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ABSTRACT

Endophytic fungi are well known for their association with a wide variety of plant species, likewise,
mangrove plants are well known for harboring a vast variety of fungi with a valuable diversity of bio-
active compounds originating from the secondary metabolism that is synthesized in part as a response
to the chemical defense against microorganisms, hostile environments, and antagonistic insects. The
objective of the present study was to analyze the chemical composition of endophytic fungi isolated
from mangrove trees in Buenaventura, Colombia. Analyses of DNA sequences from the internal tran-
scribed spacer ribosomal nuclear region (ITS) were conducted to determine the fungi’s identity. The
results revealed 17 isolates, belonging to eight fungal families. All isolates were subjected to thin-layer
chromatography analysis, observing different phytochemical nuclei eluted in the system (7: 3 hexane:
acetone), of these, 23 compounds were recognized using gas chromatography coupled to mass spec-
trometry; cytotoxicity tests were carried out in human foreskin fibroblast cell line, which did not show a
trend in cell viability. The selected endophytic fungi derived from mangrove trees reveal the presence of
different chemical compounds, representing an alternative resource of great interest in bioprospecting
and bioremediation.
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RESUMEN

Los hongos endéfitos son bien conocidos por su asociaciéon con una gran variedad de especies vegeta-
les, igualmente, las plantas de mangle son bien conocidas por albergar una amplia variedad de hongos
con una fuente valiosa de compuestos bioactivos originados a partir del metabolismo secundario que
se sintetizan en parte por la respuesta a la defensa quimica contra el ataque de microorganismos, am-
bientes hostiles, e insectos antagonistas. El objetivo del presente estudio fue analizar la composicion
quimica de hongos endéfitos aislados de arboles de mangle en Buenaventura, Colombia. Se llevaron a
cabo analisis de secuencias de ADN de la regién nuclear ribosomal espaciador transcrito interno (ITS)
para determinar la identidad de los hongos. Los resultados revelaron 17 aislados, pertenecientes a ocho
familias fangicas. Todos los aislados se sometieron a anélisis de cromatografia de capa fina, observan-
dose diferentes nicleos fitoquimicos eluidos en el sistema (7:3 hexano: acetona), de los cuales se reco-
nocieron 23 compuestos por medio de cromatografia de gases acoplada a espectrofotometria de masas.
También se llevaron a cabo ensayos de citotoxicidad en células de fibroblastos del prepucio humano,
los cuales no presentaron una tendencia en la viabilidad celular. Los hongos endéfitos derivados de ar-
boles de mangle revelaron la presencia de compuestos quimicos que pueden ser un recurso alternativo
de gran interés en bioprospeccion y biorremediacion.

Palabras clave: actividad biol6gica, ambientes salinos, compuestos bioactivos, nticleos fitoquimicos.

] INTRODUCTION

Endophytic fungi are associated with a wide variety of
plant species and possess a valuable source of bioactive
compounds originating from the secondary metabolism
which is synthesized as part of the chemical defense aga-
inst thermal or light changes, nutritional deficiencies,
pathogens, predators, or presence of other organisms (Pa-
yyavula et al. 2012, Khalil et al. 2021). The production of
secondary metabolites in endophytes is influenced by the
type of host; for example, in plants growing in hostile or
adverse environments, they are an important source of bio
compound-rich endophytic fungi, even playing an impor-
tant role in the resistance of plant species (Li et al. 1996,
Yeshi et al. 2022).

When growing in adverse or hostile conditions mangro-
ve trees are potential hosts of endophytic fungi as these
may fulfill diverse functions such as: protecting them from
high salt concentrations, diseases, constant flooding, sedi-
mentation, and pests (Ananda and Sridhar 2002, Gilbert
and Sousa 2002, Osorio et al. 2017a, 2017b). Such endo-
phytic fungi have been the focus of many studies, due to
their ability to synthesize bioactive products with utility
in agriculture, biotechnology, and medicine (Strobel et al.
2004). Among the most novel biologically active substan-
ces include those of anticancer, antimicrobial, antioxidant,
antiviral, and insecticidal type (Strobel et al. 2004, Gallo
et al. 2008, Pimentel et al. 2011).
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In recent decades, research has focused on the search for
new and more effective secondary metabolites that enable
the treatment of various diseases from molecules derived
from natural products, as important source of bioactive
molecules. For approximately 30 years, about 300 mole-
cules derived from endophytic fungi have been described,
including, peptides, polypeptides, terpenes and steroids,
among others, characterized by a broad range of biological
effects such as antibiotics, antifungals, antioxidants, and
cytotoxins among others (Bhadury et al. 2006, Torres et
al. 2020).

