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Abstract Sponges are marine organisms that have associations with
microorganisms. The association fungi in sponges have a chemical and ecological
relationship. These bioactive compounds have potential in the pharmaceutical
field. This research aimed to explore bioactive compounds of association fungi in
sponges that live in coral, seaweed and mangrove ecosystems. The research
consisted of isolation, purification, extraction, antibacterial testing, molecular
identification, antioxidant testing and toxicity testing. The research was conducted
on March to September 2020 in Karimunjawa Island. The results showed that the
sponge association fungi isolates had antibacterial activity against the Multi Drug
Resistant (MDR) pathogens Staphylococcus aureus (Sa), Escherichia coli (Ec), and
Staphylococcus epidermidis (Se), Pseudomonas aeruginosa (Pa) and the fungi
Candida albicans (Ca). The identification results of the active association fungi
were Circinelloides sp., Xylariaceae sp., Trichoderma asperellum, Aspergillus sp.
and Pleosporales sp. . The extracts of these fungi had antioxidant activity with an
ICso value of 1071,62; 643,35; 1020,32; 805,70 and 784,31 mg/L. Furthermore,
they also had an LCso value of 462,67; 355,47; 504,92; 482,15 and 435,88 mg/L.
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INTRODUCTION

Control of infectious diseases has been carried out through the application of
antibiotics, which are compounds that have the effect of suppressing or stopping a
biochemical process in the organism. However, uncontrolled use of antibiotics can lead to
the emergence of resistance and horizontal transfer of resistance to other pathogens
through gene transfer (Von Wintersdorff et al., 2016; Lerminiaux and Cameron, 2019).
There must be an effort to get new compounds that have the potential as antibacterial.
On the other hand, it is known that the source of marine biological materials in Indonesia
is abundant due to its geographical location and specific ecosystem so that the Indonesian
marine area has very promising prospects for the future as a source of health
pharmaceutical ingredients, which eventually leads to the pharmaceutical industry
(Pringgenies et al., 2019).

There are many marine ecosystem specifications in Indonesia, namely coral reefs,
seagrass (Unsworth et al., 2018), seaweed (Pringgenies et al., 2020) and mangrove
ecosystems (Ariyanto et al., 2020). Each of these ecosystems has a high level of
biodiversity because all three have different environmental characteristics (Ariyanto et al.,
2019a), secondary metabolite (Ariyanto et al, 2019b; Ningsih et al., 2020) and marine
organisms (Ariyanto et al., 2018; Santosa et al., 2020). These three ecosystems have
certain ecological functions, one of which is as a habitat for vertebrate and invertebrate
organisms such as sponges. Sponges are marine biota that produce secondary metabolites
with various groups of terpenoids, acetogenins, alkaloids, cyclic halides, cyclic peptides,
nitrogen compounds that are bioactive and have prospects in the field of pharmacology,
such as their potential as antibacterial (Carroll et al., 2009). Secondary metabolites are
not only produced by sponges, but also by their associated organisms. Sponges have
associated microorganisms that provide food or produce certain metabolites that are
beneficial to the sponge, which enter and are trapped in the pores (Sabdono and Radjasa,
2008).

Fungi are generally eukaryotic organisms composed of hyphae. Hyphae are divided
into two types, namely septate hyphae and coenocytic hyphae. Septate hyphae have walls
called septa (Steinberg et al., 2017). The septum divides the hyphae into cell-like units
that are uninucleate (one nucleus). Meanwhile, coenocytic hyphae do not have septa and
their nuclei mingle with each other. A group of hyphae forms a mycelium. This mycelium
can then grow in different colors because the pigments produced by each Fungi are
different.

