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Abstract

Introduction: The Cuatro Ciénegas Basin (CCB) has been isolated since the late Eocene. Most of the
microorganisms present in the CCB have evolved in situ and developed genetic and metabolic mechanisms
to adapt to extreme environments.
Objectives: To investigate the biotechnological potential of bacteria isolated from the CCB, as well as to
establish the phylogenetic relationship among them.
Methodology: Bacteria were isolated in pure culture from samples from different waterbodies in the CCB.
Bacteria were identified using the 16S rDNA gene and their phylogenetic relationship was determined using
the maximum likelihood method.
Results: Sixty-five isolates were identified: 39 strains belonging to the phylum Bacillota (11 identified at
species level and 25 at genus level), 12 strains classified in the phylum Actinomycetota (one was identified
at family level, six at genus level and five at species level) and 14 strains belonging to the phylum
Pseudomonadota (one at class level, six at genus level and seven at species level).
Limitations of the study: Only bacteria isolated in pure culture were studied.
Originality: An original study conducted at the Molecular Microbiology Laboratory of the Universidad
Auténoma de Coahuila is described.

Keywords: bacteria, molecular Conclusions: Studies in the literature underline the great biotechnological potential of bacteria found

identification, phylogeny, in the industrial, agricultural and environmental sectors. Understanding biodiversity is essential for the
biotechnology, Bacillota.  sustainable use and management of native biota.

Resumen

Introduccién: El valle de Cuatro Ciénegas (VCC) se encuentra aislado desde finales del Eoceno. Gran parte
de los microorganismos presentes en el VCC han evolucionado in situ, y han desarrollado mecanismos
genéticos y metabodlicos de adaptacion a ambientes extremos.
Objetivos: Indagar el potencial biotecnolégico de bacterias aisladas del VCC, asi como establecer la relacién
filogenética entre ellas.
Metodologia: Se aislaron bacterias en cultivo puro a partir de muestras provenientes de diferentes cuerpos
de agua del VCC. Las bacterias se identificaron mediante el gen ADNr 16S y se determiné su relaciéon
filogenética con el método de maxima verosimilitud.
Resultados: Se identificaron 65 aislados: 39 cepas pertenecientes al filo Bacillota (11 identificados a nivel
especie y 25 a nivel género), 12 cepas clasificadas en el filo Actinomycetota (una se identificé a nivel familia,
seis a nivel género y cinco a nivel especie) y 14 cepas pertenecientes el filo Pseudomonadota (una a nivel
clase, seis a nivel de género y siete a nivel especie).
Limitaciones del estudio: Se estudiaron inicamente bacterias aisladas en cultivo puro.
Originalidad: Se describe un trabajo original realizado en el Laboratorio de Microbiologia Molecular de la
Palabras clave: Universidad Auténoma de Coahuila.
bacteria, identificacion Conclusiones: Los estudios en la literatura subrayan el gran potencial biotecnolégico de las bacterias
molecular, filogenia, encontradas en los sectores industrial, agricola y ambiental. Conocer la biodiversidad es fundamental para
biotecnologia, Bacillota. el aprovechamiento y manejo sustentable de la biota nativa.
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Introduction

The Cuatro Ciénegas Valley (CCB), located in the
Chihuahuan Desert in the state of Coahuila, Mexico,
is surrounded by mountain ranges. Geological data
suggest that after the fragmentation of Pangaea and
the formation of the first seas, the CCB area was in a
shallow marine environment, and at the end of the
Eocene it was isolated from the rest of the Gulf of
Mexico by tectonic plate movements (Moreno-Letelier
et al.,, 2012). The CCB climate has remained stable for
millions of years because it is surrounded by mountain
ranges (Wilson & Pitts, 2010). It has a complex system
of pools, wetlands, springs, and dunes. Its soils are
calcareous and contain a large amount of calcium and
magnesium, as well as sodium, potassium, sulfates
and carbonates (Souza et al., 2006).

The isolation and relative stability of the CCB, together
with its extreme conditions of aridity, humidity and
salinity, as well as the presence of gypsiferous soils,
have probably been the main drivers of the observed
speciation and diversification (Moreno-Letelier et al,,
2012). The CCB exhibits a high level of diversity and
endemism of microbial species with ancient marine
ancestry (Souza et al., 2012), as well as an abundant
aquatic fauna in its springs (Tobler & Carson, 2010),
whose genomes contain unique adaptive elements
that allow them to survive in such an extreme
environment (Alcaraz et al., 2008). One notable aspect
is the stoichiometric imbalance, where extremely
low concentrations of phosphorus (157:1) or nitrogen
(1.8:1) allow the development of ancestral microbial
communities with unique adaptations (Souza et al,
2008).

The growing interest in studying the CCB is due,
in part, to the properties of its water and its arid,
gypsiferous soils, which have led it to being compared
to a crater on Mars (Lopez-Lozano et al., 2012);
therefore, the valley has been considered a model for
the search for life on the red planet (Souza et al., 2004).
In recent decades, numerous bacterial communities
have been isolated and identified in the CCB (Escalante
et al., 2008), thanks to researchers who see it as an
“astrobiological time machine,” ideal for studying the
evolution of biological communities on Earth (Moreno-
Letelier et al., 2012). The native bacterial community is
dominated by the phylum Pseudomonadota (formerly
Proteobacteria), followed in abundance by Bacteroidota
(formerly Bacteroidetes) and Actinomycetota (formerly
Actinobacteria) (Cerritos et al., 2011; Escalante et al.,
2008; Souza et al., 2006).

Since most microorganisms present in the CCB have
evolved in situ under restricted nutritional conditions,
in highly saline media or in the presence of heavy

Introducciéon

El valle de Cuatro Ciénegas (VCC), localizado en el
desierto Chihuahuense en el estado de Coahuila,
México, estd rodeado de cadenas montafosas. Los datos
geolégicos sugieren que después de la fragmentacién
de la Pangea y la formacién de los primeros mares, el
drea del VCC se encontraba en un ambiente marino
poco profundo, y a finales del Eoceno quedé aislado del
resto del golfo de México a causa de los movimientos
de las placas tecténicas (Moreno-Letelier et al., 2012).
El clima del VCC se ha mantenido estable durante
millones de aflos debido a que se encuentra rodeado de
sierras (Wilson & Pitts, 2010). Cuenta con un complejo
sistema de pozas, humedales, manantiales y dunas. Sus
suelos son calcdreos y contienen una gran cantidad de
calcio y magnesio, ademds de sodio, potasio, sulfatos y
carbonatos (Souza et al., 2006).

El aislamiento y la estabilidad relativa del VCC, junto
con sus condiciones extremas de aridez, humedad y
salinidad, asi como la presencia de suelos yesiferos, han
sido probablemente los principales impulsores de la
especiacion y diversificacion observada (Moreno-Letelier
et al., 2012). EI VCC presenta un alto nivel de diversidad
y endemismo de especies microbianas con antigua
ascendencia marina (Souza et al.,, 2012), asi como una
abundante fauna acudtica en sus manantiales (Tobler
& Carson, 2010), cuyos genomas contienen elementos
adaptativos Unicos que les permiten sobrevivir en un
entorno tan extremo (Alcaraz et al., 2008). Un aspecto
notable es el desequilibrio estequiométrico, donde
concentraciones extremadamente bajas de fésforo
(157:1) o nitrégeno (1.8:1) permiten el desarrollo de
comunidades microbianas ancestrales con adaptaciones
Unicas (Souza et al., 2008).

El creciente interés por estudiar el VCC se debe, en
parte, a las propiedades de su agua y a sus suelos
dridos y yesiferos, lo cual lo ha llevado a compararlo
con un crdter en Marte (Lopez-Lozano et al., 2012);
por ello, el valle ha sido considerado un modelo
para la basqueda de vida en el planeta rojo (Souza
et al., 2004). En las ultimas décadas, se han aislado e
identificado numerosas comunidades bacterianas del
VCC (Escalante et al., 2008), gracias a investigadores que
lo ven como una “madquina del tiempo astrobiolégica”
ideal para estudiar la evolucién de las comunidades
biolégicas de la tierra (Moreno-Letelier et al., 2012).
La comunidad bacteriana nativa estd dominada por el
filo Pseudomonadota (antes Proteobacteria), seguido
en abundancia por Bacteroidota (antes Bacteroidetes)
y Actinomycetota (antes Actinobacteria) (Cerritos et al.,
2011; Escalante et al., 2008; Souza et al., 2006).

Debido a que la mayoria de los microorganismos
presentes en el VCC han evolucionado in situ bajo
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metals, their adaptability mechanisms have been
enhanced. Evolutionary adaptations of microorganisms
sometimes lead to opportunities for other organisms.
Several bacterial species isolated from the CCB have
been reported to synthesize secondary metabolites
with potential biotechnological applications (Arocha-
Garza et al., 2017; Ramos-Aboites et al, 2018) in
different economic sectors such as medicine, industry,
or agriculture.

Molecular identification techniques have become an
indispensable tool in the study and classification of
microorganisms. Sequencing of the 16S rDNA gene for
bacterial identification is one of the most widely used
methods, and can be complemented by biochemical,
proteomic, or molecular methods depending on the
specificity required for each study (Bou et al,, 2011).

Currently, it is possible to direct the search towards
microorganisms of interest, since the decrease in
sequencing costs opens a window of opportunity
for the search and development of natural products
from native microbiota, with potential applications
in different areas (Katz & Baltz, 2016). Considering
the above, this research aimed to investigate the
biotechnological potential of bacteria isolated from
the CCB, as well as to establish the phylogenetic
relationship among them.

Materials and methods
Sampling sites

Three samplings were conducted in five waterbodies
(Poza Azul, Poza de la Becerra, Laguna los Giieros,
Laguna Churince [LCH] and Poza Hundidos) and in the
area known as “gypsum dunes” (Figure 1): 1) winter
2015-2016, 2) spring 2016 and 3) spring 2018. Once
collected, the water, soil, and sediment samples were
placed in new, sterile Falcon tubes and transported
under refrigeration conditions (4-6 °C) to the analytical
facility (Molecular Microbiology Laboratory at the
Faculty of Chemical Sciences, Universidad Auténoma
de Coahuila, Saltillo unit). In 2018, samples were only
taken from two sites due to lack of access, and in the
case of the Churince hydrological system, it had already
disappeared. Data on the collection sites are presented
in Table 1.

Inoculation of microbial cultures

Soil, water, and sediment samples were subjected to
serial dilutions to obtain isolated colonies, which were
reseeded until pure cultures were obtained. The culture
media used were SCN-1 and SCN-25 (with a NaCl ratio
of 25:1 with respect to SCN-1 medium) (Kiister &
Williams, 1964), LB Miller broth (Walczak et al., 2012)
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condiciones nutricionales restringidas, en medios
altamente salinos o en presencia de metales pesados,
se han potenciado sus mecanismos de adaptabilidad.
Las adaptaciones evolutivas de los microorganismos
en ocasiones derivan en oportunidades para otros
organismos. Se han reportado diversas especies
bacterianas aisladas del VCC que sintetizan
metabolitos secundarios con potenciales aplicaciones
biotecnoldgicas (Arocha-Garza et al, 2017; Ramos-
Aboites et al., 2018) en diferentes sectores econémicos
como medicina, industria o agricultura.

Las técnicas de identificacién molecular se han convertido
en una herramienta indispensable en el estudio y
clasificacién de microorganismos. La secuenciacién del
gen ADNr 16S para la identificacién bacteriana es uno de
los métodos mds utilizados, y puede ser complementado
con métodos bioquimicos, proteémicos o moleculares
dependiendo de la especificidad requerida para cada
estudio (Bou et al., 2011).

Actualmente, es posible dirigir la busqueda hacia
microrganismos de interés, ya que la disminucién de
costos en la secuenciacién abre wuna ventana
de oportunidades para la busqueda y desarrollo de
productos naturales a partir de microbiota nativa,
con aplicaciones potenciales en diferentes dreas
(Katz & Baltz, 2016). Considerando lo anterior, el
objetivo de esta investigacién fue indagar el potencial
biotecnolégico de bacterias aisladas del VCC, asi como
establecer la relacién filogenética entre ellas.

