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Abstract: The discovery of biomolecules has been the subject of extensive research for several
years due to their potential to combat harmful pathogens that can lead to environmental con-
tamination and infections in both humans and animals. This study aimed to identify the chem-
ical profile of endophytic fungi, namely Neofusicoccum parvum and Buergenerula spartinae, which
were isolated from Avecinnia schaueriana and Laguncularia racemosa. We identified several HPLC-
MS compounds, including Ethylidene-3,39-biplumbagin, Pestauvicolactone A, Phenylalanine, 2-
Isopropylmalic acid, Fusaproliferin, Sespendole, Ansellone, Calanone derivative, Terpestacin, and
others. Solid-state fermentation was conducted for 14–21 days, and methanol and dichloromethane ex-
traction were performed to obtain a crude extract. The results of our cytotoxicity assay revealed a CC50

value > 500 µg/mL, while the virucide, Trypanosoma, leishmania, and yeast assay demonstrated no
inhibition. Nevertheless, the bacteriostatic assay showed a 98% reduction in Listeria monocytogenes
and Escherichia coli. Our findings suggest that these endophytic fungi species with distinct chemical
profiles represent a promising niche for further exploring new biomolecules.

Keywords: endophytic fungi; bioprospection; microbial control; mangrove

1. Introduction

Various pathogens have inflicted harm on humanity for many years, leading to sick-
ness and fatalities. Viruses can be categorized into two primary groups: enveloped and
non-enveloped viruses. Non-enveloped viruses are known for their resistance to various
environmental conditions, including changes in pH, temperature, and exposure to ultravio-
let radiation [1]. Non-enveloped viruses have been shown to exhibit excellent resistance to
various environmental factors such as pH, temperature, and ultraviolet radiation. Among
these non-enveloped viruses, some have been found to replicate precisely in enterocytes,
a type of cell located in the epithelium of mammals responsible for nutrient and water
absorption [1]. Enteric viruses employ the fecal–oral route, whereby they are shed in fecal
matter and subsequently contaminate water bodies, posing a risk of infection to various
organisms [2].
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Chagas disease, another sickness caused by the Trypanosoma cruzi parasite, is a
widespread health concern affecting approximately 6 million people globally, with an
additional 70 million individuals living in high-risk areas [3–5]. Unfortunately, despite the
development of two drugs back in the 1960s, only one of them is currently permitted for
use in Brazil due to their limited efficacy and harmful side effects during the chronic phase
of the illness [6,7].

The issue of bacterial infections and their resistance to antimicrobial agents has reached
critical levels and poses a serious threat to public health. This problem is not confined
to a single region but is pervasive globally. The root cause of this challenge lies in the
natural evolution of these microorganisms, which undergo genetic changes that make
them resistant to various antimicrobials. Both gram-negative and gram-positive bacteria
contribute to this issue by serving as significant contaminants and causing a plethora of
infections, underscoring the severity of this public health crisis [8,9].

Visceral leishmaniasis (VL) is a grave public health issue that disproportionately affects
impoverished communities in Asia, East Africa, South America, and the Mediterranean
region. Over 600 million individuals reside in high-risk regions for this disease, with an
estimated 50,000 to 90,000 new cases arising each year. Shockingly, ten countries, namely
Bangladesh, Brazil, China, Ethiopia, India, Kenya, Nepal, Somalia, South Sudan, and Sudan,
account for more than 95% of reported VL cases [10].

In Latin America, Visceral leishmaniasis (VL) is a zoonotic disease caused by
Leishmania infantum and is endemic in 13 countries. The disease is transmitted by the
sand fly Lutzomyia longipalpis, with dogs being the primary carriers of infection. In 2019,
Brazil reported a staggering 2529 new cases, accounting for 97% of all cases in Latin America.
Alarming statistics reveal that 35% of those affected were children under the age of 10, and
the disease’s lethality rate stood at 9%, making it one of the highest in the world [11]. All
of these pathogens highlight the need to search for new bioactive compounds in different
niches and microorganisms.

Mangrove ecosystems are intricate habitats consisting of forest formations distributed
in transition zones between terrestrial areas and coastal regions of the ocean. These habitats
pose significant challenges to organisms and microorganisms, such as low dissolved oxygen
levels, high levels of organic matter, and elevated salinity. Moreover, the number of plant
species capable of withstanding such harsh environmental conditions is limited [12].

Endophytic fungi have emerged as a promising target for discovering new com-
pounds with potential activity against pathogens. In Brazil, three species are known,
Laguncularia racemosa, Avicennia schaueriana, and Rhizophora mangle [13]. This is due to their
genetic diversity and remarkable ability to synthesize diverse metabolites, making them a
promising-to-be-fully-explored niche [14,15].

Endophytic fungi, intimately associated with plant tissues, establish unique ecological
interactions that benefit the fungi and the host plant. These fungi can synthesize a diverse
array of secondary metabolites, which can aid in the growth and development of the plant
or provide defense against potential pathogens. Unlike plant pathogens, endophytic fungi
do not harm plant tissue. Therefore, have become an essential focus of study for discover-
ing new bio compounds with potential applications in medicine and agriculture [16–18].
Several related endophytic fungi from mangroves have been used to seek compounds
against bacteria and viruses [19]. This study aimed to perform the isolation of endophytic
fungi from mangrove plants, solid-state fermentation of axenic cultures for 14–21 days,
chemical extraction, and assay several pathogens, such as: bacteria, yeasts, leishmania,
Trypanosoma and viruses.

2. Material and Methods
2.1. Endophytic Fungi

The Mario Steindel Endophytic Fungi Collection is a biobank comprised of endophytic
fungi that were isolated from mangrove plants (Avecinnia schaueriana, Laguncularia racemosa,
and Rhizophora mangle) of region of Itacorubi and Ratones, Florianópolis, Santa Catarina.
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Disinfection was performed at the University Federal of State of Santa Catarina accord-
ing to protocol, using a rinse of ethanol, hypochlorite, and water; following the process of
isolation, internal parts of samples were required to be cut and exposed to internal factors
at potato-agar-dextrose (Kasvi) in Petri dishes and were incubated for 14 days at 28 ◦C [20].

The identification of the endophytic fungi isolated from leaves of A. schaueriana and
Laguncularia racemosa demanded a thorough analysis of micromorphological characteristics,
including the distribution of fragments and microculture, as well as macromorphological
and molecular analysis of the ITS1 region of rDNA [21]. The genetic material was extracted
using axenic cultures in Petri dishes and incubated for 14–30 days at 28 ◦C.

Two endophytic fungi were selected from the Mario Steindel Endophytic Fungi Collec-
tion, housed at the Federal University of Santa Catarina, which contains endophytic fungi
isolated from the mangrove region of Itacorubi and Ratones (27◦35′16.1′′ S 48◦3031.2′′ W
and 27◦28′15.7′′ S and 48◦29′31.1′′ W, Florianópolis-Santa Catarina). Neofusicoccum parvum
and Burgueneraria spartinae were isolated from samples collected from A. schaueriana and
Buergenerula spartinae from the L. racemosa, Itacorubi regions and were deposited in GenBank
(OQ30047–Neofusicoccum parvum; OQ300436–Buergenerula spartinae [22,23].

2.2. Solid-State Fermentation

To prepare the inoculum of axenic cultures, fungal biomass was harvested from fungal
colonies grown on PDA plate (14 days at 28 ◦C) with addition of 10 mL of Tween 80
(0.01% w/w) [23]. An inoculum containing 106 spores was added to 90 g of commercial
sterile organic rice and 90 mL of distilled water inside Erlenmeyer flasks. The fermentation
process was carried out for 14–21 days to produce biocompounds, with a control group set
up without spores [24].

2.3. Chemical Profile

After the indicated time of fermentation, the fungal biomass was subjected to chemical
maceration using methanol-PA (Sigma, St. Louis, MO, USA) (CH3OH) and dichloromethane-
PA (Sigma) (CH2Cl2) in proportion 1:1 (v/v) for four days, using simple filtration and a ro-
tary evaporator, following solubilization at 800 µg/mL on acetonitrile (LCMS grade, Sigma-
Aldrich, St. Louis, MO, USA) to analyses using ultra-performance liquid chromatography–
mass spectrometry (Figure S1: Ultra-Performance Liquid Chromatography-Mass Spectrom-
etry (UPLC-MS) of crude extract from the fungus Buergunerula spartinae after solid-state
fermentation; Figure S2: Ultra-Performance Liquid Chromatography-Mass Spectrometry
(UPLC-MS) of crude extract from the fungus Neofusicoccum parvum after solid-state fermen-
tation). Chromatographic analyses were performed on an Acquity H-Class UPLC-PDA
system (Waters Co., Milford, AS, USA). An Acquity UPLC BEH C18 (50 × 2.1 mm i.d.,
1.7 µm) column (Waters Co., USA) was used for the analysis. All solutions prepared for the
UPLC analyses were filtered through a 0.22 µm hydrophobic membrane made of cellulose.

