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Endophytic fungi isolated from Antidesma bunius leaves were investigated in this study. Six fungal endophytes were
identified as Penicillium steckii AAB-01, Nemania bipapillata AAB-02, Xylaria feejeensis AAB-03, Hypomontagnella
monticulosa AAB-04, Daldinia eschscholtzii AAB-05, and Phyllosticta capitalensis AAB-06. All of the isolated
endophytic fungi were subjected to fermentation on rice media, followed by extraction with ethyl acetate. When tested
for antibacterial activity, P. steckii AAB-01 extract showed the most potent inhibition against Staphylococcus aureus
ATCC 6538 and Staphylococcus epidermidis ATCC 12228. Toxicity screening employing brine shrimp lethality test
(BSLT) revealed potential toxicity of P. steckii AAB-01 and X. feejeensis AAB-03 extracts. Further investigation
showed P. steckii AAB-01 extract had the highest inhibition toward MCF-7 cells, while D. eschscholtzii AAB-05
extract revealed the strongest cytotoxicity against 4T1 cells. Liquid chromatography-tandem mass spectrometry (LC-
MS/MS) analysis tentatively identified five compounds, where indole acetic acid, O-acetylharmol, and oxindole 1
were suggested as the major metabolites in P. steckii AAB-01 extract, while 6-hydroxymelatonin and 2-methyl-6-
pentadecylpyridine were suggested as the major metabolites in D. eschscholtzii AAB-05 extract. This is the first report
on LC-MS/MS identification of the main metabolites from bioactive extracts of P. steckii AAB-01 and D. eschscholtzii
AAB-05 isolated from the leaves of 4. bunius, which might contribute to the antibacterial and cytotoxic properties
of the extracts. Thus, a detailed investigation of antibacterial and cytotoxic metabolites from these endophytes merits
further studies.
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INTRODUCTION

The increasing incidence of chemoresistance to the
existing drugs leads to a constant quest for new drug candidates.
Secondary metabolites derived from natural products are
still considered propitious sources of new drugs, including
antimicrobial and anticancer agents. In the last four decades,
26.9% of the approved drugs are reported to be inspired by natural
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products (Newman and Cragg, 2020). In 2021, 8% of the FDA-
approved drugs originated from natural compounds (de la Torre
and Albericio, 2022). Particularly, endophytic fungi are one
of the prospective natural resources of prolific novel bioactive
compounds that attracted many scientists to explore their hidden
pharmacological potential.

Endophytic fungi belong to microorganisms that
asymptomatically inhabit the inner tissue of plants without
causing any harmful physiological effect on their host (Sarkar
et al., 2021). Numerous studies have reported various chemical
constituents of fungal endophytes origin, which demonstrated
wide-ranging pharmacological activities. As an example, alkaloids
shearilicine together with other indole diterpenoid derivatives
from Penicillium sp. ZO-R1-1, an endophytic fungus isolated
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from the Indonesian medicinal plant, ginger (Zingiber officinale),
showed strong cytotoxic activity when tested against a series
of cancer cell lines (Ariantari et al., 2019). Moreover, alkaloids
didymellanosine and ascomylactam C isolated from Terminalia
catappa-derived endophytic fungus, Didymella sp. IEA-3B.1,
revealed prominent antibacterial activity when tested against
both sensitive and resistant strains of Gram-positive bacteria
(Staphylococcus aureus, Enterococcus faecalis, and Enterococcus
faecium), as well as Gram-negative Acinetobacter baumannii
with the presence of 0.1 uM of colistin, with minimum inhibition
concentration (MIC) values ranging from 3.1 to 6.3 uM (Ariantari
et al., 2020). Furthermore, in our recent study on endophytic
fungus, Fusarium sp. BZCB-CA, from a Chinese medicinal plant,
Bothriospermum chinense, rubrofusarin was isolated along with
lateropyrone and other new fusaristatin derivatives. Among them,
rubrofusarin showed promising cytotoxic effects against Ramos
and Jurkat cancer cell lines with IC, values of 6.3 and 6.2 uM,
respectively (Ariantari ez al., 2021).

In the continuation of our search for talented endophytic
fungi capable of producing bioactive secondary metabolites, we
explored endophytic fungi associated with the medicinal plant,
Antidesma bunius (L.) Spreng, and investigated their antimicrobial
and cytotoxic activities. Antidesma bunius (L.) Spreng (family
Euphorbiaceae) is a tropical tree commonly found in the Southeast
Asia region. Traditionally, the Asian natives harness the leaves to
treat snakebite or syphilis. The Filipinos used its fruits to treat
hypertension, loss of appetite, diabetes, or digestion disturbance
(Lim, 2012). Barks and fruits of 4. bunius were also used by Indians
to ameliorate any infection-related symptoms or diarrhea (Panda
et al., 2017). Pharmacological studies on leaves, barks, and fruits
of A. bunius revealed its bioactivity as antibacterial (Zaman et al.,
2018), antioxidant (Krongyut and Sutthanut, 2019), cytotoxic
(Geronimo et al., 2020), and antidiabetic (Aksornchu et al., 2020;
Mauldina et al., 2017; Ratnadewi et al., 2020). Phytochemical
investigation on different parts of A. bunius indicated the presence
of triterpenoids (Mauldina et al., 2017), polyphenols (Jorjong
et al., 2015), flavonoids and vitamin C (Islary et al., 2017), and
anthocyanins (Chamnansilpa et al., 2020), which contributed
to its wide range of bioactivities. However, no previous reports
on endophytic fungi were associated with A. bunius or the
investigation into their hidden pharmacological potential so far.

