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Abstract. Indraningrat AAG, Purnami PPCP, Singapurwa NMAS, Wijaya MD. 2026. Antibacterial activity and metabolite profiling of
mangrove endophytic  fungus Talaromyces adpressus from Rhizophora apiculata. Biodiversitas 27 (2): d270228.
https://doi.org/10.13057/biodiv/d270228. Antimicrobial resistance (AMR) continues to pose a major global health threat and has driven
the exploration of under-studied ecosystems, including mangrove forests, as sources of bioactive microorganisms. Therefore, this study
aimed to isolate and identify endophytic fungi associated with mangrove roots and to evaluate the antibacterial activity and GC-MS-
based metabolite profile of a selected isolate against multidrug-resistant (MDR) bacterial pathogens. The isolate was identified based on
morphological characteristics and confirmed by ITS rDNA sequencing, showing 100% similarity to Talaromyces adpressus. Crude ethyl
acetate extract obtained from submerged fermentation culture was screened for antibacterial activity against multidrug-resistant (MDR)
bacteria, including methicillin-resistant Staphylococcus aureus (MRSA) and extended-spectrum [-lactamase (ESBL)-producing
Escherichia coli, Klebsiella pneumoniae, and Acinetobacter baumannii. Agar disc diffusion assays showed measurable inhibition zones
of 13.22+1.13 mm (MRSA), 10.41£1.54 mm (ESBL-E. coli), 10.05+1.85 mm (ESBL-4. baumannii), and 9.98+0.11 mm (ESBL-K.
pneumoniae). However, broth microdilution assays revealed minimum inhibitory and bactericidal concentrations exceeding 512 pg
mL™ for all tested strains, indicating weak antibacterial potency of the crude extract in liquid culture. GC-MS profiling tentatively
identified ten major metabolites, including fatty acids (lauric, myristic, palmitic, oleic acids), diketopiperazines [cyclo(L-Pro-L-Val),
cyclo(Phe-Pro)], phenethyl alcohol, phenylacetic acid, 2,4-di-tert-butylphenol, and ergosterol, which have been reported to possess
antimicrobial or signaling-modulatory properties. Overall, these findings expand the ecological record of 7. adpressus in mangrove
ecosystems and provide preliminary antibacterial screening and chemical profiling data, highlighting the need for further fractionation
and compound-level validation in future studies. To the best of our knowledge, this is the first report of isolation and characterization of
endophytic fungus 7. adpressus AIRA from roots of R. apiculata Blume collected from the Ngurah Rai Mangrove Forest, Bali,
Indonesia.
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INTRODUCTION

Antimicrobial resistance (AMR) has emerged as one of
the greatest global health challenges, causing 1.27 million
deaths annually and associated with nearly 5 million deaths
worldwide in 2019 (Alhassan and Abdallah 2024). The
World Health Organization (WHO) has identified AMR as
one of the top ten threats to global health, with resistant
pathogens undermining the effectiveness of existing
antibiotics and driving increases in morbidity, mortality,
and economic burden (Dadgostar 2019). Without new
therapeutic options, the global economic loss from AMR
could reach US$100 trillion by 2050 (Gulumbe et al.
2022). These figures underscore the urgent need to explore
alternative sources of antimicrobial compounds, especially
natural products (Newman and Cragg 2020).

Among the most concerning pathogens are methicillin-
resistant Staphylococcus aureus (MRSA), ESBL-producing
Escherichia coli and Klebsiella pneumoniae (Tacconelli et
al. 2018). These bacteria are included on WHO’s priority

list due to their multidrug resistance and high prevalence in
hospitals and communities (Santajit and Indrawattana 2016).
In Indonesia and Southeast Asia, the prevalence of ESBL-
producing Enterobacteriaceae is often above 40% in clinical
isolates, while MRSA remains a common cause of life-
threatening infections (Liana et al. 2022; Kadariswantiningsih
et al. 2025). These circumstances necessitate the discovery

of new antimicrobial agents from underexplored
ecosystems (Genilloud 2019).
Microorganisms remain the dominant source of

antibiotics, with more than 65% of approved drugs derived
from microbial natural products (Newman and Cragg
2020). Fungi are prolific producers of structurally diverse
metabolites with antibacterial, antifungal, anticancer, and
immunomodulatory activities (Keller 2019). Endophytic
fungi, which inhabit plant tissues without causing disease,
are recognized as particularly valuable due to their ability
to synthesize novel metabolites shaped by their host and
environment (Nagarajan et al. 2021; Galindo-Solis and
Fernandez 2022). Their ecological adaptation often leads to
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chemical diversity not observed in terrestrial fungi (Liao et
al. 2025).

Mangrove forests are harsh intertidal ecosystems with
fluctuating salinity, anoxic soils, and tidal stress, conditions
that drive unique metabolic adaptations in associated
organisms (Chen et al. 2019; Madhavan et al. 2025).
Mangrove endophytic fungi produce bioactive compounds
such as azaphilones, isocoumarins, polyketides, and
lycorine with antimicrobial and cytotoxic potential (Zhang
et al. 2022; Nasution et al. 2024; Ortega et al. 2025).
Although Southeast Asian mangroves are biodiversity
hotspots, their fungal diversity remains poorly explored
(Buenavista and Purnobasuki 2023). This diversity is
valuable both ecologically and pharmacologically (Guerrero
et al. 2025), and these fungi may provide promising
candidates for  antimicrobial screening, although
compound-level validation is still required.

