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Background: Marine fungi are organisms capable of growth and spore
production in the marine environment and establishing symbiotic relationships
with other marine organisms. Because of their high biochemical diversity,
marine fungi are considered a potential source for the discovery of new natural
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compounds with various biological activities.

Objective: This study aims to conduct molecular identification and assess the
bioactivity potential of the methanol extract obtained from endophytic fungi
associated with the marine sponge Pseudoceratina sp. from the Amed Coastal
Waters, Bali.

Methods: Eight marine fungi were isolated in this study and identified through
molecular biology protocol as Aspergillus tamarii SP-3-1-4, Aspergillus nomiae
SP-3-2 (A), Penicillium citrinum SP-3-2-1, Aspergillus protuberus SP-3-2-3,
Aspergillus sydowii SP-3-2-4, Aspergillus sydowii RM NS SP-3B, Aspergillus
clavatonanicus RM NS SP-3-2 A, and Aspergillus nomiae RM NS SP-3-2 B. The
fungi were subsequently fermented on rice media containing salt and or
without salt. In the final stage of fermentation, secondary metabolites were
extracted using ethyl acetate, followed by liquid-liquid extraction using
methanol containing 10% water and n-hexane. The resulting methanolic
extracts were subjected to phytochemical analysis and bioassays.

Results: The phytochemical screening results of the methanol extracts showed
that all extracts contained alkaloids. Among the tested extracts, the extract
obtained from the fermentation of the fungus A. protuberus SP-3-2-3, on rice
medium with the addition of salt, showed the highest activity against
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toxicity.
Methicillin-resistant Staphylococcus aureus ATCC 3351 with an inhibition zone
diameter of 7.99+0.20 mm. The fungus A. sydowii SP-3-2-4 cultured with and
Correspondence: without salt in rice media exhibited the most potent antioxidant capacity, with

ICso values of 37.02+1.12 and 32.48+0.81 pg/mL. Conversely, A. nomiae SP-3-2
(A), fermented without salt, displayed the highest toxicity with an LCs value of
0.88+0.69 ug/mL.

Conclusion: Based on the pharmacological potential of extracts produced by
the marine fungi associated with the sponge Pseudoceratina sp. found in the
present study, identification of bioactive secondary metabolites and their
mode of action is propitious for further investigation.
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INTRODUCTION

Marine-derived fungi represent a prolific frontier in natural product discovery, characterized by exceptional
metabolic plasticity and the ability to synthesize structurally unique secondary metabolites. Unlike their terrestrial
counterparts, these microorganisms have evolved specialized biochemical pathways to thrive under extreme marine
conditions, yielding a diverse array of scaffolds including terpenoids, steroids, and polyketides.? Sponges (Porifera), as
ancient sessile invertebrates, serve as critical ecological niches for these fungal communities.? The symbiotic consortia
within sponges are often driven by the host's adaptation to high-pressure, hypersaline, and hypoxic environments,
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which triggers the production of potent defensive metabolites. Notable examples include drimane sesquiterpenoids,
such as chartarolides A-C, and phenylspirodrimanes, which exhibited significant pharmacological activities.>*

The genus Pseudoceratina is a sponge rich in secondary metabolites.> Among these metabolites are alkaloids,
meroterpenoids, glycolipids, phenolics, sterols, and other nitrogenous compounds. These metabolites demonstrated a
variety of pharmacological and biological activities, including antibacterial, antifungal, antimalarial, and cytotoxic
activities.® A previous study on an endophytic fungus isolated from the marine sponge Pseudoceratina purpurea, which
was isolated from the Sakuraguchi area, Ishigaki Island, Okinawa Prefecture, Japan, showed that the fungus was capable
of producing xanthoquinodin. This compound possessed cytotoxic activity against various cancer cells.” To date, no
studies have been reported concerning the activity of endophytic fungi isolated from Pseudoceratina within the Bali
region.

The global surge in antimicrobial resistance necessitates the discovery of novel chemical scaffolds from
untapped sources, such as sponge-associated marine fungi that possess unique biosynthetic pathways. In this study, we
coupled precise molecular identification with antibacterial screening conducted under controlled salinity to mimic the
marine environment. The comparison between these salinity levels is because marine fungi often require specific
osmotic pressure to activate their secondary metabolism. Without the presence of salt, some bioactive compounds
might remain unexpressed.? This integrated approach provides a reliable foundation for drug development by linking
accurate fungal taxonomy with bioactivity produced under ecologically relevant conditions. This study aims to conduct
molecular identification and assess the bioactivity potential of the methanol extract obtained from endophytic fungi
associated with marine sponges from the Amed Coastal Waters, Bali. Herein, we report the results of the comprehensive
phytochemical screening and biological assays performed on these fungal extracts.

METHODS

Instruments and Materials
Instruments

Bacterial absorbance was measured using a UV-Vis spectrophotometer (Thermo Scientific®). For molecular
identification, technical procedures were conducted using a centrifuge (Hitachi®), a PCR thermal cycler (Sensoquest®),
and a UV transilluminator (Enduro GDS®) for gel visualization. Antioxidant activity testing was performed using a
microplate reader spectrophotometer (Thermo Scientific®, Lithuania).
Materials