Materiales y métodos
Sitios de muestreo

Se realizaron tres muestreos en cinco cuerpos de agua
(Poza Azul, Poza de la Becerra, Laguna los Giieros,
Laguna Churince [LCH] y Poza Hundidos) y en la zona
conocida como “dunas de yeso” (Figura 1): 1) invierno
de 2015-2016, 2) primavera de 2016 y 3) primavera de
2018. Las muestras de agua, suelo y sedimento (segiin
correspondia) se colocaron en tubos Falcon nuevos y
estériles, y se transportaron en refrigeracion (4 a 6 °C) al
Laboratorio de Microbiologia Molecular en la Facultad
de Ciencias Quimicas de la Universidad Auténoma de
Coahuila unidad Saltillo. En 2018, solo se tomaron
muestras de dos sitios debido a la falta de acceso, y en
el caso del sistema hidrolégico del Churince fue porque
ya habia desaparecido. En la Cuadro 1 se presentan
datos de los lugares de recoleccién.

Inoculacién de cultivos microbianos
Las muestras de suelo, agua y sedimento se sometieron

a diluciones seriadas para obtener colonias aisladas, las
cuales se resembraron hasta obtener cultivos puros. Los
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Figure 1. Map of the sampled sites in the Cuatro Ciénegas Basin and their location within the state of Coahuila, Mexico.
Figura 1. Mapa de los sitios muestreados en el valle de Cuatro Ciénegas y su localizacién dentro del estado de Coahuila, México.

Table 1. pH and temperature conditions of the sampling sites.
Cuadro 1. Condiciones de pH y temperatura de los sitios de muestreo.

Sampling site/ Coordinates/ H Temperature (°C) |
Lugar de muestreo Coordenadas p Temperatura (°C)

First sampling (winter 2015-2016)/
Primer muestreo (invierno 2015-2016)

Poza Azul 26.59312, -102.07192 7.08 32-38
Poza de La Becerra 26.878447,-102.138208 7.36 32.6
Laguna Los Giieros 26.840, -102.134 8.23 21.8

Laguna Churince 26.840127, -102.133946 7.5 26.5
Dunas 26.8,-102.12 - 24-27

Second sampling (spring 2016)/
Segundo muestreo (primavera 2016)

Poza Azul 26.992, -102.122 7.08 32-38
Poza de La Becerra 26.878447, -102.138208 7.36 32.6
Laguna Los Giieros 26.840, -102.134 8.23 21.8

Laguna Churince 26.840127, -102.133946 7.5 26.5
Dunas 26.8,-102.12 -- 24-27

Third sampling (spring 2018)/
Tercer muestreo (primavera 2018)

Poza Azul 26.59312, -102.07192 7.2 33
Poza Hundidos 26.8703, -102.0206 8.4 29.1
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supplemented with As,0O, at a final concentration of
1 mM and LB Miller supplemented with Na,AsO, at a
final concentration of 1 mM. Incubation was carried
out at 30 °C, both in plates and liquid cultures with
shaking at 200 rpm, until growth was observed.

Deoxyribonucleic acid (DNA) extraction

Bacterial genomic DNA was purified following the
Wizard® kit protocol (Promega, USA). The quality
of DNA purification was verified by 1 % agarose gel
electrophoresis in 1x TBE buffer. Gels were stained with
GelRed™ Nucleic Acid (Biotium, Inc.) for visualization
on a transilluminator (UUV-01, Maestrogen, Mexico).
The molecular weight marker HyperLadder™ I (Bioline)
was used as a reference standard.

16S rDNA gene amplification

The 16S rDNA gene was amplified by polymerase chain
reaction (PCR) in a thermal cycler (2720 Thermal Cycler,
Applied Biosystems®, USA) using primers 8F (Brosius et
al., 1981) and 1495R (Bianciotto et al., 1996) at a final
concentration of 0.5 pM, 1 U MyTaq™ DNA polymerase
(Bioline, USA), 1x MyTaq™ reaction buffer and 50 pL
molecular grade water. Reaction conditions consisted
of an initial denaturation cycle at 94 °C for 5 min, 25
amplification cycles at 94 °C for 60 s, 55 °C for 30 s,
72 °C for 90 s, and a final elongation at 72 °C for 10 min.

PCR products (amplicons) were confirmed by 1x
agarose gel electrophoresis. For visualization, they were
stained with GelRed® (Biotium, Inc.).

Purification of PCR products

Amplicon purification was performed using the
EZN.A® kit (OMEGA Biotek, USA), following
the manufacturer’s instructions. The purified PCR
products were visualized on a 1 % agarose gel using the
same procedure described above.

Sequence analysis

The 16S rDNA gene amplicon of each bacterium was
sequenced by Macrogen, Korea. For sequencing,
primers 27F and 1492R (Caporaso et al.,, 2010) were
used at a final concentration of 5 pM. The quality of
the obtained sequences was analyzed with the BioEdit
Sequence Alignment Editor© program (Hall, 1999). The
sequences were curated and compared with sequences
reported in the GenBank database (http://www.ncbi.
nlm.nih.gov/BLAST/) using the BLAST+ 2.15.0 algorithm
for identification. Sixty-five sequences with about
1400 base pairs of the 16S rDNA gene and the quality
required for analysis were obtained.
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medios de cultivo utilizados fueron SCN-1 y SCN-25 (con
una proporcion de NaCl de 25:1 respecto al medio SCN-1)
(Kister & Williams, 1964), caldo LB Miller (Walczak et
al., 2012) adicionado con As,0; a una concentraciéon
final de 1 mM y LB Miller adicionado con Na;AsO, a una
concentracién final de 1 mM. La incubacién se realizé
a 30 °C, tanto en placas como cultivos liquidos con
agitacion a 200 rpm hasta que se observé crecimiento.

Extraccién de dcido desoxirribonucleico (ADN)

Se purific6 ADN genémico bacteriano siguiendo el
protocolo del kit Wizard® (Promega, EUA). La calidad
de la purificacién del ADN se verific6 mediante
electroforesis en gel de agarosa al 1 % en buffer TBE
1x. Los geles se tifleron con GelRed™ Nucleic Acid
(Biotium, Inc.) para llevar a cabo la visualizacién en un
transiluminador (UUV-01, Maestrogen, México). Como
estdndar de referencia, se utilizé el marcador de peso
molecular HyperLadder™ I (Bioline).

Amplificaciéon del gen ADNr 16S

El gen ADNr 16S se amplific6 mediante la reaccién
en cadena de la polimerasa (PCR, por sus siglas en
inglés) en un termociclador (2720 Thermal Cycler,
Applied Biosystems®, EUA) usando los iniciadores 8F
(Brosius et al., 1981) y 1495R (Bianciotto et al., 1996)
a una concentracién final de 0.5 pM, 1 U de MyTaq™
ADN polimerasa (Bioline, EUA), 1x de buffer de
reaccion MyTaq™ y 50 pL de agua grado molecular.
Las condiciones de reaccién consistieron en un ciclo
de desnaturalizacién inicial a 94 °C por 5 min, 25 ciclos de
amplificacién a 94 °C por 60 s, 55 °C por 30 s, 72 °C por
90 s y una elongacioén final a 72 °C por 10 min.

Los productos de PCR (amplicones) se confirmaron
mediante electroforesis en gel de agarosa 1x. Para su
visualizacién, se tifieron con GelRed® (Biotium, Inc.).

Purificacién de productos de PCR

La purificacién de los amplicones se realiz6 con el kit
E.Z.N.A.® (OMEGA Bio-tek, EUA), siguiendo las indicaciones
del fabricante. Los productos de PCR purificados se
visualizaron en un gel de agarosa al 1 % mediante el
mismo procedimiento descrito anteriormente.

Analisis de las secuencias

El amplicén del gen ADNr 16S de cada bacteria fue
secuenciado por Macrogen, Korea. Para la secuenciacién,
se utilizaron los iniciadores 27F y 1492R (Caporaso et al.,
2010) a una concentracién final de 5 pM. La calidad de las
secuencias obtenidas se analizé con el programa BioEdit
Sequence Alignment Editor© (Hall, 1999). Las secuencias
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Phylogenetic tree construction

A phylogenetic tree was constructed to determine
the distance between bacterial isolates using the
MEGA-X program (Kumar et al., 2018). The 16S rDNA
gene sequences were aligned using the MUSCLE tool
(Edgar, 2004). After alignment and trimming, the
optimal evolutionary model was calculated using the
MEGA-X program and jModelTest. The phylogenetic
tree was generated with the Maximum-likelihood (ML)
GTIR I+ G method using the MEGA-X program with
1,000 replicates.

Results and discussion
Molecular identification

A total of 65 results were obtained, of which five strains
were identified at family level, 37 at genus level and 23
at species level, with 99 to 100 % identity. According to
the NCBI database, most of the identified strains were
found to belong to the genus Bacillus (39.92 %) (Figure 2).

Of the bacteria identified, 39 belong to the phylum

Bacillota (formerly Firmicutes), a group widely
distributed in the valley (Cerritos et al., 2011; Moreno-

Figure 2.

se curaron y se compararon con secuencias reportadas
en la base de datos del GenBank (http://www.ncbi.nlm.
nih.gov/BLAST/) usando el algoritmo BLAST+ 2.15.0 para
su identificaciébn. Se obtuvieron 65 secuencias con
alrededor de 1400 pares de bases del gen ADNr 16S y la
calidad necesaria para el andlisis.

Construcciéon de arbol filogenético

Se construyé un drbol filogenético para determinar la
distancia entre los aislados bacterianos utilizando el
programa MEGA-X (Kumar et al., 2018). Las secuencias
del gen ADNr 16S se alinearon con la herramienta
MUSCLE (Edgar, 2004). Posterior a la alineacién y
el recorte, se calculé el modelo evolutivo 6ptimo con el
programa MEGA-X y el jModelTest. El drbol filogenético
se genero con el método Maximum-likelihood (ML) GTR
I+ G mediante el programa MEGA-X con 1000 réplicas.

Resultados y discusiones
Identificacion molecular
En total se obtuvieron 65 resultados, de los cuales se

identificaron cinco cepas a nivel familia, 37 a nivel
género y 23 nivel de especie, con una identidad del

Phylogenetic tree of the 65 strains identified. The purple lines correspond to the phylum Pseudomonadota, the blue

ones identify the phylum Actinomycetota and the green ones correspond to the phylum Bacillota.

Figura 2.

Arbol filogenético de las 65 cepas identificadas. Las lineas moradas corresponden al filo Pseudomonadota, las azules

identifican al filo Actinomycetota y las verdes corresponden al filo Bacillota.
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Letelier et al., 2012). The genus Bacillus includes bacteria
that have adaptive advantages, such as endospore
formation, adaptation to sudden temperature changes,
motility, halotolerance, and peptide synthesis, among
others (Avalos-Zavaleta et al., 2018).

Phylogeny

Of the 39 strains belonging to the phylum Bacillota,
34 are from the family Bacillaceae: 24 from the genus
Bacillus, two from the genus Lysinibacillus, two from the
genus Exiguobacterium, one from the genus Priestia, one
Peribacillus, one Rossellomorea, and one from the genus
Cytobacillus. Some bacteria of the last four genera had
been identified as Bacillus; however, recent studies
have reclassified them. Two strains belonging to the
family Planococcaceae and three from the family
Paenibacillaceae were also identified.

From the phylum Actinomycetota, 12 strains were
identified: one from the genus Nocardioides, one from the
genus Gordonia, and 10 from the family Micrococcaceae
(five belong to the genus Micrococcus, three to the genus
Kocuria, one to the genus Citricoccus, and one strain could
not be identified to the genus level).

Fourteen strains were identified from the phylum
Pseudomonadota, four of which belong to the
a-Proteobacteria class, in particular to the genera
Peteryoungia, Pseudochrobactrum, Pannonibacter, and
Sphingopyxis. The remaining 10 strains are part of
the y-Proteobacteria class: five belong to the genus
Pseudomonas, two to the genus Stutzerimonas, one to the
genus Billgrantia, and one to the genus Stenotrophomonas.
Some of these genera were also recently reclassified.

The diversity of CCB bacterial species is a product
of very ancient lineages that became isolated and
continued to evolve (Arocha-Garza et al., 2017; Moreno-
Letelier et al., 2012; Souza et al., 2006). Through their
genome, it is possible to identify how and when the
basin became isolated, the stability of environmental
conditions over time, and how species have adapted to
survive extreme conditions.

