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Abstract
Mangroves forests are located in tropical and subtropical regions. The adaptation and distribution in coastal regions
is influenced by temperature, humidity, tidal and saline fluctuations; therefore, there are exposed to multiple environmental fluctuations. Mangroves are inhabited by wildlife but also is supported by a diverse community of microorganisms, including fungi. Several fungi in mangroves have multiple ecological roles as saprotrophs or as an
opportunistic pathogen, many of them are also used in the industry, as the genus Aspergillus, that are important in
biomedicine, industrial and environmental applications. In this study, we isolated species of fungi from mangrove
stems and propagules. They were identified by both morphological and by its molecular characteristics. Here, we report the first isolated of Aspergillus niger and Aspergillus aculeatus from mangroves in Ecuador. Research such as these
highlights the importance to determine the role of fungi in the mangrove ecosystem.
Keywords: Mangrove, Aspergillus niger, Aspergillus aculeatus, molecular characterization.

Resumen
Los bosques de manglar están distribuidos en las zonas costeras de las regiones tropicales y subtropicales de todo el
mundo, siendo especies tolerantes a altas temperaturas, humedad, mareas y las fluctuaciones salinas. Por lo tanto,
se ven expuestos a múltiples fluctuaciones y condiciones ambientales extremas. El ecosistema de manglar no solo es
hábitat de vida silvestre, sino que también es colonizado por diversas comunidades de microorganismos, como los
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hongos. Varios de estos hongos tienen múltiples funciones ecológicas, ya sea saprófitos o patógenos oportunistas.
Actualmente el interés de estudiar estos microorganismos radica en su potencial biotecnológico dada su capacidad
para tolerar ambientes hostiles. Ejemplo de ello son algunas especies del género Aspergillus, las cuales son utilizadas
en biomedicina, industrial y la bioremediación. En el presente estudio se aislaron e identificaron de acuerdo con sus
características morfológicas y moleculares especies de hongos del género Aspergillus. En este estudio se reportan los
primeros aislados de Aspergillus niger y Aspergillus aculeatus de manglares en Ecuador. Investigaciones como ésta resaltan la importancia de determinar el rol de los hongos en el ecosistema de manglar.

Palabras clave: Manglar, Aspergillus niger, Aspergillus aculeatus, caracterización molecular.
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Introduction

Mangrove forests are estuaries located on tropical
and subtropical regions; this ecosystem is characterized by its highly salinity-tolerance (Gopal and
Chauhan, 2006). The distribution of mangroves is
strongly influenced by temperature, humidity, water currents and variations in tide and wind flow.
Altogether with the high abundance and variety
of microorganisms, make it an important dynamic
ecotone between the terrestrial and marine environment (Sridhar et al., 2011). Taking into account
microorganisms, fungi are important decomposers
of organic matter and they play a fundamental role
in productivity and biodiversity of this ecosystem
(Friggens et al., 2017). The fungi that inhabit mangrove forest are saprophytes, symbionts or parasites, both in filaments and in yeast (Rodríguez et al.,
2013). These fungi can colonize roots, stems and
branches submerged in water or can be found in
the surface of the water (Li et al., 2016). The diversity of fungi depends on their metabolism, since the
strata is associated with daily changes in salinity,
intermittent flooding due to tide, exposure to salt
fog and substrate availability (Hrudayanath et al.,
2013).
Human activities constitute the main problem
to mangroves, and among the main human activities are the habitat destruction, pollution and overexploitation of resources (Díaz, 2011). Many cities
have settled in the nearby mangroves, which, therefore, are constantly exposed to pollution that is
formed by anthropogenic activities, thus exposing
them to a variety of chemicals, including heavy metals that are considered a serious problem for the
mangrove ecosystem, since they accumulate on the
surface of the sediments, hence increasing their concentration in the area (Fernández et al., 2014)
The most common genera of fungi isolated from
Rhizophora spp. mangrove are Aspergillus, Aureobasidium, Cladosporium, Curvularia, Cylindrocephalum,
Drechslera, Fusarium, Myrothecium, Nigrospora, Penicillium, Pestalotia, Phyllosticta, Trichoderma and Verticilium (Sarma, 2012). However, few studies describe
the role of these genera in the mangrove ecosystem.
Most of the fungi identified in mangrove ecosystems are endophytes; these fungi are considered of
great importance since they have been able to produce bioactive metabolites to modify the defense
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mechanisms of their host, allowing both to subsist
in the environment (Sánchez et al., 2013). Several
fungi (e.g., Aspergillus, Absidia, Cunninghamella, Mucor and Rhizopus) are capable of accumulating heavy
metals in their cell compartments, offering an alternative in bioremediation of contaminated areas at
low cost compared to tradition decontamination
methods (Cardoso et al., 2010).
In many cases, mangrove forests are formed by
high density natural monocultures where trees are
constantly exposed to pathogens (Ramírez et al.,
2006). However, phytopathogenic records in mangrove ecosystems are poorly reported (Pan et al.,
2018). The majority of fungi that colonize mangroves trees are related to Ascomycota division, several
parasitic species belonging to this group can produce plant death (Pan et al., 2018). Although the relationship between fungal diversity and mangroves
is not clear, marine fungi are known to be responsible for the breakdown of mangrove wood in the
most common species, including Rhizophora, which
have been described to be more efficient digestible
biomass than bacteria (Steinke and Jones, 1993; Kathiresan et al., 2011). Fungus Trichoderma and Traustreochystrids genus are efficient saprophytic due to
enzymatic activity and potential microorganism to
degraded cellulose, starch, lipid, proteins and lignin, whereas Thichosporon, Fusarium and Aspergillus
exhibited the maximum cellulase and protease activity in the leaves of mangrove (Kathiresan et al.,
2011)
Aspergillus is widely distributed in nature due
to its easy dispersal strategy of its conidia and its
small size; this strategy allows them to remain in
the environment for a long period of time (Abarca,
2000). The fungal genus of Aspergillus is highly interesting, containing everything from industrial cell
factories, model organisms, and human pathogens,
since it has a prolific production of bioactive secondary metabolites (Kjærbølling et al., 2018). These fungi are important in the organic matter breakdown and host defense against highly pathogenic
microorganism (Ramírez et al., 2006). The applications of these fungi are required to improve future
omics studies (Shu-Lei et al., 2020). In the present
study we present the first report of two species of
Aspergillus isolated from mangroves in Ecuador and
identified by molecular and morphologically characteristics.
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2.1

