined that when applying
the process of inactivation by water bath,
the bacteria presented thermal resistance,
since after being resected and incubated
development was observed, so that process
was discarded. With respect to autoclave
inactivation, no development was observed,
which confirmed that this process efficiently
inactivated the bacteria.

For Saccharomyces cerevisiae

For yeast, both inactivation processes
proved to be efficient.

Verification of microbial morphology

Figure 2A-D shows the morphology of
microorganisms observed by stained smears
before and after the efficient inactivation
processes. Figure 2A shows the bacillary
bodies of P. putida prior to the inactivation
process; in comparison with Figure 2B for
the sample obtained after the autoclave
inactivation process, it is noted that the
morphology of short bacilli is preserved
without any alteration. Figure 2C shows the
ellipsoidal morphology of S. cerevisiae prior
to the inactivation process; in comparison
with Figures 2D and 2E, no alteration in
morphology is observed after treatment by
water bath and autoclave, respectively.

CALIBRATION CURVE OF PB

The mean absorbance values obtained by
EAA for the calibration curve of Pb are shown
in Table 2, corresponding to the standards of
1, 5,10, 15, 20 and 25 mg/L of Pb.
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Figure 2. Comparison of the morphology of microorganisms before and after inactivation processes: P
putida before inactivation (A) and after inactivation in autoclave (B). S. cerevisiae before inactivation (C)
and after inactivation in water bath (D) and autoclave (E), not in scale.

Table 2. Absorbances obtained for the different standards of Pb.




Using the data in Table 2, the calibration
curve was constructed, which can be seen
in Figure 3, where it is observed that as the
concentration of Pb increases, the absorbance
increases proportionally, with a correlation
coeflicient of 0.9997.

Figure 3. Calibration curve obtained for Pb by
atomic absorption spectrophotometry.

This served as the basis for
determining the concentration of remaining
Pb.

curve

OPTIMAL PARAMETERS FOR
MAXIMUM REMOVAL OF PB IN
PURE CULTURES

The experimentally determined optimal
parameters were: pH of 5, constant agitation
of 40 RPM, incubation period of 24 h to
30 °C and a concentration of P. putida of
36.18 x 10® CFU/mL and 48 x 10® CFU/mL
of S. cerevisiae, which were applied in the
processes of removal of Pb in pure crops and
in the consortium.

DETERMINATION OF THE
REMAINING PB

Bioaccumulation by Saccharomyces
cerevisiae

Figure 4 presents the results obtained
during the Pb removal experiments, where
it can be observed that at the beginning of

the interaction between the yeast and the
metal, there is immediately a removal of the
same by biosorption. Later, at 24 hours, it is
observed that the yeast also bioaccumulated
Pb, decreasing the concentration of the metal
to 5.942 + 0.377 mg/L.

Figure 4. Results obtained by atomic absorption

spectrophotometry for the bioaccumulation

process of Pb by S. cerevisiae (red) and for the
corresponding control (blue).

Biosorption by Saccharomyces cerevisiae

Figure 5A presents the results obtained for
the evaluation of the removal process with S.
cerevisiae inactivated in autoclave, observing
an initial Pb concentration of 12.657 + 0.153
in the bioreactor, which at 24 hours decreased
to 3.22 7 + 0.072 mg/L. On the other hand, in
Figure 5B, when the inactivation of the yeast
was in the water bath, a final concentration of
1.029 + 0.330 was observed in the bioreactor.

Table 3 shows the concentrations of Pb at
the beginning and end for bioaccumulation
and biosorption processes. In all the
processes it was observed that when the yeast
was added, there was immediately a decrease
in the concentration of Pb at the beginning of
the experiment, which increased at 24 hours.
The removal percentages for each process are
also shown; it can be observed that using S.
cerevisiae inactivated by heating in a water
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Figure 5. Results obtained by atomic absorption spectrophotometry for the biosorption process using S.
cerevisiae (red) and its respective controls (blue), in which the yeast has been inactivated by autoclave (A)
and by heating in a water bath (B).

Table 3. Concentration of Pb present in the bioreactor at the beginning and at the end of bioaccumulation

and biosorption processes, and percentage of removal by S. cerevisiae.




bath, a greater removal of Pb was obtained,
since from the beginning the concentration
was reduced to 3.988 mg/L and at the end
of the 24 hours it decreased even more,
reaching 1.029 mg/L of Pb in the bioreactor,
which resulted in a removal of Pb of 90.23%.

In the biosorption process in which the
inactivation of S. cerevisiae was by autoclave,
a lower percentage of Pb removal was
obtained (69.38 %), and even more so in the
bioaccumulation process (43.63 %).

Based on these results, to evaluate
the removal of Pb by the bacteria-yeast
consortium, the biosorption process was
carried out, inactivating the yeast in water
bath.