In the fungal isolation process, agar media were used for fungal growth before the fungus was identified. The
materials used in the preparation of agar media included a mixture of Bacto agar (Difco BD®, Maryland, USA), yeast
extract (Oxoid®, France), malt extract (Himedia®, India), artificial sea salt (Himedia®, India), and glycerol (Vivantis®,
Malaysia). For the isolation, purification, and fermentation of fungi, rice media (Putri Sejati®) (Indonesia) was used, with
or without the addition of artificial sea salt. In the antimicrobial activity testing of the fungal extracts, media such as
Sabouraud Dextrose Broth (SDB), Sabouraud Dextrose Agar (SDA), Mueller-Hinton Broth (MHB), and Mueller-Hinton
Agar (MHA) from Oxoid® (France) and Himedia® (India), were used. In this test, antibiotics were also used as positive
controls, namely ketoconazole (Zoralin®, Indonesia) and chloramphenicol (Nalgane®, USA). Another activity tested was
antioxidant activity using DPPH (Smart-Lab®, Indonesia) as the primary reagent, and ascorbic acid (Supelco®, Germany)
as the standard solution in the test. Fungal secondary metabolites were extracted using the maceration method with
ethyl acetate, followed by liquid-liquid extraction with n-hexane and aqueous methanol. Ultimately, for molecular
identification, ITS1 and ITS4 primers, DNA polymerase, nuclease-free water (Thermo Scientific, Lithuania), agarose (1%
BASE®, Singapore), and TAE solution (1%t BASE®, Singapore) were used.

Research Procedure
Sample Collection

The sponge Pseudoceratina sp. was obtained from the Amed Coastal Waters, located in Abang District,
Karangasem Regency, Bali Province, Indonesia. The sponge samples were collected in June 2024. The sponge samples
were placed in sterile 50 mL Eppendorf tubes and then placed in special storage containers to prevent damage. The
prepared samples were then taken to the Integrated Laboratory at Udayana University for further experimental
procedures.
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Isolation of Marine Sponge-Derived Fungi

The agar medium used to isolate the marine sponge Pseudoceratina sp.-derived fungi was prepared using Bacto
agar, malt extract, artificial sea salt water, chloramphenicol, and demineralized water. In addition to agar medium, rice
media with or without artificial seawater were also used in the isolation process. The isolation stage was performed by
inoculating the sponge sample into the agar medium. This procedure was conducted carefully to avoid damaging the
medium, as damaged agar is more susceptible to contamination.®Isolation on rice medium was carried out similarly, by
inoculating approximately 1 to 2 g of the sponge sample onto the rice medium. After that, the media containing the
sponge sample were incubated at room temperature (25-27°C) for 7 days.’® The fungal colonies that grew on the
isolation medium and rice media were then transferred to a new agar medium to continue to the purification stage.
Fermentation and Extraction

The rice medium used in the fermentation process of the fungal isolate consists of two types, with and without
the addition of artificial seawater. The rice medium was prepared by mixing 110 mL of water, 100 g of rice, and 3.8 g of
artificial sea salt.!! The medium was then sterilized using an autoclave. Small pieces of agar containing the fungal isolate
were then inoculated onto the surface of the rice medium and spread evenly. The cultures were incubated for 7-14
days. Once the fungus has grown to cover the entire rice medium to the bottom surface, the extraction stage was carried
out. Extraction was carried out by soaking the rice medium covered with fungus with 500 mL of ethyl acetate. The
soaked medium was then cut into small pieces to facilitate the extraction process. After being cut into small pieces, the
medium was agitated on an orbital shaker for 8 h to extract the compounds contained therein.'? The resulting extract
was filtered and evaporated to remove the solvent. In the final process, the extract was subjected to the separation
stage using the liquid-liquid extraction method. Liquid-liquid extraction used a mixture of methanol containing 10%
water and n-hexane. This methanol extract was then utilized for further analysis and bioactivity testing. The final weight
of the methanol extract obtained after evaporation was recorded as the yield of extract.
Molecular Identification

Molecular identification was performed by comparing the deoxyribonucleic acid (DNA) sequence from the
Internal Transcribed Spacer (ITS) region. This process used two primers, the ITS1 forward primer (5'-
TCCGTAGGTGAACCTGCGG-3') and the ITS4 reverse primer (5'-TCCTCCGCTTATTGATATGC-3').1® Fungal DNA was first
extracted using the Quick-DNA Fungal/Bacterial Miniprep kit, following the protocol. The ITS region of the extracted
DNA was then amplified using a Labcycler 48 Thermocycler. The reaction mixture contained 1 L of ITS1 primer, 1 uL of
ITS4 primer, 20 pL of DNA polymerase, 17 plL of nuclease-free water, and 1 pL of fungal genomic DNA as template. DNA
amplification occurs in several stages. Pre-denaturation was performed at 95°C for 1.5 minutes, followed by 35 cycles
of denaturation, annealing, and extension. Each cycle consisted of denaturation at 95°C, annealing at 56°C, and
extension at 72°C, each lasting 1 minute. The process ended with a final extension at 72°C for 15 minutes. After
amplification, the PCR product was examined by electrophoresis using a 1% agarose gel in a 10x TAE buffer solution.
The gel was run for 45 minutes at 75 volts. The PCR product was then submitted for sequencing analysis. The purified
PCR products were sequenced using the Sanger dideoxy termination method on an ABI 3730x| Genetic Analyzer (Applied
Biosystems®). The obtained DNA sequence was compared with nucleotide sequence data in the NCBI GenBank database
using the Basic Local Alignment Search Tool (BLAST) for nucleotide program. Species identification was determined
based on the BLASTn search results by evaluating several key indicators such as Query Coverage, Percent Identity and
E-value. A sequence was considered a high match species if it exhibited a Query Coverage and Percent Identity of > 99%,
with an E-value close to 0.0. These parameters ensure that the alignment is statistically significant and covers most of
the analyzed sequence length. Subsequently, a phylogenetic tree was reconstructed using MEGA 11 software to
determine evolutionary relationships among fungal isolates. The phylogenetic tree was built using the Neighbor-Joining
method with 1,000 bootstrap replications to ensure the reliability of the branching.
Phytochemical Screening