In this study, we reported six endophytic fungi isolated
from A. bunius leaves, i.e., Penicillium steckii AAB-01, Nemania
bipapillata AAB-02, Xylaria feejeensis AAB-03, Hypomontagnella
monticulosa AAB-04, Daldinia eschscholtzii AAB-05, and
Phyllosticta capitalensis AAB-06, as well as antibacterial activity
and cytotoxicity against breast cancer cells of the resulting fungal
extracts. Furthermore, identification of secondary metabolites
of antibacterial and cytotoxic fungal extracts was carried out.
Liquid chromatography-tandem mass spectrometry (LC-MS/
MS) is one of the widely used techniques for the separation and
identification of crude extract containing a mixture of unknown
fungal secondary metabolites, which provides the exact mass
measurement of molecular ions of any peaks detected in the LC
system. This technique is also proven as a powerful tool for a wide
range of analysis given the advantage of easy sample preparation,
high sensitivity, and suitability for various less volatile metabolites
(Mishra et al., 2022). Therefore, in an attempt to identify the main

secondary metabolites of bioactive fungal extracts which may
contribute to their antibacterial and cytotoxicity, LC-MS/MS
technique was applied in this study.

MATERIALS AND METHODS

Sample collection and isolation of endophytic fungi

The fresh and healthy leaves of A. bunius were
collected from Tabanan, Bali-Indonesia in July 2021. Isolation
of endophytic fungi from the leaves of 4. bunius was carried
out following the isolation procedure described previously (Kjer
et al., 2010). In brief, leaves were washed with running tap water
for 3 minutes. Leaves were then subjected to surface sterilization
by immersing in 70% EtOH for 2 minutes and allowed to dry.
Sterile samples were cut into small pieces (I x 1 cm) and then
inoculated on an agar plate containing isolation media. For the
isolation of endophytic fungi, a medium containing malt extract,
Bacto agar, and chloramphenicol in demineralized water was used.
Agar plates containing inoculated samples were incubated at room
temperature for several days until fungal growth was observed.
For the fungal purification, each fungal colony with a different
morphological appearance was transferred to a new agar plate
containing medium without the presence of chloramphenicol.
Agar plates containing fungal colonies were allowed at room
temperature to obtain pure fungal isolates. For long-term fungal
maintenance, a medium containing malt extract, Bacto agar, yeast
extract, and glycerol in demineralized water was used.

Identification of endophytic fungi

Following the isolation procedure of endophytic fungi
from the host plant, 4. bunius leaves, the morphology of fungal
colonies was observed. Morphological observation included the
appearance of color, texture, shape, elevation, and margin of fungal
colonies. A colony with different morphological characteristics
was isolated and regarded as an individual isolate. Hyphal tips
of the pure endophytic strain were then observed under the
microscope.

Furthermore,  molecular  identification  through
comparison of the DNA sequence of the internal transcribed spacer
(ITS) region was performed to identify the species of the fungal
isolates using ITS1 (5’-TCCGTAGGTGAACCTGCGG-3") and
ITS4 (5°-TCCTCCGCTTATTGATATGC-3’) as the forward and
reverse primers, respectively. Before PCR, the fungal genomic
DNA was extracted using Quick-DNA Fungal/Bacterial Miniprep
Kit (Zymo Research) according to the manufacturer’s protocol.
The extracted DNA was then amplified by PCR (Thermocycler
Labcycler 48) in a prepared mixture containing 0.5 pl of ITS1
primer, 0.5 pl of ITS4 primer, 0.5 pl of DNA polymerase, 0.5 pl of
dNTP, 0.5 ul of DMSO, 5 ul of 5x buffer, 7.5 pl of extracted fungal
genomic DNA as a template, and sterile demineralized water up
to 25 pl. For DNA amplification, the thermocycler was set under
the following condition: predenaturation at 95°C for 1.5 minutes,
followed by 35 cycles of denaturation at 95°C, annealing at 56°C,
and extension at 72°C; each cycle was run for 1 minute and then
ended by a final extension at 72°C for 15 minutes. Subsequently,
the amplicon was analyzed by electrophoresis using 1% agarose gel
in TAE 1x (Tris-acetate-EDTA) buffer at 75 volts for 45 minutes.
The PCR products were submitted to 1st BASE for sequencing
analysis. The probable identity of the fungi was investigated by
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comparing the obtained nucleotide sequences to the previously
submitted sequences in National Center for Biotechnology
Information (NCBI) GenBank using the Basic Local Alignment
Search Tool (BLAST) program for nucleotides. The desired
reference sequences and the endophytic fungal sequences were
pairwise aligned by the MUSCLE method. The phylogenetic tree
was reconstructed using MEGA version 11.0.11 software by the
neighbor-joining method with 1,000 replication bootstraps.