Material and Methods
Sampling and collection area

The Parque Histórico de Guayaquil - PHG (Guayaquil Historical Park) is a remnant of mangrove forest located in Samborondón city, Ecuador. Lesions
with symptoms associated with the presence of fungi in branches were identified, subsequently collected and stored in airtight bags for further analysis.

2.2

Morphological characterization of fungi samples

Morphological characterization was performed on
cultures with evident generation of reproductive
structure or in strains with more than 20 days of cultivation time. By the use of tape, the mycelium was
separated and placed on a slide with a drop of lactophenol and sealed with a coverslip. The visualization of structures was done in a Nikon Eclipse E100
optical microscope with an integrated digital camera. In order to determine taxonomic affiliation, both,
the mycobank database (http://mycobank.org) and taxonomic keys (de Hoog et al., 2001) were used.

2.3

Isolation and purification of fungi

The plant material was disinfected with 1 % sodium
hypochlorite with repeated washings with sterile
water. Fragments were subsequently cut with a sterile scalpel and deposited in SDA culture media
(Saboraud Dextrose Agar, OXOID), supplemented
with 15 µg/mL chloramphenicol for isolation and
differentiation of fungi. Culture plates were incubated at room temperature in dark conditions until
micellar growth was observed. This process was repeated until pure isolates were obtained. Samples
previously isolated were inoculated in 150 mL of
PW liquid culture medium (Peptone Water, CRITERION and Nutrient Broth) supplemented with 15
ng/mL chloramphenicol and incubated for 15 to 20
days until biomass appeared. Mycelium was filtered using sterile filtration units, biomass was dried
at 42 ◦ C for two days and stored at −80 ◦ C until
further analysis.

2.4

DNA extraction

Fungal material was incubated with lysozyme (10
µg/mL) at 37 ◦ C for two hours. DNA extraction was

performed using the Power Soil DNA Isolation kits
(QIAGEN, Carlsbad, USA) with the following modifications: Fungi were previously dried and frozen
at −80 ◦ C and transferred to the Powerbead tubes;
this material was mixed by vortex for three minutes.
Subsequently, 60 µL of C1 buffer was added and a
vigorous vortex was performed for three additional
minutes, 20 µL of proteinase K was added and mixed with vigorous vortex for 1 minute. The mixture
was centrifuged at 8,000 rpm 1 minute, the supernatant was rescued in a new eppendorf tube and
250 µL of C2 buffer was added, then an additional
mixed by vortex for 5 seconds was performed and
incubated at −20 ◦ C for 5 minutes. Samples were
centrifuged at room temperature at 8,000 rpm for
1 minute and the supernatant was transferred to a
new tube; subsequently, 200 µL of C3 solution was
added, vortexed for 1 minute and incubated at −20
◦ C for 5 minutes.
For DNA isolation, samples were centrifuged at
8,000 rpm for 1 minute and supernatant was transferred to a new tube with 1mL of C4 solution. The
mixture passed through the columns by centrifugation at 8,000 rpm for 1 minute; thereafter, 500 µL of
C5 solution was added and centrifuged at 8,000 rpm
for 1 minute. For DBA elution, 100 µL ultrapure water was added to the center of the column to elute
the genetic material, centrifuged at 13,000 rpm for
1 minute and stored at −20 ◦ C until later use. DNA
integrity was assessed by 1 % agarose gel electrophoresis in 1times TAE buffer (Tris, Acetate, EDTA)
supplemented with SyBR green nucleic (Invitrogen)
by comparing the intensity and molecular weight
band of DNA with a 100 bp ladder (Tracklit - Invitrogen). Electrophoresis conditions were performed
at 100 volts, 35 milliamps.

2.5

Amplification of the ITS-1 and ITS-2
regions by Polymerase Chain Reaction
(PCR)