The characteristics of the fungi that have been obtained can be seen macroscopically
and microscopically (Hyde et al., 2000). The macroscopic characteristics are such as
mycelia, color, texture, margin, height and aerial hyphae characteristics. While the
microscopic characteristics are the color, texture and formation of conidia. Many bioactive
compounds produced by sponges are known as secondary metabolites and the association
of marine microorganisms has contributed to most of the bioactive compounds because
they can produce the same metabolites as their host (Proksch et al., 2002). The research
conducted at this time is preliminary research, further research is still ongoing to obtain
compounds that act as antifungals in the research samples. Based on this, this study aimed
to obtain sponge-associated fungi from coral, seagrass and mangrove ecosystems.
Furthermore, this study aimed to determine its potential as an MDR antibacterial and
identify the sponge-associated fungi which has potential as an antibacterial Multi Drug
Resistant (MDR) by molecular methods.

MATERIALS AND METHODS

Study Design
The research was conducted on March - September 2020. The materials used in this
study were sponges and microbial associations of sponges obtained from the coast of the
Karimunjawa islands, Jepara Regency. Sampling was carried out at three ecosystem
locations, namely coral reef ecosystems, seagrass ecosystems and mangrove ecosystems.
The isolates used for the antibacterial activity test were isolates of MDR Staphylococcus
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aureus (Sa), Escherichia coli (Ec), and Staphylococcus epidermidis (Se), Pseudomonas
aeruginosa (Pa) and the fungi Candida albicans (Ca).

Roadmap and Research Flowchart

Research on the study of the ecology of sponge-associated fungi and their potential
as candidates for producing antibacterial compounds, with the following description:
morphological collection and identification. Sponge samples were brought to the laboratory
for isolation and purification of association fungi. The isolates obtained were subjected to
a qualitative MDR antibacterial test. Furthermore, the results of the isolation of the sponge
fungi were observed for morphological characteristics. The isolates with the best extract
activity were identified molecularly.

Research Flow

The research was conducted in 6 stages, namely sampling, microbial isolation and
purification, culture and extraction, bioassay (antibacterial, antifungal, antioxidant and
BSLT toxicity tests), molecular identification and TLC and phytochemicals.

Identification of Sample

Sponge Identification

Identification was using the Hooper method (Hooper and Soest, 2002). Observation
of external shape, color, oscula, spicules and surface. morphological form verified on
sponge identification portal http://spongeguide.org and http://www.marinespecies.org/
porifera/porifera.php?p= specimens.

Sponge-fungi isolation

Sponge symbiont fungi collection was done by cleaning the surface of the sponge by
spraying it with sterile seawater. Then the sponge sample was cut into small pieces using
a sterile cutter and then planted into a petri dish containing MEA solid medium aseptically
then incubated for 2 x 24 h to get the sponge symbiont mushroom culture (Radjasa et al.,
2007).

Fungi Morphological Characterization

Using the method of (Barnett and Hunter, 1998). Morphological characteristics
included macroscopic observations: colony color, colony turning color, radial stripes,
texture (granules, like flour, pile up and smooth). Microscopic observation: presence or
absence of septa on hyphae, and characteristics of spores/conidia.

Cultivation of vegetative culture

A total of 2 loops of association fungi isolate were inoculated into 100 mL of PDY
media in 250 mL Erlenmeyer. Culture with a temperature condition of 28 °C, agitation 150
rpm, for 2 days.

Antifungal activity test

Sponge-associated fungi isolate samples were extracted using the agar diffusion
method. The agar medium used was PDA. The extract was dripped on a paper disk and
placed on the surface of the media that had been inoculated with pathogenic fungi. The
antifungal activity was carried out using the agar diffusion method. The agar medium used
was Potato Dextrose Agar (PDA), the extract was dripped on a paper disk and placed on
the surface of the media that had been inoculated with pathogenic fungi. The antifungal
activity was indicated by the formation of a clear zone around the paper disk. The clear
zone formed was then measured in diameter.