Fermentation and extraction

For the fermentation, each fungal isolate was cut into
small pieces (1 x 1 cm). Each fungal isolate was inoculated
on 2 Erlenmeyer flasks (1 1) containing sterile rice medium.
Each flask contains 100 g of rice and 110 ml of distilled water.
Fungal cultivation was done at room temperature for 3—4 weeks
in daylight conditions until the fungal mycelia entirely covered
the rice media. At the end of cultivation, each fermentation flask
was soaked with 500 ml ethyl acetate followed by agitation on
the shaker at 150 rpm for 6—8 hours. The resulting liquid extract
was separated from mycelia residue through vacuum filtration.
The solvent was removed by a vacuum rotary evaporator to yield
crude ethyl acetate extract. The crude extract was then partitioned
by liquid-liquid extraction between methanol containing 10%
water and n-hexane. The aqueous phase was dried in vacuo and
the obtained methanolic extract was subjected to antimicrobial,
toxicity, and cytotoxicity assays as well as LC-MS/MS analysis.

Antimicrobial assay

Antimicrobial potency was evaluated according to
the Clinical and Laboratory Standards Institute (CLSI) protocol
(Clinical and Laboratory Standards Institute, 2018). The
antimicrobial activity of the tested extracts is expressed as MIC
in microgram per milliliter. MIC is the lowest concentration
of the tested extract to restrain the growth of a particular
microorganism. MIC value is determined from microbial cultures
upon the treatment with a series concentration of the tested extract
employing the microdilution technique (Rajashekara ez al., 2020;
Rajashekara et al., 2022).

In brief, the methanolic extract of each fungal isolate
was dissolved in DMSO prior to the test. Next, each fungal extract
was serially diluted in the 96-microwell plates to the resulting
concentrations ranging from 1,000 to 1.95 ng/ml. The test was
done in triplicates. For the antibacterial assay, each extract was
tested against S. aureus ATCC 6538, Staphylococcus epidermidis
ATCC 12228, and Propionibacterium acnes ATCC 1223, while an
antifungal assay was performed against Candida albicans ATCC
10231. Chloramphenicol and ketoconazole were used as positive
controls in this assay, while a medium containing 1% DMSO was
included as a negative control.

Toxicity

The brine shrimp lethality test (BSLT) was performed
according to the modified protocol (Niksic et al., 2021). Artemia
salina eggs (Supreme Plus®) were used for this assay. Artificial
seawater salt (Himedia®) was used for hatching 4. salina eggs and
performing the assay. Test solutions were prepared in artificial
seawater and diluted to achieve final tested concentrations of
62.5, 125, 250, 500, and 1,000 pg/ml. Brine shrimp larvae were
prepared by adding A. salina eggs (20 mg) in a brine incubator
filled with 300 ml artificial seawater (9.5 g artificial seawater salt in

300 ml distilled water). The eggs were illuminated and aerated for
24 hours until they hatched to be mature nauplii. For the toxicity
assay, ten mature nauplii were added to the vials, each containing
tested fungal extract solution with the aforementioned tested
concentration. As a negative control, nauplii were also added to
artificial seawater containing 0.5% DMSO. Each treatment was
done in triplicates and all treatments were illuminated for 24 hours.
The dead nauplii in each vial were observed using a magnifying
glass and were counted. The mean mortality of A. salina nauplii
was then calculated. The LC, value of each tested methanolic
extract was determined using probit analysis of concentration vs.
mortality with SPSS version 26.

Cytotoxicity against breast cancer cells

Breast cancer cells MCF-7 and the triple-negative
breast cancer (TNBC), 4T1 cell lines, were originally obtained
from Masashi Kawaichi, NAIST, and maintained by Cancer
Chemoprevention Research Center, UGM under the American
Type Culture Collection (ATCC) protocol. Cells were cultured
in DMEM medium (#31800022, Gibco Life Technologies, CA,
USA) complemented with fetal bovine serum (FBS) (10% v/v)
(#10270-106, Gibco Life Technologies, CA, USA), penicillin,
and streptomycin (10,000 units/ml Penicillin and 10,000 g/
ml streptomycin) (#15140-148, Gibco Life Technologies). The
confluence cells were harvested using trypsin-EDTA (#25200-
056, Gibco Life Technologies) and regrown in the well plate for
further experiment.

For the cytotoxicity test, we used the modified CCK-8
assay to assess the cytotoxic activity of the tested extracts. The
cells (2.5 x 103/well) were dispensed overnight in a 96-well plate
(#3599, Corning Incorporated-Life Sciences, Wujiang, Jiangsu).
The next day, cells were exposed to a series of concentrations of
each tested extract ranging from 4 to 500 pg/ml. After 24 hours, the
medium was removed and replaced with 100 pl of PBS solution.
Then, 10 pl of CCK-8 (Dojindo laboratories) solution was added
to each well. Afterward, the plate was incubated for 4 hours in
a 5% CO, incubator. The absorbance was measured at 450 nm
using a microplate reader. The IC, values were obtained from the
calculation of linear regression of concentrations vs. cell viability.

