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Abstract

Objective: To detect the spatial distribution of the sinkholes of the Peninsula of
Yucatan (SPY) and identify those cenotes where microorganisms have been reg-
istered. Methods: The geographic coordinates of the SPYs were obtained from
various databases, as well as from scientific publications relating to the terminol-
ogy ‘sinkholes’, ‘karst systems’ and ‘cenotes’. All coordinates were transformed
into the Universal Transverse Mercator reference system (UTM) with datum WGS84.
An infrared composite image was created with 432 RGB bands from the Landsat
8 satellite. The points with the location of the cenotes were imported into the
Software TerrSet. Results: Total 1026 coordinates of sinkholes were recorded
in the Yucatan Peninsula. In 18 sinkholes (<2%), microorganisms have been re-
covered and identified in various taxonomic levels, and only 6 sinkholes (<0.6%)
has their biotechnological potential been evaluated. Conclusions: The microor-
ganisms that inhabit the sinkholes of the Yucatan Peninsula are a reservoir with

practically unexplored biotechnological potential.

Introduction

The Yucatan Peninsula (YP), is located in the Gulf of Mexico,
it is a large platform consisting mainly of limestone, con-
stituted by several hundred metres of subhorizontal thick-
ness (Safanda et al., 2005; Mejia-Ortiz et al., 2007). The
limestone soil is highly permeable due to the combination
of the dissolution mechanisms of calcium carbonate and
collapse of the rock, this allows the fluvial waters to filter
quickly into the aquifer, thus the absence of rivers on the
surface (Polanco Rodriguez et al., 2017; Rosiles-Gonzélez
et al., 2017). The high permeability and porosity of the
limestone soil of the YP has formed underground water
reservoirs that flow slowly in a complex system of caverns
(Kambesis and Coke, 2016). These are occasionally open
to the surface forming large circular pools (Rubio et al.,
2016), known in Mexico as ‘cenotes’, a word derived from
the Mayan language, d’zonot. Their depth varies, reaching
more than 100 m (Safanda et al., 2005), and they are
geographically distributed in almost all of the YP. The cenotes
are classified in the lotics, which have a continuous water
flow with transparent waters due to the low availability of
nitrogen and phosphorus sources, limiting photosynthesis;
lentics, which have less water exchange with the aquifer,
are rich in nutrients and phytoplankton; they have four
characteristic shapes: (A) pitchers, the connection with the
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surface is narrower than the diameter of the body of water,
(B) cylindrical, vertical walls and the opening equals the
diameter of the body of water, (C) watery, water deposits
stagnant surface, (D) caves, which have a horizontal entrance
and dry section (Schmitter-Soto et al., 2002; Mejia-Ortiz
et al., 2007). There is a particularly remarkable pattern of
semicircular distribution, 165 km in diameter, formed by
a depression of 3-5 m deep and almost 5000 m wide;
this characteristic is associated with the basin of the
Chicxulub crater formed by the impact of a meteorite,
Mexico (Hildebrand et al., 1995; Jet Propulsion Laboratory,
2003). The underground aquifer of the YP and its associ-
ated sinkholes which emerge to the surface, is one of the
most extensive on the planet, on which diverse ecosystems
depend (Bauer-Gottwein et al., 2011). The geomorphological
characteristics of the sinkholes of the Yucatan Peninsula
(SYP) and their underground connection to the cave systems
condition the presence of particularly fragile ecosystems
which provide habitat for numerous species (MacSwiney
et al., 2007), some of which are endemic. Though the SYP
are very abundant, very little knowledge of the microor-
ganisms that inhabit it and of its biotechnological potential
has been generated. The objective of this research was
to detect the spatial distribution of the SYP, and identify
those cenotes where microorganic taxa have been
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recovered and registered, as well as those that have been
evaluated with biotechnological potential.

