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ABSTRACT: Endophytic fungi (EF) are excellent sources of diverse and pharmacologically relevant molecules for drug
development. The mangrove genus Rhizophora have been identified to contain fungal isolates. In this study, the EF
Fusarium solani was isolated and characterized from R. apiculata. Disk diffusion assay of the crude ethyl acetate extract of
F. solani on the ESKAPE clinical isolate pathogens showed inhibitory activities against Escherichia coli 52185 (ZOI 12.20
mm), methicillin-resistant Staphylococcus aureus 2729B (ZOI 8.90 mm), Klebsiella pneumoniae 4830WD (ZOI 12.58 mm),
Acinetobacter baumannii 3975B (ZOI 12.85 mm), and Enterobacter cloacae 5276S (ZOI 15.53 mm). Bioassay guided isolation
and spectroscopic analysis led to the identification of benzoic acid (1) and bis(3-methylhexyl) phthalate (2). Microtiter
plate antimicrobial assay gave minimum inhibitory concentration (MIC) of 125 pg/mL for compound 1 and 250 pg/mL
for compound 2. To the best of our knowledge, this is the first report on the isolation of F. solani from R. apiculata and the
isolation of compounds 1 and 2 from the genus Fusarium. Hence, this study validated the importance of the EF as sources
of bioactive molecules.
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1. INTRODUCTION

Endophytic fungi (EF) constitute a diverse group of microorganisms inhabiting the plant tissues and
occupying various niches and ecosystems [1]. EF are capable of metabolic and physiological mechanism
development. This has allowed the EF to synthesize secondary metabolites that closely mimic or match those
naturally produced by their host [2]. This unique characteristic has sparked extensive research on EF natural
products recognizing their potential for pharmacological applications and sources of diverse and
biologically active compounds [3]. EF are also more sustainable as sources of pharmacologically active
compounds as they offer the advantage of being cultured and kept for future use [4].

Mangrove species are recognized as remarkable reservoir of EF capable of producing diverse
compounds with significant medicinal properties [5]. The mangrove-related EF exhibit unique
morphological structures and physiological mechanisms due to their tolerance of various stressors such as
high salt environment, high temperature and humidity, tidal cycles, among others [6,7]. A notable mangrove
genus is Rhizophora of the family Rhizophoraceae. Previously, sixty-six EF were isolated from various
Rhizophora mangrove species [8]. More than 195 secondary metabolites were identified from these EF
encompassing alkaloids, flavonoids, terpenoids, steroids, and phenolic natural products with diverse
pharmacological properties [8]. In the Philippines, the Rhizophora apiculata Blume, a true mangrove species, is
widely distributed in coastal saltwater zones. R. apiculata is highly regarded due its medicinal properties
including antimicrobial, antioxidant, anticancer, antimicrobial, and antiviral properties [9,10]. R. apiculata
collected from Indonesia produced EF from the genera Aspergillus, Cunninghamella, and Humicola [11].
Twenty fungal isolates belonging to Trichoderma, Nigrospora, Lasiodiplodia, Scopulariopsis, Curvularia, Fusarium,
Neopestaliopsis, Pestaliopsis, Aspergillus, Penicillium, and two unidentified species were isolated from R.
apiculata collected in three location sites in Indonesia [12].

In our interest of exploring the EF of Philippine R. apiculata, we herein report the isolation of Fusarium
solani and the bioassay-guided isolation of its secondary metabolites.
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2. RESULTS AND DISCUSSION

2.1 Isolation and identification of Fusarium solani

The endophytic fungus Fusarium solani was isolated from the leaf segments of the Philippine
mangrove R. apiculata. Morphological characterization (Figure 1A) exhibited white colony with abundance of
aerial mycelia. As shown in Figure 1B, the microscopic characteristic exhibited septate hyphae, hyaline
simple conidiophores, and branched phialides clustered in a brush-like arrangement at the tips of
conidiophores. Figure 1C showed the septate macroconidia exhibiting a slightly curved shape. These
characteristics are in agreement with F. solani as previously described [13]. The isolated fungal species was
assigned the taxonomy ID 169388 from the NCBI taxonomy database [14]. To the best of our knowledge, this
is the first report on the isolation of F. solani from the mangrove species R. apiculata.

A

C

Figure 1. Morphology (A) and microscopic (B and C) characteristics of the isolated endophytic fungus
Fusarium solani from Rhizophora apiculata.