Biotechnological potential

The applications of microbiota are very diverse, and
the bacteria identified in this study have potential
biotechnological uses in agricultural, industrial and
health sectors (Table 2). The studies found correspond
to strains isolated in various parts of the world, some
under salinity or temperature conditions similar
to those reported in the present work. It is worth
mentioning that different strains of the same species
can present different activities, which has an impact on
their possible applications.
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99 al 100 %. De acuerdo con la base de datos del NCBI,
se encontré que la mayoria de las cepas identificadas
pertenecen al género Bacillus (39.92 %) (Figura 2).

De las bacterias identificadas, 39 pertenecen al filo
Bacillota (antes Firmicutes), grupo ampliamente
distribuido en el valle (Cerritos et al., 2011; Moreno-
Letelier et al., 2012). E1 género Bacillus incluye bacterias
que tienen ventajas adaptativas, como formacién
de endosporas, adaptacién a cambios bruscos de
temperatura, motilidad, halotolerancia, sintesis
de péptidos, entre otras (Avalos-Zavaleta et al., 2018).

Filogenia

De las 39 cepas pertenecientes al filo Bacillota, 34 son
de la familia Bacillaceae: 24 del género Bacillus, dos del
género Lysinibacillus, dos del género Exiguobacterium, una
del género Priestia, una Peribacillus, una Rossellomorea
y una del género Cytobacillus. Algunas bacterias de
los dltimos cuatro géneros se habian identificado
como Bacillus; no obstante, estudios recientes los han
reclasificado. Asimismo, se identificaron dos cepas
pertenecientes a la familia Planococcaceae y tres de la
familia Paenibacillaceae.

Del filo Actinomycetota se identificaron 12 cepas: una
del género Nocardioides, una del género Gordonia y 10 de
la familia Micrococcaceae (cinco pertenecen al género
Micrococcus, tres al género Kocuria, una al género Citricoccus
y una cepa no se logré identificar al nivel de género).

Del filo Pseudomonadota se  identificaron
14 cepas, cuatro de las cuales pertenecen a la clase
a-Proteobacteria, en particular a los géneros Peteryoungia,
Pseudochrobactrum,  Pannonibacter 'y Sphingopyxis.
Las 10 cepas restantes forman parte de la clase
y-Proteobacteria: cinco pertenecen al género Pseudomonas,
dos al género Stutzerimonas, una al género Billgrantia y
una al género Stenotrophomonas. Algunos de estos géneros
también fueron reclasificados recientemente.

La diversidad de las especies bacterianas del VCC
es producto de linajes muy antiguos que quedaron
aislados y continuaron evolucionando (Arocha-Garza
et al., 2017; Moreno-Letelier et al., 2012; Souza et al,,
2006). A través de su genoma, se puede identificar
como y cudndo el valle quedo aislado, la estabilidad
de las condiciones ambientales a lo largo del tiempo y
co6mo las especies se han adaptado para sobrevivir a las
condiciones extremas.

Potencial biotecnolégico
Las aplicaciones de la microbiota son muy diversas, y

las bacterias identificadas en este estudio tienen usos
biotecnoldgicos potenciales en sectores agricolas,
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Table 2. Reports in the literature on the potential uses of the identified species.
Cuadro 2. Reportes en la literatura sobre los usos potenciales de las especies identificadas.

Isolates /Aislados  Identification/Identificacién Background /Antecedentes References /Referencias

UADEC2CC107 Rossellomorea arthrocnemi Siderophore production and auxin synthesis. Navarro-Torre
Potential in phytoremediation. Improves heavy etal. (2021)
metal accumulation. /
Produccién de sider6foros y sintesis de
auxinas. Potencial en fitorremediacién. Mejora
la acumulacién de metales pesados.

UADEC32 Bacillus infantis Absorption or removal of Hg I, As III, As V and Cd Abu-Dieyeh et al.
pollutants in soil. Production of alkaline proteases./  (2019), Hare &
Absorcién o remocién de contaminantes Chowdhary (2019),
HgII, As III, As V y Cd en suelo. Saggu & Mishra (2017),
Produccién de proteasas alcalinas. Yakoubi et al. (2018)

UADEC2CC3 Priestia megaterium N fixation and P solubilization. Sulfate and El-Komy (2005), Lopez-
sulfonate assimilation and transport. Synthesis Bucio et al. (2007),
of siderophores, IAA, VOCs. Activity against Nascimiento et al.
phytopathogens, nematicidal activity against (2020), Ortiz-Castro
Meloidogyne graminicola. Resistance to heavy metals./ et al. (2008), Vary et
Fijacién de N y solubilizacién de P. al. (2007), Velineni &
Asimilacién y transporte de sulfato y de Brahmaprakash (2011),
sulfonato. Sintesis de sideréforos, AIA, Wang et al. (2020)
COVs. Actividad contra fitopatégenos,
actividad nematicida contra Meloidogyne
graminicola. Resistencia a metales pesados.

UADECS5 Cytobacillus oceanicediminis Production of cellulase and xylanase enzymes. Ali et al. (2015),
IAA production, phosphate solubilization. Boucherba et al. (2017),
Nematicidal activity against Meloidogyne incognita./ Indira & Jayabalan,
Produccién de enzimas celulasa y xilanasa. (2020), Liu et al. (2020)
Produccién de AIA, solubilizacién de fosfatos.
Actividad nematicida contra Meloidogyne incognita.

UADEC1CC17 Bacillus pumilus Production of enzymes, xylanase, chitinase. Freitas-Silva et al. (2021),
Antifungal activity against Fusarium Huang et al. (2012),
oxisporum, Ceratorhiza hydrophila and Nagar et al. (2010),
Rhizoctonia solani. Microbial activity./ Reiss et al. (2011),
Produccién de enzimas, xilanasa, quitinasa. Rishad et al. (2017)
Actividad antifingica contra Fusarium
oxisporum, Ceratorhiza hydrophila y Rhizoctonia
solani. Actividad microbiana.

UADEC27 Peribacillus simplex Bioremediation of agricultural soils polluted Al-Sman et al. (2019),

with chlorsulfuron, trifluralin, heavy metals

and hydrocarbons. Wastewater treatment.
Produces siderophores, solubilizes phosphates,
secretes IAA and VOCs and is a biocontrol

agent. Antagonistic activity against Pythium
aphanidermatum, Fusarium camptoceras, Fusarium
oxysporum, Panagrellus redivivus and Bursaphelenchus
xylophilus. Synthesis of a-amylase. /
Biorremediacién de suelos agricolas contaminados
con clorsulfuron, trifluralina, metales pesados e
hidrocarburos. Tratamiento de aguas residuales.
Produce sideréforos, solubiliza fosfatos, secreta
AIA y COVs, y es un agente de biocontrol. Actividad
antagonica contra Pythium aphanidermatum, Fusarium
camptoceras, Fusarium oxysporum, Panagrellus redivivus
y Bursaphelenchus xylophilus. Sintesis de a-amilasa.

Erguven et al. (2016),
Erturk et al. (2012),
Hassen et al. (2010),
Mani et al. (2016),
Miao et al. (2018),
Ortakaya et al. (2017),
Schwartz et al. (2013)

TAA: indoleacetic acid; VOC: volatile organic compounds; DCIP: dichlorophenolindophenol; PHB: polyhydroxybutyrate.

AIA: dcido indolacético; COV: compuestos orgdnicos voldtiles; DCIP: diclorofenolindofenol; PHB: polihidroxibutirato.
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Table 2. Reports in the literature on the potential uses of the identified species. (cont.)
Cuadro 2. Reportes en la literatura sobre los usos potenciales de las especies identificadas. (cont.)

Isolates /Aislados  Identification /Identificacién Background /Antecedentes References /Referencias

UADEC38 Bacillus subtilis Production of gibberellin, auxin, expansin Anjum et al. (2019),
and cytokinin. Increased Fe solubilization. de Andrade et al.
Production of lipopeptides and f1,3-glucanase. (2019), Lin et al. (2016),
Activity against Fusarium spp., Aspergillus spp., Milijasevi¢-Marcic¢ et
Penicllium spp., Phytophthora drechsleri, Botrytis al. (2017), Rahimi et
cinerea, Botryodiplodia theobromae, Macrophomina al. (2018), Reddy et al.
phaseolina, Cercospora sp., Phoma exigua, Rhizopus (2017), Regmi et al.
sp., Colletotrichum sp., Phytophthora sp., Curvularia (2017), Sajitha et al.
sp. and Trichoderma sp. Production of mannanase, (2018), Suryawanshi
keratinase. Bioremediation of soils polluted with et al. (2018), Tahir et
pesticides, heavy metals and hydrocarbons./ al. (2017), Tumpa et al.
Produccién de giberelina, auxina, expansina y (2017), Zhou et al. (2018)
citoquinina. Aumento de solubilizacién de Fe.
Produccion de lipopéptidos y B1, 3-glucanasa.
Actividad contra Fusarium spp., Aspergillus
spp., Penicllium spp., Phytophthora drechsleri,
Botrytis cinerea, Botryodiplodia theobromae,
Macrophomina phaseolina, Cercospora sp.,
Phoma exigua, Rhizopus sp., Colletotrichum sp.,
Phytophthora sp., Curvularia sp. y Trichoderma
sp. Produccién de mananosa, queratinasa.
Biorremediacién de suelos contaminados con
pesticidas, metales pesados e hidrocarburos.

UADEC28 Planoccocus glaciei Use of hydrocarbons as a carbon source./ Al-Awadhi et al. (2012)
Uso de hidrocarburos como fuente de carbono.

UADEC2CC38 Exiguobacterium indicum Decontamination of effluents contaminated with Cr  Mohapatra et al. (2017),
III and Cr VI. Obtaining of antimicrobial extract./ Singh et al. (2019)
Descontaminacién de efluentes contaminados con
Cr Il 'y Cr VI. Obtencién de extracto antimicrobiano.

UADEC2CC8 Exiguobacterium mexicanum Antibacterial activity against Escherichia coli, Erofeevskaia et al.
Shigella flexeneri, Klebsiella pneumoniae and Salmonella (2016), Shanthakumar
enterica. Bioremediation of soil and water et al. (2015)
polluted with petroleum and its byproducts./
Actividad antibacteriana contra Escherichia coli,
Shigella flexeneri, Klebsiella pneumoniae y Salmonella
enterica. Biorremediacién de suelo y agua
contaminados con petroleo y sus derivados.

UADEC2CC12 Nocardioides zeae Bioremediation of effluents Yetti & Thonotowai,
contaminated with naphthalene./ (2016)
Biorremediacion de efluentes
contaminados con naftaleno.

UADEC1CC14 Kocuria rosea Bioremediation by enzymatic action of azoreductase = Karnwal (2017), Kumar

and NADH-DCIP reductase. Production of the
exopolysaccharide kocuran with potential in

the pharmaceutical industry. Bioremediation

and production of biosurfactants./
Biorremediacién por accién enzimdtica
azoreductasa y NADH-DCIP reductasa. Produccién
del exopolisacdrido kocuran con potencial

en industria farmacéutica. Biorremediacién

y produccién de biosurfactantes.

& Sujitha (2014),
Parshetti et al. (2010),
Wu et al. (2014)

TAA: indoleacetic acid; VOC: volatile organic compounds; DCIP: dichlorophenolindophenol; PHB: polyhydroxybutyrate.

AlA: 4cido indolacético; COV: compuestos orgdnicos voldtiles; DCIP: diclorofenolindofenol; PHB: polihidroxibutirato.
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Table 2. Reports in the literature on the potential uses of the identified species. (cont.)

Cuadro 2. Reportes en la literatura sobre los usos potenciales de las especies identificadas. (cont.)

