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Abstract - Perchlorate (ClO47) is an ion that occurs naturally in
Antarctica, it is considered an emerging pollutant because it is a
powerful endocrine disruptor that affects the functioning of the
thyroid gland and the growth and development of humans and biota.
The objective of this study was to characterize salt-tolerant bacteria
that reduce (ClO4") from marine sediments of Bahia Margarita,
Antarctica, collected in the V Colombian Scientific Expedition to
Antarctica "Almirante Tono" in 2019. The methodology used
included three stages: [1] Isolation of the bacteria: for which broth
and LB agar modified with seawater were used [2] Morphological
and biochemical characterization of the isolated strains: through
Gram staining, tests for catalase, oxidase and BBL Crystal; [3]
Susceptibility tests (NaCl and ClO4") and ClOs- reduction test using
selective electrode. The bacterial isolates grew at 10 °C for 7 days,
tolerated NaCl concentrations up to 20% v/iv and (CIO 4)
concentrations up to 10,000 mg/L; with pH variations between 6.5 to
12.0. This contaminant was reduced by the isolated strains in
percentages between 18% and 41%. The morphological and
biochemical characterization of the isolated strains indicated that
they were related to the genus Psychrobacter. In conclusion, salt-
tolerant bacteria isolated from marine sediments in Margarita Bay,
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Antarctica are promising resources for bioremediation of (ClO4)
pollution in ecosystems.

Keywords- extreme environments, halotolerant bacteria, marine
sediments, polar environments, toxicity.

. INTRODUCTION

Perchlorate (ClOs-) is a persistent, toxic, inorganic chlorine
compound present in all ecosystems. It originates naturally and
anthropogenic [1], [2]. Its anthropogenic source is used as
fireworks, ammunition, flares, in agriculture with the use of
fertilizers and chlorine-based pesticides (ClI) and is used as
rocket fuel. It originates naturally in the atmosphere, during
storms, due to the reactions of Cl with ozone (Os) [3], in
volcanic eruptions, hypersaline environments, deserts and in
remote places Antarctica [4].

Due to its high solubility, (CIO4’) is easily transported in
groundwater and surface water [5]. This compound is classified
as a potent endocrine disruptor that affects iodine fixation in the
thyroid gland; therefore, it affects the growth and development
of living beings [4], [6], [7] in low concentrations (24.5 pg L-1
of drinking water) [3]. This contaminant accumulates in foods
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such as vegetables, cereals and fruits; likewise, traces of this
contaminant can be found in human feces and breast milk [5],

[6].

The effects of this contaminant vary according to the species
[7]. Most vascular plants have the capacity to absorb and
accumulate (ClOy) in their plant tissues [8], which can affect
the normal development and growth of plants [4], [9] and alter
seed germination and affect chlorophyll content [10]. Likewise,
(ClO4") has antimetamorphic effects in the earliest stages of
development of amphibians and some fish [11].

In humans, the intake of contaminated food and water causes
hypothyroidism [4], [12], [13], [14] generating an increase in
cardiovascular diseases; neurological, reproductive and
immunological [15] Metabolism, development, and
reproduction in humans can be affected by high concentrations
of (ClOy4); due to the decreased transfer of thyroid hormones
from the placenta to the fetus [12]. In men, the deterioration in
the genetic material results in the reduction of testicular
spermatogenesis [12]. In newborns and children, it can cause
deterioration of the skeletal system and the central nervous
system [4], [13], [16].

Due to the ecotoxicological effects that (CIO4") has on the
environment and on biota; and due to its persistence, its
elimination or reduction in ecosystems is imperative; that is
why they use physicochemical treatments for their degradation;
but these are not very efficient, non-selective, incomplete,
expensive and also generate brines that usually have a more
toxic load than the same contaminant [17], [18]. Due to the
above, the need arises to propose the use of biological
treatments, which are efficient, selective, non-invasive and
economical to achieve their reduction in ecosystems [6], [19],
[20], [21].

The Antarctic ecosystem is a saline environment and the
natural source of (ClO4”) production due to its atmospheric
deposition; Concentrations of this pollutant between 91 ppm
and 465 ppm have been reported in the South Shetland Islands
and the Antarctic Peninsula [1], [2]. Antarctica, due to its
extreme conditions, provides a favorable ecosystem for the
development and proliferation of native bacteria capable of
reducing (CIOy) [22].