After DNA extraction, fungi were identified either
genus or species level from the amplification of
the intergenic regions of rDNA using ITS-1 (TCCGTAGGTGAACCTGCGG) and ITS-4 universal primers (TCCTCCGCTTATTGATATGC) (White et al.,
1990). PCR conditions were performed in a final volume of 30 µL with final concentration of 0.2 5mM
dNTPs, 2.5 mM MgCl2, 2 µM primers, 2 U taq pol
and 1× PCR Buffer. The program includes denatu-
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ration at 95 ◦ C for 5 minutes, followed by 35 cycles niger, while KCR4.1.1., KCR7.2.1. and KCR14 are
of 94 ◦ C for 59 seconds, 50 ◦ C for seconds and ex- related to Aspergillus aculeatus.
tension at 72 ◦ C for 1 minute, with a final extension
of 72 ◦ C for 10 minutes.
Of all the 90 nucleotide sequences, 438 positions
in the ITS region were used in the phylogenetic
analysis. At first glance, all the species analyzed in
2.6 Sequence analysis
this study belong to the Nigri section (Gams et al.,
Purified amplicons were sequenced in Macrogen 1986). The analysis is supported by a Bootstrap
(South Korea) and edited in Geneious Prime Soft- with 1000 iterations and by the Neighbor Joining
ware (version 2019.1) in order to obtain a consensus algorithm. The tree shows well supported clades
sequence. Taxonomic affiliation was confirmed by between fungi species in groups of A. niger and A.
BLAST alignment algorithm (https://blast.ncbi.nlm. tubingensis and between A. aculeatus and A. japoninih.gov/Blast.cgi). Phylogenetic analysis was enhan- cus (Figure 3). The dendrogram shows that both A.
ced using Clustal W algorithm and Geneious Pri- niger and A. tubingensis would be the same species,
me Software. A tree was generated by Neighbor and this is also observed between A. aculeatus and
Joining (Saitou and Nei, 1987) and a distance mo- A. japonicus.
del of Kimura was used (Kimura, 1983) using MEAs shown in Table 2, A. niger and A. tubingensis
GA 7 software, with 1,000 iteration bootstrap and
eliminating gaps. The results were displayed with in the largest alignment with the size 3 626 085 bp
iTOL (Letunic and Bork, 2016). ITS sequences rela- are similar in 89.6 %, and between A. aculeatus with
ted to Aspergillus reported on NCBI database used A. japonicus with the largest alignment of 3 727 362
in this research were listed in the supplementary bp, the pairwise identity is 90.9 %. This shows that
Table 1A. The teleomorph of Aspergillus sp. used in they are very close to each other but also differ with
this study was Emiricella nidulans (HQ026740.1), tree members of other clades (i.e. A. niger with A. japoresolution was optimized using is Aspergillus elegans nicus 78.3 % similar). At first glance, it can be seen
(NR077196.1 and MH992144.1), the outgroup was phylogenetically that ITS region does not work well
in the resolution of fungi groups. In order to get saSaccharomyces cerevisiae (MG775707.1).
tisfactory results, it is necessary to complement these analyses with morphological identification and
3 Results
in this case, comparison between genomes.
Within the substrates collected in the present study,
lesions allegedly caused by fungi were analyzed (Figure 1). From this plant, five strains of fungi were
isolated and purified from branches and one strain
isolated from propagules (Table 1). At the moment
of growing in solid culture medium, white mycelia
was formed, which later turned either black or grey
with submerged mycelium (Figure 2 a-f). When
observing the microscopic characteristics, it was
determined that these isolates have smooth hyphae, with spherical vesicles covered by filiads and
spherical conidia (Figure 2 h-l). Considering macro and microscopic characteristics, classical classification was performed by the use of taxonomic
keys (de Hoog et al., 2001) and Mycobank database
(http://mycobank.org). As a result, these fungi belong
to Aspergillus genus but by ITS analysis, KCR3.2,
KCR4.1sp and KCR15.1 correspond to Aspergillus
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4

Discussion

In Ecuador, the relevance of this study is related as
a baseline of a mycobiome approach in mangrove
fungi identification. Two species of Aspergillus were identified and purified, A. niger and A. aculeatus,
which were previously reported in other mangroves forest in Malasya, Mexico, China and Indonesia (Sathiya et al., 2009; Lumbreras-Martínez et al.,
2018; Deng et al., 2013; Li et al., 2017; Prihanto et al.,
2019). Despite fungi are widely distributed in mangrove trees, and because some of them have ecological and physiological functions to increase the tolerance to biotic and abiotic stress conditions (Shu-Lei
et al., 2020), the studies about diversity of fungi in
mangroves are main focused in cultivable fungi but
native uncultured fungus are poorly known.
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Figure 1. Lesions associated with the presence of fungi in mangrove stems.

Figure 2. Morphological characteristics of fungal strains isolated from mangroves. (A-F) the top images show micellar growth in
solid culture medium. A (isolated KCR 15.1); B (asylum KCR 3.2); C (isolated KCR 4.1 SP); D (isolated KCR 4.1.1); E (isolated
KCR 14); F (isolated KCR 7.2.1); at the bottom image show microscopic structures of mangrove fungus isolates.
Table 1. Molecular characterization of fungus isolated from branching and propagules of mangrove

Sample

Strain

Stems

Propagule

KCR3.2
KCR4.1sp
KCR15.1
KCR4.1.1
KCR14
KCR7.2.1

Molecular Characterization
Query
Max
Total
Cover
Description
Score Score
( %)
Aspergillus niger
1064
1224
100
Aspergillus niger
1048
1208
100
Aspergillus niger
1027
1178
100
Aspergillus aculeatus
874
874
100
Aspergillus aculeatus
946
946
83
Aspergillus aculeatus 1031
1031
100

Per.
Ident
( %)
99.83
99.82
99.82
100
99.81
100

E-value
0,0
0,0
0,0
0,0
0,0
0,0

Table 2. Genome comparison using LASTZ algorithm: Percentage values is the pairwise identity between two genome sets,
numerical value is the largest sequence compare in two genome sets.