The genus Talaromyces is globally distributed and
known to produce diverse secondary metabolites, including
polyketides, azaphilones, and diketopiperazines (Zhai et al.
2016; Nicoletti et al. 2023). Several species have shown
promising bioactivities: 7. stipitatus produces terrein with
antibacterial and cytotoxic effects (Cai et al. 2017), T.
purpurogenus produces antimicrobial azaphilones (Chen et
al. 2020), and T. pinophilus produces diketopiperazines that
inhibit quorum sensing (Nicoletti et al. 2023). Talaromyces
adpressus also produces bioactive compounds, including
sterigmatocystin, with reported antitumor, antibacterial,
antifungal, and anti-inflammatory activities (Zheng et al.
2023; Shi et al. 2024; Bao et al. 2025). However, its
occurrence in mangrove endophytes and the chemical
profile and antibacterial potential of mangrove-derived
isolates remain unreported.

To date, information on the chemical profile of T.
adpressus from mangrove environments remains limited.
The stressful mangrove environment may induce metabolite
production not found in terrestrial isolates (Hastuti et al.
2020; Nizam et al. 2022). Moreover, no chemical profiling
studies, such as GC/MS, have examined this species. Given
the global urgency of AMR, investigating underexplored
fungal taxa such as 7. adpressus is timely and relevant
(Oliveira et al. 2024). In this context, chemical profiling
serves as an initial exploratory step rather than definitive
identification of bioactive principles.

To address the AMR challenge, the aim of this study
was to (i) isolate and identify isolates of 7. adpressus using
a polyphasic approach combining morphology, ITS
sequencing, and phylogenetic analysis; (ii) screen its ethyl
acetate extract against multidrug-resistant bacteria including
MRSA and ESBL-producing E. coli, K. pneumoniae, and A.
baumannii; and (iii) profile its major metabolites using GC-
MS as an initial chemical overview.

MATERIALS AND METHODS

Study area

Mangrove samples were collected in June 2024 from
the Ngurah Rai Mangrove Forest located in southern Bali,
Indonesia (8°41'22.1"S, 115°12'34.8"E). This conservation
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area spans approximately 1,373 ha and is one of the largest
protected mangrove ecosystems in Bali. The site experiences
tropical monsoon climate conditions, with average annual
temperatures of 27-30°C and rainfall exceeding 2,000 mm.
Salinity levels in the soil and surrounding waters fluctuate
between 10-30 ppt depending on tidal cycles. The dominant
mangrove flora includes Sonneratia alba, Rhizophora
apiculata, Avicennia marina, and Bruguiera gymnorhiza.
For this study, healthy, mature, and undamaged roots of R.
apiculata were targeted as the source of endophytic fungi.
The exact age of the sampled R. apiculata trees could not
be determined because stand-level age records were
unavailable for the sampling site. To minimize variability,
sampling was restricted to visibly mature trees with well-
developed root systems and intact canopies, and all
samples were collected from the same stand area during a
single sampling period. Samples were collected aseptically
using sterilized scissors and placed in sterile polyethylene
bags. To prevent contamination, the bags were transported
in ice boxes to the Research Laboratory, Faculty of
Medicine and Health Sciences, Universitas Warmadewa.
All subsequent procedures were conducted under aseptic
conditions in a laminar flow hood.

Isolation of endophytic fungi

Root samples were gently rinsed under running tap
water to remove adhering soil particles and cut into segments
of approximately 0.5-1.0 cm. Root tissues were taken from
small-diameter root portions (fine-root scale) rather than
thick prop roots to facilitate surface sterilization and
endophyte emergence. Surface sterilization was performed
by sequential immersion in 70% ethanol (1 min) and 1%
sodium hypochlorite (3 min), followed by three rinses with
sterile distilled water. Sterilized 2 mm root segments were
placed on potato dextrose agar (PDA; five segments per
plate) and incubated at 28°C for 7-14 days in the dark.
Emerging hyphae were sub-cultured to PDA to obtain pure
isolates.

Identification of fungi by light microscope and scanning
electron microscope

The morphological structures of isolate AIRA were
examined using both compound light microscopy and
scanning electron microscopy (SEM). For light microscopy,
a compound microscope equipped with a Leica ICC50 E
digital camera system was used. Fungal mounts were
prepared by transferring a small portion of actively growing
mycelium to a glass slide, staining with lactophenol cotton
blue, and gently placing a coverslip to avoid air bubbles.
Observations were performed under bright-field illumination
at magnifications ranging from 100x to 400x. Digital
micrographs were acquired using the Leica ICC50 E camera
(5.0-megapixel sensor; live imaging up to 30 fps; Leica
LAS EZ software compatibility), enabling visualization of
hyphae, conidiophores, and conidia.