Identification of secondary metabolites by LC-MS/MS

Identification of secondary metabolites from bioactive
fungal extracts by LC-MS/MS analysis was performed on
ACQUITY UPLC® H-Class unit (Waters, USA) equipped with a
C,, column (1.8um 2.1 x 100 mm) and a Xevo G2-S QTOF mass
spectrometer (Waters, USA), at the column temperature of 50°C.
For the UPLC separation, water containing 5 mM ammonium
formic (A) and acetonitrile containing 0.05% formic acid (B) were
used as a mobile phase in a stepwise gradient, at the flow rate of
0.2 ml/minute for 23 minutes. The mass spectrum was acquired
using electrospray ionization in a positive mode and a mass range
of 50-1,200 m/z. For data acquisition, MassLynx software version
4.1 was used.

RESULTS

Isolation and identification of endophytic fungi

A total of six fungal isolates documented as AAB-01,
AAB-02, AAB-03, AAB-04, AAB-05, and AAB-06 were isolated
from A. bunius leaves. Each isolate showed distinct morphological
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characteristics on agar media used in this study. The macroscopic
and microscopic appearance of fungal isolates was depicted in
Figure 1.

According to the morphological characteristics, the
conidia of two fungal isolates (AAB-01 and AAB-03) were
observed, while the remaining isolates were Mycelia sterilia with
no spore observed. Based on the conidia observation, AAB-01 and
AAB-03 can be classified into Penicillium and Xylaria genera,
respectively. Nevertheless, due to the lack of conidia in most of the
endophytic fungal isolates, identification of those isolates based
on morphological characteristics could not be done. Therefore,
molecular identification based on the comparison of the sequence
of ITS1-5.8S-ITS4 rDNA was performed to identify the species of
endophytic isolates.

PCR amplification of the ITS rDNA region generated a
single band of DNA segment with a size between 500 and 750
base pairs (bp), as shown in Figure 2. Following sequencing
analysis, the NCBI’s BLAST program was used to compare the
sequences and identify the predicted taxon. The sequences of
the isolates can be classified into six different species with good
similarity percentages (> 99%) and E values (Table 1). Moreover,
the phylogenetic analysis suggested that each isolate lineage
was split up into six distinct primary clades with good bootstrap
support (100%) as depicted in Figure 3.

Sequence analysis showed that AAB-01 isolate was
identified as Penicillium steckii with 99.82% similarity to P. steckii
(MT582790.1). Phylogenetic analysis supported this finding
with 100% bootstrap support. Meanwhile, AAB-02 isolate was
identified as Nemania bipapillata with similarity of 99.81% to N.
bipapillata (ON514551.1) and was supported with high bootstrap
support (100%). Moreover, AAB-03 isolate showed sequence
similarity of 99.63% with Xylaria feejeensis (KJ767108.1) and
bootstrap support of 100% on phylogenetic analysis. Sequence
comparison revealed that AAB-04 had high sequence similarity

AAB-06

(99.82%) with Hypomontagnella monticulosa (KJ774047.1),
in line with its phylogenetic analysis which showed bootstrap
support of 100%. Furthermore, AAB-05 isolate had high sequence
homology (100%) with the species of Daldinia eschscholtzii
(KC895542.1) which was corroborated by 100% bootstrap
support on phylogenetic analysis. AAB-06 isolate was deduced
as Phyllosticta capitalensis based on its high sequence similarity
(99.67%) to this species (MK396601.1), as well as bootstrap
support of 100% in phylogenetic analysis.

All of the isolated fungal species can be differentiated
into three classes of taxon, of which P steckii belong to
Eurotiomycetes; P. capitalensis belong to Dothideomycetes; and
N. bipapillata, X. feejeensis, H. monticulosa, and D. eschscholtzii
belong to Sordariomycetes. All isolates were classified as a
member of the subphylum of Saccharomyceta.

Antimicrobial activity

We further evaluate the antibacterial activity of all
methanolic extracts afforded from 4. bunius-derived endophytic
fungi. The MIC values of each fungal methanolic extract against
the tested microorganisms are displayed in Table 2. All of the
tested extracts showed moderate to weak activity against S.
aureus ATCC 6538 with MIC values ranging from 125 to 500
pg/ml, except for H. monticulosa AAB-04 extract which showed
no activity up to the tested concentration of 1,000 pg/ml. Among
the active extracts, P. steckii AAB-01 extract showed the highest
inhibition against S. aureus ATCC 6538 and S. epidermidis
ATCC 12228 with MIC values of 125 and 250 pg/ml, whereas M.
bipapillata AAB-02 had weaker inhibition against these bacteria
with MIC values of 500 pg/ml. Similarly, X. feejeensis AAB-03,
D. eschscholtzii AAB-05, and P. capitalensis AAB-06 showed
mild inhibition only against S. aureus ATCC 6538. All fungal
extracts were found inactive against P. acnes ATCC 1223 and C.
albicans ATCC 10231.

L

1000 bp
750 bp
500 bp

250 bp

Figure 1. The appearance of endophytic fungi isolated from the leaves of A.
bunius on media consisting of malt extract, yeast extract, glycerol, and Bacto
agar in demineralized water. (A) Macroscopic morphology of each fungal
isolate from the front (half left) and reverse (half right) sides. (B) Microscopic
morphology of each fungal isolate (400 magnification).