One of these ideal places in Antarctica to isolate (CIOy4)
reducing bacteria is Bahia Margarita, which is located on the
Antarctic peninsula and is a place that has some Antarctic
Specially Protected Areas (ASPASs); such as Avian Island
(ASPAs No. 117); in which, because they are protected areas,
because they have naturally occurring concentrations of (ClIO4Y)
and because of their hypersaline conditions; the isolation and
characterization of native bacteria that reduce this contaminant
is feasible [23], because it has been shown that the ability to
reduce (CIOy) is greater in bacteria tolerant to salt [6], [24].

Faced with this panorama, the need arises to characterize
native bacteria of Bahia Margarita, Antarctica with the potential

to reduce (CIO4). This work aims to provide new knowledge of
the characterization of salt-tolerant bacteria from Antarctica,
promising for the bioremediation of ecosystems contaminated
with this contaminant [2].

Il. MATERIAL AND METHODS

A. Sampling

This study was conducted on Horseshoe Island in Margarita
Bay, Antarctica (68° 30' 00" S 68° 30" 00" W); Marine sediment
samples (0-10 cm depth) were collected in February 2020
during the 5th Colombian Scientific Expedition to Antarctica
(2019-2020) (Fig. 1). Approximately 50 g of each sample was
taken with sterile spatulas, placed in sterile Falcon tubes, and
frozen at -20 °C until further processing in the laboratory [2]

B. Isolation of perchlorate-reducing bacteria

For isolation, 5 g of each sample were suspended in 45 mL
of 0.85% (w/v) saline solution and shaken for 6 h.
Subsequently, 1 mL of the homogenized sample was inoculated
into tubes containing 5 mL of LB medium modified with
seawater (LB NaCl) [2], [6], [24], [11]. Cultures showing
growth were transferred to LB NaCl agar plates and incubated
at 10°C for one week. Colonies with different morphologies
were selected and repeatedly isolated until a pure culture was
obtained.
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Fig 1: Geographic location of Antarctica (a) Horseshoe Island (b).

67°0636'W

C. Pnhysiological characterisation of bacterial isolates

Morphology and motility were determined using a light
microscope (Nikon E100). Gram stain, catalase and peroxidase
activity assays were performed according to the protocol
described by [12]. The biochemical profile was determined with
the BBL Crystal™ kit [2], [6], [24].

D. 16S rRNA gene sequencing and phylogenetic analysis

Genomic DNA of the isolated bacteria was extracted using
the DNAzol Kit (Invitrogen), according to the manufacturer’s
instructions. The 16S rRNA gene was sequenced using the
universal bacterial primers 27F (5'-
AGAGTTTGATCMTGGCTCAG-3') and 1492R  (5-
GGTTACCTTGTTACGACTT-3') [25] Amplification of 16S
rRNA was performed following the protocol described by [25].
The polymerase chain reaction (PCR) products were sequenced
using an ABI PRISM ® 3500 system (Laboratorio de
secuenciacion de ADN, Corporacion CorpoGen Bogota,
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Colombia). The resultant 16S rRNA sequences were assembled
using the sequence editor BioEdit (version 7.2.5) (Hall, 1999)
and then compared with data from the Ribosomal Database
Project 1l (RDPII), (http://wdcm.nig.ac.jp/RDP/html/index.html)
[2], [6]. The evolutionary history was inferred using
Phylogenetic reconstruction of the 16S rDNA gene using the
Neighbor-Joining method. The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test
(10000 replicates). The evolutionary distances were computed
using the Kimura 2-parameter method. There were a total of
857 positions in the final dataset. Evolutionary analyses were
conducted in MEGA X [6], [26]. The GenBank/EMBL/DDBJ
accession numbers for the 16S rRNA gene sequences of strains
UTB-176, BBCOL-177, BBCOL-178, BBCOL-179 and
BBCOL-180 are 0Q457011, OQ457012, 0Q457013,
0Q457014 and OQ457015, respectively.