The morphology of fungal isolate AIRA was examined
using scanning electron microscopy at the MERO
Foundation (https://www.merofoundation.org/). The fungal
colonies grown on agar medium was first fixed in 2%
glutaraldehyde followed by post fixation in 1% osmium


https://www.merofoundation.org/

INDRANINGRAT et al. — Antibacterial activity and metabolite profiling of Talaromyces adpressus 4/RA4

tetroxide. Samples were then dehydrated through a graded
ethanol series to remove residual water and air-dried at
room temperature. Dried samples were sputter-coated with
a thin layer of gold to enhance surface conductivity,
mounted onto aluminium stubs using carbon tape, and
examined under a JEOL JSM-IT200 scanning electron
microscope operated in high vacuum mode. Imaging was
conducted at an accelerating voltage of 10.0 kV, a probe
current of 30.0 pA, and a working distance of 9.0-11.8 mm.
Micrographs were taken at magnifications of 3,000%,
10,000%, and 20,000% with scale bars of 5 or 1 um. The
images were used to observe hyphal and spore structures to
support morphological identification of fungal colonies
A1RA.

Preliminary antibacterial screening

This screening was performed using the agar-block
(agar plug) assay. 5 mm PDA blocks bearing actively
growing mycelia from the colony margin of a 7-day-old
PDA culture of isolate A1IRA were placed onto Luria
Bertani agar lawns of the test bacteria and incubated at 35
+ 2°C for 18-24 h; inhibition zones (mm) were recorded.
Only isolates showing reproducible inhibition against >1
test bacterium, which were designated as “potential” and
advanced. Based on this screen, isolate A1RA was selected
for molecular identification and subsequent chemical and
antibacterial analysis.

Molecular identification and phylogenetic analysis

Genomic DNA was extracted from isolate AIRA using
the Quick-DNA Magbead Plus Kit (Zymo Research,
DA4082). The internal transcribed spacer (ITS) region of
rDNA was amplified using primers ITS1 (5'-
TCCGTAGGTGAACCTGCGG-3')  and  ITS4 (5'-
TCCTCCGCTTATTGATATGC-3) in a 25 pL PCR mixture
containing 1x PCR buffer, 2.5 mM MgClz, 0.2 mM dNTPs,
0.4 puM of each primer, 1 U Taq DNA polymerase, and
approximately 50 ng of template DNA. The thermocycling
program consisted of an initial denaturation at 95°C for 5
min; 35 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C
for 1 min; followed by a final extension at 72°C for 10 min.
PCR products were visualized on a 1.2% agarose gel,
purified, and sequenced bidirectionally by PT Genetika
Science (Jakarta, Indonesia). The resulting ITS sequence
was analysed using BLASTn against the NCBI GenBank
database. The sequence was deposited in GenBank under
accession number (PX480240), confirming the molecular
identity of isolate AI1RA. The obtained sequence was
compared with GenBank database entries using BLASTn.
Phylogenetic analysis was performed using MEGA X
software with the neighbor-joining method and 1,000
bootstrap replications. To construct a robust reference
dataset, nine ITS sequences derived from authenticated
type material were downloaded from the NCBI database,
including seven species belonging to the genus Talaromyces.
Two ITS sequences from Penicillium chrysogenum and
Penicillium rubens were included as outgroup taxa to root
and stabilize the phylogenetic tree. Multiple sequence
alignment was conducted using MUSCLE in MEGA X
before generating the phylogenetic tree.
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Fermentation and extraction of metabolites

The identified fungus A1RA was cultured in Sabouraud
Dextrose Broth (SDB). For seed culture preparation, small
mycelial plugs from actively growing PDA plates were
inoculated into 10 mL SDB and incubated at 28°C, 150
rpm for 7 days with gentle agitation. For larger-scale
fermentation, 90 mL of sterile SDB was dispensed into 250
mL Erlenmeyer flask, each inoculated with 10 mL of seed
culture. Flasks were incubated in a shaker at 28°C, 150 rpm
for 14 days to allow for optimal secondary metabolite
production. At the end of incubation, cultures were filtered
through Whatman filter paper no 1 (Cytiva, China) to
separate mycelia from broth. After filtration, only the
culture filtrate was extracted three times with an equal
volume of ethyl acetate (EtOAc) in a separatory funnel,
while mycelial biomass was discarded. The pooled organic
phases were concentrated and evaporated under reduced
pressure at 40°C using a rotary evaporator (Heidolph,
Germany), yielding 112 mg of crude extract from 100 mL
of culture filtrate and the extract was stored at 4°C until
further use. Ethyl acetate was selected as the extraction
solvent because it efficiently recovers semi-polar secondary
metabolites commonly associated with fungal antibacterial
activity while minimizing excessive co-extraction of polar
media components.