Figure 2. PCR results of amplified ITS rDNA region from six fungal isolates
displayed on agarose gel electrophoresis. M1: 100 bp DNA ladder for lane 1-4;
1: AAB-06 (~550 bp); 2: AAB-03 (~500 bp); 3: AAB-02 (~500 bp); 4: AAB-
01 (~550 bp); 5: AAB-05 (~600 bp); 6: AAB-04 (~600 bp); M2: 100 bp DNA
ladder for lane 5 and 6.
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Table 1. The molecular identification of the endophytic fungi isolated from the leaves of 4. bunius.

Isolate code

Fungal identity/GenBank accession number*

References of
GenBank accession
number used

Maximum score

Similarity (%)

Query
coverage
(%)

E value

AAB-01
AAB-02
AAB-03
AAB-04
AAB-05
AAB-06

Penicillium steckii (OP615071)
Nemania bipapillata (OP622278)
Xvlaria feejeensis (OP620978)
Hypomontagnella monticulosa (OP622279)
Daldinia eschscholtzii (OP616021)
Phyllosticta capitalensis (OP616033)

99.82
99.81
99.63
99.82
100.00
99.67

MT582790.1
ON514551.1
KJ767108.1
KJ774047.1
KC895542.1
MK396601.1

1,000
974
992
992
985

1,094

99
100
100
99
99
99

0.0
0.0
0.0
0.0
0.0
0.0

*All fungal ITS rDNA sequences were submitted to GenBank to get the accession number.

Hypomontagnella monticulosa (OM201122.1)
Hypomontagnella monticulosa (MG747447.1)
Hypomontagnella monticulosa AAB-04 (OP622279)

Hypoxyion monticulosurn (KJ774050.1)

100 17 ' Hypoxyion monticulosum (KJ774047.1)

Hypomontagnella monticulosa (KY827351.1)

Daldinia eschscholtzi (MF579574.1)
Daldinia eschscholtzi (OM281091.1)

100

100

U paidinia eschscholtzil (OM281071.1)

Daldinia eschscholitzi (OL906427.1)
Daldinia eschscholtzii AAB-05 (OP616021)
Xylaria feejeensis (KY992580.1)
Xyfaria sp. (KX655609.1)
Xytaria longipes (JX500718.1)
Xylaria feejeensis (MH665604.1)
Xylaria feejeensis (MT367362.1)
Xylana feejeensis AAB-03 (OP620978)
Nemania bipapdlata (MN636329.1)
Nemania bipap@ata (JQ862674.1)
Nemania bipapdlata (EU678662.1)
Nemania sp. (LC505313.1)
Nemania bipapillata AAB-02 (OP622278)
Penicillum stecka (M2568281.1)
! Penicililum steckii (EF200085.1)
Penicilium steckii (KY558624.1)

2 | penicillium steckii AAB-01 (OP615071)
[ Phyflosticta capitalensis AAB-06 (OP616033)
Phyflosticta sp. (M2343514.1)

100
Phyflosticta capialensis (KM520007.1)

Phyflosticta capitalensis (MK396601.1)
Phyflosticta capitalensis (MF170677.1)

—_—
00%0

Grammothele ineata (OM057667.1)

Sordariomycetes

Eurotiomycetes

Dothideomycetes

Figure 3. Phylogenetic tree of endophytic fungi obtained from 4. bunius leaves according to the analysis of ITS region.

Brine shrimp lethality test (BSLT)

The result of toxicity screening employing BSLT as
displayed in Table 3 showed that X. feejeensis AAB-03, P. steckii

AAB-01, D. eschscholtzii AAB-05, and N. bipapillata AAB-02
extracts were moderately toxic against 4. salina nauplii with
LC,, values ranging from 114 to 243 pg/ml. Meanwhile, H.
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Table 2. MIC values (ng/ml) of methanolic extracts of A. bunius-derived endophytic fungi.

Methanolic extracts of endophytic e
fungi S. aureus S. epidermidis P. acnes C. albicans
ATCC 6538 ATCC 12228 ATCC 1223 ATCC 10231

P, steckii AAB-01 125 250 >1,000 >1,000
N. bipapillata AAB-02 500 500 1,000 >1,000
X. feejeensis AAB-03 250 1,000 1,000 >1,000
H. monticulosa AAB-04 >1,000 >1,000 >1,000 >1,000
D. eschscholtzii AAB-05 500 >1,000 >1,000 >1,000
P. capitalensis AAB-06 250 >1,000 >1,000 >1,000

*MIC = minimum inhibitory concentration.

Table 3. LC, values (ug/ml) of the tested fungal extracts toward 4. salina nauplii after 24-hour treatment.

Mean of mortality (%) (n = 3) of A. salina at each tested

Methanolic extracts of

concentration (ng/ml) LC
endophytic fungi 50
1,000 500 250 125 62.5 Control*

P, steckii AAB-01 100 100 80 30 0 0 166
N. bipapillata AAB-02 100 100 33 17 0 0 243
X. feejeensis AAB-03 100 100 87 60 20 0 114
H. monticulosa AAB-04 27 27 25 23 12 0 >1,000
D. eschscholtzii AAB-05 100 97 77 40 27 0 195
P. capitalensis AAB-06 13 13 13 13 6 0 >1,000

*DMSO was included in the negative control.

monticulosa AAB-04 and P. capitalensis AAB-06 extracts had no
toxicity against 4. salina nauplii up to the tested concentration of
1,000 pg/ml.