A. niger
A. tubingensis
A. aculeatus
A. japonicus

A. niger
xxx
3 626 085
3 727 362
1 444 553

A. tubingensis
89.6 %
xxx
4 803 603
4 803 603
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3 727 362

A. japonicus
78.3 %
78.4 %
90.9 %
xxx
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Figure 3. Phylogenetic analysis of fungi of the Aspergillus genus isolated from mangrove plant material. The sequences were
aligned by Clustal W. The analysis was performed with a support of Bootstrap 1000 iterations and using the Neighbor Joining
algorithm with the Kimura 2-parameter method. Teleomorph of Aspergillus is Emiricella nidulans (HQ026740.1) and outgroup
Saccharomyces cerevisiae (MG775707.1) and two species of Aspergillus elegans (NR 077196.1, MH992144.1).
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Traditionally, identification, taxonomy and classification of Aspergillus had been based according to
morphological features (Patki et al., 2015). Nevertheless, taxonomic classification based on molecular
characterization became an indispensable tool, since it allows to distinguish its phylogenetic characteristics (Samson et al., 2014). Considering previous
published work about phylogenetic relationship of
Aspergillus, it is indicated that, although the amplification of ITS regions is widely accepted as a DNA
barcode for fungi in general (Conrad et al., 2012),
phylogenetic analysis was not resolutive to distinguish uniseriate clades in Nigri section, especially
with the aggregation of A. niger sequences, which
could lead to misidentification of species (Abarca,
2000; Perrone et al., 2008). Our results are consistent
with many of the research; the species A. aculeatus and A. japonicus were phylogenetically closed
and similar A. niger and A. tubingensis. This also
explains because there are minor differences between some species belonging to section Nigri, the
species A. niger sensu stricto, A. tubingensis, A. foetidus, and A. brasiliensis are morphologically identical
and altogether have been called A. niger aggregate
(Munique et al., 2009). This is also consistent with
Yokoyama et al. (2001) who described that most of
the species of section Nigri are morphologically similar and the molecular identification by mtDNA
and rDNA has been confused.

ability to produce toxins that alter plants metabolisms (Pavón et al., 2012). Some of these fungi colonize roots, facilitating their growth and improving
the quality of the grass. Other characteristics are
solubilization of phosphorus, halotolerance, attenuation of saline stress to the plants (Li et al., 2017).
Aspergillus is characterized by producing mycotoxins and secondary metabolites that are important
in the degradation of organic matter and as defense
mechanisms toward other microorganisms (Pavón
et al., 2012).
The importance of this study also relies in
the biotechnological capacity that both mangrove
ecosystem and its microbial component can offer.
One capacity is the physiological characteristic that
fungi present with the production of specific protein, for example metabolites to inhibit cell growth
of other microorganisms in a high salinity environment (Nicoletti et al., 2018). It has also been proven
that some Aspergillus sp. help in bioremediation
processes of environments contaminated by heavy
metals, degradation of extracellular cellulose and
hemicellulose (Marrero et al., 2012; Huachi et al.,
2014; Araujo et al., 2016).

Regarding A. niger, it has been widely used
to obtain enzymes for the industry such as: αAmylase, catalase, cellulase, hemicellulase, lipase
and organic acids that could be an alternative to
Resolutive molecular techniques as RFLP, AFLP, replace petrochemicals (Patki et al., 2015; Ameen
PFGE or Next Generation Sequencing - NGS would et al., 2016; Wang et al., 2016; Morthensen et al.,
be greatly enhance knowledge and understanding 2017; Wang et al., 2019; Nascimento et al., 2019;
of this fungus (Leong et al., 2006; Perrone et al., Hossain et al., 2016). It is also used for production
2008; Quainoo et al., 2017). Consistently, genome processes of citric acid that is carried out by solid
comparison gives the best resolution to determi- state, submerged and surface fermentation (López
ne percentages of similarity between its sequences et al., 2006). A. niger began being used in the bio(Quainoo et al., 2017). In this study we performed chemical fermentation industry and industrial biothe genetic similarity comparison to determine the technology, since this specie of fungus produces
genetic diversity between A. niger, A. fumigatus and a diverse range of proteins, enzymes and second
between A. aculeatus and A. japonicus. The results metabolites (Cairns et al., 2018). The relevance of
showed high similarity with an average nucleotide A. niger for the environment relies on its ability to
identity (ANI) of approximately 90 % of the spe- bioaccumulate toxic metals such as lead, cadmium,
cies analyzed (Table 2). These results can be used copper and chromate (Rivera et al., 2015). Seveto explain many different aspects, such as the strain ral studies have shown that A. niger has greater
background lineage, showing that this approach is capacity to remove phenolic compounds, oil from
highly useful for new fungal geneticists.
contaminated soils and heavy metals, compared to
granular activated carbon, used in several biosorIt has been shown that Aspergillus sp. is wide ption cycles (Araujo et al., 2016; Marzan et al., 2017;
distributed in the environment, and it is considered Villalba et al., 2018). In their study (Ghyadh et al.,
as one of the most frequent phytopathogens by its 2019) noted that the fungal Aspergillus niger showed
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the highest efficiency in reducing concentrations
of heavy elements by 100 %. Aspergillus aculeatus
showed high resistance to cadmium (CD) toxicity,
protected the photosystem II against CD stress and
increase the efficiency of photosynthesis process in
perennial ryegrass. These results suggest that A.
aculeatus could be useful to pretreating CD contaminated soils (Han et al., 2018). It has also an important effect in the attenuation of saline stress, since
it produces indole-3-acetic acid and siderophores
that confer tolerance to saline stress plants (Li et al.,
2017). Research regarding the metabolic capacity of
A. niger and A. aculeatus and their interaction with
metal ions are limited (Emri et al., 2018). Although
there are studies on different species of Aspergillus
in mangroves, reports of A. niger and A. aculeatus are
scarce or none. Moreover, most of the studies focus
on biotechnological and bioremediation potential.
Aspergillus species reduces high concentrations of
heavy metals, but also produces a large number of
mycotoxins and secondary metabolism, which may
be capable of producing a bulk of bioactive compounds that are used at pharmaceutical industry
(Frisvad et al., 2018; Shu-Lei et al., 2020). We need
more research about Aspergillus species and their
applications to produce different bioactives secondary metabolites.
Exploratory studies, as done in this work, allows
to generate new concerns about the participation of
fungi on the mangrove ecosystems. As well as assessing their possible role as protector for their hosts
or determining whether they are pathogenic fungi
that cause deterioration and breakdown of wood in
mangroves. Briefly, this study was focused on endophytic fungus, turning it a potential candidate
to the future applications for more investigations.
Therefore, diversity of fungi in mangrove ecosystems are necessary worldwide, starting with the genomes sequencing, since it may represent a useful
strategy for finding new metabolic pathways and,
subsequently, new bioactive compounds and enzymes.