Examples of fungi that recently have been used for the
analysis of bioactive compounds include Aspergillus lu-
chuensis (mut. Kawachii), isolated from leaves of Ceriops
tagal (Perr.) C.B.Rob. in Thailand, which showed antimi-
crobial activity, likewise, based on chemical analyses of
fungal endophytes such as Xylaria feejeensis (Berk.) Fr.
and Aspergillus luchuensis extracts showed the presen-
ce of tannins, alkaloids, and coumarins (Sopalun et al.
2021) Furthermore, one fungal isolate can produce several
compounds, for example, Cladosporium sp. isolated from
Excoecaria agallocha L. and Aspergillus sojae Sakag. et
K.Yamada ex Murak isolated from Plectranthus amboini-
cus Lour. produced fifteen compounds with antibacterial,
insecticidal, anticancer, and antioxidant activities and in
general as bio-control agents (Wang et al. 2018, Elango et
al. 2020).



Mangrove forests are rich ecosystems of fundamental sig-
nificance. Yet despite their importance, these biodiversi-
ty hotspots are under constant threat due to human and
environmental stressors (World Rainforest Movement
c2002). Colombia is the only country in South America
that has coasts on the Caribbean Sea and the Pacific Ocean
along its 3000 km; however, the number of studies on the
diversity of microorganisms associated with mangroves
and their biological functionality is still very limited, and
the research concerning endophytic fungi associated with
mangroves has focused mostly on the diversity and ecolo-
gy (Osorio et al. 2015, 2017a, 2017b, Torres et al. 2020).
The aim of the present study was to identify and analyze
the chemical composition of endophytic fungi associated
with mangrove trees at the Playa San Pedro Nature Reser-
ve, in Buenaventura.

l MATERIALS AND METHODS

Collection of plant material

The plant material was collected in May 2018, in the Pla-
ya San Pedro Natural Reserve, Buenaventura, Colombia,
which is located 3°50° North, 77°15° West. For the deve-
lopment of this study, initially the inspection of the man-
grove forest area was carried out, and then ten portions
of branches 10 cm, in length were collected from four
mangrove species: Laguncularia racemosa (C.F.Gaertn),
(Combretaceae), Mora oleifera (Caesalpiniaceae) (Tria-
na ex Hemsl), Pelliciera rhizophorae (Planch. & Triana),
(Tetrameristaceae), and Rhizophora racemosa (G. Mey)
(Rhizophoraceae) to obtain a total of 40 branches. Fina-
Ily, the samples were labeled stored at room temperature,
and transported to the laboratories of the Universidad del
Quindjio for the isolation of endophytic fungi.

Isolation of endophytic fungi

The collected plant material was washed with tap water to
remove debris, then each branch was cut into discs mea-
suring 5 to 10 mm, they were subjected to surface steri-
lization following the protocol described by Osorio et al.
(2017a). The fragments were then transferred to the com-
mercial culture medium Potato Dextrose Agar (PDA - Di-
fco) with streptomycin to avoid bacterial contamination.
Samples were incubated for one month at room tempe-
rature (approximately 25°C) and constantly checked for
mycelial growth observation (Torres et al. 2020).
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Fungal identification