Cytotoxic test against breast cancer cells

We performed the cytotoxic assay on estrogen receptor-
expressing breast cancer cells, namely MCF-7 and the TNBC, 4T1
cells. This test is based on the percentage of cells that are still alive
after being treated for 24 hours with the tested extracts. Living
cells have dehydrogenase enzymes that can hydrolyze NAD to
NADH, resulting in the color changes of WST-8 to orange soluble
WST-formazan, which can be quantified by spectrophotometer.
Upon the exposure of the tested extracts on MCF-7 and 4T1 cells,
the viability of the treated cells decreased in a dose-dependent
manner (Figure 4). A substantial decrease of MCF-7 cells viability
was observed upon the treatment with P. steckii AAB-01 extract,
whereas the treatment on 4T1 cells with D. eschscholtzii AAB-
05 extract up to the tested concentration of 200 pg/ml led to the
lowest cells viability.

Following statistical analysis, the extract produced by P.
steckii AAB-01 showed the highest cytotoxic effect against MCF-
7 cells with an IC, value of 35 pg/ml (Table 4), while it possessed
lower inhibition against 4T1 cells (IC,, = 98 pg/ml). In contrast, D.
eschscholtzii AAB-05 extract possessed strong inhibition against
4T1 cells with an IC,  value of 11 ug/ml, despite its relatively
weak cytotoxic effect on MCF-7 cells (IC, = 271 pg/ml). Extract
of N. bipapillata AAB-02 revealed weak activity against MCF-7
cells, with no inhibition found against 4T1 cells. Meanwhile, X.

feejeensis AAB-03 extract showed no activity against both tested
cancer cells.

Identification of secondary metabolites by LC-MS/MS

LC-MS/MS analysis was carried out in our attempt to
identify major secondary metabolites from bioactive methanolic
extracts of P, steckii AAB-01 and D. eschscholtzii AAB-05. The
total ion chromatogram (TIC) of the methanolic extract of P.
steckii AAB-01 showed 16 peaks with retention time (z,) at 1.28,
1.83, 4.45, 4.86, 5.01, 5.94, 6.09, 6.29, 6.36, 6.58, 7.06, 7.34,
8.40, 8.51, 9.17, and 11.81 minutes (Figure 5A). Three dominant
peaks appeared at ¢, of 4.45, 4.86, and 6.29 minutes which were
assigned as peaks 1-3, respectively. Peaks 1-3 had prominent
pseudomolecular ion signals at m/z 176.0713 [M+H]* (Figure 5B),
241.0978 [M+H]* (Figure 5C), and 211.0870 [M+H]" (Figure 5D),
attributed to the molecular formula C, HNO,, C, . H N,O, and

10779 1477127 272

C,H N,O, respectively. For data interpretation, NIST/KnowlItAll
mass spectral libraries (WILEY) were used in combination with
published literature, leading to the tentative identification of peaks
1-3 as indole acetic acid (IAA), O-acetylharmol, and oxindole
I, respectively (Figure 7A-C). Meanwhile, LC-MS/MS data
of methanolic extracts of D. eschscholtzii AAB-05 displayed
10 peaks at z, of 1.30, 3.85, 4.11, 4.88, 5.39, 5.78, 6.95, 7.73,
9.04, and 12.33 minutes (Figure 6A). Two major peaks at ¢, of
4.88 and 12.33 minutes were assigned as peaks 1 and 2. Peaks
1 and 2 showed pronounced pseudomolecular ion signals at m/z
249.1237 [M+H]* (Figure 6B) and 304.3000 [M+H]" (Figure
6C), corresponding to the molecular formula C H N,O, and

160273
C, H, N, respectively. The molecular structures of these peaks
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Figure 4. Cytotoxic effect of methanolic extracts from endophytic fungal strains P. steckii AAB-01, N. bipapillata AAB-02, X. feejeensis AAB-03, and
D. eschscholtzii AAB-05 toward MCF-7 cells (A) and 4T1 cells (B). The MCF-7 cell lines were inoculated in 96-well plates and treated with extract
for 24 h. Cell viability was determined by using a CCK-8 kit which contains WST (water-soluble tetrazolium salt) as described in the methods. The
cytotoxicity of the extract was expressed by percent cell viability (mean + SD of three experiments).

Table 4. IC, values (ng/ml) of the tested fungal extracts against MCF-
7 and 4T1 breast cancer cells.

Methanolic extracts of IC,,
endophytic fungi MCF-7 4T1
P. steckii AAB-01 35 98
N. bipapillata AAB-02 277 >500
X. feejeensis AAB-03 >500 >500
D. eschscholtzii AAB-05 271 11

were tentatively designated as 6-hydroxymelatonin and 2-methyl-
6-pentadecylpyridine (Figure 7D-E).