Molecular identification of isolates of each genomic cluster
Using the Radjasa method (Radjasa et al., 2007). The primer used was 18F (5'-ATC
TGG TTG ATC CTG CCA GT-3’), and 18R primer (5'-GAT CCT TCC GCA GGT TCA CC-3").
The steps consisted of DNA preparation using Kappa ready mix master kit for PCR with
amplification and evaluation by UV observation electrophoresis. Purification and
sequencing of PCR products were carried out by PT. Genetic Science Indonesia using the
same primer. Determination of species or genus, nucleotide sequences of each sample
CMUJ. Nat. Sci. 2022. 21(1): €2022009
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were analyzed using the BioEdit Sequence Alignment Editor version 7.0.9.1. Sequences
were aligned using the Clustal W Multiple Alignment program and compared with MycoBank
DNA data (http://www.mycobank.org) and BLAST data (http://www.blast.ncbi.nlm.
nih.gov/blast). The aligned data was then reconstructed using maximum-parsimony
analysis to obtain a phylogenetic tree using the Mega5 program with bootstrap values
calculated from 1000 replications (Tamura et al., 2007).

Brine Shrimp Lethality Test (BSLT)

Toxicity was using the BSLT method (Costa-Lotufo et al., 2005). Concentration
extracts of 100, 50 and 25 mg/L were pipetted as much as 50 pL into a vial, incubated,
evaporated and added 20 pl of DMSO. A total of 10 samples / 5 mL of A. salina were put
into a vial, then were incubated under an 18 W TL lamp for 24 h. Observation of the number
of live and dead A. salina larvae. Percentage of deaths was calculated using the formula
by (Meyer and Kuever, 2008).

Thin layer chromatography (TLC)

The extract solution was filed at the starting point on the TLC plate Aluminum Sheets
Gel 60 F254 produced by Merck. Then the elution was plated with the solvent in the
chromatography box (chamber) so that the compound moved to the maximum limit line.
Observation of the spot was under the UV light of 256 and 365 nm. The retardation factor
(Rf) value of each formed spot was calculation.

Antioxidant analysis of fungal extracts using the DPPH method

The DPPH free radical scavenging test was carried out with reference to (Leong and
Shui, 2002) The percentage of DPPH free radical scavenging was calculated using the
formula by (Rahman et al., 2015).

RESULTS

Characteristics of sponge-associated fungi

The results of isolation and purification of sponge association fungi from three
ecosystems found 80 isolates of pure fungi, which were: 20 isolates from coral sponge-
associated fungi, 34 isolates from seagrass-associated fungi and 26 isolates from
mangrove-associated fungi. The results showed that the isolation of sponge-associated
fungi was successfully isolated from 7 sponge samples in coral reef ecosystems. Samples
of sponge type Callyspongia aerizusa had 5 isolates with the codes: K.S1.F1; K.S1.F2;
K.S1.F3; K.S1.F4; and K.S1.F5. Sponge sample of Clathria reinwardti had 1 isolate, with
the code K.S2.F1. The sample of sponge type Tectitethya sp. had 3 isolates coded K.S3.F1;
K.S3.F2 and K.S3.F3. The sample of sponge type Halisarca sp. had 2 isolates coded K.S4.F1
and K.S4.F2. The sponge sample of Dercitus sp. type had 4 isolates, with the code K.S5.F1;
K.S5.F2; K.S5.F3 and K.S5.F4. The sponge sample of Clathria sp. had 2 isolates coded
K.S6.F1 and K.S6.F2. Samples of sponge species Speciospongia inconstans had 3 isolates
coded K.S7.F1; K.S7.F2 and K.S7.F3.

Sponge samples in seagrass ecosystems obtained 11 isolates of sponge fungi, namely
the sample of sponge type Agelas conifera which had 2 codes: L.S1.F1 and L.S1.F2. The
sample of the Plakinastrella onkodes sponge had 4 isolates coded: L.S3.F1; L.S3.F2;
L.S3.F3 and L.S3.F4. Samples of sponge species Chalinula pseudomolitba had 4 isolates
coded L.S4.F1; L.S4.F2; L.S4.F3 and L.S4.F4. The sample of sponge species Clathria
reinwardti had 5 isolates coded: L.S5.F1; L.S5.F2; L.S5.F3; L.S5.F4 and L.S5.F5.
The sample of sponge type Tectitethya crypta had 5 isolates coded: L.S6.F1; L.S6.F2;
L.S6.F3; L.S6.F4 and L.S6.F5. Samples of sponge type Amphimedon viridis had 4 isolates
coded: L.S8.F1; L.S8.F2; L.S8.F3 and L.S8.F4. The sample of the sponge type Haliclone
cymaeformis had 3 isolates coded L.S9.F1; L.S9.F2 and L.S9.F3. Sample of sponge type
Halisarca sp. had 5 isolates coded L.S10.F1; L.S10.F2; L.S10.F3; L.S10.F4 and L.S10.F5.
While sponge sample of Hyrtios violaceus had 2 isolates coded L.S11.F1 and L.S11.F2.