Methods

The study area was the Yucatan peninsula, comprising the
states of Campeche, Yucatan and Quintana Roo, located
in the Gulf of Mexico and the Caribbean Sea with an
approximate area of 125 000 km?. To determine the loca-
tion of the SYPs, the geographic coordinates of the database
of the (Quintana Roo Speleological Survey [QRSS], 2018;
Secretariat of Human Development and the Environment
[SEDUMA], 2018), and scientific publications related to the
terminology ‘cenotes’, ‘karst systems’ and ‘sinkholes’ of
the Yucatan Peninsula were consulted. All the coordinates
were transformed to the Universal Transverse Mercator
Reference System (UTM) with datum WGS84, a colour image
was created in Infrared with bands 432 RGB of the Landsat
8 satellite, subsequently the points with the location of
the cenotes were imported Software TerrSet Geospatial
Monitoring and Modeling (Ronald, 2016), version 18.3.

Results

A total of 1026 coordinates of sinkholes were recorded in
the states of Campeche, Yucatan and Quintana Roo, located
in the Yucatan Peninsula, Mexico, of which 782 coordinates
were recovered from SEDUMA, 205 from scientific publica-
tions and 39 from the QRSS (Fig. 1). Of the total number
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Fig. 1. Distribution of the SYP according to the coordinates of the UTM
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of sinkholes registered, in only 18 SYPs (Fig. 2) have micro-
organisms been recovered and identified at various taxo-
nomic levels and only in 6 sinkholes of the total recorded
(<0.6%) have microorganisms been recovered in order to
evaluate them biotechnologically.

In total, in the last 10 years, 104 taxa of microorgan-
isms such as fungi, bacteria, cyanobacteria, microalgae,
diatoms, as well as various taxonomic groups have been
recovered and identified, of which 26 microorganisms
have demonstrated a promising biotechnological potential
(Table 1).

Discussion

According to the SEDUMA in the State of Yucatan, alone
2241 sinkholes have been identified, of which only 782
coordinates have been registered. In the State of
Quintana Roo, only 39 sinkholes were georeferenced,
though the location of more than 700 sinkholes has
been recorded within more than a hundred cave sys-
tems, common in the state, such as the systems: Sac
Actun, Dos Ojos, K’'Oox Baal, Ox Bel Ha, Xunaan Ha,
Ponderosa and Murena-Aak Kimin, among others
(Quintana Roo Speleological Survey, 2018). In the State
of Campeche, only one register was found, despite the
numerous reports of their presence in the state
(Villalobos-Zapata et al., 2010; Vidal et al.,, 2015). The
estimate of close to 10,000 SYP (Lara-Lara et al., 2008),
may be based on the lack of knowledge of their

Location of the sinkholes of the Yucatan peninsula

* Location of sinkholes
@ Sinkholes with microorganism record
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1026 TOTAL COORDINATES OBTAINED

SEDUMA Without coordinates
76% 77%

Scientific
Publications
20%

Fig. 2. Generalities of the sinkhole coordinates of the Yucatan Peninsula

location, due to the difficulty of access, because they
are generally surrounded by a dense heterogeneous
vegetation, a characteristic more evident in the states
of Campeche and Quintana Roo (MacSwiney et al., 2007),
consequently the assistance of a local guide is usually
required for their location.

Though the biodiversity in the SYP is known, with
the presence of phytoplankton, rotifers, cladocerans,
copepods, macroscopic invertebrates (lliffe, 1993), more
than 45 species of crustaceans (Alvarez et al., 2015)
and almost 40 species of fish (Schmitter-Soto and
Gamboa-Pérez, 1996), in the present decade new taxa
continue to be registered. However, research carried
out on microorganisms living in these environments is
scarce, without taking into account the reports due to
anthropogenic contamination, they are found in plankton
and phytoplankton (Sanchez et al., 2002; Aké-Castillo,
2014; lIrola-Sansores et al., 2014; Szeroczyriska and
Zawisza, 2015; Villafafie et al., 2015); fungal biomass
(Gomez-Reyes et al., 2017); tropical microscopic fungi
(Gamboa-Angulo et al., 2012; Moreno-Pérez et al., 2014;
Moreno-Pérez et al., 2016); sediments from anchialine
caves (Van Hengstum et al., 2009); and moderately
halotolerant bacteria (De La Rosa-Garcia et al., 2007).
In comparison with the bacterioplankton estimations
of 5.8 x 10>-8.0 x 103 cells/mL in some sinkholes and
their associated caves (Alcocer et al., 1999), the propor-
tion of microorganisms identified is scarce; however,
they have given notoriously relevant evidence of their
biotechnological potential as mentioned below.