Antibacterial assay

The antibacterial activity of AIRA extract was
evaluated using an agar disc diffusion assay. Sterile paper
discs (6 mm diameter, Oxoid, UK) were impregnated with
20 pL of extract solution prepared at a concentration of 50
mg/mL (equivalent to 1 mg extract per disc) and air-dried.
Discs were then placed onto Luria Bertani agar plates
seeded with test organisms at 0.5 McFarland turbidity (~1.5
x 10* CFU/mL). Test organisms included methicillin-
resistant S. aureus (MRSA), ESBL-producing E. coli, ESBL-
producing K. pneumoniae, and ESBL A. baumannii obtained
from the culture collection of the Research Laboratory,
Universitas Warmadewa. Levofloxacin (5 pg/disc) served
as the positive control, while ethyl acetate was used as the
negative control. Plates were incubated at 37°C for 24 h.
Zones of inhibition were measured in millimetres using a
digital calliper. All tests were conducted in triplicate, and
results were expressed as mean =+ standard deviation (SD).

MIC/MBC analysis

The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of the A1IRA
crude extract were determined using the standard broth
microdilution method in 96-well microplates. Four multidrug-
resistant bacterial isolates were tested (S. aureus MRSA, E.
coli ESBL, K. pneumoniae ESBL, and A. baumannii
ESBL). Each isolate was cultured on Mueller-Hinton Agar
(MHA) for 24 h at 37°C, and colonies were suspended in
0.85% NaCl, adjusted to a 0.5 McFarland standard, and
diluted in Mueller-Hinton Broth (MHB; Oxoid) to obtain a
final inoculum of approximately 5 x 10° CFU/mL per well.
The extract was dissolved in DMSO and serially diluted in
MHB to yield final test concentrations of 32-512 pg/mL,
with the final DMSO concentration maintained at <1% as
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the solvent control. Positive control wells contained
levofloxacin prepared at the same dilution range, while
growth and sterility controls consisted of inoculated and
uninoculated MHB, respectively. After adding the bacterial
inoculum to the extract dilutions, the plates were incubated
at 37°C for 20 h. The MIC was determined as the lowest
concentration showing no visible turbidity relative to the
growth control, while optical density at 600 nm (OD600)
was used only to support visual observations. For MBC
determination, 10 pL from wells without visible growth
(MIC and higher concentrations) was streaked onto fresh
MHA and incubated for 24 h. The MBC was defined as the
lowest concentration that produced no colony growth. MIC
and MBC determinations were performed in duplicate.

Gas chromatography-Mass spectrometry (GC/MS)
analysis

The chemical composition of crude EtOAc extract was
analysed using GC/MS at the Forensic Laboratory, Bali
Regional Police. An Agilent 7890B GC system coupled
with a 5977B Mass Selective Detector was employed.
Separation was performed using an HP-5ms Ultra Inert
column (30 m x 250 um X 0.25 pm). Helium was used as
the carrier gas at a constant flow of 2.9 mL/min. The oven
temperature was programmed as follows: initial temperature
70°C (held for 5 min), ramped to 290°C at 10°C/min, and
held for 3 min. The injector temperature was set at 290°C
with splitless injection mode, and injection volume was 1
pL. The mass spectrometer was operated in electron
ionization mode at 70 eV, with an ion source temperature
of 230°C, quadrupole temperature of 150°C, and scanning
range of m/z 50-550. Chromatograms and mass spectra
were analysed using Agilent ChemStation software. Peaks
were identified by comparison with NIST and Wiley
spectral libraries. All compound identifications should
therefore be regarded as tentative and based on spectral
library matching rather than definitive structural confirmation.
Tentative identification was further supported by literature
data on retention times and mass fragmentation patterns.
Out of the 64 peaks detected in the total ion chromatogram,
the ten compounds with the highest relative peak areas
were selected to provide an overview of the major
detectable constituents of the crude extract, including both
dominant and functionally relevant metabolites reported to
possess antibacterial or signalling-related activities. Relative
peak areas were calculated by dividing each peak’s area by
the sum of all peak areas, because the area of a peak was
proportional to the amount of the compound in the sample.
Only compounds with similarity indices above 85% were
considered reliable identifications. All data generated or
analysed during this study are included in this published
article.

Data analysis

All experiments were conducted in replicate to ensure
reproducibility; disc diffusion assays were performed in
triplicate, whereas MIC/MBC determinations were conducted
in duplicate. Data for antibacterial activity were expressed
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as mean = SD. Statistical analysis was performed using
SPSS version 26.0 (IBM, USA). One-way analysis of
variance (ANOVA) was used to determine overall
significance among groups, followed by Tukey’s post hoc
test for pairwise comparisons. A p<0.05 was considered
statistically significant. Statistical analysis was applied
only to disc diffusion inhibition zone data, whereas MIC
and MBC values were interpreted descriptively because
they represent categorical outcomes.