5

Conclusion

derstanding the distribution of fungus species and
highlight the importance to determine the fungus
role in the mangrove ecosystem.

Acknowledgments
The authors thanks to financial support to Centro
de Investigaciones (CIN) Universidad Espíritu Santo, projects number 2018MED001 and 2018ART006.

References
Abarca, M. (2000). Taxonomía e identificación de especies implicadas en la aspergilosis nosocomial.
Rev Iberoam Micol, 17(3):S79–S84. Online: https:
//bit.ly/34C1Uyz.
Ameen, F., Moslem, M., Hadi, S., and Al, A. (2016).
Biodegradation of diesel fuel hydrocarbons by
mangrove fungi from red sea coast of saudi arabia. Saudi journal of biological sciences, 23(2):211–
218. Online: https://bit.ly/3uJAAZT.
Araujo, J., Rojas, Y., Depool, B., Antequera, A., Rodríguez, J., and Yegres, F. (2016). Microanálisis
de una cepa de Aspergillus niger biocatalizadora
de hidrocarburos policíclicos aromáticos hpa. Acta Microscopica, 25(2):98–110. Online: https://bit.
ly/3uFJRCb.
Cairns, T., Nai, C., and Meyer, V. (2018). How a fungus shapes biotechnology: 100 years of Aspergillus niger research. Fungal biology and biotechnology, 5(1):1–14. Online: https://bit.ly/3pdzowx.
Cardoso, A., Marquez, A., Campos, P., Shiosaki, R.,
and Campos, G. (2010). Microorganisms in Industry and Environment, chapter Influence of the
heavy metals on chitosan production by Absidia corymbifera UCP 0134, pages 176–180. Online:
https://bit.ly/2TBgTGQ. Scientific and Industrial Research to Consumer Products.
Conrad, S., Keith, S., H., S., R., V., Spouge, J., Levesque, A., Chen, W., and Consortium, F. B. (2012).
Nuclear ribosomal internal transcribed spacer
(its) region as a universal dna barcode marker for
fungi. Proceedings of the National Academy of Sciences, 109(16):6241–6246.

This study we report the molecular and morphological characterization of fungus isolated from man- de Hoog, G., Guarro, J., Gené, J., and Figueras, M.
grove belonging to clade Nigri, Aspergillus niger and
(2001). Atlas of clinical fungi. Central bureau voor
Aspergillus aculeatus. This work is an effort to unSchimmelcultures.

28

L A G RANJA : Revista de Ciencias de la Vida 35(1) 2022:20-33.
©2022, Universidad Politécnica Salesiana, Ecuador.