E. Susceptibility Testing

Sodium Chloride (NaCl) Susceptibility Test

All isolates were assayed for perchlorate susceptibility in LB
broth in the presence of NaCl (3.5%, 5.0%, 7.5% and 20% v/v).
The experiments were initiated by adding 20 pL of cell
suspension (optical density (OD)=0.6) to 5 mL of LB broth [2],
[6], [24].

Potassium perchlorate (KCIO.) susceptibility test

All isolates were assayed for perchlorate susceptibility in LB
broth in the presence of perchlorate at concentrations of
700 mg/L, 5000 mg/L, and 10,000 mg/L [15]. Experiments
were performed as described for the chloride susceptibility
assay. After incubation for 14 days at 4 °C, the culture of each
isolate was analysed on LB agar at their corresponding KCIO,
concentrations to confirm the viability of each bacterial isolate

(2], [6], [24].

F. Evaluation of the reduction of potassium perchlorate

The experiments were performed using a KCIOs”
concentration of 10000 mg/L in LB medium containing 3.5%
NaCl. Inoculation of the isolates was as described for the
chloride susceptibility assay and incubation was for 14 d at
4 °C. After incubation, the final KCIO4~ concentration was
measured using a Thermo Scientifc Orion-93 perchlorate
electrode (Thermo Fisher Scientifc Inc., Beverly, MA, USA),
according to the manufacturer’s instructions. The diference
between the concentrations before and after incubation was
used to I11. [2], [6].

Il. RESULTS

A. Morphological and biochemical identification

In this study, seven heterotrophic, aerobic cold-adapted
bacteria were isolated from marine sediments sampled from
Horseshoe Island, Antarctica (Table 1). Morphological and
biochemical identification. In this study, five isolates from
Antarctica were used. UTB-176 to UTB-180 were isolated from
the sediment samples from Horseshoe Island of Margarita Bay;

under aerobic heterotrophs conditions at 10°C. The isolates
were gram negative coccobacillus. biochemical characteristics
(for example, they did not ferment lactose). All presented
positive catalase and positive oxidase activity and did not
showed positive reactions for N-acetylglucosaminidase, nor
nitrate reduction activity. The characteristics of these isolates
are listed in table 1.

TABLE 1.
MORPHOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF
ISOLATED STRAINS UTB-176 TO UTB-180

Characteristic | UTB-176 | UTB-177 | UTB-178 | UTB-179 | UTB-180
Molecular Psychrobact Psychrobact Psychrobact Psychrobact Psychrobact
Identification ersp er fozii er fozii ersp ersp
S Horseshoe Horseshoe Horseshoe Horseshoe Horseshoe
ource Island Island Island Island Island
Color of colony beige Beige beige beige beige
Morphology cocobacilli | cocobacilli | cocobacilli | cocobacilli | cocobacilli
Halotorent + + + + +
Psychrophilic + + + + +
Motility - - - - -
Gram straining - - - - -
Endospore - - - - -
Spore position - - - - -
Oxidase + + + + +
Catalase + + + + +
Argenine + - - + +

B. Phylogenetic analysis of the isolates

The results of the phylogenetic analysis showed that isolates
UTB-176 to UTB-180 isolated from Horseshoe Island belong
to the genus Psychrobacter UTB-176, UTB-179 and UTB-180
share 99% sequence identity with Psychrobacter sp, while
UTB-177 and UTB-178 share 99% sequence identity with
Psychrobacter fozii (Fig. 2).
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Fig 2: Phylogenetic reconstruction of the 16S rDNA gene using the Neighbor-
Joining method to determine the taxonomic identity of the Antarctica
Psychrobacter sp. strain.

C. Sodium chloride and perchlorate susceptibility assay

All the isolates grew in a culture medium with a high
concentration of NaCl, reaching a tolerance of up to 20% NaCl.
In the case of perchlorate, the concentration measured at
Horseshoe Island ranged from 91 to 101 mg/L; Psychrobacter
sp and Psychrobacter fozii can tolerate this range of perchlorate
concentration in the environment. When these isolates were
exposed to higher concentrations of KCIO4 formed biofilms.
Therefore, these isolates showed the ability to survive at
concentrations higher than those recorded in their habitats.