There were 9 sponge samples from the mangrove ecosystem, namely the
C. pseudomolitba sponge sample which had 5 isolates coded; M.S2.F1; M.S2.F2; M.S2.F3;
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M.S2.F4 and M.S2.F5. Sample of sponge type T. crypta had 4 isolates coded M.S4.F1;
M.S4.F2; M.S4.F3 and M.S4.F4. The sponge sample type H. melanododa had 5 isolates
coded M.S5.F1; M.S5.F2; M.S5.F3; M.S5.F4 and M.S5.F5. Samples of sponge type A. viridis
have 2 isolates coded M.S6.F1 and M.S6.F2. Sample of the sponge type S. vesparium had
5 isolates coded M.S7.F1; M.S7.F2; M.S7.F3; M.S7.F4 and M.S7.F5. While the sponge
sample type Haliclona oculata had 5 isolates coded M.S9.F1; M.S9.F2; M.S9.F3; M.S9.F4
and M.S9.F5.

The next step was to culture sponge-associated fungi into Potato Dextrose Broth
(PDB) liquid medium. Fungi were seen forming biomass on the surface of the medium.
Fungal mycelia covered the entire surface of the liquid medium. At the end of the incubation
period, the fungal mycelia tissue was taken and separated with the liquid medium.
The fungal mycelia biomass obtained was prepared and macerated using methanol solvent.
A total of 80 isolate extracts of sponge-associated fungi were tested against MDR test
bacteria, which were S.s aureus, S. epidermidis, E. coli, P. aeruginosa and one type of
fungal pathogen, C.albicans.

The antifungal activity test of fungal isolates was carried out using the agar diffusion
method, the results showed that the sponge association fungi isolate had antifungal
activity. The antibacterial activity test of the isolates against the pathogenic S. aureus
showed 6 isolates that were active against the pathogenic bacteria, which were 5 isolates
from the seagrass ecosystem: L.S3.F4; L.S5.F4; L.S56.F2; L.S8.F2; L.S11.F2 and 1 isolate
from the mangrove ecosystem M.S4.F2. L.S11.F2 isolate had the highest inhibition zone,
which was 1.77 mm against S. aureus. The antibacterial activity test of fungal isolates
against the pathogenic bacteria S. epidermidis showed that there were 6 active isolates,
which were 2 isolates of fungi from coral reef ecosystems: K.S3.F2; K.S6.F2, 2 isolates
from seagrass ecosystem: L.S3.F1; L.S8.F2 and 2 isolates from mangrove ecosystem:
M.S2.F4, M.S9.F2. The isolate M.S9.F2 had the highest inhibition zone against the test
bacteria S. epidermidis, which was 1.45 mm. Antibacterial activity test of sponge-
associated fungi isolates against pathogenic bacteria E. coli showed 4 active isolates, which
were 2 isolates from coral ecosystem: K.S6.F2, K.S7.F1, 1 isolate from seagrass
ecosystem: L.S8.F2, and 1 isolate from mangrove ecosystem: M.S2.F2. K.S7.F1 isolate
had the highest zone of inhibition against the test bacteria E.coli: 1.54 mm. The
antibacterial activity test of fungal isolates against pathogenic bacteria P. aeruginosa
showed 2 active isolates, namely 1 isolate from seagrass ecosystems: L.S8.F2 which had
a higher inhibition zone (1.39 mm) than an isolate from mangrove ecosystems: M.S7.F5
(1.32mm).