Phytochemical screening is a qualitative analysis technique used to identify the presence of particular
compound groups, such as alkaloids, flavonoids, terpenoids, triterpenoids, steroids, saponins, and polyphenols. The
extract solution was prepared before testing. Alkaloid testing was carried out using Bouchardat, Wagner, and
Dragendorff reagents. For the alkaloids test, 100 uL of the dissolved extract solution was taken, and three drops of each
of the alkaloid testing reagents were added. Positive results for alkaloid testing were indicated by the appearance of a
brown to black precipitate after the addition of Bouchardat reagent, an orange precipitate after the addition of
Dragendorff reagent, and a yellowish-white precipitate after the addition of Wagner reagent.'® The positive results for
alkaloids were determined based on a consistent reaction across at least two different reagents. This approach was
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taken to avoid false-positive interpretations and ensure the reliability of the phytochemical screening.® Steroid and
triterpenoid testing was performed using Liebermann-Burchard (LB) reagent. One to two drops of LB reagent were
added to the prepared extract solution. The appearance of a bluish-green color indicated a positive result for steroid
testing. In contrast, a positive result for triterpenoid testing was indicated by the appearance of a purple to brownish
ring at the boundary between the two solvents.'” Saponin testing was carried out by preparing 200 uL of extract solution,
which was then shaken vertically for 10 seconds, followed by the addition of 2N HCI solution. A positive saponin test
result was indicated by the formation of foam that does not disappear after the addition of HCI. Flavonoid testing was
carried out by preparing 200 plL of extract. The following reagents: oxalic acid, ether, acetone, and boric acid, were
added to the extract solution and observed under ultraviolet (UV) light at 366 nm. The appearance of yellow
fluorescence indicates a positive result for flavonoids.'® The polyphenol test was carried out by preparing 200 pL of
extract solution, to which one to three drops of 10% FeCls solution were added. A positive result for polyphenols was
indicated by the appearance of a dark blue to black or greenish-black color. Terpenoid testing was performed by reacting
200 pL of extract with 100 pL of chloroform and 100 pL of H2SOa. A positive result for terpenoid testing was indicated
by the appearance of a reddish-brown layer at the top of the solution.®
Antimicrobial Test

Antimicrobial testing was conducted using the disc diffusion method. The tested bacteria included Methicillin-
resistant Staphylococcus aureus (MRSA) ATCC 3351, Streptococcus mutans ATCC 35668, Streptococcus epidermidis ATCC
12228, Bacillus cereus ATCC 11778, Candida albicans ATCC 10231, Escherichia coli ATCC 25922, and Staphylococcus
aureus ATCC 25923.2%2! The tested extract solution was prepared by dissolving 50 mg of extract into 1 mL of solvent
(distilled water: methanol) at a ratio of 1:9 to produce a final concentration of 5%. Next, suspension of bacterial and
fungal cultures was prepared, followed by incubation using an incubator at 37°C for 18-24 h for bacterial and 48-52 h
for fungal.?? Afterward, 600 pL of bacterial suspension equivalent to a turbidity standard of 0.5 McFarland was prepared,
then spread on agar media for antibacterial testing. For the antifungal assay, 550 pL of fungal suspension was spread
on agar media. Next, sterile discs were placed on the agar medium, and 10 pL of the test solution was added to each
sterile disc. As a negative control, 10 pL of methanol was used. Chloramphenicol and ketoconazole were used as
reference drugs. The assay was done in triplicate.
Antioxidant Test

The antioxidant activity of the tested extracts was determined using the DPPH (2,2-diphenyl-1-picrylhydrazide)
method. For comparison, ascorbic acid was used as a standard solution prepared in a concentration range of 4 to 12
ug/mL. For the samples, a concentration range of 20 to 500 ug/mL was used. The initial stage of the antioxidant test
was carried out by mixing 40 pL of 0.5 mM DPPH solution with 160 pL of sample or standard solution in methanol in a
96-well microplate. Additionally, a blank was prepared by mixing 40 uL of DPPH solution with 160 pL of pure methanol
to determine the maximum radical absorbance. The mixture was then incubated in a dark room for 30 minutes to trigger
the reaction. After the incubation process was completed, the absorbance value of the tested solution was measured
using a spectrophotometer at a wavelength of 517 nm.? This test was performed three times (triplicate). Free radicals
from DPPH will react with antioxidant compounds that can donate protons, thereby neutralizing the radicals.?*
Brine Shrimp Lethality Test

The Brine Shrimp Lethality Test (BSLT) is a method used to test the toxicity of extracts. Artemia salina larvae
were used for this assay. Artificial seawater was prepared by mixing 9.5 g of artificial sea salt broth with 300 mL of
distilled water, before the shrimp egg hatching process.?® To hatch A. salina eggs, eggs were incubated for 48 hours in
artificial seawater under continuous light at room temperature.?® For the assay, a 24-well microplate was used. The
tested extract solution was prepared in artificial seawater and serially diluted to achieve the final concentration ranging
from 1 to 1000 pg/mL. Next, ten A. salina larvae were added to each well. As a negative control, only artificial seawater
and larvae were added to the wells. The experiment was done in triplicate. The microplate was incubated at room
temperature for 24 hours under continuous light. The number of dead larvae was observed and % mortality was
calculated by comparing the number of dead larvae to the larvae used in each well. Next, the lethal concentration 50%
(LCso) was calculated using probit analysis of extract concentration vs the number of dead larvae.

Data Analysis

Antioxidant activity was presented as an ICso value. Based on ICso values, the antioxidant capacity of each
extract was categorized into five groups: very strong, strong, moderate, weak, and inactive. Antioxidant capacity is
considered very strong if the ICso falls below 50 ug/mL, strong in the range of 50-100 ug/mL, moderate in the range of
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100-250 pg/mL, weak in the range of 250-500 pg/mL, and inactive if the ICso is more than 500 pg/mL.?” The ICso value
was calculated by analyzing the linear relationship between the sample concentration and the percentage of inhibition.
The percentage of inhibition of the extract against free radicals was calculated using the following equation (1).