Bioremediation agents

In some SYPs (Medina-Moreno et al., 2014), polycyclic
aromatic hydrocarbons (PAH) have been detected; these
are compounds formed by two or more fused aromatic
rings formed by carbon and hydrogen atoms and are
generated when substances such as coal, oil and organic
waste are partially burned, with anthropogenic activities
being the main sources of contamination (Committee
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MICROORGANISMS IN SINKHOLES
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on Herbal Medicinal Products, 2016, Tongo et al., 2017).
According to the United States Environmental Protection
Agency (2009), PAH are considered priority pollutants
due to the damage they cause to human health. Research
conducted by Gdmez-Reyes et al. (2017) found microbial
biomass belonging to the genus Cladosporium? which
was able to degrade diesel and oil; additionally, Lizardi-
Jiménez et al. (2015), identified the bacterial genera
Pseudomona?, Diplococcus® and Enterobacter® (Table 1)
as promissory ex situ bioremediators of hydrocarbons
such as benzene, phenanthrene and naphthalene.
Though the predictions suggest a significant decrease
in global PAH emissions, estimated at 592 Gg in 1995
(Shen et al., 2013), they are still present in the environ-
ment. Considering that microorganisms are essential
components of ecological systems, the use of biotech-
nology in remediation processes has profitable advan-
tages and environments.

Natural pesticide producers

Currently, more than 20,000 commercial products have
been registered as pesticides by the United States
Environmental Agency of Protection (Prieto Garcia et al.,
2012). In 2012 alone, 500 thousand tons of pesticide active
ingredients were used worldwide (Nava-Pérez et al., 2012)
and there global trade is estimated at 50 billion dollars
(Jouzani et al., 2017). Synthetic pesticides are persistent
in the environment and biological systems, causing short-
term toxic effects in directly exposed organisms (Food and
Agriculture Organization of the United Nations, 1996;
Pesticide Action Network Europe, 2016). Each year they
cause a million cases of poisoning and almost 20,000
deaths (Martinez-Valenzuela and Goémez-Arroyo, 2007).
Investigations carried out on organic extracts of microscopic
fungi (Moreno-Pérez et al, 2014; Moreno Pérez et al., 2016),
showed that the extracts of Fusarium sp. KS-152, Penicillium
sp.OSE-61% and Hypocrea lixii OSN-372 inhibited the growth
of the phytopathogens Xanthomonas campestris, Alternaria
chrysanthemi and Mycosphaerella fijiensis at a minimum
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Table 1 Microorganisms registered in sinkholes or their associated caves in the last 10 years
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Name of the
Organism Strain sinkhole Location Reference
Diatom Achnantidium sp. Mumutdzonot Tunkas, Yucatan Irola-Sansores et al. (2014)
Fungi Acremonium pseudozeylanicum X’kan ho ho che Dzibilchaltuin, Yucatan Gamboa-Angulo et al.
Fungi Acremonium kiliense Temozon Temozon, Yucatan (2012)
Fungi Acremonium musicola X’kan ho ho che Dzibilchaltun, Yucatan
Bacteria Aeromonas salmonicida 2X712 N.S Dzibilchaltiin o Temozodn, De La Rosa-Garcia et al.

Microcrustaceans

Fungi

Cianobacteria
Fungi

Bacteria

Fungi

Fungi

Fungi

Fungi
Bacilariofita
Bacteria

Bacteria
Bacteria
Microcrustaceans

Cianobacteria
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi

Fungi
Fungi

Protista
Clorofita
Fungi
Fungi
Bacterium

Bacterium

Bacterium
Diatomea
Fungi

Bacilariofita
Bacilariofita
Bacterium

Alona sp.
Alternaria sp.

Aphanocapsa delicatissima
Aspersgillus sp.