The column was maintained at 40 ◦C during the analyses. MS data were obtained
using a quadrupole orthogonal acceleration time-of-flight (QTOF) mass spectrometer, Xevo
GS-2 QTof, with an electrospray ionization (ESI) source, operating in both positive and
negative modes, with the mass range between 100 and 1200 Da and a scan time of 1 s.
The mobile phase system consisted of a gradient of 0.1% aqueous formic acid (pH 3.0)
(A) and ACN (B) at a flow rate of 0.3 mL/min. The gradient consisted of 0–2 min, 90%
A/10% B; 2–10 min, 55% A/45% B; 10–15 min, 10% A/90% B; 15–20 min, 90% A/10%
B. The injection volume was 2 µL. The instrument settings in the positive mode were a
capillary voltage of 3.0 kV, sampling cone voltage of 40 V, a source offset voltage of 80 V,
desolvation temperature of 200 ◦C, source temperature of 80 ◦C, cone gas flow of 50 L/h,
and desolvation gas flow of 500 L/h. Nitrogen was used as the nebulizer gas, and argon
was the collision gas. MS and MSE data (in two scan functions) were acquired in the
centroid mode and monitored with a scan time of 1 s. The collision energy was 6 eV in
function one and ramped from 25 to 35 eV in function 2. To assure accurate mass values,
data were corrected during the acquisition by an external reference (LockSprayTM) named
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leucine-enkephalin solution (1 ng/mL) at a flow rate of 20 µL/min. System control and data
processing were performed using MassLynx 4.1 software (Waters Co., Augusta, GA, USA).

2.4. Obtation of Crude Extract

The fermented samples were subjected to chemical maceration by adding 50 mL of a 1:1
(v/v) mixture of dichloromethane (CH2Cl2–PA 90%) and methanol (CH3OH–PA 90%). After
maceration, a simple filtration step was performed to remove cellular debris, followed by
rotary evaporation using a pneumatic pump at maximum pressure (Bünchi–Vacuum Pump
V-700, Sigma Aldrich, São Paulo, Brazil) to accelerate the evaporation of organic solvent
residues in a volumetric flask. The temperature of the water bath was maintained between
30–55 ◦C. The resulting total extract contained both polar and non-polar compounds and
was subsequently subjected to lyophilization for 24 h.

2.5. Biological Assays

Biological assays were conducted using the methanolic/dichloromethane crude ex-
tract, including cytotoxicity, virucidal, yeast, leishmania, Trypanosoma, and bacterio-
static assays.

The crude extract evaluated were solubilized in dimethyl sulfoxide (DMSO), resulting
in a final concentration of 1% DMSO in cell culture assays, which is considered a safe con-
centration for cell culture experiments. The assays were performed using a concentration
of 500–50 µg/mL.

2.5.1. Cytotoxicity Assays

Cell viability assays are essential in determining the cytotoxicity of bioactive com-
pounds. In this study, three different cell lines were utilized, including VERO (ATCC
CCL-81TM) monkey kidney fibroblasts, L929 (ATCC CCL-185TM) rat fibroblasts, and A549
(ATCC CCL-1TM) human lung cancer cells. These cell lines were cultured using Dulbecco’s
Modified Eagle Medium (DMEM; Thermo Fisher Scientific, Warsaw, Poland) supplemented
with 10% fetal bovine serum (Thermo Fisher Scientific, Poland) incubated at 37 ◦C with 5%
CO2. After 24 h of seeding the cells into 96-well plates at a density of 2.5 × 104 cells per
well, the cytotoxicity was evaluated by sulforhodamine B colorimetric assay. This assay
enables the determination of the toxic concentration to 50% of the cells (CC50 value) by
linking with the structural protein of viable cells. The technique provides crucial insights
into the cytotoxicity of bioactive compounds and their potential use as therapeutics [25].

Each crude extract (N. parvum OQ30047 and B. spartinae OQ300436) was applied at
different concentrations (500 µg/mL to 1.95 µg/mL) in every well in triplicate. After a
period of incubation at 37 ◦C and 5% CO2 (48 h to VERO, 72 h to L929, and 96 h to A549)
the plaques were fixed and colored with sulforhodamine B, and the absorbances were
read using SpectraMax (Molecular Devices, San José, CA, USA) at 510 nm. The cytotoxic
concentration to 50% of the cells, CC50, was calculated based on constructed concentration–
response curves using GraphPad Prism 8.0 (Graph Pad Software 8.0.0 version, La Jolla,
CA, USA).

2.5.2. Virucidal Assay

Virucidal assays were conducted using Human Adenovirus type 2 (HAdV-2) as a
model for non-enveloped viruses and Murine Hepatitis Viruses type 3 (MHV-3) as a model
for enveloped viruses, following the DIN EN 14,476 protocol for the evaluation of the
virucidal activity of chemical disinfectants and antiseptics in the medical field. The assay
was performed in 96-well plates seeded with L929 and A549 cell lines, which are permissive
to MHV-3 and HAdV-2 replication.

The objective of this assay was to challenge viral particles at different log dilutions
(102–106) against compounds or extracts in suspension, with a contact time of 120 s, fol-
lowed by an incubation period until visible cytopathic effects were observed (3–5 days for
MHV-3 and 5–7 days for HAdV-2). This assay is crucial in evaluating the effectiveness of
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compounds or extracts as potential virucidal agents and may have significant implications
in developing novel antiviral treatments.

2.5.3. The Antiparasitic Assays Were Carried Out against Leishmania and Trypanosoma

For the screening of trypanocidal activity against T. cruzi, the Tulahuén strain trans-
fected with the β-galactosidase gene was utilized in 96-well plates. Epimastigotes were
treated with fungal total extracts at a concentration of 50 µg/mL, along with resazurin
reagent at a concentration of 250 µg/mL. The resulting fluorescence was measured at
560 nm using a spectrophotometer. The positive control was benznidazole at a concentra-
tion of 10 µM, while the negative control was DMSO at 1%.

To conduct the initial screening, the T. cruzi Tulahuén strain transfected with the
β-galactosidase gene [26] was cultivated for three days at 27 ◦C in LIT medium (Liver
Infusion Tryptose) supplemented with 10% fetal bovine serum. The parasites were seeded
at 0.54 × 106 parasites/well and subsequently treated with fungal total extracts at a con-
centration of 50 µg/mL, diluted in LIT medium with 10% FBS and 1% dimethyl sulfoxide
(DMSO–Merck®, São Paulo, Brazil). The positive control was the drug benznidazole (BZN,
Sigma-Aldrich®) at a concentration of 10 µM (2.6 µg/mL), while the negative control was
DMSO at 1%. The plates were incubated for 67 h in a 27 ◦C incubator. After treatment,
20 µL of resazurin (Sigma-Aldrich®) at a concentration of 250 µg/mL was added to all
wells, and the plates were incubated for an additional 4 h in a 37 ◦C, 5% CO2 incubator. The
fluorescence was measured at 560 nm using a spectrophotometer (Tecan®, Infinite M200,
São Paulo, Brazil) with a reference wavelength of 590 nm [27].

Leishmania assay was performed using two strains of Leishmania parasites, namely
Leishmania (L.) infantum strain MHOM/BR/74/PP75 and Leishmania (L.) amazonensis strain
MHOM/BR/77/LTB0016. Parasites were added to microdilution plates at a concentra-
tion of 0.54 × 106 parasites/well in M199 medium supplemented with 10% SBF and 2%
human urine. Replicates of the parasites were treated with 20 µL of fungal extracts at a
concentration of 50 µg/mL diluted in M199 medium with 1% DMSO. An amphotericin B
positive control was included at 2 µM for L. amazonensis and 8 µM for L. infantum, while
the negative control consisted of M199 medium with 1% DMSO. The plates were incubated
for 72 h at 26.5 ◦C, followed by addition of 20 µL of a solution containing 250 µg/mL of
resazurin solubilized in PBS buffer (pH 7.4) for 1 h and 30 min at 37 ◦C. Fluorescence was
measured using a Tecan® Infinite M200 microplate reader with excitation at 560 nm and
emission at 590 nm. Cell viability was expressed as the percentage of mortality, calculated
as the reduction in signal between the sample and experimental triplicate, divided by the
average of the negative control minus one [28].

2.5.4. Bacteriostatic Assay

The bacteriostatic assay was made using Luria broth sterile, 192 µL, 8 µL (0.6 OD) of
bacteria Escherichia coli ATCC 11,303 and Listeria monocytogenes ATCC 19111, and 2 µL of
each extract, ending at 500 µg/mL concentration into a 96-well plate, using as control wells
with only broth and wells with broth and bacteria. The bacterial growth inhibition assay was
conducted by incubating the bacterial culture for 12 h at 37 ◦C in a Spectramax microplate
reader. During the incubation period, the optical density at 540 nm was measured every
hour to determine the extent of bacterial growth inhibition [29].

2.5.5. Yeast Assay

Species as Candida albicans ATCC 10231, Candida krusei ATCC 6258, Candida parapsilosis
ATCC 22019, Candida tropicalis, and Candida glabrata (both clinical isolated) were cultured on
Sabouraud dextrose agar for up to 18–48 h before the test. After this period, an inoculum
was prepared using 5 distinct colonies (>1 mm in diameter) in 9 mL of water, which were
then homogenized in a rotary shaker at approximately 2000 rpm. The cell density was ad-
justed to a 0.5 McFarland scale by measuring absorbance at 530 nm in a spectrophotometer,
resulting in a concentration of 1–5 × 105 CFU/mL. Subsequently, 90 µL of the suspension



Microorganisms 2023, 11, 1599 6 of 14

was inoculated into 96-well microplates and 10 µL of crude extracts at a concentration of
50 µg/mL, diluted in RPMI 1640 medium with 1% DMSO, were added. Amphotericin B
8 µM (Sigma-Aldrich®) was used as a positive control and RPMI 1640 with 1% DMSO as a
negative control. The 96-well plates were incubated for 24 h in an oven at 35 ◦C. The plates
were then read in a Tecan® Infinite M200 microplate reader at an absorbance of 530 nm.
Calculating the mortality rate consisted of the reduction between the sample blank and the
experimental triplicate, divided by the mean of the negative control minus one [30].