%lInhibition = % 2100 e ees e ees e (1)

A is blank absorbance, and B is sample absorbance.

Antibacterial activity was measured by determining the diameter of the clear zone, known as the inhibition
zone, which forms around the sterile disc in tests using the disc diffusion method. Based on the clear zone, the diameter
of the inhibition zone can be divided into four categories: weak if the diameter is less than 5 mm, moderate if it is in the
range of 5-10 mm, strong if it is in the range of 10-20 mm, and very strong if the diameter of the inhibition zone is more
than 20 mm.? The diameter of the inhibition zone was calculated using the following equation (2).

Inhibition zone = w

A: vertical diameters of the clear zone; B: horizontal diameters of the clear zone; and C: diameter of the disc.

Toxicity testing on the extract was conducted by calculating the mortality of brine shrimp larvae (A. salina) at
all tested concentrations during the incubation period (24 hours). The toxicity test observed the number of dead larvae,
which was then analyzed using probit values. The mortality percentage was calculated using the following equation (3).

) Number of dead larvae
% Mortality =

Total number of larvae

The LCso of the tested extract was calculated using probit analysis of extract concentration vs the number of dead larvae,
using Microsoft Excel software. LCso values can be categorized into three groups: high, medium, and low. The toxicity is
considered high if the LCso value is below 100 pug/mL, medium if it is in the range of 100-1000 pug/mL, and low if it is
above 1000 pg/mL.

RESULT AND DISCUSSION
Fungal Isolation and Molecular Identification

The isolation procedure of endophytic fungi from Pseudoceratina sp. yielded eight fungal isolates, encoded as
SP-3-1-4, SP-3-2 (A), SP-3-2-1, SP-3-2-3, SP-3-2-4, RM NS SP-3 B, RM NS SP-3-2 A, and RM NS SP-3-2 B. The isolation
process of endophytic fungi from the Pseudoceratina sp. was carried out using two treatments, with and without the
addition of salt. The addition of salt to the rice medium was done with the aim of mimicking the living environment of
endophytic fungi with their natural environment. This condition is necessary so that the fungi can adapt, develop, and
prevent death due to osmotic shock. The macroscopic appearances of the fungal isolates are shown in Figure 1.
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Figure 1. Morphological appearance of fungal isolates: SP-3-1-4 (A), SP-3-2 (A) (B), SP-3-2-1 (C), SP-3-2-3 (D), SP-3-2-4
(E), RM NS SP-3 B (F), RM NS SP-3-2 A (G), RM NS SP-3-2 B (H), view from the top of the agar media.
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Molecular identification method by amplification of Internal Transcribed Spacers (ITS), particularly the ITS 1+4
region, has been widely used. The high speed and genetic variability between species make the ITS region an accurate
genetic marker for species taxonomy. In this study, amplification of this region of eight fungal isolates encoded as SP-3-
1-4, SP-3-2 (A), SP-3-2-1, SP-3-2-3, SP-3-2-4, RM NS SP-3 B, RM NS SP-3-2 A, and RM NS SP-3-2 B produced DNA
fragments of 500-700 base pairs (bp), as shown in Figure 2. This result is in accordance with established literature, which
states that the ITS region in fungi typically ranges from 500 to 700 bp.?® Based on the results of identification using the
Basic Local Alignment Search Tools (BLAST) method in Table 1, isolate SP-3-1-4 was identified as Aspergillus tamarii,
based on its similarity (100%) to A. tamarii (MT340979.1). Next, isolate SP-3-2 (A) showed 100% similarity to Aspergillus
nomiae (PX362631.1). The fungal isolate SP-3-2-1 was identified as Penicillium citrinum, as it exhibited high similarity to
P. citrinum (PX094005.1). Meanwhile, isolate SP-3-2-3 had 100% similarity with Aspergillus protuberus (PQ932326.1).
Fungal isolates SP-3-2-4 and RM NS SP-3 B showed the closest similarity to Aspergillus sydowii (MT079126.1 and
PV687296.1). The fungal isolate RM NS SP-3-2 A was identified as Aspergillus clavatonanicus based on its closest
similarity to the GenBank sequence MN735923.1, while isolate RM NS SP-3-2 B revealed the highest similarity to
Aspergillus nomiae (MN871698.1). This result was also supported by the phylogenetic analysis as depicted in Figure 3.

Table 1. Result of molecular identification of the isolated fungi from the marine sponge Pseudoceratina sp. collected
from Amed Coastal Waters using the Basic Local Alignment Search Tools (BLAST) method.

Taxa with the closest relationship Number of Percent Query
Isolate code . . e . E-value
(accession number) base pairs similarity cover
Aspergillus tamarii
P-3-1-4 74 1009 1009 .