D. Evaluation of perchlorate reduction by the isolates

In this study, the isolated bacteria presented the biological
capacity to reduce KCIO4 - (Fig. 3) in concentrations of 10,000
mg/L for 7 d, the bacteria of the genus Psychrobacter presented
reductions in perchlorate between 18 and 41%; isolated from
marine sediments of Horseshoe Island, UTB-176 to UTB-180,
reduced 40%, 18%, 18%, 41% and 39% of perchlorate
respectively.

Percentage reduction of (C10,) -
45%

40%
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30%
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20%
%
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UTB-176 UTB-177 UTB-178 UTB-179 UTB-180

i
@
®

Fig: 3 Percentage reduction of KCIO4 concentration from marine sediment
samples taken from Horseshoe Island Margarita Bay. Efect after 7d of contact
at an optical density (OD) of 600 and optimal pH of 7.0+0.5 UTB-176, UTB-

177, UTB-178, UTB-179, UTB-180.

IV. DISCUSSION
A. Horseshoe Island

Isolates were taxonomically characterized based on 16S
rRNA gene sequencing and phylogenetic analyses. The results
showed that the five isolates belong to the genus Psychrobacter.
They were characterized as aerobic, osmotolerant, and oxidase-
positive bacteria and were psychrophilic or psychrotolerant.
The Psychrobacter bacterium is found in a wide range of
humid, saline and cold habitats, as well as warm and slightly
salty habitats [2]. Our results are consistent with those of
previous studies on microbial communities in various Antarctic
habitats, where this genus was also isolated from Antarctic soils
[27], [28], [29], [30], [31], [32], [33], [6]. However, the present
study represents the first analysis of Psychrobacter species

associated with marine sediments from Horseshoe Island [27],
[34]. Environmental temperature and salinity gradients, along
with geochemical processes on Horseshoe Island, are related to
the isolation of this genus. Psychrobacter has previously been
isolated from various environmental settings due to its diverse
metabolic characteristics [27], [28], [32], [35], [36], [2].

B. Sodium chloride and perchlorate susceptibility of the
bacterial isolates

Environmental factors, such as salinity, can influence
bacterial growth by generating greater osmotic stress in
microorganisms [2], [6], [24]. However, some bacteria can
adapt to a low osmotic potential through mechanisms of salt
accumulation in the cytoplasm [37]. The extreme conditions in
the Antarctic continent have led to the development of salt
tolerance mechanisms as a microbial survival strategy [38],
[39], [40]. Therefore, the tolerance of the isolates in our
experiments to a NaCl concentration of 20% can be attributed
to the low availability of fresh water and the high salinity of the
sampled ecosystem. Related isolates of Psychrobacter have
been reported to be salinity tolerant; therefore, they have an
adaptive advantage [2], [41], [42]. The ability of isolated
species to tolerate a 20% NaCl concentration is promising for
use as a biological system to reduce perchlorate in saline
ecosystems essential ions [43], [6].

Perchlorate contamination of marine sediment and seawater,
as well as other environmental matrices (for example, Antarctic
soil), has resulted in the stimulation of bacterial growth and an
increase in the number of bacteria that can resist and degrade
these pollutants [1], [2], [6], [41], [44], [45], [46], [47].

C. Evaluation of perchlorate reduction by isolates

A variety of perchlorate-reducing bacterial species can
reduce this contaminant; however, the percentage of reduction
varies according to genus and the period of exposure to the
pollutant. The rates of perchlorate reduction determined in this
study were comparable to those reported by Acevedo-Barrios et
al. [2], where Psychrobacter, Idiomarina, Sporosarcina and
Pseudomonas genera were isolated from Caribbean hypersaline
soils and reduced between 18% and 41% of 10,000 mg/L of
KCIO4~. In the present study, perchlorate reduction was
performed by Psychrobacter sp and Psychrobacter fozii.