3. Results
3.1. Chemical Profile of the Fungi-Derived Crude Extracts

The chemical profiles obtained by UPLC-ESI-HRMS analyses of N. parvum and B. spartinae
crude extracts are provided in Table 1 and Table 2, respectively.

The chromatograms acquired in positive and negative modes revealed the presence
of 16 compounds. The first metabolite at tR 0.42 min showed m/z 387.0875 corresponding
to the molecular formula [C23H16O6-H]−. The precursor ion provided no fragmentation.
However, a literature search suggested the structure of a polyketide derivative related
to a bis-naphthoquinone [31]. Peak 3 showed its precursor at 1.15 with m/z 300.0878
corresponding to [C16H15NO5-H]−. No fragmentation was observed for this compound,
and a literature review led to the structure of Pestauvicolactone A [32]. Peak 4 at 7.54 min
with m/z 425.1372 [C27H20O5+H]+ was revealed to be a polyketide related to calanone, a
coumarin identified from Calophyllum species [33]. The structure of peak 5 was assigned to
be related to terpestacin, a fungus-derived sesterterpene [34].

Peak 6 showed its precursor at 8.35 min with m/z 415.2101 corresponding to the molec-
ular formula [C24H30O6+H]+; no fragment was observed. The literature suggests a structure
of a biphenyl produced by the marine fungi Aspergillus sp., identified as asperbiphenyl [35].
Peak 7 showed its precursor as sodium adduct [M + Na]+ at tR 9.08 min with m/z 467.2774
corresponding to [C27H40O5+H]+ and assigned as fusaproliferin, a fungal mycotoxin. The
precursor led to fragments of m/z 427.2863 [M + H-H2O]+, indicated by a loss of 18 Da,
followed by a loss of 60 Da indicated by m/z 367.2633 [M + H-H2O-COOCH3]+ [36]. Peak 8
at tR 9.59 min with m/z 530.3412 [C33H45NO4+H]+ was assigned as a sespendole, a fungal
metabolite with an indolosesquiterpene core structure [37].

The precursor of m/z 544.3632 was assigned as peak 10 at 11.06 min corresponding to
[C32H49NO6+H]+. By literature assessment, the metabolite was assigned as pestalotiopin
B, a bioactive natural product with a sesquiterpenoid structure produced by endophytic
fungi Pestalotiopsis photiniae [38].

Peak 11 was signed at 12.53 min with m/z 331.2851 corresponding to [C19H38O4+H]+;
fragments with m/z 313.2743, 281.2473, 239.2385 indicate neutral loss of H2O (−18 Da),
followed by methanol (−32 Da) and the neutral loss glycerol (−92 Da) at the precursor
ion. The compound was identified as monopalmitin, and it has a role as a natural product
found in plants and algae [39].

Peaks 12, 13, and 14 generated precursor ions in negative mode with m/z 279.2338,
255.2329, and 281.2493 at tR 12.60, 13.41, and 13.48 min corresponding to the molecular
formula of [C18H32O2-H]−, [C16H32O2-H]−, and [C18H34O2-H]−. No fragmentation pat-
tern was observed, and by literature review the metabolites were assigned as fatty acids
compounds previously identified in fungi of the Neofusicoccum genus [40].

Peak 15 showed its precursor at 13.78 min with m/z 359.3150 corresponding to the
molecular formula [C21H42O4+H]+. A fragment with m/z 341.3063 indicates neutral
loss of H2O [M + H-18Da]+ from the glycerol moiety, and the metabolite is identified as
monostearin. The literature reports the identification of fatty acid in plants [41], bacteria [42],
and as a product of anaerobic fungus metabolism methane [43].
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Table 1. Biocompounds extract of N. parvum.

Peak
No

tR
(min) Identification Molecular Formula

ESI(+)
[M + H]+

ESI(−)
[M − H]− Fragment

References
(m/z) (m/z) ESI(+) ESI(−)

1 0.42 Ethylidene-3,39-
biplumbagin C22H16O6 387.0875 [31]

2 0.79 NI C27H47N3O19 716.2758
3 1.15 Pestauvicolactone A C16H15NO5 300.0878 [32]
4 7.54 calanone derivative C27H20O5 425.1372 - - [44]
5 7.98 Terpestacin C25H38O4 403.2865 - 385.2729 - [45]
6 8.35 Asperbiphenyl C24H30O6 415.2101 - - - [46]

7 9.08 Fusaproliferin C27H40O5 467.2774 a -

427.2863,
409.2721,
367.2633,
349.2526

- [36]

8 9.59 Sespendole C33H45NO4 520.3412 - - - [38]
9 10.03 NI C31H45NO4 496.3417 - - -

10 11.06 Pestalotiopin B C32H49NO6 544.3632 - - - [47]

11 12.53 Monopalmitin C19H38O4 331.2851
313.2743,
281.2473,
239.2385

-

12 12.60 Linoleic acid C18H32O2 279.2338
13 13.41 Palmitic acid C16H32O2 255.2329
14 13.48 Oleic acid C18H34O2 281.2493 [40]
15 13.78 Monostearin C21H42O4 359.3150 341.3063 -
16 14.58 - C24H38O4 413.2662 a - -

Table 1 shows biocompounds identified using UPLC-ESIMS after solid-state fermentation of Neofusicoccum parvum
using organic raw rice present in crude extract. a [M + Na]+.

Table 2. Biocompounds extract of B. spartinae.

Peak
No

tR
(min) Identification

Molecular
Formula

ESI(+) [M + H]+ ESI(−)
[M − H]− Fragment

References
(m/z) (m/z) ESI(+) ESI(−)

1 0.42 Sucrose C12H21O11 365.1072 [M + Na]+ 325.1122,
205.0542 [48]

2 0.49 Citric acid C6H8O7 191.0205
3 1.37 2-Isopropylmalic acid C7H12O5 175.0612 [49]
4 3.43 Phenylalanine C9H11NO2 164.0339 120.0461 [50]
5 4.16 NI 245.1380

6 4.38 Polyhydroxylated fatty acid C10H20O5
203.1278
(−2.5)

7 6.36 trihydroxy octadecenoic acid I C18H34O5 329.2314 (4.3)
311.2223,
211.1303,
183.0106

[46]

8 6.73 trihydroxy octadecenoic acid I C18H34O5 329.2314 (4.3)
311.2223,
211.1303,
183.0106

[46]

9 8.86 1-Myristoyl-2-
lysophosphatidylcholine C22H46N1O7P 468.3103 (2.8)

285.2425,
184.0734,
104.1070

[51]

10 9.59 1-Linoleoylphosphatidylcholine C26H50N1O7P 520.3409 (1.2)

483.2483
[M + Na]+,
184.0734,
104.1070

[51]

11 10.11 1-Palmitoylphosphatidylcholine C24H50N1O7P 496.3400 (−0.6)
313.2738,
184.0734,
104.1070

[51]

12 11.06 NI 358.3701
13 12.60 Linoleic acid C18H22O2 279.2325 (0.4)

14 13.34 Palmitic acid C16H32O2
255.2314
(−3.9) - [52]

15 13.48 Octadecenoid acid C18H34O2
281.2477
(−1.4) [53]

Table 2 shows biocompounds identified using UPLC-ESIMS after solid-state fermentation of Buergenerula spartinae
using organic raw rice present in crude extract.

The chromatograms acquired in positive and negative modes for Buergenerula spartinae
fermented extracts revealed the presence of 15 compounds. Peak 1 at tR 0.42 min showed a
precursor m/z 365.1072 corresponding to the molecular formula [C12H21O11+Na]+, corre-
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sponding to sucrose. The precursor ion provided the ion with m/z 325.1122, indicating a
loss of 18 Da [C12H21O11-H2O+H]+.

Peaks 2 and 3 showed precursors in negative mode at 0.49 and 1.37 min with m/z
191.0205 and 175.0612 corresponding to [C6H8O7-H]− and [C7H12O5-H]−. No fragmenta-
tion was observed for these compounds, and a literature review indicated citric [54] and 2-
isopropylmalic acids [55] as common natural products produced during fungi metabolism.

Peak 4 showed a precursor at 3.43 min with m/z 164.0339 corresponding to [C9H11N1O2-
H]−, and mass spectra provided a fragment with m/z 120.0461, indicating a loss of 44 Da
[C9H11N1O2-CO2-H]−, and the structure of phenylalanine was assigned as a metabolite
present in the extract [56].

Peak 6 was characterized as a polyhydroxylated fatty acid based on the literature
search [57]. The precursor produced no fragments.