RESULTS AND DISCUSSION

Identification of fungi by light microscope and SEM

A total of four endophytic fungal isolates were recovered
from surface-sterilized root tissues of R. apiculata.
Preliminary antibacterial screening was conducted using the
agar-block (agar plug) assay, and only isolate AIRA
showed reproducible inhibition against >1 test bacterium
was considered for further investigation. Cultivation of
isolate AIRA on Potato Dextrose Agar (PDA) at 28°C for
seven days resulted in extensive radial growth, with the
colony spreading to the plate margins. The colony surface
(upper surface) was white with a velvety to powdery
texture and displayed concentric zonation with a slightly
denser centre (Figure 1.A). The reverse side showed a
distinct orange to reddish-orange pigmentation with
concentric rings (Figure 1.B). These macroscopic features
are consistent with the genus Talaromyces. These
macroscopic features were further supported by microscopic
and ultrastructural observations. Light microscopy using
lactophenol cotton blue staining revealed septate hyphae
and biverticillate conidiophores bearing metulae and
phialides, which produced ellipsoidal conidia arranged in
chains (Figure 2.A). Scanning electron microscopy
confirmed these features, showing ellipsoidal conidia with
finely roughened surfaces assembled in dense chains,
characteristic of T. adpressus (Figures 2.B-2.C).

Figure 1. Morphological features of Talaromyces adpressus
A1RA cultured on Potato Dextrose Agar (7 days, 28°C). A. Upper
colony surface view showing a white, velvety to powdery colony
with concentric zonation. B. Reverse surface view of the colony
exhibiting orange to reddish-orange pigmentation with concentric
rings
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Molecular identification and phylogenetic analysis

The internal transcribed spacer (ITS) rDNA sequence of
isolate AIRA showed 100% identity to 7. adpressus via
BLASTn analysis. Consistent with this result, the neighbor-
joining phylogenetic tree placed AIRA within the T.
adpressus clade, clustering closely with type and reference
strains. Penicillium chrysogenum was used as the outgroup,
and bootstrap values from 1,000 replications are shown at
the nodes (Figure 3). The strong clustering pattern and
supporting bootstrap values confirm the species-level
assignment of isolate AIRA as 7. adpressus. The close
phylogenetic relationship of isolate A1RA with 7. adpressus
supported its identification at the species level.

Antibacterial screening

Following molecular confirmation, ethyl acetate extract
of T. adpressus A1IRA was evaluated for its antibacterial
activity against multidrug-resistant bacterial strains. The
ethyl acetate extract of 7. adpressus A1RA produced
measurable inhibition zones against all tested bacteria (Table
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1). The largest inhibition zone was observed against
methicillin-resistant S. aureus (MRSA) (13.22+1.13 mm),
followed by Streptococcus mutans FNCC 0405
(12.43+0.79 mm) and S. aureus ATCC 25923 (12.08+0.28
mm). Inhibition was also recorded against ESBL-producing
Escherichia coli (10.41+1.54 mm), ESBL-producing A.
baumannii (10.05+1.85 mm), and E. coli ATCC 25922
(10.88+0.58 mm). Smaller inhibition zones were observed
for K. pneumoniae ATCC 700603 (8.15£1.37 mm) and
ESBL-producing K. pneumoniae (7.75+0.05 mm).

Agar plate observations (Figure 4) were consistent with
the quantitative findings and confirmed the inhibitory
activity of the extract against multidrug-resistant (MDR)
bacteria. Clear inhibition zones were observed for MRSA
and ESBL-producing A. baumannii, while ESBL-producing
E. coli and ESBL-producing K. pneumoniae displayed
narrower but visible halos. No inhibition was detected
around the solvent control discs, whereas levofloxacin
discs produced broad and distinctly clear zones.

Figure 2. Microscopic and ultrastructural characteristics of Talaromyces adpressus A1IRA. A. Light micrograph of septate hyphae and
biverticillate conidiophores bearing chains of ellipsoidal conidia (100x magnification). B. Scanning electron micrograph showing
hyphal structures with attached conidia (3,000% magnification). C. Scanning electron micrograph displaying individual ellipsoidal

conidia with finely roughened surfaces (10,000x magnification)

100% | Talaromyces adpressus CBS 140620 NR 171595.1 ITS region from TYPE material
ATRAITS

100% Talaromyces pinophilus CBS 631.66 NR 111691.1 ITS region from TYPE material
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Talaromyces aculeatus CBS 289.48 NR 103679.2 ITS region from TYPE material
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Talaromyces verruculosus CBS 388.48 NR 103671.2 ITS region from TYPE material
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Figure 3. Neighbor-joining phylogenetic tree based on ITS rDNA sequences showing the placement of isolate AIRA within the 7.
adpressus clade. The analysis included ITS sequences from seven authenticated Talaromyces species and two Penicillium species (P.
chrysogenum and P. rubens) used as outgroups. Bootstrap support values from the 1,000 replications are shown at the nodes. The scale

bar represents 0.05 nucleotide substitutions per site
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A1RAEC ESBL 6/10

Figure 4. Disc-diffusion assay demonstrating the antibacterial activity of 7. adpressus A1RA ethyl acetate extract against multidrug-
resistant (MDR) clinical isolates. Inhibition zones were observed around extract-treated discs in: A. ESBL-producing E. coli, B. ESBL-
producing A. baumannii, C. methicillin-resistant S. aureus (MRSA), D. ESBL-producing K. pneumoniae, E. Negative control (ethyl
acetate), and F. Positive control levofloxacin tested against EBL producing K. pneumoniae