The cultures obtained were used for DNA extraction fo-
llowing the protocol of Raeder and Broda (1985). The ribo-
somal Internal Transcribed Spacer (ITS) region including
the 5.8 S rDNA region was amplified by polymerase chain
reaction (PCR), using standard ITS1 and ITS4 primers
(White et al. 1990). A 25 ul reaction mixture was prepared
for the PCR, it contained 100 ng of DNA, 2.5 ul of PCR
reaction buffer (10 mM Tris-HCL, 1.5 mM MgCl2, 50 mM
KCL), 1 ul of each primer, 2 ul ANTP (0.2 mM) and 0.5 ul
of Faststart Taq DNA Polymerase (Roche Applied Scien-
ce, Germany). Sterile Sabax water was added to adjust the
final reaction volumes to 25 pl. The reactions were perfor-
med using an initial denaturation at 94 °C for 4 minutes
followed by a step of ten cycles consisting of 94 °C for 20
seconds, the annealing at 55 °C and an elongation at 72
oC for 45 s, followed by a further 25 cycles of 94 °C for
20 s, with an annealing step using the temperature as pre-
viously indicated for 40 s with a time increase of 5 s every
cycle and elongation for 45 s at 72 °C. This was concluded
with a final elongation step at 72 °C for 10 minutes. An
aliquot of 5 pl of each of the PCR products was stained
with GelRedTM nucleic acid gel stain (Biotium, USA), se-
parated on 1 % agarose gels for 20 minutes at 90 Volts and
viewed with a Gel Doc EZ Imager (Bio-Rad Laboratories
Inc.) to access the success of the PCR. These products were
cleaned using Sephadex G-50 columns following the ins-
tructions provided by the manufacturers (Sigma Aldrich,
Sweden) and the cleaned filtrate was used in the sequen-
cing reactions.

Molecular characterization of endophytic fungi

The sequences obtained from the ITS genetic region were
assembled in Sequencher v.5.1 software, to obtain the co-
rresponding consensus. The sequences were aligned in the
MAFFT vy server (Katoh and Standley 2013) and com-
pared with those in the GenBank database (http://www.
ncbinlm.nih.gov) using the BLASTn algorithm (Altschul
et al. 1990).

Bayesian Inference (BI) was performed in Mr. Bayes
V3.1.2 software (Ronquist and Huelsenbeck 2003) with
two independent runs for five million generations every
100 generations. Maximum Likelihood (ML) analysis was
performed in PhyML v. 3.1 software (Guindon and Gascuel
2003), where confidence levels were estimated with 1000
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bootstrap replicates. We searched for the evolutionary
model that best fit the data set using jModelTest 2.1.10
(Darriba et al. 2012). Maximum Parsimony (MP) analysis
was performed in PAUP v. 4.0 software (Swofford and Su-
llivan 2003) with a heuristic search with 1000 replicates.
In addition, the consistency index (CI), homoplasy index
(HI), rescaled consistency index (RC), retention index (RI),
and tree length (TL) were determined. Trees were visua-
lized using the software FigTree v 1.4.3 (Rambaut 2017).

Screening for fungal extracts

Ten isolates were selected to be sown in liquid cultures
using Potato Dextrose (PD- Difco), without agar to avid so-
lidification and incubated for one month at room tempera-
ture at approximately 25°C, with constant agitation speed

of 600 rpm, until sufficient mycelial growth was obtained.
The fungal extracts were obtained using the liquid-liquid
extraction method for the culture medium and liquid-so-
lid extraction by maceration for the mycelium, using ethyl
acetate as solvent. For the liquid-liquid extraction of the
culture medium, successive extractions were carried out,
where the organic phase was recovered by means of a se-
parating funnel. The mycelium extract was also recovered
using gravity filtration with filter paper, separating the
solids from the extract. The organic phases remained at
room temperature at 25°C until the total evaporation of
the solvent. The dried fractions were labeled and stored.
Finally, the percentage of extraction was determined for

each of the treatments.

Table 1. Isolates of endophytic fungi obtained from mangrove trees in San Pedro Nature Reserve, Buenaventura, Colombia.

Fungal species Isolate number GenBank codes ITS

Bipolaris sp. COLPR-12
Bipolaris sp. COLPR-15
Ciboria aestivalis (Pollock) Whetzel COLLR-3
Coprinellus radians (Desm.) Vilgalys, :
Hopple & Jacq. Johnson COLRR-11
tCayrlrt;ndrobasioh'um torrendii (Bres.) Hjorts- COLLR-1
C. torrendii COLPR-13
Epicoccum nigrum Link COLRR-10
Fusarium oxysporum Schltdl. COLLR-2
F. oxysporum COLPR-14
F.oxysporum COLMO-16
Lasiodiplodia theobromae (Pat.) Griffon & )
Maubl. COLLR-17
L. venezuelensis T.l. Burgess, P.A. Barber )
& Mohali Celiey
Neofusicoccum batangarum Begoude, Jol. )
Roux & Slippers COLLR-5
N. batangarum COLRR-8
Neofusicoccum sp. COLRR-6
Neofusicoccum sp. COLRR-7
Neurospora crassa Shear & B.O. Dodge COLLR-4