V. CONCLUSIONS

This study confrmed that native Antarctic bacteria isolated
from sediment samples were tolerant to environmental
concentrations of perchlorate and can tolerate higher
concentrations of up to 10 000 mg/L. Psychrobacter sp and
Psychrobacter fozii. were isolated from Horseshoe Island. Only
a few studies have reported on the reduction of perchlorate by
Antarctic microorganisms, our findings demonstrated that these
isolated bacteria can reduce KCIO,~, with reduction between
18% and 41%, thus providing a possibility for biotechnology
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and the treatment of areas polluted by perchlorate. This salinity
tolerance is promising for use as a biological system to reduce
perchlorate in high-salinity ecosystems. It should be noted that
there are no previous reports on the isolation of P.
cryohalolentis and P. lactis from the Antarctic continent.
Therefore, this study expands the existing knowledge regarding
the presence of perchlorate-reducing bacteria in Antarctica.

ACKNOWLEDGMENT

This work was supported by a grant from Universidad
Tecnoldgica de Bolivar. Logistical support for displacement
and sampling at the different points evaluated in Antarctica was
provided by the Colombian Ocean Commission (CCO)
coordinator of the Colombian Antarctic Program - PAC,
Spanish Polar Committee - CPE, the Spain Navy, and the BIO
Hespérides Oceanographic Research Vessel (A-33).

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

REFERENCES

R. Acevedo-Barrios, C. Rubiano-Labrador, and W.
Miranda-Castro, “Presence of perchlorate in marine
sediments from Antarctica during 2017-2020,” Environ.
Monit. Assess., vol. 194, no. 2, p. 102, Feb. 2022, doi:
10.1007/s10661-022-09765-4.

R. Acevedo-Barrios et al., “Perchlorate-reducing bacteria
from Antarctic marine sediments,” Environ. Monit.
Assess., vol. 194, no. 9, p. 654, Sep. 2022, doi:
10.1007/s10661-022-10328-w.

S. Jiang, G. Shi, J. Cole-Dai, C. An, and B. Sun,
“Occurrence, latitudinal gradient and potential sources of
perchlorate in the atmosphere across the hemispheres
(31°N to 80°S),” Environ. Int., vol. 156, p. 106611, Nov.
2021, doi: 10.1016/j.envint.2021.106611.

R. Acevedo-Barrios and J. Olivero-Verbel, “Perchlorate
Contamination: Sources, Effects, and Technologies for
Remediation,” in  Reviews of  Environmental
Contamination and Toxicology Volume 256, vol. 256, P.
de Voogt, Ed. Cham: Springer International Publishing,
2021, pp. 103-120. doi: 10.1007/398 2021 66.

J. Hu et al., “Perchlorate occurrence in foodstuffs and
water: Analytical methods and techniques for removal
from water — A review,” Food Chem., vol. 360, p.
130146, Oct. 2021, doi:
10.1016/j.foodchem.2021.130146.

R. Acevedo-Barrios, A. Bertel-Sevilla, J. Alonso-
Molina, and J. Olivero-Verbel, ‘“Perchlorate-Reducing
Bacteria from Hypersaline Soils of the Colombian
Caribbean,” Int. J. Microbiol., vol. 2019, pp. 1-13, Feb.
2019, doi: 10.1155/2019/6981865.

R. Acevedo-Barrios, C. Sabater-Marco, and J. Olivero-
Verbel, “Ecotoxicological assessment of perchlorate
using in vitro and in vivo assays,” Environ. Sci. Pollut.
Res., vol. 25, no. 14, pp. 13697-13708, May 2018, doi:
10.1007/s11356-018-1565-6.

L. Yu, J. E. Cafias, G. P. Cobb, W. A. Jackson, and T. A.
Anderson, “Uptake of perchlorate in terrestrial plants,”

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Ecotoxicol. Environ. Saf., vol. 58, no. 1, pp. 44-49, May
2004, doi: 10.1016/S0147-6513(03)00108-8.

C. Oze et al., “Perchlorate and Agriculture on Mars,” Soil
Syst., wvol. 5, no. 3, p. 37, Jun. 2021, doi:
10.3390/s0ilsystems5030037.

D. Xie, H. Yu, C. Li, Y. Ren, C. Wei, and C. Feng,
“Competitive microbial reduction of perchlorate and
nitrate with a cathode directly serving as the electron
donor,” Electrochimica Acta, vol. 133, pp. 217-223, Jul.
2014, doi: 10.1016/j.electacta.2014.04.016.