Isolates /Aislados  Identification /Identificacién Background /Antecedentes References /Referencias
UADEC1CCS, Kocuria palustris Synthesis of the peptide kocurin with proven Al-Awadhi et al. (2012),
UADEC2CC228 antibacterial activity against pathogenic Banerjee et al. (2016),
bacteria. Bioremediation of As III, As V, TNT, Caliz et al. (2011), Lara-
and accumulation of Cs'” and Co®. Degradation Severino et al. (2016),
of 2,4,6-trichlorophenol and hydrocarbons. / Martin et al. (2013),
Sintesis del péptido kocurin con actividad TiSdkovd et al. (2013),
antibacteriana probado contra bacterias Zacaria-Vital et al. (2019)
patégenas. Biorremediacién de As III, As V, TNT,
y acumulacién de Cs'” y Co®. Degradacién
de 2,4,6-triclorofenol e hidrocarburos.
UADEC49 Pseudochrobactrum asaccharoliticum  PHB synthesis. Cr VI accumulation and removal./ Long et al. (2013),
Sintesis de PHB. Acumulacién y Sharma & Harish, (2015)
eliminacién de Cr VI.
UADEC35 Pannonibacter phragmitetus Bioremediation of wastewater and soils polluted Bai et al. (2019), Chai
with Cr VI. Ammonium and nitrite removal. etal. (2019), Liao et
Synthesis of siderophores, and IAA. Phosphate al. (2020), Ray et al.
solubilization and synthesis of biopolymers./ (2016), Wang et al.
Biorremediacién de aguas residuales y suelos (2013), Xu et al. (2012)
contaminados con Cr VI. Eliminacién de
amonio y nitritos. Sintesis de sideréforos, y AIA.
Solubilizacién de fosfato y sintesis de biopolimeros.
UADEC2CC7, Stutzerimonas stutzeri Production of nocardamine, an Fe-transporting Pham et al. (2017),
UADEC2CC17 agent. N fixation, phosphate solubilization. Sathishkumar et al.
Bioremediation of wastewater and soils (2017), Wang et al.
polluted with selenite, selenate and Cr VI. (2019), Yan et al. (2008),
Degradation of 2-nitrobrombenzene. / Zhang et al. (2011)
Produccién de nocardamina un agente
transportador de Fe. Fijacién de N, solubilizacién
de fosfato. Biorremediacién de aguas residuales
y suelos contaminados con selenito, selenato y
Cr VI. Degradacion de 2-nitrobrombenceno.
UADEC1CC9, Pseudomonas peli Degradation of organophosphorus insecticides Dellai et al. (2016),
UADEC2CC24 and their derivatives. P solubilization, Mahiudddin et al.
N fixation and IAA production./ (2014), Tang et al. (2018),
Degradacién de insecticidas organofosforados Verma et al. (2015),
y sus derivados. Solubilizacién de P, Yadav et al. (2018)
fijacién de N y produccién de AIA.
UADEC1CC312 Bacillus swezeyi Production of iturinic lipopeptides. Production of Dunlap et al. (2019),

biosurfactants with potential in bioremediation
of hydrocarbon-polluted soils. Production of
alkaline protease with application in detergents./
Produccién de lipopéptidos iturinicos.
Produccién de biosurfactantes con potencial

en biorremediacién de suelos contaminados

con hidrocarburos. Produccién de proteasa
alcalina con aplicacién en detergentes.

Elhamdi et al. (2023),
Goma-Tchimbakal
et al. (2022)

IAA: indoleacetic acid; VOC: volatile organic compounds; DCIP: dichlorophenolindophenol; PHB: polyhydroxybutyrate.

AlA: 4cido indolacético; COV: compuestos orgdnicos voldtiles; DCIP: diclorofenolindofenol; PHB: polihidroxibutirato.
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It has been suggested that Bacillota and
Pseudomonadota tend to exhibit greater production
of secondary metabolites due to their genome size
(Baltz, 2017). Likewise, it is suggested that places with
unusual conditions (such as the CCB) and little explored
are an important source of microorganisms capable of
synthesizing bioactive molecules of interest (Arocha-
Garza et al., 2017).

Phylum Bacillota

In recent studies, bacteria with potential applications in
biotechnology have been isolated from the CCB. Zarza
et al. (2018) detected the presence of genes related to
the antagonism of species with which they cohabit on
two Bacillus strains by analyzing its complete genome
sequence. Moreover, Freitas-Silva et al. (2021) reported
a strain of the species Bacillus pumilus with antibacterial
activity, and Verdin-Garcia et al. (2018) described the
ability of several bacterial isolates (from the LCH) to
degrade hemicellulose.

Phylum Actinomycetota

The phylum Actinomycetota has been widely studied
in the CCB, highlighting the cytotoxic and antagonistic
effect of several species isolated from the LCH, with
potential pharmaceutical applications (Arocha-Garza
et al.,, 2017). In addition, isolates have been identified
that present characteristic mechanisms of BPCV,
such as phosphate solubilization, nitrogen fixation,
siderophore production, and indoleacetic acid (IAA)
production, as well as cellulase production, which gives
them high biotechnological potential in the industry
(Cruz-Morales et al., 2017; Escudero-Agudelo et al,
2023; Ramos-Aboites et al., 2018). The ability of several
strains to synthesize or transport siderophores has been
reported. These strains were isolated from various iron-
deficient CCB sites, and belong to the genera Kocuria,
Streptomyces, Nocardia and Lentza (Cruz-Morales et al.,
2017; Ramos-Aboites et al., 2018). In another study, 156
Actinomycetota strains with cellulolytic capacity were
identified, all isolated from pools in the CCB; among
these, 12 showed significantly high hydrolysis values
(Escudero-Agudelo et al., 2023).

Phylum Pseudomonadota

In another study, methylotrophic strains of the phylum
Pseudomonadota were isolated and identified, the
study of which could contribute to our understanding
of the carbon cycle in the CCB (Valdivia-Anistro et
al,, 2022). In addition, several species of the genus
Pseudomonas have been isolated, including a strain
producing a new biosurfactant and others that
synthesize non-ribosomal cyclodipeptides and the
antibiotic 2,4-diacetylphloroglucinol, both involved
in the competitive mechanisms of growth inhibition
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industriales y de salud (Cuadro 2). Los estudios
encontrados corresponden a cepas aisladas en diversas
partes del mundo, algunas en condiciones de salinidad
o temperatura similares a las reportadas en el presente
trabajo. Cabe mencionar que diferentes cepas de una
misma especie pueden presentar diferentes actividades,
lo cual impacta en sus posibles aplicaciones.

Se ha sugerido que Bacillota y Pseudomonadota tienden
a presentar una mayor produccién de metabolitos
secundarios debido al tamarfio de su genoma (Baltz, 2017).
Asimismo, se sugiere que los lugares con condiciones
inusuales (como el VCC) y poco explorados son una fuente
importante de microorganismos capaces de sintetizar
moléculas bioactivas de interés (Arocha-Garza et al., 2017).

Filo Bacillota

En estudios recientes, se han aislado bacterias del VCC
con aplicaciones potenciales en biotecnologia. Zarza et
al. (2018), al analizar la secuencia completa del genoma
de dos cepas de Bacillus, detectaron la presencia de
genes relacionados con el antagonismo de especies con
las que cohabitan. Por su parte, Freitas-Silva et al. (2021)
reportaron una cepa de la especie Bacillus pumilus con
actividad antibacteriana, y Verdin-Garcia et al. (2018)
describieron la capacidad de varios aislados bacterianos
(de 1a LCH) para degradar hemicelulosa.

Filo Actinomycetota

El filo Actinomycetota ha sido ampliamente estudiado
en el VCC, destacindose el efecto citotoxico y
antagonista de diversas especies aisladas de la LCH, con
potenciales aplicaciones farmacéuticas (Arocha-Garza
et al,, 2017). Ademads, se han identificado aislados que
presentan mecanismos caracteristicos de BPCV, como
la solubilizacién de fosfatos, fijacion de nitrégeno,
produccién de sideréforos y produccion de dcido indol
acético (AIA), asi como la produccién de celulasa, lo cual
les otorga un alto potencial biotecnolégico en la industria
(Cruz-Morales et al., 2017; Escudero-Agudelo et al., 2023;
Ramos-Aboites et al., 2018). Se ha reportado la capacidad
de varias cepas para sintetizar o transportar sideré6foros,
las cuales fueron aisladas de diversos sitios del VCC
con deficiencia de hierro, y pertenecen los géneros
Kocuria, Streptomyces, Nocardia y Lentza (Cruz-Morales et
al., 2017; Ramos-Aboites et al., 2018). En otro estudio, se
identificaron 156 cepas de Actinomycetota con capacidad
celulolitica, todas aisladas de pozas del VCC; de estas,
12 mostraron valores de hidroélisis significativamente
altos (Escudero-Agudelo et al., 2023).

Filo Pseudomonadota
En otro estudio, se aislaron e identificaron cepas

metilotréficas del filo Pseudomonadota, cuyo estudio
podria contribuir en la comprensiéon del ciclo del
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of other bacterial communities (Toribio et al., 2011;
Martinez-Carranza et al., 2018).

Conclusions

The 16S rDNA gene sequence analysis allowed the
identification of 65 strains isolated from the CCB, of
which 60 were identified to genus level, and some
even to species level, while five strains were only
identified to family level. The use of bioinformatics
tools was essential for molecular identification and the
construction of a phylogenetic tree, which allowed us
to know the taxonomic location and the relationship
among the different strains identified.

Most of the identified microorganisms belong to the
phylum Bacillota (with the genus Bacillus standing
out), followed by the phyla Actinomycetota and
Pseudomonadota. Among the strains identified,
potential biotechnological applications were found
in bacteria isolated under conditions similar to those
of the CCB, and even in some strains from the same
lagoons. These applications include their use as plant
growth-promoting bacteria, synthesis of natural
products, bioremediation of soils and waters polluted
with metals and hydrocarbons, and production of
exopolysaccharides, among others. These findings
open the door to future studies to evaluate their
biotechnological capabilities.

Acknowledgments
The authors thank the Comisién Nacional de Areas Naturales
Protegidas (National Commission of Protected Natural

Areas) for their support in providing sampling permits.

End of English version

References | Referencias

Abu-Dieyeh, M. H., Alduroobi, H. M., & Al-Ghouti, M. A. (2019).
Potential of mercury-tolerant bacteria for bio-uptake of
mercury leached from discarded fluorescent lamps. Journal
of Environmental Management, 237, 217-227. https:[/doi.
0rg[10.1016/j.jenvman.2019.02.066

Al-Awadhi, H., Dashti, N., Kansour, M., Sorkhoh, N., & Radwan, S.
(2012).
biofouling materials from offshore waters of the Arabian

Hydrocarbon-utilizing bacteria associated with

Gulf. International Biodeterioration & Biodegradation, 69, 10-16.
https://doi.org/10.1016/j.ibiod.2011.12.008

Alcaraz, L. D., Olmedo, G., Bonilla, G., Cerritos, R., Herndndez, G.,
Cruz, A., Ramirez, E., Putonti, C., Jiménez, B., Martinez, E.,
Lépez, V., Arvizu, J. L., Ayala, F., Razo, F., Caballero, J., Siefert,
J., Eguiarte, L., Vielle, ].-P., Martinez, O., ... Herrera-Estrella, L.
(2008). The genome of Bacillus coahuilensis reveals adaptations

carbono en el VCC (Valdivia-Anistro et al., 2022).
Ademds, se han aislado varias especies del género
Pseudomonas, las cuales incluyen una cepa productora
de un nuevo biosurfactante y otras que sintetizan
ciclodipéptidos no ribosomales y el antibiético
2,4-diacetilfloroglucinol, ambos involucrados en
los mecanismos de competencia de inhibicién del
crecimiento de otras comunidades bacterianas (Toribio
et al,, 2011; Martinez-Carranza et al., 2018).

Conclusiones

La secuenciacién del gen ADNr 16S permitié
identificar 65 cepas aisladas del VCC, de las cuales
60 se identificaron a nivel de género, y algunas
incluso a nivel de especie, mientras que cinco cepas
Unicamente se identificaron a nivel de familia. El uso
de herramientas bioinformadticas fue fundamental para
la identificacién molecular y la construccién de un
arbol filogenético, el cual permitié conocer la ubicacién
taxonomica y la relacién que hay entre las diferentes
cepas identificadas.

La mayoria de los microorganismos identificados
pertenecen al filo Bacillota (destacando el género
Bacillus), seguido por los filos Actinomycetota y
Pseudomonadota. Entre las cepas identificadas, se
encontraron aplicaciones biotecnolégicas potenciales
en bacterias aisladas bajo condiciones similares a las
del VCC, e incluso en algunas cepas procedentes de
las mismas lagunas. Estas aplicaciones incluyen su uso
como bacterias promotoras del crecimiento vegetal,
sintesis de productos naturales, biorremediacién
de suelos y aguas contaminadas con metales e
hidrocarburos, produccién de exopolisacdridos, entre
otras. Estos hallazgos abren la puerta a futuros estudios
para evaluar sus capacidades biotecnoldgicas.