The antifungal activity test of sponge-associated fungi isolates against the pathogenic
fungi C. albicans showed that there were 5 active isolates, namely 1 isolate from the coral
ecosystem: K.S1.F1; L.S8.F2, 2 isolates from seagrass ecosystem: K.S1.F1; L.S8.F2, and
2 isolates from mangrove ecosystem: M.S2.F4 and M.S2.F4. The isolate M.S2.F4 had the
highest inhibition zone against the test fungus C. albicans, which was 1.67 mm. The activity
test of the sponge-associated fungi isolates against the test bacteria and the test fungi can
be seen in the Table 1.
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Table 1. Results of the activity of the sponge-associated fungi isolates against bacteria and

fungi.
No Isolates Multi Drug Resistant (mm)
S.aureus S.epidermidis E.coli P.aeruginosa C.albicans
1 K.S1.F1 - - - - 1,37
2 K.S3.F2 - 1.38 - - -
3 K.S6.F2 - 1.41 1.37 - -
4 K.S7.F1** - - 1.54% - -
5 L.S3.F1 - 1.43 - - -
6 L.S3.F4 1.40 - - - -
7 L.S5.F4 1.36 - - - -
8 L.S6.F2 1.34 - - - -
9 L.S8.F2%* 1.64 1.39 1.41 1.39% 1.51
10 L.S10.F4 - - - - 1.28
11 L.S11.F2%** 1.77%* - - - -
12 M.S2.F1 - - - - 1.34
13  M.S2.F2 - - 1.47 - -
14  M.S2.F4** - 1.33 - - 1.67%*
15 M.S4.F2 1.35 - - - -
16 M.S7.F5 - - - 1.32 -
17 M.S9.F2** - 1.45% - - -

Based on the results of the study in Table. 1, there were 17 isolates of sponge-
associated fungi that had activity. For more details, 17 fungi active isolates against
pathogenic bacteria and fungal pathogens were described in terms of morphological
characteristics of sponge-associated fungi as shown in Table 2.

Table 2. Morphological characteristics of sponge-associated fungi.

Isolate Colony Spore/Conidia Spore Morphology

KS1F1 Erect conidia, simple, swollen tip, round, 1
cell conidia, round, in basipetal chains, size
5.3-11.4 x 4.1-5.5 um

KS3 F2 Erect conidia, simple, swollen tip, round, 1
cell conidia, round, in basipetal chains, size
2.3-3.2 x 2.5-3.5 ym

KS6.F2 Erect conidia, simple, swollen at the tip,
round, 1 cell conidia, round, in basipetal
chains.

KS7F1 Brown conidiophores, simple, produced

conidium at the tip or the growth point of
new sympodial, dark conidia, 3-5 cells, cells
at the ends were smaller and brighter than
those in the middle, some were bent, size
37.4-65.3 x 15.1-18.2 um
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Table 2. Continued.

Isolate

Colony

Spore/Conidia

Spore Morphology

LS3F1

LS3F4

LS5F4

LS6.F2

LS8.F2

LS8F3

LS10F4

LS11F2

Erect conidiophores, simple, swollen tip,
round, 1 cell conidia, round, in basipetal
chains, size 3.9-4.8 x 3.6-4.3 um

Hyaline conidiophores, slender and simple,
hyaline conidia, 2 types, macroconidia, few
cells, curve-shaped, 1-2 cells, microconidia,
1-2 cells, ovoid, oval or curved, the size of
macroconidia was 34.0-59.9 x 4.6-6.8 m,
and the microconidia was 9.2-18.3 x 3.6-5.8
Mm

Erect conidiophores, simple, swollen tip,
round, 1 cell conidia, round, in basipetal
chains, size 2.9-4.5 x 3.6-4.9 um

Hyaline conidiophores, slender and simple,
hyaline conidia, 2 types, macroconidia, few
cells, curve-shaped, 1-2 cells, microconidia,
1-2 cells, ovoid, oval or curved, the
macroconidia size was 43.4-62.4 x 6.5-9.5
m, while the microconidia was 10.3-16.6 x
3.4-4.6 um

Hyaline conidiophores, slender and simple,
hyaline conidia, 2 types, macroconidia, few
cells, curve-shaped, 1-2 cells, microconidia,
1-2 cells, ovoid, oval or curved, the
microconidia size was 11.1-15.8 x 3.0-5.1
m, and the macroconidia size was 20.5-35.1
X 4.2-5.6 pm

Conidiophores grew from a single mycelium,
hyaline conidia, 1 cell, round or ovoid, size
7.3-8.6 x 6.9-8.3 um.