P. Kumarathilaka, C. Oze, S. P. Indraratne, and M.
Vithanage, “Perchlorate as an emerging contaminant in
soil, water and food,” Chemosphere, vol. 150, pp. 667—
677, May 2016, doi:
10.1016/j.chemosphere.2016.01.109.

M. M. Ali, S. A. Khater, A. A. Fayed, D. Sabry, and S.
F. lbrahim, “Apoptotic endocrinal toxic effects of
perchlorate in human placental cells,” Toxicol. Rep., vol.
8, pp. 863-870, 2021, doi: 10.1016/j.toxrep.2021.04.002.
M. Li et al., “Perchlorate and chlorate in breast milk,
infant formulas, baby supplementary food and the
implications for infant exposure,” Environ. Int., vol. 158,
p. 106939, Jan. 2022, doi: 10.1016/j.envint.2021.106939.
R. C. Pleus and L. M. Corey, “Environmental exposure
to perchlorate: A review of toxicology and human
health,” Toxicol. Appl. Pharmacol., vol. 358, pp. 102—
109, Nov. 2018, doi: 10.1016/j.taap.2018.09.001.

F. Gholamian, M. A. Sheikh-Mohseni, and M. Salavati-
Niasari, “Highly selective determination of perchlorate
by a novel potentiometric sensor based on a synthesized
complex of copper,” Mater. Sci. Eng. C, vol. 31, no. 8,
pp. 1688-1691, Dec. 2011, doi:
10.1016/j.msec.2011.07.017.

L. Ye, H. You, J. Yao, and H. Su, “Water treatment
technologies for perchlorate: A review,” Desalination,
vol. 298, pp. 1-12, Jul. 2012, doi:
10.1016/j.desal.2012.05.006.

M. Megharaj and R. Naidu, “Soil and brownfield
bioremediation,” Microb. Biotechnol., vol. 10, no. 5, pp.
1244-1249, Sep. 2017, doi: 10.1111/1751-7915.12840.

W. Song, B. Gao, X. Zhang, F. Li, X. Xu, and Q. Yue,
“Biological reduction of perchlorate in domesticated
activated sludge considering interaction effects of
temperature, pH, electron donors and acceptors,” Process
Saf. Environ. Prot., vol. 123, pp. 169-178, Mar. 2019,
doi: 10.1016/j.psep.2019.01.009.

N. Bardiya and J.-H. Bae, “Dissimilatory perchlorate
reduction: A review,” Microbiol. Res., vol. 166, no. 4, pp.
237-254, May 2011, doi: 10.1016/j.micres.2010.11.005.
S. Kuppusamy, T. Palanisami, M. Megharaj, K.
Venkateswarlu, and R. Naidu, “Ex-Situ Remediation
Technologies for Environmental Pollutants: A Critical
Perspective,” in Reviews of  Environmental
Contamination and Toxicology Volume 236, vol. 236, P.
de Voogt, Ed. Cham: Springer International Publishing,
2016, pp. 117-192. doi: 10.1007/978-3-319-20013-2_2.

215 LACCEI International Multi-Conference for Engineering, Education, and Technology: “Leadership in Education and Innovation in Engineering in the Framework of Global
Transformations: Integration and Alliances for Integral Development”, Hybrid Event, Buenos Aires - ARGENTINA, July 17 - 21, 2023. 5



[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

M. R. London, S. K. De Long, M. D. Strahota, L. E. Katz,
and G. E. Speitel, “Autohydrogenotrophic perchlorate
reduction kinetics of a microbial consortium in the
presence and absence of nitrate,” Water Res., vol. 45, no.
19, pp. 6593-6601, Dec. 2011, doi:
10.1016/j.watres.2011.10.007.

M. G. Liebensteiner et al., “Perchlorate and chlorate
reduction by the Crenarchaeon A eropyrum pernix and
two thermophilic Firmicutes: Perchlorate reduction by
(hyper)thermophiles,” Environ. Microbiol. Rep., vol. 7,
no. 6, pp. 936-945, Dec. 2015, doi: 10.1111/1758-
2229.12335.

H. W. Ryu, S. J. Nor, K. E. Moon, K.-S. Cho, D. K. Cha,
and K. I. Rhee, “Reduction of perchlorate by salt tolerant
bacterial consortia,” Bioresour. Technol., vol. 103, no. 1,
pp. 279-285, Jan. 2012, doi:
10.1016/j.biortech.2011.09.115.