Agradecimientos

A la Comisién Nacional de Areas Naturales Protegidas
por el apoyo en los permisos para los muestreos.

Fin de la version en espafiol

essential for survival in the relic of an ancient marine
environment. Proceedings of the National Academy of Sciences
of the United States of America, 105(15), 5803-5808. https://doi.
org[10.1073/pnas.0800981105

Al-Sman, K. M., Abo-Elyousr, K., Eraky, A., & El-Zawahry, A. (2019).
Potential activities of Bacillus simplex as a biocontrol agent
against root rot of Nigella sativa caused by Fusarium camptoceras.
Egyptian Journal of Biological Pest Control, 29, 1-6. https://doi.
0rg[10.1186/s41938-019-0191-z

Ali, A.,Khalid, R., Ali, S., Akram, Z., & Hayat, R. (2015). Characterization
of plant growth promoting rhizobacteria isolated from

Ingenieria Agricola y Biosistemas | Vol. 16, ntim. 2, julio-diciembre 2024.


https://doi.org/10.1016/j.jenvman.2019.02.066
https://doi.org/10.1016/j.jenvman.2019.02.066
https://doi.org/10.1016/j.ibiod.2011.12.008
https://doi.org/10.1073/pnas.0800981105
https://doi.org/10.1073/pnas.0800981105
https://doi.org/10.1186/s41938-019-0191-z
https://doi.org/10.1186/s41938-019-0191-z

Ruiz-Santiago et al.

chickpea (Cicer arietinum). British Microbiology Research Journal,
6(1), 32-40. https://doi.org/10.9734/bmr;j/2015/14496

Anjum, M. Z., Ghazanfar, M. U,, & Hussain, I. (2019). Bio-efficacy of
Trichoderma isolates and Bacillus subtilis against root rot
of muskmelon Cucumis melo L. caused by Phytophthora drechsleri
under controlled and field conditions. Pakistan Journal of
Botany, 51(5). https://doi.org/10.30848/pjb2019-5(13)

Arocha-Garza, H. F., Canales-del Castillo, R., Eguiarte, L. E., Souza,
V., & de la Torre-Zavala, S. (2017). High diversity and
suggested endemicity of culturable Actinobacteria in an
extremely oligotrophic desert oasis. Peet], 5, e3247. https://
doi.org[10.7717/peerj.3247

Avalos-Zavaleta, R., Llenque-Diaz, L., & Segura-Vega, R. (2018).
Aislamiento y seleccién de cultivos nativos de Bacillus sp.
productor de amilasas a partir de residuos amildceos del
mercado La Hermelinda, Trujillo, Pert. REBIOL, 36(2), 16-26.
https:/[revistas.unitru.edu.pe/index.php/facccbiol/article/
view/1700

Bai, H., Liao, S., Wang, A., Huang, J., Shu, W., & Ye, J. (2019). High-
efficiency inorganic nitrogen removal by newly isolated
Pannonibacter phragmitetus B1. Bioresource Technology, 271, 91
99. https:[/doi.org/10.1016/j.biortech.2018.09.090

Baltz, R. H. (2017). Gifted microbes for genome mining and
natural product discovery. Journal of Industrial Microbiology &
Biotechnology, 44(4-5), 573-588. https://doi.org/10.1007/s10295-
016-1815-x

Banerjee, A., Banerjee, S., & Sarkar, P. (2016). Statistical design
of experiments for optimization of arsenate reductase
production by Kocuria palustris (RJB-6) and immobilization
parameters in polymer beads. RSC Advances, 6(55), 49289-
49297. https://doi.org/10.1039/c6ra00030d

Bianciotto, V., Bandi, C., Minerdi, D., Sironi, M., Tichy, H. V., &
Bonfante, P. (1996). An obligately endosymbiotic mycorrhizal
fungus itself harbors obligately intracellular bacteria. Applied
and Environmental Microbiology, 62(8), 3005-3010. https://doi.
org[10.1128/aem.62.8.3005-3010.1996

Bou, G., Ferndndez-Olmos, A., Garcia, C., Sdez-Nieto, ]. A., &
Valdezate, S. (2011). Métodos de identificaciéon bacteriana
en el laboratorio de microbiologia. Enfermedades Infecciosas y
Microbiologia Clinica, 29(8), 601-608. https://doi.org/10.1016/j.
eimc.2011.03.012

Boucherba, N., Gagaoua, M., Bouanane-Darenfed, A., Bouiche, C.,
Bouacem, K., Kerbous, M. Y., Maafa, Y., & Benallaoua, S. (2017).
Biochemical properties of a new thermo- and solvent-stable
xylanase recovered using three phase partitioning from the
extract of Bacillus oceanisediminis strain SJ3. Bioresources and
Bioprocessing, 4(1), 29. https://doi.org/10.1186/s40643-017-
0161-9

Brosius, J., Dull, T. J., Sleeter, D. D., & Noller, H. F. (1981). Gene
organization and primary structure of a ribosomal RNA
operon from Escherichia coli. Journal of Molecular Biology, 148(2),
107-127. https://doi.org/10.1016/0022-2836(81)90508-8

Caliz, ]., Vila, X., Marti, E., Sierra, J., Nordgren, J., Lindgren, P. E.,
Bafieras, L., & Montserrat, G. (2011). The microbiota of an
unpolluted calcareous soil faces up chlorophenols: Evidences
of resistant strains with potential for bioremediation.
Chemosphere, ~ 83(2), 104-116.  https://doi.org/10.1016/j.
chemosphere.2011.01.016

Ingenieria Agricola y Biosistemas | Vol. 16, issue 2, July-December 2024.

Caporaso, J. G., Kuczynski, J., Stombaugh, J., Bittinger, K., Bushman,
F. D., Costello, E. K., Fierer, N., Pefia, A. G., Goodrich, J. K,,
Gordon, J. I, Huttley, G. A., Kelley, S. T., Knights, D., Koenig,
J. E., Ley, R. E., Lozupone, C. A., McDonald, D., Muegge,
B. D., Pirrung, M., Reeder, J., ... Knight, R. (2010). QIIME
allows analysis of high-throughput community sequencing
data. Nature Methods, 7(5), 335-336. https://doi.org/10.1038/
nmeth.f.303

Cerritos, R., Eguiarte, L. E., Avitia, M., Siefert, J., Travisano, M.,
Rodriguez-Verdugo, A., & Souza, V. (2011). Diversity of
culturable thermo-resistant aquatic bacteria along an
environmental gradient in Cuatro Ciénegas, Coahuila,
México. Antonie van Leeuwenhoek, 99(2), 303-318. https://doi.
0rg[10.1007/s10482-010-9490-9

Chaij, L., Ding, C., Li, J., Yang, Z., & Shi, Y. (2019). Multi-omics response
of Pannonibacter phragmitetus BB to hexavalent chromium.
Environmental Pollution, 249, 63-73. https://doi.org/10.1016j.
envpol.2019.03.005

Cruz-Morales, P., Ramos-Aboites, H. E., Licona-Cassani, C., Selem-

P. M,

Barona-Gémez, F. (2017). Actinobacteria phylogenomics,

Mojica, N., Mejia-Ponce, Souza-Saldivar, V., &
selective isolation from an iron oligotrophic environment
and siderophore functional characterization, unveil new
desferrioxamine traits. FEMS Microbiology Ecology, 93(9).
https://doi.org/10.1093/femsec/fix086

de Andrade, L. M., de Oliveira, D., & de Andrade, C. J. (2019).
Nanoformulations based on Bacillus subtilis lipopeptides: The future
of agriculture. Springer. https://doi.org/10.1007/978-981-32-
9370-0_5

Dellai, A., Dridi, D., Sakouhi, S., Robert, ]., Djelal, H., Mosrati,
R., Cherif, A., & Mansour, H. B. (2016). Cytotoxic effect
of chlorpyrifos ethyl and its degradation derivatives by
Pseudomonas peli strain isolated from the Oued Hamdoun
River (Tunisia). Toxicology and Industrial Health, 32(4), 707-713.
https://doi.org/10.1177/0748233713506957

Dunlap, C. A., Bowman, M. ], & Rooney, A. P. (2019). Iturinic
lipopeptide diversity in the Bacillus subtilis species group
- Important antifungals for plant disease biocontrol
applications. Frontiers in microbiology, 10, 1794. https://doi.
0rg[10.3389/fmicb.2019.01794

Edgar, R. C. (2004). MUSCLE: multiple sequence alignment with high
accuracy and high throughput. Nucleic Acids Research, 32(5),
1792-1797. https://doi.org/10.1093/nar/gkh340

Elhamdi, M., Ghorbel, S., & Hmidet, N. (2023). Bacillus Swezeyi B2
strain: A novel alkaliphilic bacterium producer of alkaline-,
thermal, oxidant-, and surfactant-stable protease, extremely
efficient in detergency. Current Microbiology, 80(3), 95. https://
doi.org/10.1007/s00284-022-03156-1

El-Komy, H. M. (2005). Coimmobilization of Azospirillum lipoferum
and Bacillus megaterium for successful phosphorus and
nitrogen nutrition of wheat plants.
and Biotechnology, 43(1), 19-27.
£5254ca92d6840c0a40283ac47ca2105

Erguven, G. O., Bayhan, H., Ikizoglu, B., Kanat, G., & Nuhoglu, Y.
(2016). The capacity of some newly bacteria and fungi for

Food Technology
https://doaj.orgfarticle/

biodegradation of herbicide trifluralin under agiated culture
media. Cellular and Molecular Biology, 62(6), 74-79. https://doi.
0rg[10.14715/cmb/2016.62.6.14


https://doi.org/10.9734/bmrj/2015/14496
https://doi.org/10.30848/pjb2019-5(13)
https://revistas.unitru.edu.pe/index.php/facccbiol/article/view/1700
https://revistas.unitru.edu.pe/index.php/facccbiol/article/view/1700
https://doi.org/10.1016/j.biortech.2018.09.090
https://doi.org/10.1007/s10295-016-1815-x
https://doi.org/10.1007/s10295-016-1815-x
https://doi.org/10.1039/c6ra00030d
https://doi.org/10.1128/aem.62.8.3005-3010.1996
https://doi.org/10.1128/aem.62.8.3005-3010.1996
https://doi.org/10.1016/j.eimc.2011.03.012
https://doi.org/10.1016/j.eimc.2011.03.012
https://doi.org/10.1186/s40643-017-0161-9
https://doi.org/10.1186/s40643-017-0161-9
https://doi.org/10.1016/0022-2836(81)90508-8
https://doi.org/10.1016/j.chemosphere.2011.01.016
https://doi.org/10.1016/j.chemosphere.2011.01.016
https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.1007/s10482-010-9490-9
https://doi.org/10.1007/s10482-010-9490-9
https://doi.org/10.1016/j.envpol.2019.03.005
https://doi.org/10.1016/j.envpol.2019.03.005
https://doi.org/10.1093/femsec/fix086
https://doi.org/10.1007/978-981-32-9370-0_5
https://doi.org/10.1007/978-981-32-9370-0_5
https://doi.org/10.1177/0748233713506957
https://doi.org/10.3389/fmicb.2019.01794
https://doi.org/10.3389/fmicb.2019.01794
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.1007/s00284-022-03156-1
https://doi.org/10.1007/s00284-022-03156-1
https://doaj.org/article/f5254ca92d6840c0a40283ac47ca2105
https://doaj.org/article/f5254ca92d6840c0a40283ac47ca2105
https://doi.org/10.14715/cmb/2016.62.6.14
https://doi.org/10.14715/cmb/2016.62.6.14

Biodiversity: key to the biotechnological potential...