DETERMINATION OF
REMAINING PB

Bioaccumulation by Pseudomonas putida

THE

Figure 6 shows the concentrations of
Pb obtained in bioreactors at baseline and
after 24 hours. At the initial time of the
bioaccumulation process, a decrease in the
concentration of Pb is observed immediately
that the bacteria (red) has been added with
respect to the control (blue), but at 24 h
the concentration increased (red), which
is because the bacteria in the first few
hours bioaccumulated Pb, but during the
incubation time the bacteria did not tolerate
the toxicity of this metal and released a part
of what had already bioaccumulated at the
beginning.

Figure 6. Results of atomic absorption

spectrophotometry for the removal of Pb

by bioaccumulation by P. putida (red) and
corresponding control (blue).

Biosorption by Pseudomonas putida

Because the autoclave inactivation
process was the only efficient process for the
bacterium, it was applied for evaluation in
the biosorption process. In Figure 7 it can
be observed that P. putida has high efficiency
in the removal of Pb, since at the beginning
of the experiment the concentration of
Pb (red) with respect to the control (blue)
decreases considerably, at the end of 24
hours of incubation, the bacterium was able
to completely remove Pb.

Figure 7. Results of atomic absorption

spectrophotometry for the removal of Pb by

P. putida by biosorption, inactivating this
bacterium in an autoclave.
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Table 4 shows the concentrations obtained
in bioreactors at the beginning and at the
end of the incubation time, as well as the
percentage of Pb removed by P. putida for
bioaccumulation and biosorption processes
by inactivating the bacteria in autoclave. In
both cases it can be observed that immediately
when the bacteria are in contact with Pb,
there is a decrease in the concentration of
the metal. In the bioaccumulation process,
the toxicity of the metal caused there to be
no removal of the metal, as at 24 hours the
bacteria released a large amount of the metal
that had been biosorbed at the beginning of
the process. With respect to the biosorption
process, the bacterium was able to remove Pb
in its entirety.

Based on these results it was determined
that the efficiency in the removal of Pb using
autoclaved inactivated P putida is fully
efficient, since it managed to remove 100%
of the metal in 24 hours. This is because the
bacteria are able to retain the metal in its cell
wall, eliminating the availability of metal in
water. Therefore, the process of biosorption
with P putida inactivated in autoclave is
considered for use in the consortium.

Since the biosorption process inactivating
P putida by autoclave sterilization and
S. cerevisiae by water bath heating were
highly efficient for the removal of Pb, the

performance of the consortium was evaluated
using these conditions in the biosorption
process.

IDENTIFICATION OF REMAINING
PB IN A BIOSORPTION PROCESS BY
THE CONSORTIUM

Figure 8 shows the comparison of the
concentrations of Pb in the bioreactor at
the beginning and at the end of the removal
process by the consortium, observing that at
the beginning of the process there is a decrease
in the concentration of Pb (red) with respect
to the control (blue), which further decreases
after 24 hours of incubation.

Figure 8. Results of atomic absorption
spectrophotometry for the removal of Pb by
the consortium through a biosorption process.

Table 4. Pb concentration in the bioreactor at the beginning and at the end of bioaccumulation and

biosorption processes and percentage of P. putida removal.
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Table 5. Concentration of Pb present in the bioreactor at the beginning and end of the biosorption process

with the consortium, as well as the percentage of removal.

Table 5 shows the concentrations of Pb
present in the bioreactor at the beginning
and at the end of the removal process by the
consortium, as well as the percentage of Pb
removed, corresponding to 52.11 %, which
is a smaller percentage than that obtained
during biosorption processes using each
microorganism in pure culture.

CONCLUSIONS

In this work, the efficiency in the removal
of Pb in a synthetic water was compared,
using pure cultures of P. putida bacteria
and S. cerevisiae yeast, as well as the yeast-
bacteria consortium.

By applying and comparing Pb removal
processes by  bioaccumulation  and
biosorption using P. putida (36.18 x 10°
CFU/mL), the bacterium was found to
be more efficient through the biosorption
process when inactivated in autoclave, as
100 % of the metal was removed in 24 hours
at pH 5, with constant stirring of 40 RPM,
incubating at 30 °C. As for the use of yeast
S. cerevisiae (48 x 10* CFU/mL), through the
process of biosorption inactivated by heating
in the water bath, it was possible to remove
90.23 % of the Pb present in the solution,
under the same incubation conditions as the
bacterium, which favored that they could
be applied in a consortium, which, far from
expected, proved to be less efficient, since a

removal percentage of 52.11% was obtained,
which is significantly less than removed
using microorganisms in pure culture.

With the above it is shown that the
microbial  bioremediation through a
biosorption process using pure cultures of
P. putida and S. cerevisiae, can be a great
alternative for the removal of Pb present in
water, in addition to the fact that the use
of inactive microorganisms for the union
of metal ions greatly reduces the costs of
maintaining them, since they do not require
nutrients, at the same time it is a non-
invasive process which represents being a
great alternative.
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