Table 1. Inhibition zone diameters (mm) of 7. adpressus AIRA extract and controls against bacterial targets. Values represent
mean £ SD of three replicates. Superscript letters indicate statistical differences among treatments; values with different letters within
the same row are significantly different at p <0.05 (one-way ANOVA followed by Tukey’s HSD)

- EtOAc AIRA Levofloxacin EtOAC
Bacterial isolates .
(Extract) (Positive control) (Negative control)
Staphylococcus aureus ATCC 25923 12.08+0.28° 27.46+0.022 0.00+0.00¢
Streptococcus mutans FNCC 0405 12.4340.79> 27.22+0.642 0.00+0.00¢
Escherichia coli ATCC 25922 10.88+0.58° 26.91+0.372 0.00+0.00¢
Klebsiella pneumoniae ATCC 700603 8.15+£1.37° 27.65+0.532 0.00+0.00°
Methicillin-resistant Staphylococcus aureus 13.22+1.13% 12.27+1.67+ 0.00+0.00°
Escherichia coli ESBL 10.4141.54° 25.17+0.31» 0.00+0.00°
Klebsiella pneumoniae ESBL 9.884+0.11° 13.70+0.202 0.00+0.00¢
Acinetobacter baumannii ESBL 10.0541.85" 18.06+0.222 0.00+0.00¢
MIC/MBC analysis GC/MS) analysis

To further assess antibacterial potency, MIC and MBC
assays were performed using broth microdilution method.
The extract inhibited bacterial growth only at the highest
concentration tested (512 pg/mL), while all lower
concentrations allowed visible growth. Subculturing from
wells without visible turbidity showed persistent colony
formation at all concentrations, resulting in MBC values
greater than 512 pg/mL for every isolate tested.
Accordingly, the MIC and MBC for MRSA, ESBL-
producing E. coli, K. pneumoniae, and A. baumannii were
all recorded as >512 pg/mL, indicating the absence of
sustained bacteriostatic or bactericidal effects within the
tested concentration range (Table 2). These findings
suggest that while the extract demonstrates measurable
inhibitory zones in disc diffusion assays, its potency in
broth microdilution is weak, with activity limited to high
concentrations.

GC-MS profiling of A1RA ethyl acetate extract (Figure
5) revealed a chemically diverse metabolite spectrum with
64 peaks, of which 10 major compounds were tentatively
identified. These metabolites included aromatic alcohols,
phenolic derivatives, fatty acids, diketopiperazines, and
sterols. Notably, several detected compounds, such as
phenethyl alcohol, 2,4-di-tert-butylphenol, lauric acid,
palmitic acid, and the diketopiperazine cyclo(L-Pro-L-Val)
(Table 3), have been widely documented for antibacterial,
membrane-disruptive, or quorum-sensing-inhibitory effects.
The predominance of membrane-active fatty acids, coupled
with synergistic sterols like ergosterol, suggests that
bacterial membrane perturbation may contribute to the
observed antibacterial effects. These metabolite signatures
could explain the antibacterial effects observed in diffusion
assays.
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Table 2. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the AIRA crude extract against

multidrug-resistant bacteria

Bacterial isolates

MIC (ng/mL)

MBC (ng/mL)

Interpretation

Staphylococcus aureus (MRSA)

Escherichia coli (ESBL)

Klebsiella pneumoniae (ESBL)
Acinetobacter baumannii (ESBL)

>512
>512
>512
>512

>512
>512
>512
>512

No inhibitory or bactericidal activity
No inhibitory or bactericidal activity
No inhibitory or bactericidal activity
No inhibitory or bactericidal activity

Abundance

azev07| 4107

46407
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Figure 5. Total chromatograms detected in GC/MS ethyl acetate extract of AIRA
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Table 3. Selected compounds identified by GC/MS analysis of A1RA crude extract and their reported antibacterial-related activities

RT

Molecular

Relative

Compounds (min) formula abundance Reported activity References
Phenethyl alcohol 751 CsHiO 548y,  inereases bacterial membrane Kleinwichter et al. (2021)
permeability
R Acidifies cytoplasm, disrupts Cutro et al. (2019); Pan et
0,

Phenylacetic acid 11.65  CsHsO: 1.45% membranc al. (2022)
Cyelo(L-Pro-L-Val) 1834  CioHisN2O 231%  Quorum-sensing inhibition gaﬁa‘g;%;tz;" (2022); Ren
Cyclo(Phe-Pro) 29.50  CiaHieN2O2 0.25% Anti-quorum sensing, anti-biofilm Liet al. (2022)

. . . .. Halim et al. (2017);

-d1- - 0, 5
2,4-di-tert-butylphenol ~ 18.59  CisH220 7.87% Membrane disruption, antioxidant Kolyada et al. (2018)
Lauric acid (C12:0) 20.84  Ci2H240: 1.22% Lytic to bacterial membranes Zhao et al. (2022)