Bacillus cereus 17412

Beltrania rhombica
Beltrania sp.

Beltrania sp.

Bionectria ochroleuca
Brachysira microcephala
Burkholderia cepacia 17312

Burkholderia gladioli 1X02?
Burkholderia sp 1X412
Camptocercus sp.

Chroococcus minor
Cladosporium cladosporioides
Cladosporium cladosporioides
Cladosporium sp.
Cladosporium sp.
Cladosporium spp.?
Clonostachys rosea

Clonostachys sp.
Colletotrichum sp.

Criptofitas

Cryptomonas curvata
Cylindrocarpon congoense
Cylindrocarpon sp. XH9B?
Diplococcus sp.?

Diplococcus

Diplococcus spp.
Diploneis sp.
Emericella variecolor

Encyonopsis cesatii
Encyonopsis cesatii
Enterobacter aerogenes®

Cristal, Actum Ha,
Sian Ka'an
Temozon

Las Mojarras
X’kan ho ho che

N.S

Temozon
Temozon
Temozon
Oxola

Las Mojarras
N.S

N.S

N.S

Cristal, Actum Ha,
Sian Ka'an

Leona Vicario

Temozon

X’kan ho ho che

X’kan ho ho che

X’kan ho ho che

N.S

Temozon

Oxola
X’kan ho ho che

Calcuch

Leona Vicario
X’kan ho ho che
X’kan ho ho che
N.S

Xca-ha

N.S
Mumutdzonot
X’kan ho ho che

Leona Vicario
Las Mojarras
N.S

Yucatan
Tulum, Quintana Roo

Temozon, Yucatan

Quintana Roo
X’kandn, Yucatéan

Dzibilchaltun o Temozdn,
Yucatan

Temozon, Yucatan

Temozon, Yucatan

Temozon, Yucatan

Homun, Yucatan

Quintana Roo

Dzibilchaltin o Temozon,
Yucatan

Dzibilchaltin o Temozén,
Yucatan

Dzibilchaltin o Temozén,
Yucatéan

Tulum, Quintana Roo

Quintana Roo
Temozodn, Yucatan
X’kanoén, Yucatan
X’kanoén, Yucatan
X’kanoén, Yucatan
Cancun, Quintana Roo
Temozon, Yucatan

Homun, Yucatan
X’kandn, Yucatéan

Sabacché, Yucatan
Quintana Roo
X’kanoén, Yucatan
X’kanoén, Yucatan
Cancun, Quintana Roo

Playa del Carmen, Quintana Roo

Cancun, Quintana Roo
Tunkas, Yucatan
X’kanoén, Yucatan

Quintana Roo
Quintana Roo
Cancun, Quintana Roo

(2007)

Szeroczyniska and Zawisza,
(2015

Gamboa-Angulo et al.
(2012)

Villafafie et al. (2015)

Gamboa-Angulo et al.
(2012)

De La Rosa-Garcia et al.
(2007)

Gamboa-Angulo et al.
(2012)

Moreno-Pérez et al. (2014)

Villafafie et al. (2015)

De La Rosa-Garcia et al.
(2007)

Szeroczyriska and Zawisza,
(2015)

Villafafie et al. (2015)

Gamboa-Angulo et al.
(2012)

Gomez-Reyes et al. (2017)

Gamboa-Angulo et al.
(2012)

Moreno-Pérez et al. (2014)

Gamboa-Angulo et al.
(2012)

Irola-Sansores et al. (2014)

Villafafie et al. (2015)

Gamboa-Angulo et al.
(2012)

Medina-Moreno et al.
(2014)

Medina-Moreno et al.
(2014)

Gomez-Reyes et al. (2017)

Irola-Sansores et al. (2014)

Gamboa-Angulo et al.
(2012)

Villafafie et al. (2015)

Medina-Moreno et al.
(2014)

(Continues)
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Microorganisms and spatial distribution of the sinkholes