Two peaks with precursor m/z 329.2314 at tR 6.36 and 6.73 min were assigned as
peaks 7 and 8 corresponding to the molecular formula [C18H34O5-H]−. The mass spectra
provided a fragment with m/z 311.2223 indicating neutral loss of 18 Da [C18H34O5-H2O-
H]−, m/z 211.1303 corresponding to the fragment [C12H19O3]−, and literature assessment
indicates isomers of long-chain fatty acid, identified as trihydroxy octadecenoic acid [58].

Three structures of phospholipids were assigned as peaks 9, 10, and 11 with m/z
468.3103, 520.3409, and 496.3400 corresponding to molecular formulas [C22H46N1O7P+H]+,
C26H50N1O7P+H]+, and [C24H50N1O7P+H]+. The mass spectra provided two fragments
that correspond to phosphatidylcholine ion m/z 184.0734 [C5H15N1O4P1]+ and choline
ion m/z 104.1070 [C5H14N1O1]+ for all three compounds. Peak 9 provided one fragment
corresponding to the cleavage of phosphatidylcholine fatty acid bonding with m/z 285.2425
that led to the identification 1-myristoyl-2-lysophosphatidylcholine. Peak 10 sodium adduct
with m/z 483.2483 corresponded to 1-linoleoylphosphatidylcholine and peak 11 fatty acid
ion m/z 313.2738 corresponded to 1-palmitoylphosphatidylcholine [51].

Peaks 13, 14, and 15 showed precursors in negative mode at tR 12.60, 13.34, and
13.48 min with m/z 279.2325, 255.2314, and 281.2477 corresponding to molecular formulas
[C18H22O2-H]−, [C16H32O2-H]−, and [C18H34O2-H]−. No fragmentation was observed for
the mentioned compounds, and the literature review indicated the fatty acids structures of
linoleic acid [57], palmitic acid [59], and octadecenoic acid [53] as commonly produced by
marine fungi.

3.2. Biological Assay

The sulforhodamine B assay showed low cytotoxicity (CC50 > 500 µg/mL) of extracts
obtained from N. parvum and B. spartinae in cell lineages VERO, A549, and L929 as shown
in Table 3.

Table 3. Cytotoxic results.

Extracts L929 A549 VERO

Neofusicoccum parvum >500 µg/mL >500 µg/mL >500 µg/mL
Buergenerula spartinae >500 µg/mL >500 µg/mL >500 µg/mL

Table 3 shows CC50 of crude extracts evaluated on different cell lineages.

Virucidal evaluation using crude extract of N. parvum and B. spartinae did not demon-
strate activity against MHV-3 and HAdV-2 using DIN EN 14,476 protocols (no reduction of
cytopathic effect observed).

A bacteriostatic assay using crude extracts against Listeria monocytogenes and
Escherichia coli presented 98% growth inhibition in the first hour.

4. Discussion

The literature shows interactions as pathogens on tissue plants, saprophytes, and
endophytic [60,61]. B. spartinae includes the family Magnaporthaceae, paraphyses hyaline,
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septate, dissolving at maturity, and conidiophores branched, being related as endophytic
fungi, saprobic, and parasite [62].

Neofusicoccum parvum (Phylum Ascomycota) is a member of the Botryosphaeriaceae
family and exhibits various types of interactions such as pathogenicity, saprophytic growth
on decomposing matter, necrotrophic behavior by feeding on host cells, and endophytic
associations, particularly in woody plants [60]. Neofusicoccum parvum has a worldwide
distribution and is often associated with its pathogenic ability, specifically affecting stem
regions, but it has also been identified as an endophyte [61].

The crude extract of N. parvum contained Ethylidene-3,39-biplumbagin, a quinone
compound known for its bacteriostatic properties and ability to inhibit and reduce biofilm
viability. In addition to these activities, quinones have also been shown to possess cardio-
protective, anti-inflammatory, and analgesic properties. It is important to note that this
compound was not previously associated with N. parvum or other endophytic fungi [63].
The bacteriostatic effects of quinones are attributed to their ability to reduce both gram-
negative and gram-positive bacteria. Quinones are also known to inhibit the enzyme
DNA gyrase, which is required for prokaryotic cell division, and are used in several
antibiotics [64–68].

Calanone derivative is a coumarin compound first isolated from Calophylum teysmannii.
It has been evaluated in cytotoxicity assays using HeLA and L1210 lineages, resulting in
IC50 values of 22.8 and 59.09 µg/mL, respectively. An in vivo study using rats showed a
reduction in breast tumors with a dose of 4 mg/mL [33,44,69]. These findings suggests that
calanone derivative has the potential as an anticancer agent, but further studies are needed
to explore its full range of biological activities. However, no literature exists on using this
compound against bacteria or viruses.

Pestauvicolactone A was related as produced by the fungi Pestalotiopsis uvicola (CGMCC
3.8776); Hou and collaborators identified the molecule and evaluated against tumoral cells
B16-BL6 (mouse melanoma), with no cytotoxic effect at 30 µM [31].

Sespendole is a sesquiterpene initially isolated from Pseudobotrytis terrestris, which has
been evaluated for its antibacterial activity against Bacillus subtilis and Mycobacterium smegmatis,
exhibiting a minimum inhibitory concentration (MIC) of 10 µg/6 mm per disk [70,71].

Pestalotiopinon B, a polyketide compound isolated from an endophytic fungi Pestalotiopsis,
has been subjected to biological assays against bacteria and fungi. Still, both microorgan-
isms were not inhibiting cell division [41]. These compounds have not been related to being
produced by these fungi or other endophytic fungi in literature.

Terpestacin is a small molecule sesterterpenoid obtained first from the fungus
Arthrinium sp. and produced by another endophytic fungus, mangrove Fusarium proliferatum.

Terpestacin is a sesterterpenoid, a small molecule obtained from the fungus Arthrinium sp.
and produced by another endophytic fungus, the mangrove Fusarium proliferatum. Studies
have shown that terpestacin possesses several biological activities, including angiogenesis
inhibition and antifungal and antiviral (HIV) effects. Angiogenesis is a complex process
involved in forming new blood vessels and growth. However, pathologic states can exploit
this process to produce diseases such as tumor growth, metastasis, rheumatoid arthritis,
and diabetes [34,72].

In addition to its angiogenesis inhibition activity, terpestacin has also shown antifungal
activity against three different pathogen species, reducing hyphal growth, which may be
attributed to its allelopathic action. These findings suggest that terpestacin may have
potential therapeutic applications in treating various diseases [73].

Asperbiphenyl is a unique compound isolated from the marine fungus Aspergillus sp.
that contains unsaturated fatty acid glycerol ester. It has been found to exhibit a significant
inhibitory effect (35.5%) against the tobacco mosaic virus [35]. However, there is no
literature evidence suggesting its efficacy against bacteria or other viruses.

Huaspenone C is a polyketide compound belonging to the N-containing furan-3(2H)
group-one derivative. It was isolated from Peyronellaeae sp. and is the first naturally
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occurring N-bearing furanone derivative reported in nature. This study represents the
second report of its kind [74].

Fusaproliferin, a sesterterpene initially identified from the culture of Fusarium proliferatum,
has been the subject of numerous investigations, including cytotoxicity assays using SF-9
cells and IARC/LCL 171 [75,76]. Cytotoxicity using SF-9 cells and IARC/LCL 171 were
evaluated, showing a CC50 of 100 µM and 60 µM [36]. The results showed a CC50 of 100 µM
and 60 µM, respectively. Additionally, Cimmino (2016) demonstrated the compound’s
activity against Alternaria brassicicola, Botrytis cinerea, and Fusarium graminearum [73]. How-
ever, there have been no reports of trials against bacterial and viral pathogens, making this
study the first of its kind. The potential implications for future research in this area are vast
and exciting.

The chemical characterization of the crude extract of B. spartinae led to the discov-
ery of Hydroxyoctadecanedioic acid I, a fatty acid previously identified in the desert
plant Panicum turgidum and, more recently, in Rosa damascena in 2020. Identifying this
compound in B. spartinae opens up new possibilities for further research on its potential
biological activities, such as its antioxidant, anti-inflammatory, or antimicrobial properties.
The presence of this rare fatty acid in B. spartinae highlights the importance of investigating
lesser-known species and their potential as sources of novel bioactive compounds [77,78].

Hydroxyoctadecanedioic acid has been previously identified in other plant species;
its presence in the crude extract of B. spartinae is significant as it suggests the potential for
unique secondary metabolites in this species. Further investigation and biological assays
could reveal the potential therapeutic properties of these compounds, contributing to the
development of new drugs and treatments. As such, identifying Hydroxyoctadecane-
dioic acid I in B. spartinae opens up a new avenue of research and discovery in natural
product chemistry.

Phenylalanine is an essential amino acid that is found in a variety of foods and is also
present in mother’s milk. Phenylalanine is structurally similar to dopamine, epinephrine
(adrenaline), and tyrosine and can be converted into tyrosine, which in turn can be con-
verted into catecholamine neurotransmitters. This suggests that phenylalanine supplemen-
tation may have antidepressant effects. Another compound metabolized from phenylala-
nine is phenylethylamine (PEA), which acts as a neurotransmitter and hormone and may
serve as a neuromodulator for catecholamines. Studies have shown that PEA can increase
extracellular levels of dopamine and modulate noradrenergic transmission. Additionally,
PEA has been found to suppress the inhibitory effects of GABA(B) receptors. Therefore, like
phenylalanine, supplementation with PEA has also been suggested to have antidepressant
effects [79].