Erofeevskaia, L. A., Popova, L. L., & Saltycova, A. L. (2016). Properties
of strain of Exiguobacterium mexicanum. International

Research  Journal, 11(53), 123-126. http://doi.org/10.18454/
IR].2016.53.046

Erturk, Y., Ercisli, S., & Cakmakci, R. (2012). Yield and growth response
of strawberry to plant growth-promoting rhizobacteria
inoculation. Journal of Plant Nutrition, 35(6), 817-826. https://
doi.org/10.1080/01904167.2012.663437

Escalante, A. E., Eguiarte, L. E., Espinosa-Asuar, L., Forney, L. J.,
Noguez, A. M., & Souza Saldivar, V. (2008). Diversity of aquatic
prokaryotic communities in the Cuatro Cienegas basin:
Prokaryotic community analysis. FEMS Microbiology Ecology,
65(1), 50-60. https://doi.org/10.1111/j.1574-6941.2008.00496.x

Escudero-Agudelo, ]., Martinez-Villalobos, J., Arocha-Garza, H., Galdn-
Wong, L. J., Avilés-Arnaut, H., & de la Torre-Zavala, S. (2023).
Systematic bioprospection for cellulolytic actinomycetes in
the Chihuahuan Desert: isolation and enzymatic profiling.
Peer], 11, e16119. https://doi.org/10.7717/peerj. 16119

Freitas-Silva, J., de Oliveira, B. F., Vigoder, F. M., Muricy, G.,
Dobson, A. D., & Laport, M. S. (2021). Peeling the layers
away: The genomic characterization of Bacillus pumilus 64-
1, an isolate with antimicrobial activity from the marine
sponge Plakina cyanorosea (Porifera, Homoscleromorpha).
Frontiers in microbiology, 11, 592735. https://doi.org/10.3389/
fmicb.2020.592735

Goma-Tchimbakala, E. |., Pietrini, I., Dal Bello, F., Goma-Tchimbakala,
J.. Lo Russo, S., & Corgnati, S. P. (2022). Great abilities of
Shinella zoogloeoides strain from a landfarming soil for crude
oil degradation and a synergy model for alginate-bead-
entrapped consortium efficiency. Microorganisms, 10(7), 1361.
https://doi.org/10.3390/microorganisms10071361

Hall, T. A. (1999). BIOEDIT: A user-friendly biological sequence
alignment editor and analysis program for windows 95/98/
nt. Nucleic Acids Symposium Series, 41(2), 95-98. https:/[sid.ir/
paper/613985/en

Hare, V., & Chowdhary, P. (2019). Changes in growth responses in rice
plants grown in the arsenic affected area: implication of As
resistant microbes in mineral content and translocation. SN
Applied Sciences, 1(8), 1-7. https://doi.org/10.1007/s42452-019-
0945-y

Hassen, A. I, & Labuschagne, N. (2010). Root colonization and growth
enhancement in wheat and tomato by rhizobacteria isolated
from the rhizoplane of grasses. World Journal of Microbiology
and Biotechnology, 26(10), 1837-1846. https://doi.org/10.1007/
§11274-010-0365-z

Huang, X., Zhang, N., Yong, X., Yang, X., & Shen, Q. (2012). Biocontrol
of Rhizoctonia solani damping-off disease in cucumber with
Bacillus pumilus SQR-N43. Microbiological Research, 167(3), 135-
143. https://doi.org/10.1016/j.micres.2011.06.002

Indira, D., & Jayabalan, R. (2020). Saccharification of lignocellulosic
biomass using seawater and halotolerant cellulase with
potential application in second-generation bioethanol
production. Biomass Conversion and Biorefinery, 10(3), 639-650.
https://doi.org/10.1007/s13399-019-00468-4

Karnwal, A. (2017). Biosurfactant production by Kocuria rosea and
Arthrobacter luteolus using sugar cane waste as substrate.
International Journal of Sciences and Research, 73(2), 20-29. https://

doi.org/10.21506(j.ponte.2017.2.33

Katz, L., & Baltz, R. H. (2016). Natural product discovery: past, present,
and future. Journal of Industrial Microbiology & Biotechnology,
43(2-3), 155-176. https://doi.org/10.1007/s10295-015-1723-5

Kumar, C. G., & Sujitha, P. (2014). Kocuran, an exopolysaccharide
isolated from Kocuria rosea strain BS-1 and evaluation
of its in vitro immunosuppression activities. Enzyme and
Microbial Technology, 55, 113-120. https://doi.org/10.1016/j.
enzmictec.2013.10.007

Kumar, S, Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X:
Molecular evolutionary genetics analysis across computing
platforms. Molecular Biology and Evolution, 35(6), 1547-1549.
https://doi.org/10.1093/molbev/msy096

Kiister, E., & Williams, S. T. (1964). Selection of media for isolation
of Streptomycetes. 202, 928-929. https://doi.
0rg[10.1038/202928a0

Lara-Severino, R. D., Camacho-Lépez, M. A., Casanova-Gonzdlez,

Nature,

E., Gomez-Olivin, L. M., Sandoval-Truyjillo, A. H., Isaac-
Olivé, K., & Ramirez-Durdn, N. (2016). Haloalkalitolerant
Actinobacteria with capacity for anthracene degradation
isolated from soils close to areas with oil activity in the State
of Veracruz, Mexico. International Microbiology: The Official
Journal of the Spanish Society for Microbiology, 19(1), 15-26. https://
doi.org/10.2436/20.1501.01.259

Liao, Q., Tang, J., Wang, H., Yang, W., He, L., Wang, Y., & Yang, Z.
(2020). Dynamic proteome responses to sequential reduction
of Cr(VI) and adsorption of Pb(II) by Pannonibacter phragmitetus
BB. Journal of Hazardous Materials, 386, 121988. https://doi.
0rg/10.1016j. jhazmat.2019.121988

Lin, W,, Huang, Z., Li, X,, Liu, M., & Cheng, Y. (2016). Bio-remediation
of acephate-Pb(II) compound contaminants by Bacillus subtilis
FZUL-33. Journal of Environmental Sciences, 45, 94-99. https://doi.
0rg/10.1016/j.jes.2015.12.010

Liu, G., Lin, X,, Xu, S., Liu, G., Liu, F., & Mu, W. (2020). Screening,
identification and application of soil bacteria with
nematicidal activity against root-knot nematode (Meloidogyne
incognita) on tomato. Pest Management Science, 76(6), 2217-2224.
https://doi.org/10.1002/ps.5759

Long, D., Tang, X., Cai, K., Chen, G., Shen, C.,, Shi, ], Chen, L, &
Chen, Y. (2013). Cr(VI) resistance and removal by indigenous
bacteria isolated from chromium-contaminated soil. Journal
of Microbiology and Biotechnology, 23(8), 1123-32. https://doi.
0rg/10.4014/jmb.1301.01004

Lépez-Bucio, J., Campos-Cuevas, ]. C., Herndndez-Calderén, E.,
Veldsquez-Becerra, C., Farias-Rodriguez, R., Macias-Rodriguez,
L. I, & Valencia-Cantero, E. (2007). Bacillus megaterium
rhizobacteria promote growth and alter root-system
architecture through an auxin- and ethylene-independent
signaling mechanism in Arabidopsis thaliana. Molecular Plant-
Microbe Interactions, 20(2), 207-217. https:|/doi.org/10.1094/
mpmi-20-2-0207

Lépez-Lozano, N. E., Eguiarte, L. E., Bonilla-Rosso, G., Garcia-Oliva,
F., Martinez-Piedragil, C., Rooks, C., & Souza, V. (2012).
Bacterial communities and the nitrogen cycle in the
gypsum soils of Cuatro Ciénegas Basin, Coahuila: A mars
analogue. Astrobiology, 12(7), 699-709. https://doi.org/10.1089/
ast.2012.0840

Ingenieria Agricola y Biosistemas | Vol. 16, ntim. 2, julio-diciembre 2024.


http://doi.org/10.18454/IRJ.2016.53.046
http://doi.org/10.18454/IRJ.2016.53.046
https://doi.org/10.1080/01904167.2012.663437
https://doi.org/10.1080/01904167.2012.663437
https://doi.org/10.1111/j.1574-6941.2008.00496.x
https://doi.org/10.7717/peerj.16119
https://doi.org/10.3389/fmicb.2020.592735
https://doi.org/10.3389/fmicb.2020.592735
https://doi.org/10.3390/microorganisms10071361
https://sid.ir/paper/613985/en
https://sid.ir/paper/613985/en
https://doi.org/10.1007/s42452-019-0945-y
https://doi.org/10.1007/s42452-019-0945-y
https://doi.org/10.1007/s11274-010-0365-z
https://doi.org/10.1007/s11274-010-0365-z
https://doi.org/10.1016/j.micres.2011.06.002
https://doi.org/10.1007/s13399-019-00468-4
https://doi.org/10.21506/j.ponte.2017.2.33
https://doi.org/10.21506/j.ponte.2017.2.33
https://doi.org/10.1007/s10295-015-1723-5
https://doi.org/10.1016/j.enzmictec.2013.10.007
https://doi.org/10.1016/j.enzmictec.2013.10.007
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1038/202928a0
https://doi.org/10.1038/202928a0
https://doi.org/10.2436/20.1501.01.259
https://doi.org/10.2436/20.1501.01.259
https://doi.org/10.1016/j.jhazmat.2019.121988
https://doi.org/10.1016/j.jhazmat.2019.121988
https://doi.org/10.1016/j.jes.2015.12.010
https://doi.org/10.1016/j.jes.2015.12.010
https://doi.org/10.1002/ps.5759
https://doi.org/10.4014/jmb.1301.01004
https://doi.org/10.4014/jmb.1301.01004
https://doi.org/10.1094/mpmi-20-2-0207
https://doi.org/10.1094/mpmi-20-2-0207
https://doi.org/10.1089/ast.2012.0840
https://doi.org/10.1089/ast.2012.0840

Ruiz-Santiago et al.

Mahiudddin, M., Fakhruddin, A. N., Mahin, A. A., Chowdhury,
M. A., Rahman, M. A, & Alam, M. K. (2014). Degradation
of the organophosphorus insecticide diazinon by soil
bacterial 1isolate. International Journal of Biotechnology,
3(1), 12-23. https:/[www.researchgate.net/profile/A-N-
M-Fakhruddin/publication/271132478_Degradation_
of the_organophosphorus_insecticide_diazinon_by_
soil_bacterial_isolate/links/5d84fdb4a6fdcc8fd6ff98ce/
Degradation-of-the-organophosphorus-insecticide-diazinon-
by-soil-bacterial-isolate.pdf

Mani, P.,, Sivakumar, P., & Balan, S. S. (2016). Economic production
and oil recovery efficiency of a lipopeptide biosurfactant
from a novel marine bacterium Bacillus simplex. Achievements
in the Life Sciences, 10(1), 102-110. https://doi.org/10.1016fj.
als.2016.05.010

Martin, J., Sousa, T., Crespo, G., Palomo, S., Gonzdlez, 1., Tormo, J., de
la Cruz, M., Anderson, M., Hill, R., Vicente, F., Genilloud, O.,
& Reyes, F. (2013). Kocurin, the true structure of PM181104,
an anti-methicillin-resistant Staphylococcus aureus (MRSA)
thiazolyl peptide from the marine-derived bacterium Kocuria
palustris. Marine Drugs, 11(12), 387-398. https://doi.org/10.3390/
md11020387

Martinez-Carranza, E., Ponce-Soto, G. Y., Diaz-Pérez, A. L., Cadenas,
E., Souza, V., & Campos-Garcia, J. (2018). Involvement of
cyclodipeptides in the competition of bacterial communities
in the oligotrophic Churince aquatic system of Cuatro
Ciénegas Basin dominated by Gammaproteobacteria.
Extremophiles, 22(1), 73-85. https://doi.org/10.1007/s00792-017-
0978-3

Miao, G. P, Han, J., Wang, C. R., Zhang, K. G., & Wang, S. C. (2018).
Growth inhibition and induction of systemic resistance
against Pythium aphanidermatum by Bacillus simplex strain HS-2.
Biocontrol Science and Technology, 28(12), 1114-1127. https://doi.
0rg/10.1080/09583157.2018.1514585

MilijaSevié-Marc¢i¢, S., Stepanovi¢, M., Todorovi¢, B., Duduk, B.,
Stepanovig, J., Rekanovi¢, E., & Potocnik, I. (2017). Biological
control of green mould on Agaricus bisporus by a native Bacillus
subtilis strain from mushroom compost. European Journal of
Plant Pathology, 148(3), 509-519. https://doi.org/10.1007/s10658-
016-1107-3

Mohapatra, R. K., Parhi, P. K, Thatoi, H., & Panda, C. R. (2017).
Bioreduction of hexavalent chromium by Exiguobacterium
indicum strain MW1 isolated from marine water of Paradip
Port, Odisha, India. Chemistry and Ecology, 33(2), 114-130.
https://doi.org/10.1080/02757540.2016.1275586

Moreno-Letelier, A., Olmedo-Alvarez, G., Eguiarte, L. E., & Souza, V.
(2012). Divergence and phylogeny of Firmicutes from the
Cuatro Ciénegas Basin, Mexico: a window to an ancient
ocean. Astrobiology, 12(7), 674-684. https://doi.org/10.1089/
ast.2011.0685

Nagar, S., Gupta, V. K,, Kumar, D., Kumar, L., & Kuhad, R. C. (2010).

alkali-

stable xylanase by Bacillus pumilus SV-85S in submerged

Production and optimization of cellulase-free,

fermentation. Journal of Industrial Microbiology & Biotechnology,

37(1), 71-83. https://doi.org/10.1007/s10295-009-0650-8
Nascimiento, F. X., Herndndez, A. G., Glick, B. R., & Rossi, M. J. (2020).