Table 1 (Continued)
Name of the
Organism Strain sinkhole Location Reference
Bacterium Enterobacter spp. N.S Cancun, Quintana Roo Gomez-Reyes et al. (2017)
Cianobacteria Epigloeosphaera glebulenta Las Mojarras Quintana Roo Villafafie et al. (2015)
Bacterium Escherichia coli N.S Cancun, Quintana Roo Medina-Moreno et al.
(2014)
Fungi Fomitopsis meliae Kikal Homun, Yucatén Moreno-Pérez et al. (2014)
Fungi Fusarium solani Oxola Homun, Yucatan
Fungi Fusarium solani Oxola Homun, Yucatan
Fungi Fusarium solani Kikal Homun, Yucatan
Fungi Fusarium sp. X’kan ho ho che X’kanon, Yucatan Gamboa-Angulo et al.
Fungi Fusarium sp. X’kan ho ho che X’kandn, Yucatan (2012)
Fungi Fusarium sp. TA54? Temozon Temozon, Yucatan
Fungi Fusarium sp. Temozon Temozon, Yucatan
Fungi Fusarium sp. XH1Ga? X’kan ho ho che X’kanon, Yucatan
Fungi Fusarium sp. X’kan ho ho che X’kanon, Yucatan
Fungi Fusarium sp. X’kan ho ho che X’kanon, Yucatan
Fungi Fusarium sp. X’kan ho ho che X’kanon, Yucatén
Fungi Fusarium sp. X’kan ho ho che X’kanon, Yucatan
Fungi Fusarium sp. Oxola Homun, Yucatan Moreno-Pérez et al. (2014)
Fungi Fusarium sp. KS-15? Kikal Homun, Yucatan
Fungi Fusarium sp. Oxola Homun, Yucatan
Fungi Fusarium sp. Kikal Homun, Yucatan
Fungi Gliocladium penicillioides TH21 Temozon Temozon, Yucatan Gamboa-Angulo et al.
Fungi Gliocladium sp. TH16° Temozon Temozon, Yucatan (2012)
Fungi Hypocrea lixii OSN-372 Oxola Homun, Yucatén Moreno-Pérez et al. (2014)
Diatom Mastogloia spp. Mumutdzonot Tunkas, Yucatan llrola-Sansores et al. (2014)
Fungi Minteriella cenotigena N.S Merida, Yucatan Heredia et al. (2013)
Fungi Monodictys sp. Oxola Homun, Yucatan Moreno-Pérez et al. (2014)
Clorofita Monoraphidium irregulare Las Mojarras Quintana Roo Villafafie et al. (2015)
Fungi Myrothecium sp. Temozon Temozon, Yucatan Gamboa-Angulo et al.
(2012)
Microalgae Ochromonas sp. Nohmozon Pixyah, Yucatan Irola-Sansores et al. (2014)
Microcrustaceans — Oxyurella sp. Cristal, Actum Ha, Tulum, Quintana Roo Szeroczyniska and Zawisza.
Sian Ka'an (2015)

Fungi
Fungi
Fungi
Fungi
Fungi

Fungi
Cianobacteria

Bacterium

Cianobacteria
Bacterium

Bacterium
Bacterium
Bacterium

Bacterium

Papulaspora pallidula
Penicillium citrinum
Penicillium sp. OSE-612
Penicillium sp.
Pestalotiopsis maculans

Pestalotiopsis mangiferae OH-02
Phormidium sp.

Photobacterium sp.?

Pseudanabaena limnetica
Pseudomonas sp.?

Pseudomonas sp.
Pseudomonas aeruginosa 2T16°
Pseudomonas luteola 17172

Pseudomonas spp.