2.2 Isolation of constituents from the crude extract of Fusarium solani

Antibacterial assay (Table 1) of the crude extract using the ESKAPE pathogens showed the highest
inhibition on the growth of E. cloacae (ZOI 15.53 mm). Weak ZOI were also observed in E. coli, K. pneumoniae,
and A. baumanii. Hence, for the bioassay guided isolation of the chromatographic extracts of F. solani using
TLC bioautography, the E. cloacae clinical isolate was used to determine the extracts for further purification.
A series of chromatographic purification on Fs2 yielded benzoic acid (1) and bis(3-methylhexyl) phthalate (2)
(Fig. 2). The structures were determined based on NMR analyses. The NMR spectra of compounds 1 and 2
are deposited in the Supplementary Material. Previous reports have also identified the isolation of
phthalates from EF which regarded them as natural products formed by enzymatic esterification or trans-
esterification in the shikimic acid pathway [15]. Extensive literature also indicated the first identification of
compounds 1 and 2 from the genus Fusarium.

2.3 Antimicrobial activity of Compounds 1 and 2

The microtiter plate assay method was used to evaluate the minimum inhibitory concentration
(MIC) of benzoic acid (1) and bis(3-methylhexyl) phthalate (2) against E. cloacae. An initial concentration of
500 pg/mL was added in a 96-well plate and serially diluted up to 1.9 pg/mlL. Results showed that
compound 1 gave an MIC of 125 ng/mL and compound 2 showed 250 pg/mL. Benzoic acid was earlier
reported to be antimicrobial showing broad spectrum antibacterial and antifungal effects [16-19]. Moreover,
the isolated phthalates from nature possessed biological activities including their antimicrobial, cytotoxic
and antioxidant activity [15, 20, 21].
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Table 1. Disk-diffusion antibacterial assay of the Fusarium solani crude extract.

Zone of Inhibition (Mean (mm) + SD, n=3)

Fusarium solani Positive control Negative
ESKAPE Pathogens Crude extract (penicillin) control* (EtOAc)
Clinical Isolates
Escherichia coli 52185 12204095 6.00£0.0 6.00£0.0
Methicillin-resistant
Staphylococcus aureus
27998 8.90£0.70 22.15+0.10 6.00+0.0
Klebsiella pneumoniae
4830WD 12.58 +1.03 6.00+0.0 6.00+0.0
Acinetobacter baumannii 12.85 £ 0.80 6.00£0.0 6.00£0.0
3975B
Pseudomonas aeruginosa 6.00£0.0 6.00£0.0 6.00£0.0
52200
Enterobacter cloacae 15.53 £4.13 6.00£0.0 6.00£0.0
52765

*A 6.00-mm disk diameter was used in the assay, indicating a “no inhibition” for ZOI of 6.00 mm.

o O

Benzoic acid (1) Bis(3-methylhexyl) phthalate (2

Figure 2. Isolated compounds from the ethyl acetate extract of Fusarium solani.

The rapid emergence and spread of multidrug-resistant bacteria have become one of the biggest
threats to our society. This impending crisis could potentially render progress in medical science obsolete
and ineffective, thus threatening our ability to effectively treat common infections. The rising multi-drug
resistance and indiscriminate use of existing antibiotics outpace the discovery of novel antibiotics.

One of the promising ways of discovering lead molecules for drug discovery is through the
exploration of microbes from understudied and specialized niches. Fungal endophytes have garnered
increasing attention due to their ability to produce pharmacologically significant metabolites. These
endophytes have been found to be a rich source of bioactive compounds with diverse biological activities.
Despite the vast number of fungal endophytes estimated to exceed 1 million, only a small fraction of them
have been investigated for their biosynthetic potential [3]. Hence, fungal endophytes currently represent an
understudied resource for the discovery of novel bioactive molecules.

Difficulty in synthetic reproduction of secondary metabolites led to a global upsurge in the
overexploitation of plants as a major source of complex bioactive molecules of pharmaceutical interest [22].
Overharvesting and habitat destruction threaten the extinction of 15,000 plant species used for medicinal
purposes [23]. Exhaustion of these resources would lead to an accelerated loss of species that creates a huge
disturbance in the ecological balance. It is crucial to ensure the sustainable extraction and utilization of
species for bioactive compounds to prevent substantial changes in the natural ecosystem. Fungal endophytes
produced these compounds in limited varying quantities and concentrations across different plant organs.
Therefore, the adoption of in vitro culturing techniques for the mass production of secondary metabolites

http://dx.doi.org/10.29228/jrp.823
J Res Pharm 2024; 28(5): 1458-1464

1460



Tanetal. Journal of Research in Pharmac
Antimicrobial constituents of Fusarium solani Research Article

from EF is essential for their conservation and sustainable use. These techniques have minimal ecological
impact and help maintain the ecological equilibrium.