First report of two Aspergillus species isolated from mangrove forest in Ecuador

Deng, C. M., Liu, S. X., Huang, C. H., Pang, J. Y., and
Archives, 19(2):1546–1549. Online: https://bit.ly/
Lin, Y. C. (2013). Secondary metabolites of a man2RfcM2o.
grove endophytic fungus Aspergillus terreus (no.
Gopal, B. and Chauhan, M. (2006). Biodiversity
gx7-3b) from the south china sea. Marine Drugs,
and its conservation in the sundarban mangrove
7(11):2616–2624. Online:https://bit.ly/3izeia1.
ecosystem. Aquatic Sciences, 68(3):338–354. OnliDíaz, M. (2011). Una revisión sobre los manglares:
ne: https://bit.ly/3A20EmU.
características, problemáticas y su marco jurídico.
importancia de los manglares, el daño de los efec- Han, S., Li, X., Amombo, E., Fu, J., and Xie, Y. (2018).
Cadmium tolerance of perennial ryegrass indutos antropogénicos y su marco jurídico: caso sisced by Aspergillus aculeatus. Frontiers in microbiotema lagunar de topolobampo. Ra Ximhai: revista
logy, 9:1579. Online: https://bit.ly/3g3RrRW.
científica de sociedad, cultura y desarrollo sostenible,
7(3):355–369. Online: https://bit.ly/3wVdrFv.
Hossain, A., Li, A., Brickwedde, A., Wilms, L., Caspers, M., Overkamp, K., and Punt, P. (2016). ReEmri, T., Antal, K., Riley, R., Karányi, Z., Miskei,
wiring a secondary metabolite pathway towards
M., Orosz, E., Baker, S., Wiebenga, A., de Vries,
itaconic acid production in Aspergillus niger. MiR., and Pócsi, I. (2018). Duplications and losses
crobial
cell factories, 15(1):1–15. Online: https://bit.
of genes encoding known elements of the stress
ly/3g5YUzV.
defence system of the Aspergilli contribute to the
evolution of these filamentous fungi but do not Hrudayanath, T., Bikash, C. B., and Rashmi, R. M.
directly influence their environmental stress to(2013). Ecological role and biotechnological polerance. Studies in mycology, 91:23–36. Online:
tential of mangrove fungi: a review. Mycology,
https://bit.ly/3fUMric.
4:54–71.
Fernández, J., Andrade, S., Silva, C., and De la Huachi, L., Macas, Á., and Méndez, G. (2014). BioIglesia, R. (2014). Heavy metal concentration in
degradación de los fenoles presentes en el exmangrove surface sediments from the north-west
tracto de guarango (Caesalpinia spinosa) y en los
coast of south america. Marine pollution bulletin,
colorantes indigo carmín, naranja ii y rojo fenol
82(1-2):221–226. Online: https://bit.ly/3fGWcSj.
a través de Trametes versicolor y Aspergillus niger. La Granja, 20(2):29–35. Online: https://bit.ly/
Friggens, N., Taylor, J., and Koukol, O. (2017). Di2RToFvj.
versity and community composition of aquatic
ascomycetes varies between freshwater, estuari- Kathiresan, K., Saravanakumar, K., Anburaj, R., Gone and marine habitats in western scotland. Mymathi, V., Abirami, G., Sahu, S., and Anandhan,
cosphere, 8(9):1267–1287. Online: https://bit.ly/
S. (2011). Microbial enzyme activity in decompo3pa1FnM.
sing leaves of mangroves. International Journal of
Advanced Biotechnology and Research, 2(3):382–389.
Frisvad, J., Møller, L., Larsen, T., Kumar, R., and
Online: https://bit.ly/3zX1Fg9.
Arnau, J. (2018). Safety of the fungal workhorses of industrial biotechnology: update on the
Kimura, M. (1983). The neutral theory of molecular evomycotoxin and secondary metabolite potential
lution. Cambridge University Press.
of Aspergillus niger, Aspergillus oryzae, and Trichoderma reesei. Applied Microbiology and Biotech- Kjærbølling, I., Vesth, T., Frisvad, J., Nybo, J., Theonology, 102(22):9481–9515. Online: https://bit.ly/
bald, S., Kuo, A., Bowyer, P., Matsuda, Y., Mon3fEbnvF.
do, S., Lyhne, E., Kogle, M., Clum, A., Lipzen,
A., Salamov, A., Ngan, C., Daum, C., Chiniquy,
Gams, W., Christensen, M., Onions, A., Pitt, J., and
J., Barry, K.and LaButti, K., Haridas, S., Simmons,
Samson, R. (1986). Advances in Penicillium and AsB., Magnuson, J., Mortensen, U., Larsen, T., Gripergillus systematics, chapter Infrageneric taxa of
goriev, I., Baker, S., and Andersen, M. (2018). LinAspergillus, pages 55–62. Online: https://bit.ly/
king secondary metabolites to gene clusters th3yNZXwO. Plenum Press.
rough genome sequencing of six diverse AspergiGhyadh, B., Al, A., and Ibrahim, Z. (2019). Biotechllus species. Proceedings of the National Academy
nology of wastewater treatment with fungi (Asof Sciences, 115(4):E753–E761. Online: https://bit.
pergillus niger and Rhizopus oligosporium). Plant
ly/3p8GwdO.

L A G RANJA : Revista de Ciencias de la Vida 35(1) 2022:20-33.
©2022, Universidad Politécnica Salesiana, Ecuador.

29

Scientific paper / Artículo científico
Sacheri-Viteri, K., Fernández-Cadena, J., Molina-Moreira, N. and Andrade-Molina, D.
M OLECULAR BIOLOGY
Leong, K., Chen, W., Leong, K., Mastura, I., Mimi,
O., Sheikh, M., Zailinawati, A., Ng, C., Phua, K.,
and Teng, C. (2006). The use of text messaging to
improve attendance in primary care: a randomized controlled trial. Family practice, 23(6):699–705.
Online: https://bit.ly/3cymxjN.

Morthensen, S., Meyer, A., Jørgensen, H., and Pinelo, M. (2017). Significance of membrane bioreactor design on the biocatalytic performance of glucose oxidase and catalase: Free vs. immobilized
enzyme systems. Biochemical Engineering Journal,
117:41–47. Online: https://bit.ly/3g5xFoZ.

Letunic, I. and Bork, P. (2016). Interactive tree of Munique, L., Frisvad, J., Taniwaki, M., Thie, B., Sartori, D., Schapovaloff, M., and Pelegrinelli, M.
life (itol) v3: an online tool for the display and
(2009). Genetic relationships among strains of the
annotation of phylogenetic and other trees. NuAspergillus niger aggregate. Brazilian Archives of
cleic acids research, 44(W1):W242–W245. Online:
Biology and Technology, 52(52(sep)):241–248. Onlihttps://bit.ly/3wVSVEq.
ne: https://bit.ly/3fZmuyd.
Li, J., Sun, X., Chen, L., and Guo, L. (2016). Community structure of endophytic fungi of four Nascimento, P. A., Picheli, F. P., Lopes, A. M., Pereira, J. F., and Santos-Ebinuma, V. C. (2019). Efmangrove species in southern china. Mycology,
fects of cholinium-based ionic liquids on aspergi7(4):180–190. Online: https://bit.ly/3ieRHQF.
llus niger lipase: stabilizers or inhibitors. Biotechnology Progress, 5(35):e2838.
Li, X., Han, S., Wang, G., Liu, X., Amombo, E., Xie,
Y., and Fu, J. (2017). The fungus Aspergillus aculeatus enhances salt-stress tolerance, metabolite ac- Nicoletti, R., Salvatore, M., and Andolfi, A. (2018).
Secondary metabolites of mangrove-associated
cumulation, and improves forage quality in pestrains of Talaromyces. Marine Drugs, 16(1):12. Onrennial ryegrass. Frontiers in microbiology, 8:1664.
line: https://bit.ly/3vR0RXF.
Online: https://bit.ly/3g8VP1P.
López, C., Zuluaga, A., Herrera, S., Ruiz, A., and
de Medina, V. (2006). Producción de ácido cítrico con Aspergillus niger nrrl 2270 a partir de suero de leche. Dyna, 73(150):39–57. Online: https:
//bit.ly/34CxQ5R.