Pelliciera. rhizophorae MWO029957
P. rhizophorae MWO029956
Laguncularia racemosa MW029950
Rhizophorae racemosa MWO029960
L. racemosa MWO029959
P. rhizophorae MWO029958
R. racemosa MW029955
L. racemosa MW029951
P. rhizophorae MW029952
Mora oleifera MWO029953
L. racemosa MW029949
R. racemosa MW029948
L. racemosa MW029944
R. racemosa MW029945
R. racemosa MW029946
R. racemosa MW029947
L. racemosa MW029954
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Qualitative chemical analysis of the

endophyte fungal extracts

Chromatographic analysis of each of the fractions was
performed by thin layer chromatography analysis used in
Aluminum coatings. The plates were eluted in three sys-
tems (hexane-acetone 7:3, hexane-ethyl acetate 8:2, and
dichloromethane-methanol 9:1). For the development of
the chromatographic plates, two systems were used, the
first one was the ultraviolet lamp at 2 wavelengths 254 and
365 nm, and in the second one, ammonium cerium (IV)
sulfate (NH4)4Ce(SO4)4 was applied to reveal the stains
of interest, indicating the presence of secondary metabo-
lites. In addition, extracts of three isolates (1 mg/mL in
ethanol) were analyzed by gas chromatography coupled to
mass spectrometry (GC-MS) on a Hewlett Packard Model
5890 Plus Series, using an Rxi-5MS column. The methodo-
logy used in the chromatographic analysis involved the use
of Helium as carrier gas at a flow rate of 1 mL/min, and
it was injected in Split mode, on-column injection system
with electronic pressure controlled (EPC) and Flame io-
nization detection (FID). While the column temperature
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was 45°C, the injector temperature was maintained at 170
oC. Likewise, the temperature program consisted of 45 °C,
for 10 min and decreasing at 3 °C/min up to 220 °C for
30 min, the injection volume was 2 pL, and the ionization
chamber and transfer line temperatures were 220 °C and
250 °C respectively. The mass spectrometer used has an
electron impact ionization system at 70eV, the analyses
were performed in Scan mode at intervals of 35 to 500 in
m/Z ratio. The components were characterized by a relati-
ve comparison of retention times and mass spectrum from
the NIST 2013 library present in the equipment, following
the protocol proposed by Acevedo et al. (2013).

Preliminary phytochemical tests were also performed on
seven extracts of the isolated fungi, each test with two ex-
tracts: liquids from the culture media and solids from the
myecelia treated with ethyl acetate. For the determination
of the presence of phytochemical nuclei of alkaloids, diter-
penes, flavonoids, phenols, steroids, and terpenes, diffe-
rent specific developers were used for each nucleus, com-
paring it with a standard solution following the protocol
described by Sanabria (1983).

Table 2. Phytochemical analysis for the detection of secondary metabolites present in extracts of endophytic fungi isolated from mangrove tree
branches from the San Pedro Buenaventura Natural Reserve, Valle del Cauca, Colombia. - = Absence of metabolite; + = Presence of metabolite.

Endophytic fungi Host
. . Pelliciera rhizopho-
Bipolaris sp. rae
A Laguncularia race-
C. aestivalis mosa
Culture .
. . Rhizophora race-
media C. radians mosa
F. oxysporum P. rhizophorae
L. venezuelensis R. racemosa
Neofusicoccum sp. R. racemosa
N. crassa L. racemosa
Bipolaris sp. P. rhizophorae
C. radians R. racemosa
Mycelium F. oxysporum P. rhizophorae
L. venezuelensis R. racemosa
N. crassa L. racemosa

. Diterpenes Phe- : Ter-
Alkaloids . Flavonoids
- steroids nols penes
+ + + + +
- + + + +
- + = + +
- - - + -
+ + - + +
- + - + +
= = + = +
+ + + + +
- + - + +
+ + - + +
= + - - +
- + + + +
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Cytotoxicity Bioassays

Considering the highest percentage yields, cytotoxicity
tests were performed for two extracts of two endophyte
species, these tests were determined by the methyl thiazole
tetrazolium (MTT) tetrazolium salt technique (Studzinski

MW029946
' Mwo29947
N. umdonicola KPBE088S SA
| N. parvum KP860885 SA
99/
MW029944
N. batangarum MH863424 T
MW029945
L. theobromae KP860842 SA
T mwoz0049
L. gonubiensis KPB60840 SA