X’kan ho ho che
X’kan ho ho che
Oxola

Kikal

X’kan ho ho che

Oxola
Mumutdzonot

N.S

Las Mojarras
N.S

Xca-ha

N.S

N.S

N.S

X’kanoén, Yucatan
X’kanon, Yucatan
Homun, Yucatan
Homun, Yucatan
X’kandn, Yucatan

Homun, Yucatan

Tunkas, Yucatan

Dzibilchaltun o Temozén,
Yucatan

Quintana Roo

Cancun, Quintana Roo

Playa del Carmen, Quintana Roo

Dzibilchaltun o Temozén,
Yucatan

Dzibilchaltiin o Temozon,
Yucatan

Cancun, Quintana Roo

Gamboa-Angulo et al.
(2012)
Moreno-Pérez et al. (2014)

Gamboa-Angulo et al.
(2012)

Moreno-Pérez et al. (2014)

Irola-Sansores et al., (2014)

De La Rosa-Garcia et al.
(2007)

Villafafie et al. (2015)

Medina-Moreno et al.
(2014)

Medina-Moreno et al.
(2014)

De La Rosa-Garcia et al.
(2007)

Gomez-Reyes et al. (2017)
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Table 1 (Continued)
Name of the
Organism Strain sinkhole Location Reference
Fungi Pseudorobillarda sojae Oxola Homun, Yucatan Moreno-Pérez et al. (2014)
Fungi Rhizoctonia solani OSE-73? Oxola Homun, Yucatan
Fungi Scopulariopsis sp. Kikal Homun, Yucatan
Bacterium Serratia plymuthica 1723? N.S Dzibilchaltun o Temozon, De La Rosa-Garcia et al.
Yucatéan (2007)
Bacterium Shewanella putrefaciens 27412 N.S Dzibilchaltun o Temozdn,
Yucatan
Fungi Stachybotrys nephrospora Temozon Temozon, Yucatan Gamboa-Angulo et al.
Fungi Stagonospora sp. Temozon Temozon, Yucatan (2012)
Bacterium Stenotrophomonas maltophilia 1X25° N.S Dzibilchaltin o Temozon, De La Rosa-Garcia et al.
Yucatan (2007)
Bacterium Stenotrophomonas sp. 1T202° N.S Dzibilchaltun o Temozén,
Yucatan
Clorofita Tetrastrum komarekii Leona Vicario Quintana Roo Villafafie et al. (2015)
Microalgae Thompsodinium intermedium Dzitya o Chen-Ha Dzitya, Yucatan Aké-Castillo (2014)
Alga Tribonema sp. Mumutdzonot Tunkas, Yucatan Irola-Sansores et al. (2014)
Fungi Verticillium sp. TH282 Temozon Temozén, Yucatan Gamboa-Angulo et al.
Fungi Verticillium sp. Temozon Temozon, Yucatan (2012)
Bacterium Vibrio sp. N.S Cancun, Quintana Roo Lizardi-Jiménez et al. (2015)
Bacterium Vibrio sp. Xca—ha Playa del Carmen, Quintana Roo  Medina-Moreno et al.
(2014)
Fungi Volutella sp. Temozon Temozon, Yucatan Gamboa-Angulo et al.
Fungi Volutella sp. Temozon Temozon, Yucatan (2012)
Fungi Volutella sp. Temozon Temozon, Yucatan
Fungi Zygosporium minus Temozon Temozon, Yucatan

N.S = not specified.
20rganisms evaluated with notorious biotechnological potential.

inhibitory concentration (MIC) of 25, 500 and 1000 pg/mL,
respectively. Additionally, they determined the antagonistic
capacity of the species H. lixii OSN-372, Rhizoctonia solani
OSE-73% and Pestalotiopsis mangiferae OH-02% (Table 1)
against the phytopathogens Colletrotrichum gloeospori-
oides, Corynespora cassiicola, Curvularia sp. and Fusarium
spp., inhibiting the growth of at least three of the four
phytopathogens by more than 50%. The trade in natural
pesticides is estimated at 3.5 billion dollars with an annual
growth of 16% (Jouzani et al., 2017). The increasingly
demanding market regarding food safety and health regula-
tions worldwide will continue to drive this trend.