Pan, M., Zhu, H., Tian, C., Alvarez, L., and Fan,
X. (2018). Cytospora pice ae sp. nov. associated
with canker disease of picea crassifolia in china.
Phytotaxa, 383(2):181–196. Online: https://bit.ly/
2UKXaFn.

Patki, J., Singh, S., and Mehta, S. (2015). Partial
Lumbreras-Martínez, H., Espinoza, C., Fernández,
purification and characterization of phytase from
J., Norte, M., Lagunes, I., Padrón, J., Lópezbacteria inhabiting the mangroves of the western
Portillo, J., and Trigos, A. (2018). Bioprospecting
coast of india. Int. J. Curr. Microbiol. App. Sci,
of fungi with antiproliferative activity from the
4(9):156–169. Online: https://bit.ly/2TEfgIu.
mangrove sediment of the tampamachoco coastal lagoon, veracruz, mexico. Scientia fungorum, Pavón, M., González, I., Martín, R., and García,
48:53–60.
T. (2012). Importancia del género Alternaria como productor de micotoxinas y agente causal de
Marrero, J., Amores, I., and Coto, O. (2012). Fitorreenfermedades humanas. Nutrición Hospitalaria,
mediación, una tecnología que involucra a plan27(6):1772–1781. Online: https://bit.ly/3xTvf48.
tas y microorganismos en el saneamiento ambiental. ICIDCA. Sobre los Derivados de la Caña de Azú- Perrone, G., Gallo, A., Susca, A., and Varga, J. (2008).
car, 46(3):52–61. Online: https://bit.ly/3g61uGa.
Aspergillus in the genomic era, chapter Aspergilli
in the biotechnology and agriculture, pages 179–
Marzan, L., Hossain, M., Mina, S., Akter, Y., and
2013. Wageningen Academic Publishers.
Chowdhury, A. (2017). Isolation and biochemical characterization of heavy-metal resistant bac- Prihanto, A. A., Caisariyo, I. O., and Pradaramesteria from tannery effluent in chittagong city, banwari, K. A. (2019). Aspergillus sp. as a potential
gladesh: Bioremediation viewpoint. The Egyptian
producer for l-asparaginase from mangrove (AviJournal of Aquatic Research, 43(1):65–74. Online:
cennia germinans). IOP Conference Series: Earth and
https://bit.ly/3icuG0M.
Environmental Science, 230(1):012101.

30

L A G RANJA : Revista de Ciencias de la Vida 35(1) 2022:20-33.
©2022, Universidad Politécnica Salesiana, Ecuador.

First report of two Aspergillus species isolated from mangrove forest in Ecuador

Quainoo, S., Coolen, J., van Hijum, S., Huynen,
M., Melchers, W., van Schaik, W., and Wertheim,
H. (2017). Whole-genome sequencing of bacterial pathogens: the future of nosocomial outbreak
analysis. Clinical microbiology reviews, 30(4):1015.
Online: https://bit.ly/3pmun5c.

Sathiya, P., Aravindan, S., Haq, A., and Paneerselvam, K. (2009). Optimization of friction welding parameters using evolutionary computational techniques. Journal of materials processing technology, 209(5):2576–2584. Online: https://bit.ly/
2Rp2QU6.