100/98

-
100/95 L. venezuelensis DQ103547 T
Y Mwo290048

76/76 e
- ™ Mwoz299s6
00100€, Mwo29957

— Epicoccum nigrum MHE18726

100/100
W029955

100/85
96/78

i Fusarium falciforme MN326635
| Fusarium solani KR708647
HM MW029952
MW029951
| MW029953
Fusarium oxysporum MKB43438

Neuraspora sitophila MN511319

93/90

100/100 100/100

MW029954

Neurospara pannanica KF881757 J

MW029950
— CiDoOra aestivalis KX866908
1001100 | Moellerodiscus lentus KJ341082

| Cylindrobasidium torrendii MHB863803

99/90 pMwoz29959
100/99 | MW029958

Cylindrobasidium laeve KJ652553
88/73 1 Cylindrobasidium evolvens MN947592 4

99/08 gg/gs MW029960

Caoprinellus radians MK843954
100/400 Coprinellus domesticus MHOG2975
& Coprinellus xanthothrix MK887323 E
95/

Rhizopus defemar MHB854609 T
Rhizopus oryzae NR103595 T

N. kwambonambiense KPBB0870 SA

Bipolaris simmondsii NR147495 T
100/100 Bipolaris bamagaensis NR147493 J

Epicoccum dendrobii NR158261 T
Epicoccum andropogonis MK446308

Neurospora tetrasperma MN511320
Neurospora crassa MN534828

1999), where the human foreskin fibroblast (HFF) cell line
was used, the cells were cultured in 96-well plates with
culture media containing D-MEN supplemented with 3%
horse serum, 1 % non-essential amino acids and 1% strep-

tomycin. The plates were incubated at 37°C (Torres et al.

Botryosphaeriaceae

Pleosporaceae

Ascomycota

Didymellaceae

Nectriaceae

Sordariaceae

Sclerotiniaceae

Physalacriaceae

Basiomycota

Psathyrellaceae

Figure 1. Phylogram analyses of the ITS data set including the Posterior probabilities >95% of the Bayesian inference and represented by thick
branches, maximum likelihood and Bootstrap support values >70%, are indicated near nodes as maximum parsimony and maximum likelihood, with
bootstrap support values <70% indicated with *. The isolates of endophytic fungi from mangroves distributed in the San Pedro Natural Reserve in
bold, grouped within the Botryosphaeriaceae, Didymellaceae, Nectriaceae, Physalacriaceae, Pleosporaceae, Psathyrellaceae, Sclerotiniaceae and Sor-
dariaceae; the remaining isolates, not in bold, were obtained from the GenBank database.
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2020). Subsequently, extracts dissolved in 1 % dimethyl
sulfoxide (DMSO) were added at four concentrations 100,
200, 500, and 1000 pg/mL. Finally, cell viability was eva-
luated with respect to control (untreated) cells using the
formula: % viability = (Average optical density of treated
cultures/ Optical density of negative control) x 100.

B RESULTS

Isolation and identification of endophytic fungi

Out of the 40 branches collected, 17 pure isolates were
obtained. Of these, five were isolated from Laguncularia
racemosa, six from Rhizophora racemosa, five from P.
rhizophorae, and one from M. oleifera. DNA was extrac-
ted and the ITS region was successfully amplified from the
17 isolates obtained from the four mangrove species. The
fragments obtained were approximately 460-610 bp. in
size, and compared with the NCBI Genbank, allowing pre-
liminary identification of the study isolates with identity
rates of 97 and 99 %. Sequences of all species were deposi-
ted in GenBank (Table 1).
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A total of eleven fungal groups were identified, the-
se include Bipolaris sp. (Pleosporaceae) (MW029956,
MWo029957), Ciboria aestivalis (Pollock) (Sclerotiniaceae)
(MWo029950), Coprinellus radians (Vilgalys, Hopple and
Jacq. Johnson) (Psathyrellaceae) (MW029960), Cylindro-
basidium torrendii (Bres) (Physalacriaceae) (MW029958,
MWo029959), Epicoccum nigrum (Link) (Didymellaceae)
(MWo029955), Fusarium oxysporum (Schlechtendal) (Nec-
triaceae) (MWo029951, MW029952, MW029953), Lasio-
diplodia theobromae (Griffon and Maubl) (Botryosphae-
riaceae) (MW029949), Lasiodiplodia venezuelensis (T.1.
Burgess, P.A. Barber and Mohali) (Botryosphaeriaceae)
(MW029948), Neofusicoccum batangarum (Begoude, Jol.
Roux and Slippers) (Botryosphaeriaceae) (MW029944,
MWo029945), Neofusicoccum sp. (Botryosphaeriaceae)
(MWo029946, MWo029947) and Neurospora crassa
(Shear and B. O. Dodge) (Sordariaceae) (MW029954).