Several endophytic fungi have been found to produce phenylalanine, including
Cophinforma mamane, Penicillium citrinum, and Rhizopus oryzae [80–82]. Moreover,
L-phenylalanine dipeptide derivatives have been shown to have promising anti-cancer
effects, particularly against prostate cancer cell lines PC3 and K562 cells in vitro [6].

2-Isopropylmalic acid (2-IPMA) is an essential intermediate in the biosynthesis of
leucine in Saccharomyces cerevisiae. This compound is produced in the mitochondria from
isoketovalerate and subsequently transported to the cytosol. Once in the cytosol, it un-
dergoes two enzymatic steps to yield leucine [83]. Ricciutelli and collaborators evaluated
the bacteriostatic capability of 2-IPMA present on wines against E. coli O157:H7, S. aureus
ATCC 29213, L. monocytogenes ATCC 7644, and S. enterica ATCC 13314. The results indicate
an MIC of 409 µg/mL [84]. Being correlated with inhibition was observed in this research.

1-Linoleoylphosphatidylcholine was identified by Zhang and collaborators (2010) as a
biomarker present on plasma of patients with liver failure caused by hepatitis B virus, with
no biological activity demonstrated in the literature or production by endophytic fungi [85].

1-Palmitoylphosphatidylcholine was identified to be produced by Perna canaliculus
and evaluated as anti-histaminic, but with no evidence of activity against pathogens [86].

Interestingly, Neofusicoccum parvum has been found to produce a more significant
number of bioactive compounds compared to B. spartinae. These fungi are commonly
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associated with mangrove plants, and further investigation into their bioactive potential
may yield promising results for biocontrol and other applications.

5. Conclusions

Exploring endophytic fungi from mangroves has revealed many bioactive compounds
with potential applications in various fields, including medicine, agriculture, and biotech-
nology. Our investigation into N. parvum and B. spartinae has demonstrated their ability to
produce bioactive compounds that exhibit low cytotoxicity and inhibit bacterial growth.

While no inhibition was observed against model viruses, yeasts, Trypanosoma, and
leishmania, the potential application of these crude extracts against other pathogens war-
rants further investigation. Overall, our findings highlight the potential of endophytic
fungi from mangroves as a promising source of novel bioactive compounds with vari-
ous applications.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/microorganisms11061599/s1, Figure S1: Ultra-Performance Liquid
Chromatography-Mass Spectrometry (UPLC-MS) of crude extract from the fungus Buergunerula spartinae
after solid-state fermentation; Figure S2: Ultra-Performance Liquid Chromatography-Mass Spectrom-
etry (UPLC-MS) of crude extract from the fungus Neofusicoccum parvum after solid-state fermentation.

Author Contributions: Investigation, methodology, writing—original draft, R.D.C., I.M.A.d.S.B.,
A.C.O.d.F. and M.d.S.R.; investigation, visualization, and writing—review and editing, G.d.O.C.;
writing—review and editing, I.T.d.S., D.R., P.H.S., L.P.S., H.T. and M.S.; project administration and
writing—review and editing, G.F. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was supported by FAPESC PRONEM N◦ 04/2019.

Data Availability Statement: The data presented in this study are openly available in GenBank
at https://www.ncbi.nlm.nih.gov/nuccore/OQ300478 (accessed on 23 January 2023), reference
number OQ300478.1. The data presented in this study are openly available in GenBank at https:
//www.ncbi.nlm.nih.gov/nuccore/OQ300436 (accessed on 23 January 2023), reference number
OQ300436.1.

Conflicts of Interest: The authors declare no conflict of interest.

Ethical Statements

The L929 cell line was obtained from Dra. Clarissa Arns (UNICAMP). The A549 cell
line was obtained from ATCC (CCL-185). The VERO cell line was obtained from ATCC
(CCL-81).

References
1. Fong, T.-T.; Lipp, E.K. Enteric Viruses of Humans and Animals in Aquatic Environments: Health Risks, Detection, and Potential

Water Quality Assessment Tools. Microbiol. Mol. Biol. Rev. 2005, 69, 357–371. [CrossRef]
2. Kotwal, G.; Cannon, J.L. Environmental persistence and transfer of enteric viruses. Curr. Opin. Virol. 2014, 4, 37–43. [CrossRef]
3. de Melo, G.D.; Coatnoan, N.; Gouault, N.; Cupif, J.-F.; Renault, J.; Cosson, A.; Uriac, P.; Blondel, A.; Minoprio, P. Prodrugs as new

therapies against Chagas disease: In vivo synergy between Trypanosoma cruzi proline racemase inhibitors and benznidazole.
J. Glob. Antimicrob. Resist. 2022, 28, 84–89. [CrossRef]

4. Chagas Disease (Also Known as American Trypanosomiasis). Available online: https://www.who.int/news-room/fact-sheets/
detail/chagas-disease-(american-trypanosomiasis) (accessed on 14 April 2023).

5. Doenças Tropicais Negligenciadas: OPAS Pede Fim dos Atrasos no Tratamento nas Américas—OPAS/OMS|Organização
Pan-Americana da Saúde. Available online: https://www.paho.org/pt/noticias/28-1-2022-doencas-tropicais-negligenciadas-
opas-pede-fim-dos-atrasos-no-tratamento-nas (accessed on 14 April 2023).

6. Beltran-Hortelano, I.; Alcolea, V.; Font, M.; Pérez-Silanes, S. Examination of multiple Trypanosoma cruzi targets in a new drug
discovery approach for Chagas disease. Bioorganic Med. Chem. 2022, 58, 116577. [CrossRef]

7. Highlights of Prescribing Information. Metabolism. 2008. Available online: www.fda.gov/medwatch (accessed on 14 April 2023).
8. Ruppé, É.; Woerther, P.L.; Barbier, F. Mechanisms of antimicrobial resistance in Gram-negative bacilli. Ann. Intensiv. Care 2015, 5, 21.

[CrossRef]

https://www.mdpi.com/article/10.3390/microorganisms11061599/s1
https://www.mdpi.com/article/10.3390/microorganisms11061599/s1
https://www.ncbi.nlm.nih.gov/nuccore/OQ300478
https://www.ncbi.nlm.nih.gov/nuccore/OQ300436
https://www.ncbi.nlm.nih.gov/nuccore/OQ300436
https://doi.org/10.1128/MMBR.69.2.357-371.2005
https://doi.org/10.1016/j.coviro.2013.12.003
https://doi.org/10.1016/j.jgar.2021.10.030
https://www.who.int/news-room/fact-sheets/detail/chagas-disease-(american-trypanosomiasis)
https://www.who.int/news-room/fact-sheets/detail/chagas-disease-(american-trypanosomiasis)
https://www.paho.org/pt/noticias/28-1-2022-doencas-tropicais-negligenciadas-opas-pede-fim-dos-atrasos-no-tratamento-nas
https://www.paho.org/pt/noticias/28-1-2022-doencas-tropicais-negligenciadas-opas-pede-fim-dos-atrasos-no-tratamento-nas
https://doi.org/10.1016/j.bmc.2021.116577
www.fda.gov/medwatch
https://doi.org/10.1186/s13613-015-0061-0


Microorganisms 2023, 11, 1599 12 of 14

9. Yılmaz; Özcengiz, G. Antibiotics: Pharmacokinetics, toxicity, resistance and multidrug efflux pumps. Biochem. Pharmacol. 2017,
133, 43–62. [CrossRef]

10. Pan American Health Organization. Leishmaniasis: Epidemiological Report for the Americas. No. 11 (December 2022). In
Leishmaniases: Epidemiological Report of the Americas; Pan American Health Organization: Washington, DC, USA, 2022; Available
online: https://iris.paho.org/handle/10665.2/56831 (accessed on 14 April 2023).

11. Lindoso, J.A.; Cota, G.F.; Da Cruz, A.M.; Goto, H.; Maia-Elkhoury, A.N.S.; Romero, G.A.S.; De Sousa-Gomes, M.L.; Santos-Oliveira,
J.R.; Rabello, A. Visceral Leishmaniasis and HIV Coinfection in Latin America. PLOS Negl. Trop. Dis. 2014, 8, e3136. [CrossRef]
[PubMed]

12. Kathiresan, K.; Bingham, B.L. Biology of mangroves and mangrove Ecosystems. Adv. Mar. Biol. 2001, 40, 81–251. [CrossRef]
13. de Souza Sebastianes, F.L.; Romão-Dumaresq, A.S.; Lacava, P.T.; Harakava, R.; Azevedo, J.L.; de Melo, I.S.; Pizzirani-Kleiner,

A.A. Species diversity of culturable endophytic fungi from Brazilian mangrove forests. Curr. Genet. 2013, 59, 153–166. [CrossRef]
[PubMed]

14. Helaly, S.E.; Thongbai, B.; Stadler, M. Diversity of biologically active secondary metabolites from endophytic and saprotrophic
fungi of the ascomycete order Xylariales. Nat. Prod. Rep. 2018, 35, 992–1014. [CrossRef] [PubMed]

15. Xu, K.; Li, X.-Q.; Zhao, D.-L.; Zhang, P. Antifungal Secondary Metabolites Produced by the Fungal Endophytes: Chemical
Diversity and Potential Use in the Development of Biopesticides. Front. Microbiol. 2021, 12, 1428. [CrossRef]