Ramírez, N., Serrano, J. A., and Sandoval, H. (2006). Shu-Lei, J., Zhe, C., Guang, L., Hu, Z., and Chi,
Microorganismos extremófilos. actinomicetos haZ. (2020). Fungi in mangrove ecosystems and
lófilos en méxico. Revista Mexicana de Ciencias Fartheir potential applications. Critical Reviews in
macéuticas, 37(3):56–71.
Biotechnology, 40(6):852–864. Online: https://bit.
ly/3g6VvAX.
Rivera, E., Cárdenas, J., Martínez, V., and Acosta,
I. (2015). Remoción de cromo (vi) por una ce- Sridhar, K., Roy, S., and Sudeheep, N. (2011). Aspa de Aspergillus niger resistente a cromato. Insemblage and diversity of arbuscular mycorrhiformación tecnológica, 26(4):13–20. Online: https:
zal fungi in mangrove plant species of the south//bit.ly/3jlMtmH.
west coast of india. Mangroves ecology, biology and
taxonomy, pages 257–274. Online: https://bit.ly/
Rodríguez, M., Troche, C., Vázquez, A., Márquez, J.,
3i8UHOm.
Vázquez, B., Valderrama, L., Velázquez, S., Cruz,
M., Ressl, R., Uribe, A., Cerdeira, S., Acosta, J., Steinke, T. and Jones, E. (1993). Marine and manDíaz, J., Jiménez, R., Fueyo, L., and Galindo, C.
grove fungi from the indian ocean coast of south
(2013). Manglares de México/Extensión, distribuafrica. South African Journal of Botany, 59(4):385–
ción y monitoreo. Comisión Nacional para el Co390. Online: https://bit.ly/3A0tUKI.
nocimiento y Uso de la Biodiversidad. Online:
Villalba, A., Cruz, M., and Azuara, G. (2018). Ashttps://bit.ly/3fLwo7M.
pergillus niger tiegh., isolated in sonora, mexico:
Saitou, N. and Nei, M. (1987). The neighbor-joining
metal tolerance evaluation. Revista Chapingo semethod: a new method for reconstructing phyrie ciencias forestales y del ambiente, 24(2):131–146.
logenetic trees. Molecular biology and evolution,
Online: https://bit.ly/3xTDVaM.
4(4):406–425. Online: https://bit.ly/3zZs6S9.
Wang, J., Chen, X., Chio, C., Yang, C., Su, E., Jin,
Samson, R., Visagie, C., Houbraken, J., Hong, S.,
Y., Cao, F., and Qin, W. (2019). Delignification
Hubka, V., Klaassen, C., Perrone, G., Seifert, K.,
overmatches hemicellulose removal for improSusca, A., Tanney, J., Varga, J., Kocsubé, S., Szigeti,
ving hydrolysis of wheat straw using the enzyG., Yaguchi, T., and Frisvad, J. (2014). Phylogeny,
me cocktail from Aspergillus niger. Bioresouridentification and nomenclature of the genus asce technology, 274:459–467. Online: https://bit.ly/
pergillus. Studies in mycology, 78:141–173. Online:
34HVjTo.
https://bit.ly/3fOKCoa.
Wang, S., Lin, C., Liu, Y., Shen, Z., Jeyaseelan, J.,
Sánchez, R., Sánchez, B., Sandoval, Y., Ulloa, Á., Arand Qin, W. (2016). Characterization of a starchmendáriz, B., García, M., and Macías, M. (2013).
hydrolyzing α-amylase produced by Aspergillus
Hongos endófitos: fuente potencial de metaboliniger wlb42 mutated by ethyl methanesulfonatos secundarios bioactivos con utilidad en agrite treatment. International journal of biochemistry
cultura y medicina. TIP Revista especializada en
and molecular biology, 7(1):1. Online: https://bit.
Ciencias Químico-Biológicas, 16(2):132–146. Online:
ly/3yai2nV.
https://bit.ly/2Rlsedf.
White, T., Bruns, T., Lee, S., and Taylor, J. (1990).
Sarma, V. (2012). Diversity and distribution of maPCR Protocols: a guide to methods and applications,
rine fungi on Rhizophora spp. in mangroves. Biochapter Amplification and direct sequencing of
logy of Marine Fungi, pages 243–275. Online: https:
fungal ribosomal RNA genes for phylogenetics,
//bit.ly/3g6LljM.
page 315–322. Academic Press, New York, USA.

L A G RANJA : Revista de Ciencias de la Vida 35(1) 2022:20-33.
©2022, Universidad Politécnica Salesiana, Ecuador.

31

Scientific paper / Artículo científico
Sacheri-Viteri, K., Fernández-Cadena, J., Molina-Moreira, N. and Andrade-Molina, D.
M OLECULAR BIOLOGY
Yokoyama, K., Wang, L., Miyaji, M., and Nishimura,
K. (2001). Identification, classification and phylogeny of the aspergillus section nigri inferred
from mitochondrial cytochrome b gene. FEMS
Microbiology Letters, 200(2):241–246. Online: https:
//bit.ly/3h7y3nF.

32

L A G RANJA : Revista de Ciencias de la Vida 35(1) 2022:20-33.
©2022, Universidad Politécnica Salesiana, Ecuador.

First report of two Aspergillus species isolated from mangrove forest in Ecuador

Appendix
Table 1. A: List of GenBank accession number of species used in the present study.

ITS sequences, accession number

Species

Aspergillus aculeatus
MK644143.1
MG548756.1
MK371746.1
MN187297.1
MF564097.1
MK271293.1
MK035984.1
MN187365.1
MN187971.1
MK886612.1
MN187974.1
MK911714.1
MK392046.1
MK418753.1
MK518394.1
MK559536.1
MN088378.1
MN173148.1
MN186997.1
MN396714.1
MN509058.1
MH865976.1
MH656795.1
MK713418.1
MK733917.1
MK788185.1
MH892843.1
MH892845.1
MK811100.1
LC496490.
LC496491.1
LC496492.1

Aspergillus japonicus
LC496497.1
MK035987.1
LC496498.1
MH861173.1
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Aspergillus niger
KY082744.1
KY400582.1
KY566164.1
MF379661.1
MG575468.1
MG669185.1
MG675233.1
MG733652.1
MG734750.1
MG734751.1
MG833314.1
MG840739.1
MG991588.1
MG991627.1
MH064151.1
MH109325.1
MH181162.1
MH855726.1
MH892847.1
MK028957.1
MK256745.1
MK372989.1
MK577432.1
MK693450.1
MK693453.1
MK949087.1
MN187307.1

Aspergillus tubingensis
MN589663.1
MN239975.1
KY593521.1
KY593522.1
KY593523.1
KY593524.1
MF143083.1
MF379660.1
MG279093.1
MG733758.1
MG991653.1
MH045586.1
MH398047.1
MH540151.1
MH854604.1
MH858714.1
MN187071.1
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