R. Acevedo-Barrios, A. Bertel-Sevilla, J. Alonso-
Molina, and J. Olivero-Verbel, “Perchlorate tolerant
bacteria from saline environments at the Caribbean
region of Colombia,” Toxicol. Lett., vol. 259, p. S103,
Oct. 2016, doi: 10.1016/j.toxlet.2016.07.257.

C. Rubiano-Labrador, C. Diaz-Cérdenas, G. Ldpez, J.
GOmez, and S. Baena, “Colombian Andean thermal
springs: reservoir of thermophilic anaerobic bacteria
producing hydrolytic enzymes,” Extremophiles, vol. 23,
no. 6, pp. 793-808, Nov. 2019, doi: 10.1007/s00792-019-
01132-5.

S. Kumar, G. Stecher, Knyaz L, and K. Tamura. "MEGA
X: Molecular Evolutionary Genetics Analysis across
computing  platforms”. Molecular Biology and
Evolution 2018, 35:1547-1549.

A. G. Bendia et al., “Surviving in hot and cold:
psychrophiles and thermophiles from Deception Island
volcano, Antarctica,” Extremophiles, vol. 22, no. 6, pp.
917-929, Nov. 2018, doi: 10.1007/s00792-018-1048-1.
J. P. Bowman, J. Cavanagh, J. J. Austin, and K.
Sanderson, “Novel Psychrobacter Species from Antarctic
Ornithogenic Soils,” Int. J. Syst. Bacteriol., vol. 46, no.
4, pp. 841-848, Oct. 1996, doi: 10.1099/00207713-46-4-
841.

N. Bozal, M. J. Montes, E. Tudela, and J. Guinea,
“Characterization of several Psychrobacter strains
isolated from Antarctic environments and description of
Psychrobacter luti sp. nov. and Psychrobacter fozii sp.
nov.,” Int. J. Syst. Evol. Microbiol., vol. 53, no. 4, pp.
1093-1100, Jul. 2003, doi: 10.1099/ijs.0.02457-0.

V. B. Centurion et al., “Unveiling resistome profiles in
the sediments of an Antarctic volcanic island,” Environ.
Pollut.,, wvol. 255, p. 113240, Dec. 2019, doi:
10.1016/j.envpol.2019.113240.

S. Che, L. Song, W. Song, M. Yang, G. Liu, and X. Lin,
“Complete Genome Sequence of Antarctic Bacterium
Psychrobacter sp. Strain G,” Genome Announc., vol. 1,
no. 5 pp. e00725-13, Oct. 2013, doi:
10.1128/genomeA.00725-13.

[32]

(33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

R. Lasek et al., “Genome content, metabolic pathways
and biotechnological potential of the psychrophilic
Arctic bacterium Psychrobacter sp. DAB_AL43B, a
source and a host of novel Psychrobacter -specific
vectors,” J. Biotechnol., vol. 263, pp. 64-74, Dec. 2017,
doi: 10.1016/j.jbiotec.2017.09.011.

C. M. Mufoz-Villagrén et al., “Comparative genomic
analysis of a new tellurite-resistant Psychrobacter strain
isolated from the Antarctic Peninsula,” PeerJ, vol. 6, p.
e4402, Feb. 2018, doi: 10.7717/peerj.4402.

P. A. M. Flores, D. N. Correa-Llantén, and J. M. Blamey,
“A thermophilic microorganism from Deception Island,
Antarctica with a thermostable glutamate dehydrogenase
activity,” Biol. Res., vol. 51, no. 1, p. 55, Dec. 2018, doi:
10.1186/s40659-018-0206-3.

T.R. Silvaet al., “Bacteria from Antarctic environments:
diversity and detection of antimicrobial, antiproliferative,
and antiparasitic activities,” Polar Biol., vol. 41, no. 7,
pp. 1505-1519, Jul. 2018, doi: 10.1007/s00300-018-
2300-y.

D. J. Smith, A. C. Schuerger, M. M. Davidson, S. W.
Pacala, C. Bakermans, and T. C. Onstott, “Survivability
of Psychrobacter cryohalolentis K5 Under Simulated
Martian Surface Conditions,” Astrobiology, vol. 9, no. 2,
pp. 221-228, Mar. 2009, doi: 10.1089/ast.2007.0231.