Plant growth-promoting activities and genomic analysis of

Ingenieria Agricola y Biosistemas | Vol. 16, issue 2, July-December 2024.

the stress-resistant Bacillus megaterium STB1, a bacterium
of agricultural and biotechnological interest. Biotechnology
Reports, 25, e00406. https://doi.org/10.1016(j.btre.2019.e00406

Navarro-Torre, S., Carro, L., Igual, J. M., & Montero-Calasanz, M. D.
C. (2021). Rossellomorea arthrocnemi sp. nov., a novel plant
growth-promoting bacterium used in heavy metal polluted
soils as a phytoremediation tool. International Journal of
Systematic and Evolutionary Microbiology, 71(10), 005015. https://
doi.org/10.1099/ijsem.0.005015

Ortakaya, V., Agiiloglu-Fincan, S., & Enez, B. (2017). a-amylase from
Bacillus simplex production, characterization and partial
purification. Fresenius Environmental Bulletin, 26(7), 4446-4455.

Ortiz-Castro, R., Valencia-Cantero, E., & Lépez-Bucio, J. (2008). Plant
growth promotion by Bacillus megateriuminvolves cytokinin
signaling. Plant Signaling & Behavior, 3(4), 263-265. https://doi.
0rg/10.4161/psb.3.4.5204

Parshetti, G. K., Telke, A. A, Kalyani, D. C,, & Govindwar, S. P.
(2010). Decolorization and detoxification of sulfonated azo
dye methyl orange by Kocuria rosea MTCC 1532. Journal of
Hazardous Materials, 176(1-3), 503-509. https://doi.org/10.1016/j.
jhazmat.2009.11.058

Pham, T. K., Rediers, H., Ghequire, M. G., Nguyen, H., Mot, R.,
Vanderleyden, J., & Spaepen, S. (2017). The plant growth-
promoting effect of the nitrogenfixing endophyte
Pseudomonas stutzeri A15. Archives of Microbiology, 199, 513-517.
https://doi.org/10.1007/s00203-016-1332-3

Rahimi, T., Niazi, A., Deihimi, T., Taghavi, S. M., Ayatollahi, S., &
Ebrahimie, E. (2018). Genome annotation and comparative
genomic analysis of Bacillus subtilis MJ01, a new bio-
degradation strain isolated from oil-contaminated soil.
Functional & Integrative Genomics, 18(5), 533-543. https://doi.
0rg[10.1007/s10142-018-0604-1

Ramos-Aboites, H., Yafiez-Olvera, A., & Barona-Gomez, F. (2018). Bacterial
siderophore-mediated iron acquisition in Cuatro Ciénegas
basin: A complex community interplay made simpler in the
light of evolutionary genomics. In F. Garcia-Oliva, ]. Elser, & V.
Souza (Eds,), Ecosystem Ecology and Geochemistry of Cuatro Ciénegas
(pp. 123-140). Springer International Publishing. https://doi.
0rg/10.1007/978-3-319-95855-2

Ray, S., Prajapati, V., Patel, K., & Trivedi, U. (2016). Optimization
and characterization of PHA from isolate Pannonibacter
phragmitetus ERC8 using glycerol waste. International Journal of
Biological Macromolecules, 86, 741-749. https://doi.org/10.1016j.
ijbiomac.2016.02.002

Reddy, M., Sathi-Reddy, K., Ranjita-Chouhan, Y., Bee, H., & Reddy,
G. (2017). Effective feather degradation and keratinase
production by Bacillus pumilus GRK for its application as bio-
detergent additive. Bioresource Technology, 243, 254-263. https://
doi.org/10.1016(j.biortech.2017.06.067

Regmi, S., Yoo, H. Y., Choi, Y. H., Choi, Y. S., Yoo, J. C., & Kim, S.
W. (2017). Prospects for bio-industrial application of an
extremely alkaline mannanase from Bacillus subtilis subsp.
inaquosorum CSB31. Biotechnology Journal, 12(11). https://doi.
0rg[10.1002/biot.201700113

Reiss, R., Ihssen, J., & Thony-Meyer, L. (2011). Bacillus pumiluslaccase:
a heat stable enzyme with a wide substrate spectrum. BMC
Biotechnology, 11(1), 9. https://doi.org/10.1186/1472-6750-11-9


https://doi.org/10.1016/j.als.2016.05.010
https://doi.org/10.1016/j.als.2016.05.010
https://doi.org/10.3390/md11020387
https://doi.org/10.3390/md11020387
https://doi.org/10.1007/s00792-017-0978-3
https://doi.org/10.1007/s00792-017-0978-3
https://doi.org/10.1080/09583157.2018.1514585
https://doi.org/10.1080/09583157.2018.1514585
https://doi.org/10.1007/s10658-016-1107-3
https://doi.org/10.1007/s10658-016-1107-3
https://doi.org/10.1080/02757540.2016.1275586
https://doi.org/10.1089/ast.2011.0685
https://doi.org/10.1089/ast.2011.0685
https://doi.org/10.1007/s10295-009-0650-8
https://doi.org/10.1016/j.btre.2019.e00406
https://doi.org/10.1099/ijsem.0.005015
https://doi.org/10.1099/ijsem.0.005015
https://doi.org/10.4161/psb.3.4.5204
https://doi.org/10.4161/psb.3.4.5204
https://doi.org/10.1016/j.jhazmat.2009.11.058
https://doi.org/10.1016/j.jhazmat.2009.11.058
https://doi.org/10.1007/s00203-016-1332-3
https://doi.org/10.1007/s10142-018-0604-1
https://doi.org/10.1007/s10142-018-0604-1
https://doi.org/10.1007/978-3-319-95855-2
https://doi.org/10.1007/978-3-319-95855-2
https://doi.org/10.1016/j.ijbiomac.2016.02.002
https://doi.org/10.1016/j.ijbiomac.2016.02.002
https://doi.org/10.1016/j.biortech.2017.06.067
https://doi.org/10.1016/j.biortech.2017.06.067
https://doi.org/10.1002/biot.201700113
https://doi.org/10.1002/biot.201700113
https://doi.org/10.1186/1472-6750-11-9

Biodiversity: key to the biotechnological potential...

Rishad, K. S., Rebello, S., Shabanamol, P. S., & Jisha, M. S. (2017).
Biocontrol potential of halotolerant bacterial chitinase from
high yielding novel Bacillus pumilus MCB-7 autochthonous to
mangrove ecosystem. Pesticide Biochemistry and Physiology, 137,
36-41. https://doi.org/10.1016/j.pestbp.2016.09.005

Saggu, S. K., & Mishra, P. C. (2017). Characterization of thermostable
alkaline proteases from Bacillus infantis SKS1 isolated from
garden soil. PloS One, 12(11), e0188724. https://doi.org/10.1371/
journal.pone.0188724

Sajitha, K. L., Dev, S. A., & Maria-Florence, E. ]. (2018). Biocontrol
potential of Bacillus subtilis B1 against sapstain fungus in
rubber wood. European Journal of Plant Pathology, 150(1), 237-
244. https:[/doi.org/10.1007/s10658-017-1272-z

Sathishkumar, K., Murugan, K., Benelli, G., Higuchi, A., & Rajasekar, A.
(2017). Bioreduction of hexavalent chromium by Pseudomonas
stutzeri L1 and Acinetobacter baumannii L2. Annals of Microbiology,
67(1), 91-98. https://doi.org/10.1007/s13213-016-1240-4

Schwartz, A., Ortiz, 1., Maymon, M., Herbold, C., Fujishige, N,
Vijanderan, J., Villella, W., Hanamoto, K., Diener, A., Sanders,
E., DeMason, D., & Hirsch, A. (2013). Bacillus simplex —A little
known PGPB with anti-fungal activity— alters pea legume
root architecture and nodule morphology when coinoculated
with Rhizobium leguminosarum bv. viciae. Agronomy, 3(4), 595-
620. https://doi.org/10.3390/agronomy3040595

Shanthakumar, S. P., Duraisamy, P., Vishwanath, G., Selvanesan,
B. C., Ramaraj, V., & Vasantharaj-David, B. (2015). Broad
spectrum antimicrobial compounds from the bacterium
Exiguobacterium mexicanum MSSRFS9. Microbiological Research,
178, 59-65. https://doi.org/10.1016[j.micres.2015.06.007

Sharma, M., & Dhingra, H. K. (2015). Isolation and culture conditions
optimization for PHB production by Pseudochrobactrum
asaccharolyticum. International Journal of Science and Research, 4,
1895-1901. https:/fwww.ijsr.net/archive/v4i10/SUB159194.pdf

Singh, V. K., Mishra, A., & Jha, B. (2019). 3-Benzyl-hexahydro-
pyrrolo[1,2-a] pyrazine-1,4-dione extracted from
Exiguobacterium indicum showed anti-biofilm activity against
Pseudomonas aeruginosa by attenuating quorum sensing.
Frontiers in Microbiology, 10, 1269. https://doi.org/10.3389/
fmicb.2019.01269

Souza, V., Eguiarte, L. E., Siefert, ]., & Elser, ]J. J. (2008). Microbial
endemism: does phosphorus limitation enhance speciation?.
Nature Reviews Microbiology, 6(7), 559-564. https://doi.
0rg/10.1038/nrmicro1917

Souza, V., Escalante, A., Espinoza, L., & Valera, A. (2004). Cuatro
Ciénegas, un laboratorio natural de astrobiologia. Ciencias, 75,
4-12. https:/fwww.redalyc.org/pdf/644/64407502.pdf

Souza, V., Espinosa-Asuar, L., Escalante, A. E., Eguiarte, L. E., Farmer,
J., Forney, L., Lloret, L., Rodriguez-Martinez, J. M., Soberén, X.,
Dirzo, R., & Elser, J. J. (2006). An endangered oasis of aquatic
microbial biodiversity in the Chihuahuan desert. Proceedings
of the National Academy of Sciences of the United States of America,
103(17), 6565-6570. https://doi.org/10.1073/pnas.0601434103

Souza, V., Siefert, J. L., Escalante, A. E., Elser, ]. J., & Eguiarte, L. E.
(2012). The Cuatro Ciénegas Basin in Coahuila, Mexico: An
astrobiological precambrian park. Astrobiology, 12(7), 641-647.
https://doi.org/10.1089/ast.2011.0675

Suryawanshi, K. T., Sawant, L S., Sawant, S. D., Shabeer, T. A., Saha,
S., Pudale, A., & Dantre, R. K. (2018). Field evaluation of

the bio-efficacy of Bacillus subtilis DR-39 formulation for
enhancing pesticide degradation in grapes and optimisation
of application dose. Indian Phytopathology, 71, 571-577. https:|/
doi.org/10.1007/s42360-018-0074-3

Tahir, H. A,, Gu, Q., Wu, H,, Raza, W,, Hanif, A., Wu, L., Colman, M. V.,
& Gao, X. (2017). Plant growth promotion by volatile organic
compounds produced by Bacillus subtilis SYST2. Frontiers in
Microbiology, 8, 171. https:|/doi.org/10.3389/fmicb.2017.00171

Tang, W., Wang, D., Wang, J., Wu, Z., Li, L, Huang, M., Xu, S., &
Yan, D. (2018). Pyrethroid pesticide residues in the global
environment: An overview. Chemosphere, 191, 990-1007.
https://doi.org/10.1016/j.chemosphere.2017.10.115

TiSdkovd, L., Pipiska, M., Goddny, A., Hornik, M., Vidovd, B., &
Augustin, J. (2013). Bioaccumulation of 137Cs and 60Co by
bacteria isolated from spent nuclear fuel pools. Journal of
Radioanalytical and Nuclear Chemistry, 295(1), 737-748. https://
doi.org/10.1007/s10967-012-1932-6

Tobler, M., & Carson, E. W. (2010). Environmental variation,
hybridization, and phenotypic diversification in Cuatro
Ciénegas pupfishes. Journal of Evolutionary Biology, 23(7), 1475-
1489. https:[/doi.org/10.1111/j.1420-9101.2010.02014.x

Toribio, J., Escalante, A. E., Caballero-Mellado, J.,
Gonzdlez, A., Zavala, S., Souza, V., & Soberén-Chdvez, G.