16. Shang, Z.; Li, X.-M.; Li, C.-S.; Wang, B.-G. Diverse Secondary Metabolites Produced by Marine-Derived Fungus Nigrospora sp.
MA75 on Various Culture Media. Chem. Biodivers. 2012, 9, 1338–1348. [CrossRef]

17. El-Gendy, M.M.A.; El-Bondkly, A.M.A.; Yahya, S.M.M. Production and Evaluation of Antimycotic and Antihepatitis C Virus
Potential of Fusant MERV6270 Derived from Mangrove Endophytic Fungi Using Novel Substrates of Agroindustrial Wastes.
Appl. Biochem. Biotechnol. 2014, 174, 2674–2701. [CrossRef]

18. Ukwatta, K.M.; Lawrence, J.L.; Wijayarathna, C.D. The study of antimicrobial, anti-cancer, anti-inflammatory and α-glucosidase
inhibitory activities of Nigronapthaphenyl, isolated from an extract of Nigrospora sphaerica. Mycology 2019, 10, 222–228. [CrossRef]

19. Sun, J.; Han, Z.; Ge, X.; Tian, P. Distinct Promoters Affect Pyrroloquinoline Quinone Production in Recombinant Escherichia coli
and Klebsiella pneumoniae. Curr. Microbiol. 2014, 69, 451–456. [CrossRef]

20. de Azevedo, J.L.; de Melo, I.S. Ecologia Microbiana; Embrapa Meio Ambiente: Jaguariúna, Brazil, 1998.
21. White, T.J.; Bruns, T.; Taylor, J. Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics. In

PCR Protocols: A Guide to Methods and Applications; White, T.J., Innis, M.A., Gelfand, D.H., Sninsky, J.J., Eds.; Academic Press:
Cambridge, MA, USA, 1989; pp. 315–322.

22. Riddell, R.W. Permanent Stained Mycological Preparations Obtained by Slide Culture. Mycologia 2018, 42, 265–270. [CrossRef]
23. Su, Y.Y.; Qi, Y.L.; Cai, L. Induction of sporulation in plant pathogenic fungi. Mycology 2012, 3, 195–200. [CrossRef]
24. Robl, D.; Costa, P.D.S.; Büchli, F.; Lima, D.J.D.S.; Delabona, P.D.S.; Squina, F.M.; Pimentel, I.C.; Padilla, G.; Pradella, J.G.D.C.

Enhancing of sugar cane bagasse hydrolysis by Annulohypoxylon stygium glycohydrolases. Bioresour. Technol. 2015, 177, 247–254.
[CrossRef] [PubMed]

25. Vichai, V.; Kirtikara, K. Sulforhodamine B colorimetric assay for cytotoxicity screening. Nat. Protoc. 2006, 1, 1112–1116. [CrossRef]
26. Buckner, F.S.; Verlinde, C.L.; La Flamme, A.C.; Van Voorhis, W.C. Efficient technique for screening drugs for activity against

Trypanosoma cruzi using parasites expressing beta-galactosidase. Antimicrob. Agents Chemother. 1996, 40, 2592–2597. [CrossRef]
27. Romanha, A.J.; de Castro, S.L.; de Nazaré Correia Soeiro, M.; Lannes-Vieira, J.; Ribeiro, I.; Talvani, A.; Bourdin, B.; Blum, B.;

Olivieri, B.; Zani, C.; et al. In vitro and in vivo experimental models for drug screening and development for Chagas disease.
Memórias Do Inst. Oswaldo Cruz 2010, 105, 233–238. Available online: http://www.cdc.gov/od/ (accessed on 14 April 2023).
[CrossRef] [PubMed]

28. Fumarola, L.; Spinelli, R.; Brandonisio, O. In vitro assays for evaluation of drug activity against Leishmania spp. Res. Microbiol.
2004, 155, 224–230. [CrossRef] [PubMed]

29. Sarker, S.D.; Nahar, L.; Kumarasamy, Y. Microtitre plate-based antibacterial assay incorporating resazurin as an indicator of cell
growth, and its application in the in vitro antibacterial screening of phytochemicals. Methods 2007, 42, 321–324. [CrossRef]

30. Lee, J.A.; Chee, H.Y. In Vitro Antifungal Activity of Equol against Candida albicans. Mycobiology 2010, 38, 328–330. [CrossRef]
[PubMed]

31. Higa, M.; Noha, N.; Yokaryo, H.; Ogihara, K.; Yogi, S. Three New Naphthoquinone Derivatives from Diospyros maritima Blume.
Chem. Pharm. Bull. 2002, 50, 590–593. [CrossRef] [PubMed]

32. Hou, G.M.; Xu, X.M.; Wang, Q.; Li, D.Y.; Li, Z.L. Hybrid of dehydroergosterol and nitrogenous alternariol derivative from the
fungus Pestalotiopsis uvicola. Steroids 2018, 138, 43–46. [CrossRef]

33. Cao, S.G.; Chong, K.L.; Vittal, J.J.; Sim, K.Y.; Goh, S.H. Isocalanone, a New Pyranocoumarin from cAlophyllum teysmannii (Guttiferae).
Nat. Prod. Lett. 1998, 11, 233–236. [CrossRef]

34. Oka, M.; Iimura, S.; Tenmyo, O.; Sawada, Y.; Sugawara, M.; Ohkusa, N.; Yamamoto, H.; Kawano, K.; Hu, S.-L.; Fukagawa, Y.; et al.
Terpestacin, a new syncytium formation inhibitor from Arthrinium sp. J. Antibiot. 1993, 46, 367–373. [CrossRef]

35. Wu, Z.J.; Ouyang, M.A.; Tan, Q.W. New asperxanthone and asperbiphenyl from the marine fungus Aspergillus sp. Pest Manag. Sci.
2009, 65, 60–65. [CrossRef]

https://doi.org/10.1016/j.bcp.2016.10.005
https://iris.paho.org/handle/10665.2/56831
https://doi.org/10.1371/journal.pntd.0003136
https://www.ncbi.nlm.nih.gov/pubmed/25233461
https://doi.org/10.1016/S0065-2881(01)40003-4
https://doi.org/10.1007/s00294-013-0396-8
https://www.ncbi.nlm.nih.gov/pubmed/23832271
https://doi.org/10.1039/C8NP00010G
https://www.ncbi.nlm.nih.gov/pubmed/29774351
https://doi.org/10.3389/fmicb.2021.689527
https://doi.org/10.1002/cbdv.201100216
https://doi.org/10.1007/s12010-014-1218-2
https://doi.org/10.1080/21501203.2019.1620892
https://doi.org/10.1007/s00284-014-0607-7
https://doi.org/10.1080/00275514.1950.12017830
https://doi.org/10.1080/21501203.2012.719042
https://doi.org/10.1016/j.biortech.2014.11.082
https://www.ncbi.nlm.nih.gov/pubmed/25496945
https://doi.org/10.1038/nprot.2006.179
https://doi.org/10.1128/AAC.40.11.2592
http://www.cdc.gov/od/
https://doi.org/10.1590/S0074-02762010000200022
https://www.ncbi.nlm.nih.gov/pubmed/20428688
https://doi.org/10.1016/j.resmic.2004.01.001
https://www.ncbi.nlm.nih.gov/pubmed/15142618
https://doi.org/10.1016/j.ymeth.2007.01.006
https://doi.org/10.4489/MYCO.2010.38.4.328
https://www.ncbi.nlm.nih.gov/pubmed/23956675
https://doi.org/10.1248/cpb.50.590
https://www.ncbi.nlm.nih.gov/pubmed/12036010
https://doi.org/10.1016/j.steroids.2018.06.008
https://doi.org/10.1080/10575639808044952
https://doi.org/10.7164/antibiotics.46.367
https://doi.org/10.1002/ps.1645


Microorganisms 2023, 11, 1599 13 of 14

36. Logrieco, A.; Moretti, A.; Fornelli, F.; Fogliano, V.; Ritieni, A.; Caiaffa, M.F.; Randazzo, G.; Bottalico, A.; Macchia, L. Fusapro-
liferin production by Fusarium subglutinans and its toxicity to Artemia salina, SF-9 insect cells, and IARC/LCL 171 human B
lymphocytes. Appl. Environ. Microbiol. 1996, 62, 3378–3384. [CrossRef]

37. Uchida, R.; Tomoda, H.; Omura, S. Biosynthesis of Sespendole. J. Antibiot. 2006, 59, 298–302. [CrossRef]
38. Wang, A.; Yin, R.; Zhou, Z.; Gu, G.; Dai, J.; Lai, D.; Zhou, L. Eremophilane-Type Sesquiterpenoids from the Endophytic Fungus

Rhizopycnis vagum and Their Antibacterial, Cytotoxic, and Phytotoxic Activities. Front. Chem. 2020, 8, 596889. [CrossRef]
[PubMed]

39. Jeong, S.Y.; Zhao, B.T.; Kim, Y.H.; Min, B.S.; Woo, M.H. Cytotoxic and Antioxidant Compounds Isolated from the Cork of
Euonymus alatus Sieb. Nat. Prod. Sci. 2013, 19, 366–371.