Simple conidiophores, elongated, hyaline
conidia, 1 cell, ovate or oval, size 20.8-29.3
X 6.1-8.3 pm

Simple conidiophores, hyaline conidia, 1
cell, two types

Simple conidiophores, elongated, hyaline
conidia, 1 cell, ovate or oval, size 22.8-28.0
X 7.3-9.5 um
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Table 2. Continued.

Isolate Colony Spore/Conidia Spore Morphology

MS2F2 Simple conidiophores, elongated, hyaline
conidia, 1 cell, ovate or oval, size 9.4-19.7
X 2.9-4.7 ym

MS2F4 Simple conidiophores, elongated, hyaline
conidia, 1 cell, ovate or oval

M.S4F2 Simple conidiophores, elongated, hyaline
conidia, 1 cell, ovate or oval, size 5.3-11.4
X 4.1-5.5 ym.

MS7F5 Simple conidiophores, hyaline conidia, 1
cell, two types

M.S9 F2 Simple conidiophores, hyaline conidia, 1
cell, two types, size 10.8-15.2 x 4.1-6.7 um

The 17 isolates of sponge-associated fungi, 5 isolates of associated fungi that had the
best zone values were selected, namely isolates K.S7.F1; L.S8.F2; L.S11.F2; M.S2.F4 and
M.S9.F2, and then were identified by molecular methods. Based on the results of the study,
it was shown that the PCR process was successfully carried out with good gel doc
visualization results. The PCR results showed a single and uncontaminated band and then
a sequencing analysis was performed to obtain the acid and base sequences of fungal
isolate DNA for homology BLAST. The BLAST results are presented in Table 3.

Table 3. Results of BLAST homology identification of sponge-associated fungi.

No. Isolate Sequence Bacteria Species Name Homology No .Access
(bp) (%)

1. K.S3.F2 627 Circinelloides strain OUCMBI101096 99 HQ914900.1

2. L.S8.F2 582 Xylariaceae sp. B1a0413SNA2CC912 97 KP322785.1

3. L.S11.F2 255 Trichoderma asperellum 99 MG669099.1

4, M.S2.F4 396 Aspergillus sp. 98 MK775137.1

5. M.S9.F2 256 Pleosporales sp. B1A0415P152CC716 99 KP322784.1

Based on the results of the study, it showed that 5 isolates had a high percentage of
homology, which was around 97-99%. The isolate with a homology value of 97% was
L.S8.F2, the isolate had a sequence value of 582 which was identified as Xylariaceae sp.
B1a0413SNA2CC912 with access number KP322785.1. The isolate with a homology value
of 98% was M.S2.F4, the isolate had a sequence value of 396 which was identified as B
Aspergillus sp. with access number MK775137.1. Isolates with 99 % homology value were
isolates K.S3.F2, L.S11.F2 and M.S9.F2. The K.S3.F2 isolate had a sequence value of 627
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bp with access no HQ914900.1, identified as Circinelloides strain OUCMBI101096. Isolate
L.S11.F2 had a sequence value of 255 bp, with the access number MG669099.1 and was
identified as T. asperellum. Isolate M.S9.F2 had a sequence value of 256 bp with the access
number KP322784.1 and was identified as Pleosporales sp. B1IA0415P152CC716.

Furthermore, 5 isolates of the selected association fungi were tested for cytotoxicity
of the extract against the organism Artemia salina using the Brine Shrimp Lethality Test
(BSLT) method. The results of the cytotoxicity test using the BSLT method were presented
in Table 4.

Table 4. Cytotoxicity analysis of fungal extracts using the BSLT method.