Gonzdlez-

(2011). Characterization of a novel biosurfactant producing
Pseudomonas koreensis lineage that is endemic to Cuatro
Ciénegas Basin. Systematic and Applied Microbiology, 34(7), 531-
535. https://doi.org/10.1016/j.syapm.2011.01.007

Tumpa, F. H., Sultana, A., Alam, M. Z., & Khokon, M. A. (2017).
Bio-stimulation by seed priming with Bacillus subtilis for
suppressing seed-borne fungal pathogens of vegetables in
Bangladesh. Journal of the Bangladesh Agricultural University,
14(2), 177-184. https://doi.org/10.3329/jbau.v14i2.32692

Valdivia-Anistro, J., Cruz-Cérdova, A., Souza, V., & Rosas-Pérez, 1.
(2022). Diversity of cultivated methylotrophs from the
extremely oligotrophic system in the Cuatro Cienegas Basin,
Mexico: An unexplored ecological guild. Journal of Microbiology
and Experimentation, 10(6), 208-214, https://doi.org/10.15406/
jmen.2022.10.00375

Vary, P. S., Biedendieck, R., Fuerch, T., Meinhardt, F., Rohde, M.,
Deckwer, W. D., & Jahn, D. (2007). Bacillus megaterium - from
simple soil bacterium to industrial protein production host.
Applied Microbiology and Biotechnology, 76(5), 957-967. https://
doi.org/10.1007/s00253-007-1089-3

Velineni, S., & Brahmaprakash, G. P. (2011). Survival and phosphate
solubilizing ability of Bacillus megaterium in liquid inoculants
under high temperature and desiccation stress. Journal of
Agricultural Science and Technology, 13(5), 795-802. http:/fjast.
modares.ac.irfarticle-23-3947-en.html

Verdin-Garcia, M., Herndndez Flores, ]J. L., de la Torre-Zavala,
S., Orencio-Trejo, M., & Gastelum-Arellanez, A. (2018).
Evaluacién y caracterizacion de aislados microbianos
lignoceluloliticos, provenientes de ecosistemas dridos del
norte de México. Revista NTHE, 23, 67-71. https:/[nthe.mx/
NTHE_v2/pdfArticulos/PDF_Articulo20200226190021.pdf

Verma, P, Yadav, A. N, Khannam, K. S., Panjiar, N., Kumar, S., Saxena,
A. K., & Suman, A. (2015). Assessment of genetic diversity
and plant growth promoting attributes of psychrotolerant
bacteria allied with wheat (Triticum aestivum) from the

Ingenieria Agricola y Biosistemas | Vol. 16, ntim. 2, julio-diciembre 2024.


https://doi.org/10.1016/j.pestbp.2016.09.005
https://doi.org/10.1371/journal.pone.0188724
https://doi.org/10.1371/journal.pone.0188724
https://doi.org/10.1007/s10658-017-1272-z
https://doi.org/10.1007/s13213-016-1240-4
https://doi.org/10.3390/agronomy3040595
https://doi.org/10.1016/j.micres.2015.06.007
https://doi.org/10.3389/fmicb.2019.01269
https://doi.org/10.3389/fmicb.2019.01269
https://doi.org/10.1038/nrmicro1917
https://doi.org/10.1038/nrmicro1917
https://doi.org/10.1073/pnas.0601434103
https://doi.org/10.1089/ast.2011.0675
https://doi.org/10.1007/s42360-018-0074-3
https://doi.org/10.1007/s42360-018-0074-3
https://doi.org/10.3389/fmicb.2017.00171
https://doi.org/10.1016/j.chemosphere.2017.10.115
https://doi.org/10.1007/s10967-012-1932-6
https://doi.org/10.1007/s10967-012-1932-6
https://doi.org/10.1111/j.1420-9101.2010.02014.x
https://doi.org/10.1016/j.syapm.2011.01.007
https://doi.org/10.3329/jbau.v14i2.32692
https://doi.org/10.15406/jmen.2022.10.00375
https://doi.org/10.15406/jmen.2022.10.00375
https://doi.org/10.1007/s00253-007-1089-3
https://doi.org/10.1007/s00253-007-1089-3
http://jast.modares.ac.ir/article-23-3947-en.html
http://jast.modares.ac.ir/article-23-3947-en.html
https://nthe.mx/NTHE_v2/pdfArticulos/PDF_Articulo20200226190021.pdf
https://nthe.mx/NTHE_v2/pdfArticulos/PDF_Articulo20200226190021.pdf

Ruiz-Santiago et al.

northern hills zone of India. Annals of Microbiology, 65(4), 1885-
1899. https://doi.org/10.1007/s13213-014-1027-4

Walczak, J. J., Wang, L., Bardy, S. L., Feriancikova, L., Li, J., & Xu, S.
(2012). The effects of starvation on the transport of Escherichia
coli in saturated porous media are dependent on pH and
ionic strength. Colloids and Surfaces B: Biointerfaces, 90, 129-136.
https://doi.org/10.1016/j.colsurfb.2011.10.010

Wang, B., Zhang, D., Chu, S., Zhi, Y., Liu, X., & Zhou, P. (2020).
Genomic analysis of Bacillus megaterium NCT-2 reveals its
genetic basis for the bioremediation of secondary salinization
soil. International Journal of Genomics, 2020, 1-11. https://doi.
0rg/10.1155/2020/4109186

Wang, L., Gao, Y. Z., Zhao, H, Xu, Y., & Zhou, N. Y. (2019).
Biodegradation of 2-bromonitrobenzene by Pseudomonas
stutzeri ZWLR2-1. International Biodeterioration & Biodegradation,
138, 87-91.https://doi.org10.1016[j.ibiod.2018.12.008

Wang, Y., Yang, Z., Peng, B., Chai, L., Wu, B., & Wu, R. (2013).
Biotreatment of chromite ore processing residue by
Pannonibacter phragmitetus BB. Environmental science and pollution
research international, 20(8), 5593-5602. https://doi.org/10.1007/
$11356-013-1526-z

Wilson, J. S., & Pitts, J. P. (2010). Illuminating the lack of
consensus among descriptions of earth history data in
the North American deserts: A resource for biologists.
Progress in Physical Geography, 34(4), 419-441. https://doi.
0rg[10.1177/0309133310363991

Wu, C. Y., Chen, N, Li, H., & Li, Q. F. (2014). Kocuria rosea HNO1, a
newly alkaliphilic humus-reducing bacterium isolated from
cassava dreg compost. Journal of Soils and Sediments, 14(2), 423-
431. https://doi.org/10.1007/s11368-013-0679-1

Xu, L., Luo, M., Jiang, C., Wei, X., Kong, P., Liang, X., Zhao, J., Yang, L.,
& Liu, H. (2012). In vitro reduction of hexavalent chromium
by cytoplasmic fractions of Pannonibacter phragmitetus LSSE-09
under aerobic and anaerobic conditions. Applied Biochemistry
and Biotechnology, 166(4), 933-941. https://doi.org/10.1007/
$12010-011-9481-y

Yadav, A. N., Verma, P., Kumar, S., Kumar, V., Kumar, M., Kumari-
Sugitha, T. C., Singh, B. P., Saxena, A. K., & Dhaliwal, H. S.
(2018). Actinobacteria from rhizosphere: Molecular diversity,
distributions, and potential biotechnological applications. In

Ingenieria Agricola y Biosistemas | Vol. 16, issue 2, July-December 2024.

B. Pratap-Singh, V. Kumar-Gupta, & A. Kumar-Passari (Eds),
New and Future Developments in Microbial Biotechnology and
Bioengineering (pp. 13-41). Elsevier. https://doi.org/10.1016/
B978-0-444-63994-3.00002-3

Yakoubi, L., Benmalek, Y., Benayad, T., & Fardeau, M. L. (2018).
Characterization of cadmium-resistant bacteria isolated from
polluted soils in Algeria, and evaluation of cadmium removal,
using living free and immobilized cells. Revue d’Ecologie, 73(3),
255-268. https://doi.org/10.3406/revec.2018.1933

Yan, Y., Yang, J., Dou, Y., Chen, M,, Ping, S., Peng, J., Lu, W., Zhang,
W., Yao, Z., Li, H,, Liu, W, He, S., Geng, L., Zhang, X., Yang,
F, Yu, H., Zhan, Y, Li, D, Lin, Z., Wang, Y,, ... Jin, Q. (2008).
Nitrogen fixation island and rhizosphere competence traits
in the genome of root-associated Pseudomonas stutzeri A1501.
Proceedings of the National Academy of Sciences of the United
States of America, 105(21), 7564-7569. https://doi.org/10.1073/
pnas.0801093105

Yetti, E., & Thonotowai, A. Y. (2016) Polycyclic aromatic hydrocarbon
degrading bacteria from the Indonesian Marine Environment.
Biodiversitas, 17(2), 857-864.

Zacaria-Vital, T., Romdn-Ponce, B., Rivera-Orduia, F. N., Estrada-de
los Santos, P., Vasquez-Murrieta, M. S., Deng, Y., Yuan, H. L,,
& Wang, E. T. (2019). An endophytic Kocuria palustris strain
harboring multiple arsenate reductase genes. Archives of
Microbiology, 201(9), 1285-1293. https://doi.org/10.1007/s00203-
019-01692-2

Zarza, E., Alcaraz, L. D., Aguilar-Salinas, B., Islas, A., & Olmedo-
Alvarez, G. (2018). Complete genome sequences of two
Bacillus pumilus strains from Cuatro Ciénegas, Coahuila,
Mexico. Genome Announcements, 6(17). https://doi.org/10.1128/
genomea.00364-18

Zhang, J., Wu, P., Hao, B., & Yu, Z. (2011). Heterotrophic nitrification
and aerobic denitrification by the bacterium Pseudomonas
stutzeri YZN-001. Bioresource Technology, 102(21), 9866-9869.
https://doi.org/10.1016/j.biortech.2011.07.118

Zhou, C., Zhu, L., Guo, J., Xiao, X., Ma, Z., & Wang, ]. (2018). Bacillus
subtilis STU6 ameliorates iron deficiency in tomato by
enhancement of polyamine-mediated iron remobilization.
Journal of Agricultural and Food Chemistry, 67(1), 320-330. https://
doi.org/10.1021/acs.jafc.8b05851


https://doi.org/10.1007/s13213-014-1027-4
https://doi.org/10.1016/j.colsurfb.2011.10.010
https://doi.org/10.1155/2020/4109186
https://doi.org/10.1155/2020/4109186
https://doi.org10.1016/j.ibiod.2018.12.008
https://doi.org/10.1007/s11356-013-1526-z
https://doi.org/10.1007/s11356-013-1526-z
https://doi.org/10.1177/0309133310363991
https://doi.org/10.1177/0309133310363991
https://doi.org/10.1007/s11368-013-0679-1
https://doi.org/10.1007/s12010-011-9481-y
https://doi.org/10.1007/s12010-011-9481-y
https://doi.org/10.1016/B978-0-444-63994-3.00002-3
https://doi.org/10.1016/B978-0-444-63994-3.00002-3
https://doi.org/10.3406/revec.2018.1933
https://doi.org/10.1073/pnas.0801093105
https://doi.org/10.1073/pnas.0801093105
https://doi.org/10.1007/s00203-019-01692-2
https://doi.org/10.1007/s00203-019-01692-2
https://doi.org/10.1128/genomea.00364-18
https://doi.org/10.1128/genomea.00364-18
https://doi.org/10.1016/j.biortech.2011.07.118
https://doi.org/10.1021/acs.jafc.8b05851
https://doi.org/10.1021/acs.jafc.8b05851

	_Hlk48641932
	_Hlk175171393
	_Hlk170763131
	_Hlk175255623
	_Hlk48641932