Lo Protein synthesis inhibition, Beauchamp et al. (2024);
. 0,
Myristic acid (C14:0) 23.61  CisH2s02 1.03% membrane damage Witwit et al. (2024)
L Alters membrane fluidity, anti- Mozaheb et al. (2022);
. 0
Palmitic acid (C16:0) 2248  CieH30: 1.26% biofilm Santhakumari et al. (2017)
L Inhibits Fabl, essential for FA Fage et al. (2020); Zhou et
. 0 e bl
Oleic acid (C18:1) 25.15  CisHs402 0.24% biosynthesis al. (2020)
Ergosterol 30.15  CasHusO 0.24%,  Perturbs bacterial membranes, Luchini et al. (2020)

synergistic




8/11

Discussion

Antimicrobial resistance (AMR) is a growing global
health challenge that motivates the exploration of under-
investigated microbial resources, including mangrove-
associated endophytic fungi, as potential sources of
antibacterial metabolites. Mangrove ecosystems are
characterized by high salinity, fluctuating environmental
conditions, and nutrient limitation, which may promote the
production of chemically diverse secondary metabolites not
commonly observed in terrestrial isolates (Hastuti et al.
2020; Nizam et al. 2022). In this context, the isolation and
characterization of mangrove-derived endophytic fungi remain
timely and relevant to AMR research (Oliveira et al. 2024).

In the present study, four endophytic fungal isolates
were obtained from surface-sterilized root tissues of R.
apiculata collected from the Ngurah Rai Mangrove Forest,
Bali, Indonesia. Based on preliminary screening using the
agar-plug assay, isolate AIRA was selected for further
identification and antibacterial evaluation due to its
reproducible inhibition against at least one test bacterium.
This selection approach is consistent with the exploratory
nature of endophyte bioprospecting studies, where isolates
are prioritized based on reproducible screening phenotypes.

Morphological characterization of isolate AIRA grown
on Potato Dextrose Agar (PDA) at 28°C showed rapid
colony expansion with a white, velvety to powdery surface
and concentric zonation, while the reverse side displayed
orange to reddish-orange pigmentation. Microscopic
examination confirmed fungal hyphae and abundant
conidia, and scanning electron microscopy further supported
these observations. Overall, the colony appearance and
microscopic traits were consistent with the genus
Talaromyces. Similar observations were recorded by
(Yilmaz et al. 2014; Chen et al. 2016; Jiang et al. 2018).

Molecular identification based on ITS rDNA
sequencing confirmed isolate A1RA as T. adpressus, and
phylogenetic analysis supported its placement within the 7.
adpressus clade. While Talaromyces species are widely
recognized as prolific producers of secondary metabolites,
information on 7. adpressus from mangrove-associated
environments remains limited. Previous studies have
reported antibacterial activity from several Talaromyces
isolates, including the production of polyketide-derived
compounds and other bioactive secondary metabolites with
inhibitory effects against bacterial pathogens (Zang et al.
2016; Vocadlova et al. 2023). Therefore, documenting 7.
adpressus as a mangrove root endophyte expands the
ecological record of this species and contributes to current
knowledge of fungal biodiversity in mangrove ecosystems.

The crude ethyl acetate extract of 7. adpressus AIRA
exhibited inhibitory activity against methicillin-resistant S.
aureus (MRSA), ESBL-producing E. coli, K. pneumoniae,
and A. baumannii. The extract produced inhibition zones of
13.22+1.13 mm against MRSA, 10.41£1.54 mm against
ESBL-E. coli, 10.05+1.85 mm against ESBL-A. baumannii,
and 9.98+0.11 mm against ESBL-K. pneumoniae. The
observed activity against MRSA was particularly strong,
consistent with evidence that Gram-positive bacteria are
generally more susceptible to membrane-active fungal
metabolites (Casillas-Vargas et al. 2021). Fatty acids, such
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as lauric and oleic acid, identified in the A1RA extract, are
known to disrupt bacterial membranes and inhibit essential
biosynthetic enzymes, mechanisms especially effective
against Gram-positive pathogens (Sado-Kamdem et al.
2009; Park et al. 2018). MRSA represents a critical clinical
challenge, and the ability of the extract to inhibit its growth
further highlights the pharmacological relevance of these
metabolites (Lan et al. 2024). However, the comparatively
stronger inhibition observed in agar diffusion assays likely
reflects localized high concentrations of lipophilic
metabolites near the disc rather than sustained antibacterial
activity in homogeneous liquid systems. Although
inhibition zones against ESBL-producing E. coli and K.
pneumoniae were smaller than those observed for MRSA,
they remained statistically significant relative to controls,
indicating meaningful antimicrobial activity. The reduced
susceptibility of Gram-negative bacteria is expected due to
the presence of an outer membrane that limits the
penetration of hydrophobic molecules such as fatty acids
and phenolic derivatives (Lundstedt et al. 2021; Hermansen
et al. 2022). Importantly, measurable inhibition was also
noted against ESBL-A. baumannii, a pathogen frequently
associated with carbapenem resistance and nosocomial
persistence. This observation suggests that localized
exposure to sufficiently high concentrations of extract
constituents may transiently disrupt bacterial growth, a
phenomenon commonly reported for crude fungal and plant
extracts even when MIC values remain high. Despite the
relatively high MIC values obtained in this study, such
differences between disc diffusion and broth microdilution
are well recognized for crude natural extracts. Crude
extracts comprise complex mixtures of compounds that
may diffuse and accumulate locally in solid media, while
requiring substantially higher, uniformly distributed
concentrations to exert measurable effects in broth systems.
Consistent with this, MIC and MBC values (>512 pg/mL)
demonstrate that the crude extract does not exhibit strong
bacteriostatic or bactericidal activity under standardized
broth microdilution conditions, substantially limiting its
direct therapeutic relevance in crude form.