These issues have been addressed in this study. R. apiculata, a true mangrove species, has been
shown to contain biologically active EF. Using in vitro culturing techniques, we were able to report the first
isolation of F. solani from the R. apiculata. Moreover, two potentially antimicrobial compounds against
clinical isolate E. cloacae were firstly identified from the EF F. solani and the genus Fusarium.

3. CONCLUSION

We have validated the potential of EF as an excellent source of bioactive natural products. Our results
highlight the first isolation of the EF F. solani from the mangrove R. apiculata and the first isolation of benzoic
acid (1) and bis(3-methylhexyl) phthalate (2) from the genus Fusarium. The ethyl acetate crude EF extract
showed growth inhibitions against ESKAPE clinical isolates. Benzoic acid (1) and bis(3-methylhexyl)
phthalate (2) also showed MICs of 125 pg/mL and 250 pg/mlL, respectively, against E. cloacae. The
Philippine mangrove R. apiculata holds an array of EF which are potentially attractive in medicinal
chemistry. Thus, further exploration of these important microorganisms and their chemical constituents is
highly encouraged.

4. MATERIALS AND METHODS

4.1 General considerations

H- (600 MHz) and 3C- (150 MHz) NMR were measured in a JEOL ECZR 600 spectrometer using
CDCl; as solvent and TMS as internal standard. Chemical shifts were reported as ppm () and J values in Hz.
Merck silica gel 7734 or silica gel 9385 were used for column chromatography. Aluminum-backed thin-layer
chromatography (TLC) plates coated with Si gel F254 was used for TLC. UVas4 followed by vanillin-sulfuric
acid with heating were used for visualization. All solvents used for extraction and chromatography were
analytical grade.

The succeeding sections summarizes the workflow on the isolation of bioactive compounds. The
process involved the collection of the leaves of R. apiculata, collection, identification, and cultivation of the
EF, extraction of the EF, purification using chromatography, structure elucidation of the pure metabolites,
and biological testing.

4.2 Mangrove material and isolation of endophytic fungi

Matured leaves of R. apiculata were collected from Cagraray Island, Albay, Philippines in July 2022
with GPS coordinates 13018'26.8”"N and 123°54'32.4”E. The mangrove was authenticated by Dr. Cecilia
Moran, Curator of the University of Santo Tomas Herbarium (USTH). A voucher specimen (USTH 017168)
was deposited at the UST Herbarium.

4.3 Isolation of the endophytic fungi

The leaves were thoroughly cleaned under running tap water and cut into 6 mm fragments. The
leaves were surface sterilized using 75% EtOH for 1 min and by 5% NaHCIO for 3 min. The leaves were then
immersed in 75% EtOH for 30 sec and were blot-dried and plated on a 2% malt extract agar (MEA). The
plates were incubated for 5 days at RT. The fungal hyphae growing from the inoculum were isolated and
purified. A pure fungal colony was sub-cultured into MEA plates for morphological identification and into
PDB slant tubes for mass production. Samples of R. apiculata were stored at the Mycology Laboratory,
Research Center for the Natural and Applied Sciences, University of Santo Tomas.

4.4 Morphological and microscopic identification of the EF

Fresh culture of the EF grown on MEA plate was processed for morphological characterization by
observing colony pigmentation, texture, color and shape of spores, septation of hyphae, and shape of
conidiophores using a microscope with 4x magnification. Identification of the EF was done by comparison of
morphological characteristics with identification keys of the EF of interest with species morphology in
literature [13,24]. Taxonomy ID of the EF was assigned using the NCBI taxonomy browser.

http://dx.doi.org/10.29228/jrp.823
J Res Pharm 2024; 28(5): 1458-1464

1461



Tanetal. Journal of Research in Pharmac
Antimicrobial constituents of Fusarium solani Research Article

4.5 Fermentation and extraction of the endophytic fungi

Several purified EF strains were inoculated in an autoclaved 3L nutrient media (26.5 g potato dextrose
broth (PDB) / L water). After a 7-day growth period, 5.0 mL distilled water was added. The slant culture
was then poured into several bottles containing PDB and sealed with sterile cotton. The culture suspension
was left under stationary conditions at room temperature for a duration of three weeks. Both mycelia and
culture were extracted with equal volume of ethyl acetate and left overnight. The mixture was then filtered,
and the liquid mixtures were separated in a separatory funnel. The combined ethyl acetate layers were
concentrated under reduced pressure to obtain the crude EF extract. The extract was kept at 4 °C until
further use.