40. Salvatore, M.M.; Alves, A.; Andolfi, A. Secondary Metabolites Produced by Neofusicoccum Species Associated with Plants: A
Review. Agriculture 2021, 11, 149. [CrossRef]

41. Wu, T.-S.; Leu, Y.-L.; Chan, Y.-Y. Constituents of the Fresh Leaves of Aristolochia cucurbitifolia. Pharm. Bull. 1999, 47, 571–573.
[CrossRef]

42. Erenler, R.; Pabuccu, K.; Yaglioglu, A.S.; Demirtas, I.; Gul, F. Chemical constituents and antiproliferative effects of cultured
Mougeotia nummuloides and Spirulina major against cancerous cell lines. Z. Fur Nat. Sect. C J. Biosci. 2016, 71, 87–92. [CrossRef]

43. Li, Y.; Sun, M.; Li, Y.; Cheng, Y.; Zhu, W. Co-cultured methanogen improved the metabolism in the hydrogenosome of anaerobic
fungus as revealed by gas chromatography-mass spectrometry analysis. Asian-Australas J. Anim. Sci. 2020, 33, 1948–1956.
[CrossRef]

44. Wibisono, L.K.; Kimia, B.; Kedokteran, F.; Indonesia, U.; Salemba, J.; No, R. Pengaruh Derivat Kumarin Dari Kulit Batang
Calophyllum Biflorum Terhadap Pertumbuhan In Vivo Tumor Kelenjar Susu Mencit C3H. Makara Kesehat. 2002, 6, 12–16.

45. Jin, Y.; Qiu, F.G. A convergent stereocontrolled total synthesis of (−)-terpestacin. Org. Biomol. Chem. 2012, 10, 5452–5455.
[CrossRef]

46. Menezes, R.D.P.; Bessa, M.A.D.S.; Siqueira, C.D.P.; Teixeira, S.C.; Ferro, E.A.V.; Martins, M.M.; Cunha, L.C.S.; Martins, C.H.G.
Antimicrobial, Antivirulence, and Antiparasitic Potential of Capsicum chinense Jacq. Extracts and Their Isolated Compound
Capsaicin. Antibiotics 2022, 11, 1154. [CrossRef]

47. Zhou, J.; Zheng, D.Y.; Xu, J. Two new polyketides from endophytic fungus Pestalotiopsis sp. HQD-6 isolated from the Chinese
mangrove plant Rhizophora mucronata. J. Asian Nat. Prod. Res. 2022, 24, 52–58. [CrossRef]

48. Riou-Khamlichi, C.; Menges, M.; Healy, J.M.S.; Murray, J.A.H. Sugar Control of the Plant Cell Cycle: Differential Regulation of
Arabidopsis D-Type Cyclin Gene Expression. Mol. Cell. Biol. 2000, 20, 4513–4521. [CrossRef]

49. Calvo, J.M.; Kalyanpur, M.G.; Stevens, C.M. 2-Isopropylmalate and 3-Isopropylmalate as Intermediates in Leucine Biosynthesis.
Biochemistry 1962, 1, 1157–1161. [CrossRef]

50. Lekar, A.V.; Vetrova, E.V.; Borisenko, N.I.; Yakovishin, L.A.; Grishkovets, V.I.; Borisenko, S.N. Electrospray ionization mass
spectrometry of mixtures of triterpene glycosides with L-phenylalanine. J. Appl. Spectrosc. 2011, 78, 501–505. [CrossRef]

51. Buré, C.; Ayciriex, S.; Testet, E.; Schmitter, J.-M. A single run LC-MS/MS method for phospholipidomics. Anal. Bioanal. Chem.
2013, 405, 203–213. [CrossRef] [PubMed]

52. Ellenbogen, B.B.; Aaronson, S.; Goldstein, S.; Belsky, M. Polyunsaturated fatty acids of aquatic fungi: Possible phylogenetic
significance. Comp. Biochem. Physiol. 1969, 29, 805–811. [CrossRef]

53. Khudyakova, Y.V.; Sobolevskaya, M.P.; Moiseenko, O.P.; Kuznetsova, T.A. Fatty-Acid Composition of Certain Species of Marine
Mycelial Fungi. Chem. Nat. Compd. 2009, 45, 18–20. [CrossRef]

54. Dezam, A.P.G.; Vasconcellos, V.M.; Lacava, P.T.; Farinas, C.S. Microbial production of organic acids by endophytic fungi. Biocatal.
Agric. Biotechnol. 2017, 11, 282–287. [CrossRef]

55. Chang, J.; Kwon, H.J. Discovery of novel drug targets and their functions using phenotypic screening of natural products. J. Ind.
Microbiol. Biotechnol. 2016, 43, 221–231. [CrossRef] [PubMed]

56. Gutiérrez, M.; Vera, J.; Srain, B.; Quiñones, R.; Wörmer, L.; Hinrichs, K.; Pantoja-Gutiérrez, S. Biochemical fingerprints of marine
fungi: Implications for trophic and biogeochemical studies. Aquat. Microb. Ecol. 2020, 84, 75–90. [CrossRef]

57. Yang, Y.; Jin, Z.; Jin, Q.; Dong, M. Isolation and fatty acid analysis of lipid-producing endophytic fungi from wild Chinese Torreya
Grandis. Microbiol. (Russ. Fed.) 2015, 84, 710–716. [CrossRef]

58. Ibrahim, R.M.; Elmasry, G.F.; Refaey, R.H.; El-Shiekh, R.A. Lepidium meyenii (Maca) Roots: UPLC-HRMS, Molecular Docking, and
Molecular Dynamics. ACS Omega 2022, 7, 17339–17357. [CrossRef] [PubMed]

59. Devi, P.; Shridhar, M.P.D.; D’Souza, L.; Naik, C.G. Cellular fatty acid composition of marine-derived fungi. Indian J. Geo-Mar. Sci.
2006, 35, 359–363. Available online: http://nopr.niscpr.res.in/handle/123456789/1535 (accessed on 13 April 2023).

60. Phillips, A.J.L.; Alves, A.; Abdollahzadeh, J.; Slippers, B.; Wingfield, M.J.; Groenewald, J.Z.; Crous, P.W. The Botryosphaeriaceae:
Genera and species known from culture. Stud. Mycol. 2013, 76, 51–167. [CrossRef] [PubMed]

61. Crous, P.W.; Slippers, B.; Wingfield, M.J.; Rheeder, J.; Marasas, W.F.O.; Philips, A.J.L.; Alves, A.; Burgess, T.; Barber, P.; Groenewald,
J.Z. Neofusicoccum eucalypticola (Slippers Crous & M.J. Wingf.) Crous, Slippers & A.J.L. Phillips. comb. nov. Available online:
https://www.gbif.org/pt/species/2611893 (accessed on 17 March 2023).

62. Buergenerula Spartinae Kohlm. & R.V.Gessner, 1976-Taxonomy. Available online: https://inpn.mnhn.fr/espece/cd_nom/45904/
tab/taxo?lg=en (accessed on 3 December 2022).

https://doi.org/10.1128/aem.62.9.3378-3384.1996
https://doi.org/10.1038/ja.2006.42
https://doi.org/10.3389/fchem.2020.596889
https://www.ncbi.nlm.nih.gov/pubmed/33195106
https://doi.org/10.3390/agriculture11020149
https://doi.org/10.1248/cpb.47.571
https://doi.org/10.1515/znc-2016-0010
https://doi.org/10.5713/ajas.19.0649
https://doi.org/10.1039/c2ob25940k
https://doi.org/10.3390/antibiotics11091154
https://doi.org/10.1080/10286020.2021.1877674
https://doi.org/10.1128/MCB.20.13.4513-4521.2000
https://doi.org/10.1021/bi00912a029
https://doi.org/10.1007/s10812-011-9490-1
https://doi.org/10.1007/s00216-012-6466-9
https://www.ncbi.nlm.nih.gov/pubmed/23064709
https://doi.org/10.1016/0010-406X(69)91631-4
https://doi.org/10.1007/s10600-009-9220-6
https://doi.org/10.1016/j.bcab.2017.08.001
https://doi.org/10.1007/s10295-015-1681-y
https://www.ncbi.nlm.nih.gov/pubmed/26364198
https://doi.org/10.3354/ame01927
https://doi.org/10.1134/S0026261715050173
https://doi.org/10.1021/acsomega.2c01342
https://www.ncbi.nlm.nih.gov/pubmed/35647470
http://nopr.niscpr.res.in/handle/123456789/1535
https://doi.org/10.3114/sim0021
https://www.ncbi.nlm.nih.gov/pubmed/24302790
https://www.gbif.org/pt/species/2611893
https://inpn.mnhn.fr/espece/cd_nom/45904/tab/taxo?lg=en
https://inpn.mnhn.fr/espece/cd_nom/45904/tab/taxo?lg=en


Microorganisms 2023, 11, 1599 14 of 14

63. Gupta, R.B.; Khanna, R.N.; Sharma, N.N. A new binaphthoquinone from Asplenium laciniatum. Indian J. Chem. Sect. B 1977, 15,
394–395. Available online: https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=201002097348574961 (accessed on 3 December 2022).