Bayesian inference, maximum likelihood, and maximum
parsimony phylogenetic analyses of the ITS data set for 17
fungal isolates, showed a phylogram with eight families,

Figure 2. Thin layer chromatography of ex-
tracts. a. Solid samples of the extracts - a. L.
theobromae, b. C. radians, c. C. aestivalis, d. N.
crassa, e. Neofusicoccum sp. b. Solid samples
of the extracts - a. F. oxysporum, b. Bipolaris
sp. c. C. torrendii, d. F. oxysporum, e. N. ba-
tangarum, f. F. oxysporum. c. Corresponds to
liquid samples of the extracts - a. L. theobro-
mae, b. C. radians, c. C. aestivalis, d. N. crassa,
e. L. venezuelensis. d. Liquid samples of the
extracts -a. F. oxysporum, b. Bipolaris sp., c. F.
oxysporum, d. N. batangarum, e. F. oxysporum,
f. Neofusicoccum sp., g. C. torrendii.
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represented by the genera Bipolaris, Ciboria, Coprinellus,
Cylindrobasidium, Epicoccum, Fusarium, Lasiodiplodia,
Neofusicoccum, and Neurospora. Such analyses provided
evidence of a congruence between the obtained phylogenic
trees which are supported by the bootstrap values >70 %
and posterior probability 295 % (Fig. 1).

Screening for fungal extracts

Once the extracts were obtained from ten of the isolated
endophytic fungi: Bipolaris sp., C. aestivalis, C. radians,
C. torrendii, F. oxysporum, L. theobromae, L. venezuelen-
sis, N. batangarum, Neofusicoccum sp. and N. crassa, the
liquid phase (liquid culture media) was separated from the
solid phase (mycelia) and a total of twelve extracts were
obtained by the solid-liquid extraction method (S-L) and
twelve extracts by the liquid-liquid extraction method (L-
L). The masses and percent yield for mycelium in C. ra-
dians was (1.82 %), C. torrendii (3.166 %), F. oxysporum
(1.36 %), L. theobromae (1.66 %), L. venezuelensis of (6
%), Neofusicoccum sp. (1.5 %) and N. crassa (9.23 %),
and in the yield of liquid medium C. aestivalis (0.91 %),
F. oxysporum (0.33 %), Neofusicoccum sp. (0.70 %), N.
batangarum (0.25 %) and N. crassa (0.57 %).

Qualitative chemical analysis of the

endophytic fungal extracts

In the thin layer chromatography, the phytochemical nuclei
identified in the fractions presented a better separation,
evidencing the presence of different nuclei eluted in the 7:3
hexane: acetone system (Fig. 2). According to this result,
the chromatographic plates were eluted in the 7:3 hexane:
acetone system and then sprayed with the phytochemical
test developers, where the presence of phytochemical nu-
clei of the alkaloids, diterpenes, flavonoids, phenols, ste-
roids, and terpenes were identified for most of the species
analyzed (Table 2). Furthermore, 23 compounds from three
isolates of endophytic fungi: Bipolaris sp., C. radians, and
F. oxysporum were identified by using gas chromatogra-
phy coupled to mass spectrometry, of these, twelve com-
pounds were present in the three fungal species (Table 3).

Cytotoxicity bioassays

Cytotoxicity tests for Bipolaris sp. extracts were found to
be toxic at concentrations of 100 and 200 ug/mlL, while at
500 and 1000 pg/mL they are viable for the entire cell line.
The results for N. crassa indicate that all concentrations
are toxic to HFF cells but to a greater degree the 500 ug/
mL concentration, which is below 35% (Fig. 3).
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Table 3. Presence of 23 compounds from Bipolaris sp., Coprinellus ra-
dians and Fusarium oxysporum species identified through gas chroma-
tography coupled to mass spectrometry.