No Isolate

Concentration (mg/L) LCso

Regression R?

u b W NP

0 10 100 250 500 750 (mg/L)
K.S3.F2 5 12 17 40 52 73 y -0,0864x +10,025 0,973 462,67
L.S8.F2 7 10 20 31 74 94 y -0,1192x +7,6278 0,988 355,47
L.S11.F2 5 11 18 32 43 73 y -0,0827x +8,2433 0,973 504,92
M.S2.F4 6 13 16 37 49 72 y -0,0831x +9,9333 0,978 482,15
M.S9.F2 8 12 18 35 52 81 y -0,0932x -9,3760 0,991 435,88

Results of the cytotoxicity test using the BSLT method showed that the fungal extract
of K.S3.F2 isolate at concentrations of 0, 10, 100, 250, 500 and 750 mg/L had toxicity
values of 5%, 12%, 17%, 40%, 52% and 73 %. The extract toxicity pattern formed a linear
regression with the equation y = 0.0864x + 10.025 with a determinant coefficient of 0.973.
Based on this equation, the value of the LCso extract was 462.67 mg/L. Fungal extract of
isolate L.S8.F2 with concentrations of 0, 10, 100, 250, 500 and 750 ppm had the toxicity
values at 7%, 10%, 20%, 32%, 74% and 94%. The extract toxicity pattern formed a linear
regression with the equation y = 0.1192x + 7.6278 and a determinant coefficient of 0.988.
Based on this equation, the value of the LCso extract was 355.47 mg/L. Fungal extract of
isolate L.S11.F2 with the concentrations of 0, 10, 100, 250, 500 and 750 ppm had the
toxicity values at 5%, 11%, 18%, 32%, 43% and 73%. The extract toxicity pattern formed
a linear regression with the equation y = 0.0827x + 8.2433 and a determinant coefficient
of 0.973. Based on this equation, the value of the LCso extract was 504.92 mg/L. Fungal
extract of isolate M.S2.F4 at concentrations of 0, 10, 100, 250, 500 and 750 ppm had the
toxicity values at 6%, 13%, 16%, 37%, 49% and 72%. The extract toxicity pattern formed
a linear regression with the equation y = 0.0831x + 9.9333 and a determinant coefficient
of 0.978. Based on this equation, the value of the LCso extract was 482.15 mg/L. Isolate
M.S9.F2 fungi extract at concentrations of 0, 10, 100, 250, 500 and 750 mg/L had the
toxicity values at 8%, 12%, 18%, 35%, 52% and 81%. The extract toxicity pattern formed
a linear regression with the equation y = 0,0932x + 9.3760 and a determinant coefficient
of 0,991. Based on this equation, the value of LCso extract was 435,88 mg/L.

Research had been carried out and found the best 5 extracts in their activity as
antifungals. Furthermore, the five extracts were extracts from the association fungi isolate
K.S7.F1; L.S8.F2; L.S11.F2; M.S2.F4 and M.S9.F2, which were tested for antioxidant
activity using the DPPH method. The results of the antioxidant test using the DPPH method
are presented in Table 5.

Table 5. Antioxidant analysis of fungal extracts using the DPPH method.

Concentration (mg/L)

No Isolate 100 250 Regression R? ICso (mMg/L)