64. Dighe, S.N.; Collet, T.A. Recent advances in DNA gyrase-targeted antimicrobial agents. Eur. J. Med. Chem. 2020, 199, 112326.
[CrossRef]

65. Mdluli, K.; Ma, Z. Mycobacterium tuberculosis DNA gyrase as a target for drug discovery. Infect. Disord. Drug Targets 2008, 7,
159–168. [CrossRef]

66. Khan, T.; Sankhe, K.; Suvarna, V.; Sherje, A.; Patel, K.; Dravyakar, B. DNA gyrase inhibitors: Progress and synthesis of potent
compounds as antibacterial agents. Biomed. Pharmacother. 2018, 103, 923–938. [CrossRef]

67. Nollmann, M.; Crisona, N.J.; Arimondo, P.B. Thirty years of Escherichia coli DNA gyrase: From in vivo function to single-molecule
mechanism. Biochimie 2007, 89, 490–499. [CrossRef]

68. Karkare, S.; Chung, T.T.H.; Collin, F.; Mitchenall, L.; McKay, A.R.; Greive, S.J.; Meyer, J.J.M.; Lall, N.; Maxwell, A. The
Naphthoquinone Diospyrin Is an Inhibitor of DNA Gyrase with a Novel Mechanism of Action. J. Biol. Chem. 2013, 288, 5149–5156.
[CrossRef]

69. Ekowati, H.; Astuti, I.; Mustofa, M. Anticancer Activity of Calanone on Hela Cell Line. Indones. J. Chem. 2010, 10, 240–244.
[CrossRef]

70. Kudo, K.; Liu, C.; Matsumoto, T.; Minami, A.; Ozaki, T.; Toshima, H.; Gomi, K.; Oikawa, H. Heterologous Biosynthesis of Fungal
Indole Sesquiterpene Sespendole. Chembiochem 2018, 19, 1492–1497. [CrossRef]

71. Sugino, K.; Nakazaki, A.; Isobe, M.; Nishikawa, T. Synthetic study on sespendole, an indole sesquiterpene alkaloid: Stereo-
controlled synthesis of the sesquiterpene segment bearing all requisite stereogenic centers. Synlett 2011, 2011, 647–650. [CrossRef]

72. Ferrara, N.; Kerbel, R.S. Angiogenesis as a therapeutic target. Nature 2005, 438, 967–974. [CrossRef] [PubMed]
73. Cimmino, A.; Sarrocco, S.; Masi, M.; Diquattro, S.; Evidente, M.; Vannacci, G.; Evidente, A. Fusaproliferin, Terpestacin and Their

Derivatives Display Variable Allelopathic Activity Against Some Ascomycetous Fungi. Chem. Biodivers. 2016, 13, 1593–1600.
[CrossRef]

74. Xiang, J.G.; Shan, W.-G.; Liang, D.-E.; Ying, Y.-M.; Gan, L.-S.; Wang, J.-W.; Zhan, Z.-J. N-Bearing Furanone Derivatives from an
Endophytic Fungus inHuperzia serrata. Helvetica Chim. Acta 2013, 96, 997–1003. [CrossRef]

75. Schmidt, R.; Zajkowski, P.; Wink, J. Toxicity ofFusarium sambucinum Fuckel sensu lato to brine shrimp. Mycopathologia 1995, 129,
173–175. [CrossRef]

76. Munkvold, A.R.G.; Stahr, H.M.; Logrieco, A.; Moretti, A.; Ritieni, A. Occurrence of Fusaproliferin and Beauvericin inFusarium-
Contaminated Livestock Feed in Iowa. Appl. Environ. Microbiol. 1998, 64, 10. [CrossRef]

77. Farag, M.A.; El Fishawy, A.M.; A El-Toumy, S.; Amer, K.F.; Mansour, A.M.; E Taha, H. Antihepatotoxic effect and metabolite
profiling of Panicum turgidum extract via UPLC-qTOF-MS. Pharmacogn. Mag. 2016, 12, S446–S453. [CrossRef]

78. Mohsen, E.; Younis, I.Y.; Farag, M.A. Metabolites profiling of Egyptian Rosa damascena Mill. flowers as analyzed via ultra-high-
performance liquid chromatography-mass spectrometry and solid-phase microextraction gas chromatography-mass spectrometry
in relation to its anti-collagenase skin effect. Ind. Crop. Prod. 2020, 155, 112818. [CrossRef]

79. Kapalka, G.M. Depression. In Nutritional and Herbal Therapies for Children and Adolescents; Elsevier: Amsterdam, The Netherlands,
2010; pp. 141–187. [CrossRef]

80. Pacheco-Tapia, R.; Vásquez-Ocmín, P.; Duthen, S.; Ortíz, S.; Jargeat, P.; Amasifuen, C.; Haddad, M.; Vansteelandt, M. Chemical
modulation of the metabolism of an endophytic fungal strain of Cophinforma mamane using epigenetic modifiers and amino-
acids. Fungal Biol. 2022, 126, 385–394. [CrossRef] [PubMed]

81. Nischitha, R.; Shivanna, M.B. Antimicrobial activity and metabolite profiling of endophytic fungi in Digitaria bicornis (Lam) Roem.
and Schult. and Paspalidium flavidum (Retz.) A. Camus. 3 Biotech 2021, 11, 53. [CrossRef] [PubMed]

82. El-Zawawy, N.A.; Ali, S.S.; Nouh, H.S. Exploring the potential of Rhizopus oryzae AUMC14899 as a novel endophytic fungus for
the production of l-tyrosine and its biomedical applications. Microb. Cell Factories 2023, 22, 1–18. [CrossRef] [PubMed]

83. Marobbio, C.M.T.; Giannuzzi, G.; Paradies, E.; Pierri, C.L.; Palmieri, F. α-Isopropylmalate, a Leucine Biosynthesis Intermediate in
Yeast, Is Transported by the Mitochondrial Oxalacetate Carrier. J. Biol. Chem. 2008, 283, 28445–28453. [CrossRef]

84. Ricciutelli, M.; Bartolucci, G.; Campana, R.; Salucci, S.; Benedetti, S.; Caprioli, G.; Maggi, F.; Sagratini, G.; Vittori, S.; Lucarini, S.
Quantification of 2- and 3-isopropylmalic acids in forty Italian wines by UHPLC-MS/MS triple quadrupole and evaluation of
their antimicrobial, antioxidant activities and biocompatibility. Food Chem. 2020, 321, 126726. [CrossRef]

85. Zhang, L.; Jia, X.; Peng, X.; Ou, Q.; Zhang, Z.; Qiu, C.; Yao, Y.; Shen, F.; Yang, H.; Ma, F.; et al. Development and validation of a
liquid chromatography–mass spectrometry metabonomic platform in human plasma of liver failure caused by hepatitis B virus.
Acta Biochim. Biophys. Sin. 2010, 42, 688–698. [CrossRef]

86. Tsuji, T.; Ishida, H.; Yamaguchi, T. Isolation of an Anti-histaminic Substances from Green-Lipped Mussel (Perna canaliculus).
Chem. Pharm. Bull. 1986, 11, 4825–4828. Available online: http://www.mendeley.com/research/geology-volcanic-history-
eruptive-style-yakedake-volcano-group-central-japan/ (accessed on 25 April 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=201002097348574961
https://doi.org/10.1016/j.ejmech.2020.112326
https://doi.org/10.2174/187152607781001763
https://doi.org/10.1016/j.biopha.2018.04.021
https://doi.org/10.1016/j.biochi.2007.02.012
https://doi.org/10.1074/jbc.M112.419069
https://doi.org/10.22146/ijc.21467
https://doi.org/10.1002/cbic.201800187
https://doi.org/10.1055/S-0030-1259551
https://doi.org/10.1038/nature04483
https://www.ncbi.nlm.nih.gov/pubmed/16355214
https://doi.org/10.1002/cbdv.201600145
https://doi.org/10.1002/hlca.201200622
https://doi.org/10.1007/BF01103343
https://doi.org/10.1128/AEM.64.10.3923-3926.1998
https://doi.org/10.4103/0973-1296.191455
https://doi.org/10.1016/j.indcrop.2020.112818
https://doi.org/10.1016/B978-0-12-374927-7.00006-6
https://doi.org/10.1016/j.funbio.2022.02.005
https://www.ncbi.nlm.nih.gov/pubmed/35501034
https://doi.org/10.1007/s13205-020-02590-x
https://www.ncbi.nlm.nih.gov/pubmed/33489672
https://doi.org/10.1186/s12934-023-02041-1
https://www.ncbi.nlm.nih.gov/pubmed/36804031
https://doi.org/10.1074/jbc.M804637200
https://doi.org/10.1016/j.foodchem.2020.126726
https://doi.org/10.1093/abbs/gmq078
http://www.mendeley.com/research/geology-volcanic-history-eruptive-style-yakedake-volcano-group-central-japan/
http://www.mendeley.com/research/geology-volcanic-history-eruptive-style-yakedake-volcano-group-central-japan/

	Introduction 
	Material and Methods 
	Endophytic Fungi 
	Solid-State Fermentation 
	Chemical Profile 
	Obtation of Crude Extract 
	Biological Assays 
	Cytotoxicity Assays 
	Virucidal Assay 
	The Antiparasitic Assays Were Carried Out against Leishmania and Trypanosoma 
	Bacteriostatic Assay 
	Yeast Assay 


	Results 
	Chemical Profile of the Fungi-Derived Crude Extracts 
	Biological Assay 

	Discussion 
	Conclusions 
	References