GC-MS-based chemical profiling revealed a chemically
diverse set of metabolites, providing mechanistic support
for the antibacterial screening outcomes. Fatty acids,
including lauric, myristic, palmitic, and oleic acids, are
well-documented antimicrobial agents. Lauric acid has
been reported to disrupt the cytoplasmic membrane of S.
aureus (Qingyan et al. 2024), while oleic acid inhibits the
enoyl-ACP reductase Fabl, impairing membrane biosynthesis
(Maltarollo et al. 2022). Palmitic and myristic acids alter
membrane fluidity, inhibit electron transport, and reduce
biofilm formation (Samartsev et al. 2011; Alvarez et al.
2015; Gomes et al. 2017; Santhakumari et al. 2017).
Diketopiperazines (DKPs) such as cyclo(L-Pro-L-Val) and
cyclo(Phe-Pro) detected in the extract are well-known fungal
metabolites with quorum-sensing inhibitory properties.
DKPs have been shown to disrupt acyl-homoserine lactone
signalling systems and suppress bacterial virulence traits
(Scoffone et al. 2016; Buroni et al. 2018; Mahan et al. 2020),
and cyclo(Phe-Pro) has been reported to reduce virulence
factor expression in Pseudomonas aeruginosa (Kumari and
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Vijayan 2023). Phenolic compounds including phenylacetic
acid, phenethyl alcohol, and 2,4-di-tert-butylphenol were
also identified. Phenylacetic acid acidifies the cytoplasm
and interferes with bacterial metabolic pathways (Russell et
al. 2013), phenethyl alcohol disrupts membrane integrity
and has long been used as an antimicrobial preservative
(Kleinwidchter et al. 2021), while 2,4-di-tert-butylphenol
has been associated with both antioxidant and antibacterial
activity in fungal extracts (Chawawisit et al. 2015; Yang et
al. 2024). Ergosterol, although not strongly antibacterial
alone, may act synergistically with fatty acids by enhancing
membrane destabilization (Arellano et al. 2023; Park et al.
2022).

It is also possible that the modest antibacterial effects of
individual fatty acids are amplified by interactions with
sterols such as ergosterol, or with DKPs that modulate
quorum sensing. Such synergistic interactions between
membrane-active lipids and signalling inhibitors could
contribute to the broad-spectrum inhibition observed in the
disc-diffusion assay, even though MIC/MBC values remain
high. However, the relatively weak MIC and MBC values
indicate that these effects are unlikely to be driven by a
single dominant compound and instead may arise from
additive or synergistic interactions among multiple low-
abundance metabolites. Although lauric, palmitic and oleic
acids and ergosterol are widespread fungal constituents,
their presence does not definitively identify them as the
principal actives. The relatively weak MIC/MBC values
suggest that other, less abundant metabolites or synergistic
combinations may be responsible for the antibacterial
effects.

Comparison with other Talaromyces species further
contextualizes these results. 7. stipitatus, T. purpurogenus,
and T. pinophilus have been reported to produce terrein,
azaphilones, and DKPs with antimicrobial activity (Zang et
al. 2016; Vocadlova et al. 2023). Unlike T. stipitatus and
T. purpurogenus, which are rich in azaphilones and terrein,
our isolate from a mangrove environment produced a suite
of saturated and unsaturated fatty acids. Such a fatty
acid-dominated profile has not been reported from other
Talaromyces endophytes, suggesting an adaptation to the
saline, nutrient-poor mangrove habitat (Kasilingam et al.
2025). However, this compositional difference does not
translate into strong antibacterial potency in crude extract
form and should be interpreted primarily as an ecological
rather than pharmacological distinction.

In conclusion, the antibacterial profile and metabolite
composition of 7. adpressus AIRA support its potential as
a source of bioactive compounds relevant for AMR research.
More importantly, the documentation of 7. adpressus as a
mangrove endophyte expands current knowledge of fungal
biodiversity in mangrove ecosystems and provides a
foundation for future targeted natural-product investigations
rather than immediate antibacterial development. Although
this study demonstrates meaningful antibacterial activity,
several limitations exist. Future work should include
bioassay-guided fractionation to isolate and test the activity
of individual compounds, as well as combination studies to
explore potential synergistic interactions. Nevertheless, the
combined evidence from diffusion assays, metabolite
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composition, and ecological context supports the conclusion
that AIRA possesses antibacterial constituents worthy of
further purification and characterization.
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