SP-3. (MT340979.1) 5 00% 00% 0.0
A ill 1

SP-3-2 (A) spergiius nomiae 559 100% 100% 0.0

(PX362631.1)
Penicillium citrinum o o
SP-3-2-1 (PX094005.1) 530 100% 100% 0.0

Aspergillus protuberus

SP-3-2-3 (P0932326.1) 537 100% 100% 0.0
SP-3-2-4 Asm’%’;‘;ﬁ;’g‘ﬁl’;"’ i 542 100% 100% 0.0
RM NS SP-3 B AS‘{SQ%;’;; ;’éf’l")""ii 529 100% 100% 0.0
RM NS SP-3-2 A Asp er?ﬂ‘ﬁg’gg;‘?{"’ feus 563 100% 100% 0.0
RM NS SP-3-2 B Aspergillus nomiae 559 100% 100% 0.0

(MN871698.1)

All isolates had 100% similarity with a query cover value of 100% and an E-value of 0.0, as shown in Table 1.
Among the isolated fungi, only isolate SP-3-2-1 belongs to Penicillium, the remaining fungal isolates belong to the genus
Aspergillus, although both genera have been repeatedly reported as symbionts of marine sponges. Previous studies
reported that the species A. sydowii and A. nomiae were obtained from sponges collected in the Mandeh Sea, South
Sumatra, Indonesia. Isolate A. sydowii initially appeared as a dense white cottony colony. While literature often
describes mature A. sydowii as having blue-green hues, the observed white morphology is consistent with the early
growth stage or predominantly vegetative mycelia of the species when cultured in specific media. Isolate A. nomiae
colony showed a granular to velvety texture with a coloration that transitioned from yellowish-green to dark olive green
as it matured. The reverse side of the colony was typically pale to light brown. A notable characteristic observed was
the abundant production of dark brown to blackish sclerotia. 3>3! The species P. citrinum was previously also obtained
from Wakatobi Waters, Southeast Sulawesi. Macroscopically, P. citrinum was characterized by a velvety white-green
colony with a distinct yellowish exudate on the surface. 3
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Figure 2. DNA bands after PCR amplification of the ITS1+4 region, visualized under ultraviolet light following agarose
gel electrophoresis. M1-8: DNA ladders, S1-8: DNA samples SP-3-1-4 (S1), SP-3-2 (S2) (B), SP-3-2-1 (S3), SP-3-2-3 (S4),

SP-3-2-4 (S5), RM NS SP-3 B (S6), RM NS SP-3-2 A (S7), RM NS SP-3-2 B (S8). K1-8: negative control.
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Figure 3. Phylogenetic tree of the fungal isolates from the marine sponge Pseudoceratina sp. collected from Amed
Coastal Waters, Bali, Indonesia, based on comparison of the Internal Transcribed Spacer (ITS) regions using
neighbor-joining algorithm with 1,000 bootstraps.

Fermentation and extraction

In this study, the ethyl acetate (EtOAc) extract afforded after fungal fermentation was further processed through
liquid-liquid extraction, resulting in the methanol (MeOH) and n-hexane extracts, with the extract yields presented in
Table 2. The methanol extract was selected for subsequent bioassay testing. The n-hexane extract was primarily
obtained as a pre-extraction or defatting step to remove non-polar lipids and fatty acids from the fungal biomass.33
Because this fraction consists mostly of fatty acids, it was deemed unsuitable for downstream bioactive molecules
development and excluded from further bioactivity testing.3* The presence of these thick oils and fats can physically
block the penetration of antimicrobial active compounds. Consequently, compounds intended to act against target cells
may not penetrate effectively, potentially leading to inaccurate or inhibited bioassay results.

Table 2. The amount of extract from the fermentation of fungal strains derived from the marine sponge Pseudoceratina
sp.

Extract’s amount (g)

Fungal isolate Salt in media FtOAC MeOH n-hexane
Aspergillus tamarii With 0.34 0.23 0.11
SP 3-1-4 Without 0.44 0.30 0.14
Aspergillus nomiae With 1.01 0.54 0.47
SP-3-2 (A) Without 0.86 0.41 0.44
Penicillium citrinum With 0.77 0.29 0.47
SP-3-2-1 Without 2.15 0.35 1.80
Aspergillus protuberus With 1.93 1.89 0.03
SP-3-2-3 Without 0.95 0.32 0.62
Aspergillus sydowii With 1.53 0.32 1.21
SP-3-2-4 Without 0.98 0.51 0.47
A;ﬁﬁ;’g’;_;yg‘::)’" With 1.20 0.22 0.97
Aspergillus clavatonanicus With 0.85 0.41 0.43
RM NS SP-3-2 A Without 0.80 0.20 0.60
Aspergillus nomiae With 0.78 0.36 0.41
RM NS SP-3-2 B Without 0.92 0.21 0.70

*Fermentation was done on 2 flasks (1L) of rice media for each condition
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Phytochemical Screening

The results of phytochemical screening of extracts of fungal isolates cultivated in the rice media with the
presence or without the addition of salt (Table 3) showed that alkaloids were detected in all fungal extracts. Flavonoids
were detected in several fungal extracts, including A. nomiae RM NS SP-3-2 B extract, obtained from fermentation with
and without salt addition. None of the fungal extracts contained saponins and steroids. Terpenoids were detected in
the fungal extracts of A. nomiae RM NS SP-3-2 B and A. protuberus SP-3-2-3 afforded after fermentation with the
addition of salt, as well as from A. clavatonanicus RM NS SP-3-2 A extract from salt-free fermentation. Meanwhile,
triterpenoids were found in numerous fungal extracts, either from fermentation with the addition of salt or without
salt. Polyphenols were detected in fewer fungal extracts, including P. citrinum SP-3-2-1 extracts. Our results in Table 3
suggested that more secondary metabolite groups were detected in fungal extracts obtained from salt addition
fermentation, indicating that salinity is a vital environmental trigger. In marine-derived fungi, the presence of salts
introduces osmotic pressure that activates secondary metabolic pathways that typically remain silent in salt-free
conditions. This physiological response stimulates the biosynthesis of specialized bioactive compounds as an adaptation
strategy to survive in their natural marine habitat.®

Table 3. Phytochemical screening of methanolic extracts produced from the rice fermentation of marine fungi
associated with the sponge Pseudoceratina sp.