Producers of antimicrobial compounds

According to the World Health Organization (2017), the
research and development of new antibiotics to address
the resistance of microorganisms to current antibiotics,
which is estimated to cause 700 000 deaths per year.
Research conducted by Gamboa-Angulo et al. (2012; 2013)
evaluated the effects of extracts of microscopic fungi,
against Mycobacterium tuberculosis, which in 2016 caused
more than 10 million infected and 1.7 million deaths (World
Health Organization, 2015), finding that the extracts of the

species Cylindrocarpon sp. XH9B?, Fusarium sp. TA54% and
XH1Ga?, Gliocladium penicillioides TH212, Gliocladium sp.
TH16% and Verticillium sp.TH28?, inhibited the growth of
M. tuberculosis with an MIC of 1.56-25 pg/mL; they also
evaluated them against promastigotes of Leishmania mexi-
cana, which causes ulcerative lesions and disfiguring scars,
finding that Fusarium sp. TA542 and Verticillium sp. TH282
(Table 1), caused a mortality in L. mexicana of IC50 = 14.23—
100 pg/mL and IC100 = 50-100 ug/mL, respectively. In
addition, they evaluated the antimicrobial activity of extracts
of 96 fungal species against Bacillus subtilis, Candida albi-
cans and Staphylococcus aureus among other pathogens,
finding that 78 had activity against at least one of the
evaluated targets. On the other hand, research conducted
by De la Rosa-Garcia et al. (2007) found moderately halo-
tolerant bacteria of the genus Aeromonas?, Bacillus?,
Burkholderia®, Photobacterium?, Pseudomonas?®, Serratia?,
Shewanella® and Stenotrophomonas?® (Table 1) which pre-
sented a broad spectrum of antimicrobial action against
the pathogens B. subtilis (ATCC-6633), C. albicans (ATCC-
10231), Erwinia carotovora subp. Carotovorum (ATCC-138)
Pseudomonas syringae pathovar. Pisi (ATCC-11043), S.
aureus (ATCC-6536) and Xanthomonas campestris pathovar.
Carotae (ATCC-10547).

Water and Environment Journal 0 (2019) 1-9 © 2019 CIWEM.
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Despite the increase in microorganisms resistant to
current antibiotics, the number of antibiotics available is
limited; the urgent search for new antimicrobial drugs is
an alternative to this problem (Naradala et al., 2016).
Considering that the world market in medicines is esti-
mated at almost 1.2 trillion dollars for the year 2016
(Institute for Healthcare Informatics, 2012), obtaining com-
pounds or molecules with potential to develop drugs has
an enormous biotechnological potential.

The relevance of the SYP is the distribution, location
and quantity of these aquifer bodies, associated with their
microorganisms with demonstrated biotechnological
potential. Given the ignorance of the totality of the sink-
holes that are found in YP, their associated environments,
as well as the diversity of practically unknown microor-
ganisms that inhabit them, it is necessary to manage the
conservation and environmental protection of these envi-
ronments. The sinkholes are a promising model of biore-
mediation of emerging pollutants, industrial and
hydrocarbons in aquatic environments, for theirimmediate
application in environmental contingencies. Obtaining
natural compounds ‘friendly to the environment’ obtained
from these microorganisms, as pesticides of natural origin,
represent an alternative for their implementation in crops
of economic interest and the production of safe food for
health. Decreasing the use of synthetic chemical com-
pounds with proven harm to human health. In addition
to obtaining novel antimicrobials, as an alternative to
combat pathogenic bacteria that are resistant to most
commercially available drugs, mainly those belonging to
the ESKAPE group: Enterococcus faecium, Staphylococcus
aureus, Klebsiella, Acinetobacter baumannii,
Pseudomonas aeruginos and Escherichia coli, which are
the main causes of nosocomial infections or intra-hospital
infections worldwide.

Conclusions

(1) The first step is to create a systematic proposal of
recognition, identification, registration and conserva-
tion of microscopic species of these environments.

(2) SYP is a reservoir of practically unexplored microor-
ganisms and the paucity of microbiological research
in these environments has limited the biotechnologi-
cal potential as an alternative to reduce the negative
impact of many current concerns. The microorgan-
isms that inhabit these environments are a viable al-
ternative which, as yet has been poorly explored.

(3) The results allow concluding that there is no complete
database with the georeferencing of the location of the
SPYs in each State and municipality of the Yucatan
Peninsula, and even less is known regarding their loca-
tion in the states of Campeche and Quintana Roo.
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