4.6 Clinical isolates

The ESKAPE clinical isolates (Escherichia coli 5218S, methicillin-resistant Staphylococcus aureus
(MRSA) 27298, Klebsiella pneumoniae 4830WD, Acinetobacter baumannii 3975B, Pseudomonas aeruginosa 5220U,
and Enterobacter cloacae 5276S) were a gift from the Region 2 Trauma and Medical Center, Philippines.

4.7 Screening of the crude EF extract

The antibacterial activity of the crude EF extract was determined using clinical ESKAPE isolates using
the Kirby-Bauer paper disk diffusion method. A 1000 pug/mL crude extract in ethyl acetate was used. The
zone of inhibition (ZOI) was determined after 24 h incubation at RT using a Vernier caliper. Ethyl acetate
was used as the negative control while penicillin was used as the positive control.

4.8 Isolation of compounds from the crude EF extract

The crude EF extract (Fs, 810 mg) was subjected to gravity column chromatography via gradient
elution using hexane/CHCl; (1:1), neat CHCl3, CHCl3/acetone (9:1), CHCl;/MeOH (9:1, 4:1, 1:1) and neat
MeOH as eluents. TLC of the eluates yielded six pooled fractions, Fs1 - Fs6. All fractions were subjected to
bioautography obtaining Fs2 for further purification. Silica gel CC of Fs2 (176 mg) using hexane/CHCl3
gradient elution followed by TLC gave nine pooled fractions, Fs2A - Fs2I. Upon bioautography of the Fs2
fractions, Fs2C and Fs2I were further purified. Isocratic elution CC of Fs2C (42 mg) using hexane/CHCl3
(1:2) gave benzoic acid (1, 18.6 mg). Isocratic silica gel CC using hexane/EtOAc (1:1) of Fs2I afforded bis(3-
methylhexyl) phthalate (2, 1.0 mg).

Benzoic acid (1, white solid): 1TH NMR (600 MHz, CDCls) 6 8.13 (2H, dd, J=8.1, 1.0 Hz, H2-3), 7.48 (2H,
dd, J=10.9, 4.6 Hz, H»>-4), 7.63 (1H, m, H-5); 3C NMR (150 MHz, CDCl;) 5 171.8 (C-1), 129.4 (C-2), 130.4 (C-3),
128.6 (C-4), 133.9 (C-5).

Bis(3-methylhexyl) phthalate (2, colorless oil): 'TH NMR (600 MHz, CDCls) 6 7.70 (2H, dd, ]J=5.6, 3.4
Hz), 7.53 (2H, dd, J=5.8, 3.2 Hz), 4.21 (2H, qd, J=10.8, 6.0 Hz), 1.68 (4H, m), 1.63 (4H, m), 1.41 (4H, m), 1.30
(4H, m), 0.92 (6H, t, J=7.6 Hz), 0.89 (6H, d, ]=7.7 Hz); 3°C NMR (150 MHz, CDCl;) § 168.0 (C-1), 132.5 (C-2),
128.9 (C-3), 131.1 (C-4), 68.3 (C-1"), 38.8 (C-2), 30.5 (C-3'), 29.5 (C-4'), 23.8 (C-5'), 11.1 (C-6'), 14.2 (C-7').

4.9 General procedure for TLC bioautography

Clinical isolate E. cloacae 52765 was used for TLC bioautography. E. cloacae was swabbed onto a
Mueller Hinton Agar plate. A TLC plate spotted with the pooled fractions was placed on the surface of the
agar plate and was cooled for 2 h. The TLC plate was then removed, and the agar plate was sealed and
incubated for 24 h. After incubation, the bioactivity of each fraction was assessed by determining the ZOL
4.10 Determination of the Minimum Inhibitory Concentration (MIC)

The MIC of the isolated compounds were evaluated using the clinical isolate E. cloacae following
previously published procedure on the microtiter plate antimicrobial assay [25]. A 500 pg/mL concentration
of compounds in DMSO was prepared and serially diluted up to 1.9 ug/mL in a 96-well plate. Gentamycin
was used as the positive control with MIC of 15.65 pg/mL and DMSO was utilized as the negative control
with MIC of >500 pg/mL.
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4.11 Statistical analysis

The ZOlIs were reported as mean * standard deviation of triplicate trials. A Vernier caliper was used
to measure the ZOI.
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