Fungal genera

Retention
Bipolaris | Coprinellus
sp. radians

Compounds

time (min)

2-aminopyri-

dine 11.25 X X
Bornyl ace-

tate 29.5 X X X
Carvone 35.46 X X X
Caryophyl-

lene 59.31 X

Citronelal 28.32 X X X
Decanal 3241 X

Dodecanol 40.67 X X X
Ethyl isoval-

erate 5.2 X X X
Eucalyptol 27.05 X

Ferulic acid 37.55 X
g-decalactone 39.26 X

Heptadecane 54.34 X X X
Hexanoic acid 5.09 X X X
Hydnocarpic

acid 32.37 X X X
Lauric Acid 49.2 X X X
Macrophomic

acid 39.79 X

Menthyl

acetate 32.57 X X X
o -phenyl-

phenol 38.46 X X

Pinosilvina 4485 X

Piperonal 38.85 X
Stearic Acid 57.86 X X X
Sulcatone 25.7 X X X
Unknown

Diterpene 5519 X




% Viability

% Viability

Figure 3. Cytotoxic effect on human foreskin fibroblast cells.
a. Bipolaris sp. b. Neurospora crassa. Extracts evaluated at con-
centrations of 100, 200, 500 and 1000 pg/mL.

l DIscussIiON

Despite the importance of mangrove trees in Colombia,
the information about the associated microorganisms
and their metabolism is still very limited. In this study,
we identified 17 fungal isolates, belonging to nine genera
based on the DNA sequence data sets. Of these, Bipolaris
sp., C. aestivalis, C. torrendii, F. oxysporum, and L. ven-
ezuelensis have been reported in a wide variety of man-
grove species and other plants as phytopathogenic and
as a prolific source of secondary metabolites (Slippers &
Wingfield 2007, Tan et al. 2016, Mohali et al. 2017, Koui-
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pou-Toghueo 2020, Maehara et al. 2020, Harwoko et al.
2021), ratifying that these fungi play a key role in a vast
array of potential issues (Rodriguez et al. 2009, Hyde et al.
2019, Vilarino-Godinho et al. 2019, Becarelli et al. 2021,
El-Sayed et al. 2022, Wen et al. 2022).

Results in this study have led to the determination of phy-
tochemical nuclei, including alkaloids, flavonoids, phenols,
steroids, and terpenes using a liquid medium and myceli-
um. Interestingly, previous reports have highlighted the
ability of endophytic fungi to protect their hosts against
harsh conditions through the production of diverse bio-
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compounds (Gao et al. 2010, O’Hanlon et al. 2012, Grabka
et al. 2022), moreover, it is also considered that such com-
pounds are produced by the plants in response to different
biotic and abiotic pressures, conferring avoidance and tol-
erance (Li et al. 1996, Yeshi et al. 2022).

Furthermore, the activity of the HFF cell line in Bipolaris
sp- was also tested, showing higher cell viability (96 %), as
the concentrations increased in 100, 200, and 500 pg/mL,
however, in concentrations of 1000 pg/mL such viability
decreased (90 %). Neurospora crassa, presented a posi-
tive effect on HFF when concentrations increased in 100
and 200 ug/mL, with a viability of 57 % and 63 %, never-
theless, when these were exposed to concentrations of 500
ug/mL such viability decreased to 33 %, interestingly, the
viability increased again with a considerable intensifica-
tion of concentration at 1000 ug/mkL (54 %), indicating not
evidenced of an orderly trend (Torres et al. 2020).

Irregular effects observed during cytotoxicity activity as-
says, are consistent with previous studies, where cell vi-
ability resulted inversely proportional to concentrations
due to errors when adding the MTT solutions into the
wells, causing a decrease in the tested cells and changes
in the concentrations (Mestizo 2016). Likewise, Veciana et
al. 2014 established that toxic levels for cells are due to
cell viability below 75 %, being viable at percentages above
75 %. Therefore, further studies in other cell lines are sug-
gested to elucidate the cytotoxic effects and to determine
their potential on cell viability.

Mangrove trees are important reservoirs of endophytic
fungi, which represent a potential source of compounds to
be used under different approaches. However, to harness
the Colombian biodiversity and its chemical constituents,
further studies with more sophisticated analytical tech-
niques will be also required.
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