Extract of Salt in Class of secondary metabolites
fungal isolate media Alkaloids* Flavonoids Polyphenols Saponins Terpenoids Steroids Triterpenoids
Aspergillus With (+) (-) () (-) (-) () (+)
st Without (+) (+) () ) () () (+)
Aspergillus With (+) (-) (+) (-) (-) (-) (+)
$P-3.2 (A) Without (+) () () () () ) +)
Penicillium With (+) (+) (+) (-) (-) (-) (+)

citrinum .

At Without (+) () +) () () () +)
Aspergillus With (+) (+) () (-) (+) () (+)
protabens  Without (+) () () () () 0] ()
Aspergil{lfs With (+) (-) (-) (-) (-) (-) (+)

Sydowr Without (+) () +) () () () +)
Aspergillus

sydowii With (+) (-) () (-) (-) () (+)

RM NS SP-3 (B)
Aspergillus With (+) () (+) (-) (-) () (+)
ot Without (+) () () () (+) 8] 8]
Aspergillus With (+) (+) (+) (-) (+) (-) (-)
AV Neepagp  Without (+) *) () () () () +)

The symbol (+/-) indicates the presence or absence of secondary metabolites in the extract.
*The presence of alkaloids was identified using Bouchardat, Dragendorff’'s and Wagner’s reagents
Several previous studies have reported bioactive secondary metabolites from the species of Aspergillus and

Penicillium, as found in this study. However, none of those studies ever reported metabolites of Aspergillus and
Penicillium fungi associated with Psceudoceratina sp. collected from Bali Waters. Fungi isolated from different
environments seemed to have the capability to produce different secondary metabolites. For example, A. sydowii
SCSIO00305 isolated from the marine sponge, Stelletta sp., collected from the South China Sea, was reported capable
of producing alkaloids cyclotryprostatins B, E and fumitremorgin B. Meanwhile, the fungus A. sydowii CPCC 401353
associated with the marine sponge, Spongia obscura, collected from Florida, United States, was reported to produce
the polyphenol, 3-hydroxybenzoic acid.3® Another study revealed that A. tamarii associated with the marine sponge,
Fanthalia sp., yielded a new alkaloid, speradine A. The fungus P. citrinum 2015PFQ7 isolated from the marine sponge,
Phyllospongia foliascens, collected from the South China Sea, was reported to produce alkaloids, scalusamide A and
pyrrolidine.?” To date, no studies have revealed the secondary metabolites of A. clavatonanicus and A. protuberus
isolated from marine sponges.

Jurnal limiah Medicamento ¢ Vol.12 No.1 ¢ 2026 123
https://medicamento.unmas.ac.id



https://medicamento.unmas.ac.id/

| Adi, et al.

Antimicrobial Test

The fungal extract of A. tamarii SP 3-1-4 exhibited inhibitory activity against S. epidermidis and C. albicans (Table
4). Extract of A. nomiae SP-3-2 (A) showed weak inhibition only against S. epidermidis, while A. nomiae RM NS SP-3-2 B
showed strong to mild inhibition against several tested bacteria, including Gram-negative E. coli. However, only the
extract of A. nomiae RM NS SP-3-2 B obtained from cultivation with the presence of salt in rice media showed
pronounced antimicrobial activity. In contrast, P. citrinum SP-3-2-1 did not exhibit inhibitory activity against the tested
microbial strains. The species A. protuberus SP-3-2-3 predominantly demonstrated antimicrobial activity from the
fermentation in medium with salt addition, whereas A. sydowii SP-3-2-4 extract showed most of its inhibitory activity
after cultivation in medium without salt addition. However, although belonging to the same species, A. sydowii RM NS
SP-3 (B) tended to exhibit antimicrobial activity when the extract was obtained from salt addition fermentation. Weak
inhibitory activity against S. epidermidis and S. mutans was also observed for the A. clavatonanicus RM NS SP-3-2 A
extract. The distinct metabolite profiles observed in the presence of salt indicate a significant metabolic switching
triggered by osmotic pressure.3® In marine-derived fungi, salinity serves as a crucial chemical cue that simulates their
natural ecological niche, thereby inducing the expression of cryptic or silent gene clusters (BGCs).3° This phenomenon
not only alters the chemical diversity but also enhances the production of specialized metabolites as a form of chemical
defense against high-salinity stress.

Fungal species found in our studies were also reported earlier as symbiont microorganisms from terrestrial
ecosystems. For example, A. tamarii was isolated before from Lycoperdon umbrinum, and exhibited antimicrobial
activity against S. aureus ATCC 6538, B. subtilis ATCC 663, and E. coli ATCC 25922.° Antimicrobial activity was also
reported for P. citrinum isolated from Jatropha heyni, with inhibition against S. aureus ATCC 6538.4

Table 4. Diameter of the inhibition zone in the antimicrobial assay of the methanolic fungal extracts against the tested
Gram-positive and Gram-negative bacteria, as well as C. albicans.
Diameter of inhibition growth zone (mm) against microbial strains (mean + SD)