DISCUSSION

Species identification of fungi can be achieved through
morphology and/or molecular biology. However, relying solely on
the morphological approach in a species-level identification is error-
prone due to hybridization (Hughes et al., 2013), unrecognized
cryptic speciation (Perez et al., 2013), or highly phenotypic
plasticity (Alster et al., 2021; Slepecky et al., 2009) of the fungi
being studied. Therefore, DNA sequence-based identification is
done to accurately characterize fungal species (Raja et al., 2017).
The sequence of nuclear ribosomal markers, for instance, nuclear
ribosomal large subunit (nrLSU-26S or 28S), nuclear ribosomal
small subunit (nrfSSU-18S), and ITS region, is commonly analyzed
in fungal species identification. Among them, ITS is considered an
official DNA barcoding marker for species-level determination of
fungi due to its simplicity in DNA amplification, being broadly
used and fast-evolving and having large barcode gap (Schoch et
al.,2012). Thus, molecular identification based on the comparison
of the ITS1+4 sequences was able to confirm the species identity
of endophytic fungal isolates in this study as Penicillium steckii
AAB-01, Nemania bipapillata AAB-02, Xylaria feejeensis
AAB-03, Hypomontagnella monticulosa AAB-04, Daldinia
eschscholtzii AAB-05, and Phyllosticta capitalensis AAB-06.

To the best of our knowledge, this is the first report on
endophytic fungi from the host plant, A. bunius, although bacterial
endophytes from this plant were reported before (Indrawati et al.,
2020). Penicillium steckii was isolated before as an endophytic

fungus associated with mangroves (Chen et al., 2021a; Chen et
al.,2021b) and banana leaves (Zakaria and Aziz, 2018). However,
this strain was repeatedly reported from marine sources, such as
sediment samples (Wu ez al., 2021), sponges, and deep-sea coral
(Hu et al., 2022; Shin et al., 2016; Yao et al., 2021). Nemania
bipapillata was recently reported as an endophyte of Vaccinium
dunalianum Wight leaves along with P. capitalensis (Fan et al.,
2020). It was also found in a mutualistic relationship with Diospyros
crassiflora (Douanla-Meli and Langer, 2012). Meanwhile, an
endophytic X. feejeensis was isolated previously from various
host plants, such as an Euphorbiaceae plant, Sapium macrocarpum
(Garcia-Méndez et al., 2016), and from medicinal plants Hintonia
latiflora (Rivera-Chavez et al., 2015) and Eryngium foetidum
(Siriwach et al., 2011). The genus Phyllosticta is known to inhabit
a wide host range (Zhu et al., 2021). Particularly, P. capitalensis
was found inhabiting the healthy leaves of Tibouchina granulosa
(Golias et al., 2020), Loropetalum chinense (Zhu et al., 2021), and
Hippobroma longiflora (Widjajanti et al., 2021). Furthermore,
Daldinia eschscholtzii is known as a wood-inhabiting endophyte,
which is most commonly distributed in the tropical region (Stadler
et al., 2014). However, this strain was also found in healthy leaves
of Asteraceae plant, Tridax procumbens (Mishra et al., 2020), as
well as the medicinal plant Pogostemon cablin (Liu et al., 2019)
in previous studies. Hypomontagnella was clustered previously
within the genus Hypoxylon (Lambert et al., 2019). Despite the
limited reports on H. monticulosa, this endophytic strain was
reported before from the host plant Zingiber griffithii Baker,
collected from North Sumatera, Indonesia (Lutfia ez al., 2021), in
addition to our finding on H. monticulosa AAB-04 from A4. bunius
leaves.

In the antibacterial assay, the methanolic extract of P.
steckii AAB-01 showed the strongest growth inhibition against
the tested Gram-positive bacteria, S. aureus ATCC 6538 and
S. epidermidis ATCC 12228. Furthermore, toxicity screening
employing BSLT was applied to assess the toxicity of all fungal
extracts obtained in this study before the cytotoxicity assay, due
to its simplicity, low requirement, rapidness, robustness, and
affordability (Hamidi et al., 2014). According to Meyer et al.
(1982), LC,, values below 1,000 pg/ml are considered toxic.
Following this criterion, only four extracts produced by X.
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Figure 5. LC-MS/MS data of methanolic extract of P. steckii AAB-01 (A) and the observed m/z of major peaks at the retention time of 4.45 (Peak 1) (B), 4.86 (Peak 2)
(C), and 6.29 (Peak 3) (D) minutes using electrospray ionization (ESI) in a positive mode.
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Figure 6. LC-MS/MS data of methanolic extract of D. eschscholtzii AAB-05 (A) and the observed m/z of major peaks at the retention time of 4.88 (Peak 1) (B) and

12.33 (Peak 2) (C) minutes using electrospray ionization (ESI) in a positive mode.

feejeensis AAB-03, P. steckii AAB-01, D. eschscholtzii AAB-05,
and N. bipapillata AAB-02 were found moderately toxic against
A. salina nauplii and therefore subjected to cytotoxicity test
against human breast cancer cell lines. Our investigation further
confirmed that P. steckii AAB-01 extract showed the most potent
cytotoxic activity against luminal cancer cells (MCF-7), while it
possessed lower inhibition against TNBC (4T1) cells. Luminal
breast cancer cells represent more than 70% of cases expressing
estrogen (ER2+) and/or progesterone (PR+) (Ogba et al., 2014).
Estrogen receptors are known to be important regulators of
cancer development, proliferation, and apoptosis (Livezey et al.,