X. Long, J. Tian, X. Liao, and Y. Tian, “Adaptations of
Bacillus shacheensis HNA-14 required for long-term
survival under osmotic challenge: a multi-omics
perspective,” RSC Adv., vol. 8, no. 48, pp. 27525-27536,
2018, doi: 10.1039/C8RA05472J.
. Aguila-Miller, “Invasores
Magallanes, 2015.

D. A. Cowan, T. P. Makhalanyane, P. G. Dennis, and D.
W. Hopkins, “Microbial ecology and biogeochemistry of
continental Antarctic soils,” Front. Microbiol., vol. 5,
Apr. 2014, doi: 10.3389/fmicb.2014.00154.

D.-C. Zhang, A. Brouchkov, G. Griva, F. Schinner, and
R. Margesin, “Isolation and Characterization of Bacteria
from Ancient Siberian Permafrost Sediment,” Biology,
vol. 2, no. 1, pp. 85-106, Jan. 2013, doi:
10.3390/biology2010085.

R. Acevedo-Barrios, J. Olivero-Verbel, and C. Sabater-
Marco, “Perchlorate toxicity in organisms from different
trophic levels, Abstracts of the 55th Congress of the
European Societies of Toxicology (EUROTOX 2019)
TOXICOLOGY SCIENCE PROVIDING
SOLUTIONS,” Toxicol. Lett., vol. 314, pp. S1-S309,
Oct. 2019, doi: 10.1016/j.toxlet.2019.09.002.

J. S. N. Azevedo, A. Correia, and |. Henriques,
“Molecular analysis of the diversity of genus
Psychrobacter present within a temperate estuary,”
FEMS Microbiol. Ecol., vol. 84, no. 3, pp. 451-460, Jun.
2013, doi: 10.1111/1574-6941.12075.

N. Yan, P. Marschner, W. Cao, C. Zuo, and W. Qin,
“Influence of salinity and water content on soil
microorganisms,” Int. Soil Water Conserv. Res., vol. 3,

antarticos,”  Univ.

215 LACCEI International Multi-Conference for Engineering, Education, and Technology: “Leadership in Education and Innovation in Engineering in the Framework of Global
Transformations: Integration and Alliances for Integral Development”, Hybrid Event, Buenos Aires - ARGENTINA, July 17 - 21, 2023. 6



no. 4, pp. 316-323, Dec. 2015, doi:
10.1016/j.iswcr.2015.11.003.

[44] J. D. Coates and L. A. Achenbach, “Microbial
perchlorate reduction: rocket-fuelled metabolism,” Nat.
Rev. Microbiol., vol. 2, no. 7, pp. 569-580, Jul. 2004, doi:
10.1038/nrmicro926.

[45] R. Calderén, P. Palma, D. Parker, M. Molina, F. A.
Godoy, and M. Escudey, ‘“Perchlorate Levels in Soil and
Waters from the Atacama Desert,” Arch. Environ.
Contam. Toxicol., vol. 66, no. 2, pp. 155-161, Feb. 2014,
doi: 10.1007/s00244-013-9960-y.

[46] S.P. Kounaves et al., “Discovery of Natural Perchlorate
in the Antarctic Dry Valleys and Its Global
Implications,” Environ. Sci. Technol., vol. 44, no. 7, pp.
2360-2364, Apr. 2010, doi: 10.1021/es9033606.

[47] J.-H. Nam, J.-R. S. Ventura, I. T. Yeom, Y. Lee, and D.
Jahng, “A novel perchlorate- and nitrate-reducing
bacterium, Azospira sp. PMJ,” Appl. Microbiol.
Biotechnol., vol. 100, no. 13, pp. 6055-6068, Jul. 2016,
doi: 10.1007/s00253-016-7401-3.

215 LACCEI International Multi-Conference for Engineering, Education, and Technology: “Leadership in Education and Innovation in Engineering in the Framework of Global
Transformations: Integration and Alliances for Integral Development™, Hybrid Event, Buenos Aires - ARGENTINA, July 17 - 21, 2023. 7