Extracts of Saltin S. aureus E. coli MRSA B. cereus S. mutans s. epidermidis C. albicans
fungal isolate media ATCC ATCC ATCC 3351 ATCC ATCC :AT,E'C 12228 ATCC
25923 25922 11778 35668 10231
Aspergillus With (-) (-) (-) (-) (-) 1.08+0.04 )
tamarii .
SP 3-1-4 Without (-) (-) (-) (-) (-) (-) 3.40£0.02
Aspergillus With (-) (-) (-) (-) (-) 0.66+0.02 )
nomiae .
$P-3-2 (A) Without (-) 0.60+0.26 (-) (-) (-) 1.47+0.03 )
Penicillium With (-) (-) (=) (-) (-) (-) )
citrinum )
p3gq  Without () () () () () () )
Aspergillus With 2.27+0.04  1.13+0.03  7.99+0.20  4.16+0.12 (-) 2.48+0.06 (-)
protuberus .
sp.32.3  Without () (- ) (- () 1354002 “)
Aspergillus With 6.51+0.02 (-) () (-) 2.21+0.02 4.7240.39 )
;’;":’:"2 Without 3.74%0.018 1.21#0.01  2.91#0.13  1.84%0.03  1.73#0.00  2.9840.11 ©)
Aspergillus
sydowii With (-) 1.31+0.04 () (-) 13.57£0.07  1.41:0.02 (-)
RM NS SP-3 (B)
Aspergillus With (-) (-) (-) (-) (-) 0.89+0.01 (-)
clavatonanicus
RM NS SP-3-2 Without (-) (-) (-) (-) 0.10+0.00 0.95+0.04 (-)
A
Aspergillus With (-) 1.66%0.06 (-) 5.35+0.15 6.31+0.06 2.31+0.05 )
nomiae
RM NS SP-3-2  Without () () () () ) ) (-)
B
Positive control* 21.79+0.00 23.97+6.54 22.10+0.76 21.69%+0.92 14.06+0.01 3.30+0.00 25.24+0.03

Remarks: The symbol (+/-) indicates the presence or absence of an inhibition zone in the extract.
*Ketoconazole is used as positive control in the antifungal test, while chloramphenicol is used as a positive control in the
antibacterial tests.
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Antioxidant Test

Antioxidant testing was performed using the DPPH method. In this method, ascorbic acid was used as a
reference. Based on Table 5, four extracts did not have antioxidant activity, namely A. sydowii RM NS SP-3 (B), A.
clavatonanicus RM NS SP-3-2 A, A. nomiae RM NS SP-3-2 B, and A. nomiae SP-3-2 (A) fermented without the addition
of salt to the medium. This can be seen from the ICso value, which is above 500 pug/mL. The A. sydowii SP-3-2-4 extract
showed very strong antioxidant activity in both media with and without salt addition, with ICso values of 37.02+1.12 and
3.48+0.81 pg/mL, respectively. The extract of A. tamarii SP 3-1-4 tended to show moderate and weak antioxidant
activity with ICso values of 125.6616.74 and 323.43+11.75 pg/mL, respectively. Meanwhile, the extract from P. citrinum
SP-3-2-1 showed strong activity with 1Cso values of 69.56+1.72 and 100.72+7.57 ug/mL, respectively. Strong and
moderate antioxidant activity was also demonstrated by the extract of A. protuberus SP-3-2-3 with ICso values of
76.1743.45 and 170.11+0.90 pg/mL, respectively. There is no difference in the antioxidant activity of fungal extracts
obtained from rice fermentation, with or without the addition of salt. This may indicate that the biosynthetic pathways
for antioxidant compounds, such as phenolics and flavonoids, are likely constitutively expressed in these strains,
meaning they are produced consistently regardless of external salinity triggers. Furthermore, the nutrient-rich
composition of the rice medium may have already provided optimal conditions for secondary metabolite production,
whereby the addition of salt did not impose further osmotic stress necessary to significantly alter the antioxidant
profile.*?

Previous studies reported that the species A. sydowii isolated from marine algae exhibited very strong
antioxidant activity with an ICso value of 30.8 pg/mL. ** Another study revealed that the species P. citrinum, isolated
from Parmotrema in Sri Lanka, showed strong antioxidant activity with an ICsovalue of 68.6+4.03 pg/mL.**

Table 5. Antioxidant test result of the methanolic fungal extracts from marine sponge Pseudoceratina sp. using the
DPPH method.

Extract of fungal isolate Salt in media 1C50£SD(pg/mL) Category*
Aspergillus tamarii With 125.6616.74 Moderate
SP 3-1-4 Without 323.43+11.75 Weak
Aspergillus nomiae With 305.52+9.69 Weak
SP-3-2 (A) Without >500 In active
Penicillium citrinum With 69.56+1.72 Strong
SP-3-2-1 Without 100.72+7.57 Strong
Aspergillus protuberus With 76.17+3.45 Strong
SP-3-2-3 Without 170.11+0.90 Moderate
Aspergillus sydowii With 37.02+1.12 Very Strong
SP-3-2-4 Without 32.48+0.81 Very Strong
Aspergilussydou with 500 i active
Aspergillus clavatonanicus With >500 In active
RM NS SP-3-2 A Without >500 In active
Aspergillus nomiae With >500 In active
RM NS SP-3-2 B Without >500 In active
Ascorbic Acid** 6.79+0.10 Very Strong

*Category refers to the study by Endra et al. (2021)*
**In the antioxidant assay, we used ascorbic acid as the reference standard.

Brine Shrimp Lethality Test Method (BSLT)

Table 6 presents toxicity test results for extracts using the BSLT method, expressed as LCso + standard deviation
values. This assay is commonly used as an initial screening to identify extracts that potentially possess cytotoxic
properties.*® The BSLT serves as a preliminary indicator of bioactivity, as toxicity levels toward brine shrimp larvae have
been shown to correlate positively with potential cytotoxicity against cancer cells.*” Most of the extracts exhibited high
toxicity, except for the A. sydowii SP-3-2-4 extract fermented on rice medium with added salt, which demonstrated
medium toxicity. A previous study reported that marine sponge-derived P. citrinum isolates exhibited high toxicity, with
an LCso value of less than 30 pg/mL. 8 High toxicity is often due to bioactive secondary metabolites such as alkaloids,
terpenoids, steroids, and flavonoids. These metabolites play an important role in the defense mechanism against harsh
environments, and their presence contributes to high toxicity values. #
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Table 6. Toxicity test result of the methanolic fungal extracts isolated from the marine sponge Pseudoceratina sp. using
the BSLT method.