2018). Regarding these results, whether P. steckii AAB-01 extract
modulates ER and/or PR signaling to inhibit cell growth will be an
interesting focus for further research. Interestingly, D. eschscholtzii
AAB-05 extract, which showed only weak cytotoxicity to MCF-7
cells, exhibited strong cytotoxic activity against TNBC with an
C,,value of 11 ug/mL. TNBC is a highly metastatic breast cancer
that is difficult to treat as it does not express proliferative receptors
that can be used as targets (Costa and Gradishar, 2017). Therefore,
investigation of the mechanism of D. eschscholtzii AAB-05
extract in inhibiting 4T1 cells as well as investigation on cytotoxic
compounds from this fungal strain is merit for further research.
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Figure 7. Chemical structures of secondary metabolites detected in methanolic
extracts of P. steckii AAB-01 (A-C) and D. eschscholtzii AAB-05 (D-E)
according to the LC-MS/MS data.

Overall, although this cytotoxic test has only been performed on
two types of breast cancer cells, this is sufficient to illustrate the
potential of P. steckii AAB-01 and D. eschscholtzii AAB-05 as a
promising source of anticancer agents.

Identification of main secondary metabolites by LC-
MS/MS analysis revealed the presence of IAA, O-acetylharmol,
and oxindole I in P steckii AAB-01 extract, whereas
6-hydroxymelatonin and 2-methyl-6-pentadecylpyridine were
suggested as the main metabolites in D. eschscholtzii AAB-05
extract. [AA was repeatedly reported from Penicillium sp. cultures
(Ikram et al., 2018; Radhakrishnan et al., 2013; Waqas et al.,
2012). IAA produced by endophytic Penicillium sp. is known
as capable of enhancing their plant host tolerance in biotic and
abiotic stresses (Bilal ef al., 2019; Sharma et al., 2021). So far,
there are no reports on O-acetylharmol from Penicillium sp.;
however, B-carboline type of structures was isolated before from a
deep-sea fungus, Trichoderma sp. (Hao et al., 2022). Meanwhile,
oxindole type of alkaloids was reported in numerous studies from
Penicillium sp. cultures (Hu et al., 2014; Lee et al., 2015; Xiao et
al., 2018; Xu et al., 2015). In addition to our findings, previous
studies on P. steckii have reported this species as a producer of
mycotoxin citrinin (Yao et al., 2021), polyketides (Chen et al.,
2021a), including tanzawaic acid derivatives (Malmstrum et al.,
2000), as well as isoquinoline (Yao et al., 2021) and pyrrolyl
4-quinolone alkaloids (Chen ez al., 2021Db). Polyketide derivatives,
citrinin, and isoquinoline alkaloids isolated from P. steckii were
found before to have strong antibacterial activity against S. aureus
(Chen et al., 2021a; Yao et al., 2021); however, none of these
metabolites were detected as main metabolites in P, steckii AAB-
01 under study.

Furthermore, 6-hydroxymelatonin and 2-methyl-6-
pentadecylpyridine were detected in the methanolic extract
of D. eschscholtzii AAB-05. Despite having no reports on D.
eschscholtzii as a melatonin producer, melatonin analogs were
previously afforded from a marine fungus, Penicillium sp.
(Yurchenko et al., 2018). Nevertheless, numerous studies revealed
that D. eschscholtzii is a versatile producer of polyketides with
varied prospective bioactivities as antibacterial (Lin et al.,
2019), cytotoxic (Wang et al., 2015), antifibrotic (Zhang et al.,

2019), immunosuppressive (Zhang et al., 2011), and antidiabetic
(Wutthiwong et al., 2021) agents. Therefore, in-depth chemical
and pharmacological investigations of secondary metabolites from
A. bunius-derived P. steckii AAB-01 and D. eschscholtzii AAB-05
are noteworthy to further study.

CONCLUSIONS

A total of six endophytic fungi were isolated from A.
bunius and were identified as P. steckii AAB-01, N. bipapillata
AAB-02, X. feejeensis AAB-03, H. monticulosa AAB-04,
D. eschscholtzii AAB-05, and P. capitalensis AAB-06 by the
molecular biology protocol. In antibacterial assay, P. steckii
AAB-01 extract showed the most potent antibacterial activity
against S. aureus ATCC 6538 and S. epidermidis ATCC 12228.
Moreover, cytotoxicity against MCF-7 and 4T1 human breast
cancer cells revealed the promising cytotoxic effects of P. steckii
AAB-01 extract against MCF cells as well as the cytotoxicity of
D. eschscholtzii AAB-05 extract against 4T1 cells. The LC-MS/
MS analysis suggested the presence of IAA, O-acetylharmol, and
oxindole I, as major secondary metabolites of P. steckii AAB-01,
while 6-hydroxymelatonin and 2-methyl-6-pentadecylpyridine
were detected in D. eschscholtzii AAB-05 extract. Isolation and
characterization of bioactive secondary metabolites, in particular
for antibacterial and anticancer effects, produced by these strains
merits further chemical and pharmacological investigation.
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