Extract of fungal isolate Salt in media LCs0+SD (pg/mL) Category*
Aspergillus tamarii With 2.73+1.06 High Toxic
SP 3-1-4 Without 1.08+0.44 High Toxic
Aspergillus nomiae With 2.01+£1.97 High Toxic
SP-3-2 (A) Without 0.88+0.69 High Toxic
Aspergillus nomiae With 0.94+0.90 High Toxic
SP-3-2-1 Without 37.3949.33 High Toxic
Aspergillus protuberus With 13.4618.65 High Toxic
SP-3-2-3 Without 37.51+3.99 High Toxic

Aspergillus sydowii With 101.1+8.88 Medium Toxic
SP-3-2-4 Without 13.0+1.84 High Toxic
Asg:,f gN"s’"SSPf;":g')"’” With 45.9445.05 High Toxic
Aspergillus clavatonanicus With 34.88+5.78 High Toxic
RM-NS SP-3-2 A Without 36.39+7.18 High Toxic
Aspergillus nomiae With 64.14+4.90 High Toxic
RM-NS-SP-3-2 B Without 39.61+11.11 High Toxic

*: LCsp >1000 pg/mL: Non-toxic, LCso 500-1000 pg/mL: Low toxic, LCsp 100-500 pg/mL: Medium toxic, LCsp 0-100 pg/mL: High
Toxic®0

Overall, this study demonstrated that fungi isolated from the sponges Pseudoceratina sp. were fermented on
rice medium, both with and without salt supplementation. The fungi isolated from Pseudoceratina sp. were
predominantly species of the genus Aspergillus. The results of secondary metabolite analysis via phytochemical
screening revealed a significant difference between extracts afforded from fermentation with and without salt
supplementation. Most extracts with added salt tended to yield more varied secondary metabolite groups compared to
those without salt. Similar results were obtained in the antimicrobial and antioxidant assays, in which most of the
extracts with salt supplementation demonstrated better activity. These findings are consistent with previous studies.
For example, the fungus Spicaria elegans was isolated from marine sponges collected in Jiaozhou Bay, China. This fungus
was cultivated on salt media at concentrations of 3% and 10%. The extract from the fungal fermentation in 10% salt
medium showed antimicrobial activity against S. aureus with a zone of inhibition value of 1.53+3.00 mm.*! In the toxicity
test, no significant difference in activity was observed between the extracts from fungal cultivation with and without
salt addition. Future studies should focus on the bioassay-guided isolation of specific bioactive fractions, involving
several chromatographic techniques to further characterize the secondary metabolites detected in this secondary
metabolite screening, specifically targeting A. sydowii SP-3-2-4 for its antimicrobial and antioxidant activity, as well as
A. nomiae SP-3-2 (A), and A. tamarii SP 3-1-4 for its toxicity potential in the BSLT observed in the present study.

Limitation of the study

While providing valuable insights and a foundation for further research, this study is subject to certain
limitations. As the sponge-associated fungi in the present study was isolated only from Pseudoceratina sp. collected
from Amed Coastal Waters, Bali, the fungal diversity found may not fully represent the fungal symbiotic population in
different locations. Furthermore, the phytochemical analysis remained at the preliminary screening, where the specific
active compounds responsible for the observed bioactivities were not yet isolated, nor identified. Moreover, the
cytotoxicity potency of the tested extracts was restricted to the BSLT data as an initial screening. Based on these few
shortcomings, future research should focus on the isolation of bioactive fungal secondary metabolites employing a
bioassay-guided isolation procedure, followed by metabolite identification through LC-HRMS/MS and extensive NMR
analysis. Moreover, advanced cytotoxicity assay of the fungal extracts obtained from this study towards various human
cancer cell lines and non-cancerous cells is strongly warranted to validate their selective anticancer potential against
cancer cells and to rule out general toxicity. Additionally, as we observed different secondary metabolite profile
between extracts afforded from the fermentation with the addition of salt and salt-free conditions on phytochemical
screening, application of the “One Strain MAny Compounds” (OSMAC) approach, by varying a wider range of
fermentation parameters, such as nutrient sources, type of media (solid and broth), addition of different kind of salts
(NaBr, NaNOs, NaCl), pH and temperature, could further explore the fungi’s capability in producing novel bioactive
secondary metabolites. Eventually, expanding the sampling site would provide a more comprehensive understanding
of the biological diversity of Pseudoceratina sp.-associated fungi.
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CONCLUSION

In this study, we isolated and identified eight fungal strains associated with the marine sponge, Pseudoceratina
sp., collected from the Amed Coastal Waters, Bali, Indonesia. The isolated fungal species predominantly belong to the
genus Aspergillus. Phytochemical analysis revealed the presence of secondary metabolites in the fungal extracts, and
more varied secondary metabolite classes were detected in the extracts obtained from the fungal fermentation with
the addition of salt in rice media. In the antimicrobial assay, some fungal extracts, such as extracts of A. protuberus SP-
3-2-3 and A. nomiae RM NS SP-3-2 B from salt-added fermentation, showed better inhibition against the tested microbes
than those from the salt-free fermentation. Moreover, the extract of A. sydowii SP-3-2-4 demonstrated potent activity
in the antioxidant assay, with an ICso value of 32.4840.81 ug/mL, positioning it as a promising source of anti-radical
agents. Most of the fungal extracts also showed medium to high toxicity in BSLT, which indicates their potential for
further investigation of cytotoxic compounds. Owing to the bioactivities observed in this study, phytochemical
characterization of secondary metabolites and their mechanism of action, particularly as antimicrobial, antioxidant and
cytotoxicity, are promising to be investigated further.
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