100 250 500 0 0

u b W NP

K.S3.F2 29 40 40 51 73 y -0,0167x +32,104 0,965 1071,62
L.S8.F2 30 40 50 63 95 y - 0,0254x +33,659 0,972 643,35
L.S11.F2 20 31 41 53 85 y -0,0251x +24,390 0,970 1020,32
M.S2.F4 26 37 47 58 90 y -0,0249x +29,938 0,972 805,70
M.S9.F2 31 41 49 55 83 y -0,0195x +34,706 0,962 784,31
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The results showed that the fungal extract of K.S3.F2 isolate at concentrations of
100, 250, 500, 1000 and 2500 ppm had radical reduction values of 29%, 40%, 40%, 51%
and 73%. The extract inhibition pattern formed a linear regression with the equation
y = 0,0167x + 32,104 with a determinant coefficient of 0,965. Based on this equation, the
extract ICso value was 1071,62 mg/L. L.S8.F2 isolate fungi extract at concentrations of
100, 250, 500, 1000 and 2500 ppm had radical reduction values of 30%, 40%, 50%, 63%
and 95%. The extract inhibition pattern formed a linear regression with the equation
y = 0,0254x + 33,659 with a determinant coefficient value of 0,972, so that the equation
obtained the extract ICso value of 643,35 ppm. Fungal extracts isolates L.S11.F2 at
concentrations of 100, 250, 500, 1000 and 2500 mg/L had radical reduction values of 20%,
31%, 41%, 53% and 85%. The extract inhibition pattern formed a linear regression with
the equation y = 0,0251x + 24,390 with a determinant coefficient of 0,970. Based on this
equation, the extract ICso value was 1020,32 mg/L. M.S2.F4 isolate fungi extract at
concentrations of 100, 250, 500, 1000 and 2500 mg/L had radical reduction values of 26%,
37%, 47%, 58% and 90%. The extract inhibition pattern formed a linear regression with
the equation y = 0,0249x + 29,938 with a determinant coefficient of 0,972. Based on this
equation, the extract ICso value was 805,70 mg/L. M.S9.F2 isolate fungi extract at
concentrations of 100, 250, 500, 1000 and 2500 mg/L had radical reduction values of 31%,
41%, 49%, 55% and 83%. The extract inhibition pattern formed a linear regression with
the equation y = 0.0195x + 34.706 with a determinant coefficient of 0,962. Based on this
equation, the extract ICso value was 784,31 mg/L.

Results of the toxicity test and antioxidant activity test showed that the extract with
the best toxicity value and antioxidant activity was the extract from the association fungi
isolate L.S8.F2. The extract from association fungi L.S8.F2 had an LCso value of 355,47
mg/L and an ICso value of 643,35 mg/L. Then, the study conducted a culture of association
fungi L.S8.F2 to obtain mycelial biomass and post-culture medium for extraction. Mycelia
extract and association fungal culture medium extract L.S8.F2 were tested by Thin Layer
Chromatography (TLC) to determine the pattern and composition of the compound spots
in it. Results of the TLC test activity showed that the extract of the mycelia fungi association
isolate L.S8.F2 had 5 single spots, which were spot 1 with yellow-orange color with an Rf
value of 0,08; spot 2 which was green and yellow with an Rf value of 0,24; spot 3 which
was light green with an Rf value of 0,31; spot 4 which was dark green with an Rf value of
0,37; and spot 5 which was green-blue with an Rf value of 0,54 as shown in Figure 1.

The extract from the post-culture medium of the L.S8.F2 isolate had 6 single spots,
namely spot 1 which was yellow with an Rf value of 0,07; spot 2 which was light blue with
an Rf value of 0,16; spot 3 which was blue-green with an Rf value of 0,25; spot 4 which
was light green with an Rf value of 0,36; spot 5 which was dark green with an Rf value of
0,61; and spot 6 which was dark green with an Rf value of 0,72.

- 1

Rf: 0,72 wmp
Rf: 0,61 mump
Rf: 0,54 mump
Rf: 0,37 mumb Rf: 0,36
Rf: 0,31 mmmp ” 36—
Rf: 0,24mmmp | Rf: 0.25 mump
RE: 0,16 mump

Rf: 0,08-}'{ a Rf: 0,07 mmp "

Mycelia Broth

Figure 1. TLC analysis of mycelia extracts and culture broth of L.S8.F2 fungal
isolates.
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Based on the results of the phytochemical analysis of mycelia extract and culture
broth of the L.S8.F2 isolate, it was shown that the extract with the best toxicity value and
antioxidant activity was the extract from the association fungi isolate L.S8.F2. The extract
of the association fungi L.S8.F2 was tested by TLC, then the mycelia extract and the post-
culture medium were subjected to phytochemical analysis. Phytochemical analysis was
carried out qualitatively with several reagents. Phytochemical analysis carried out included
testing for the presence of alkaloids, phenols, flavonoids, saponins and steroids.
Phytochemical test of alkaloid compounds was carried out using 3 methods, which were
the Dragendorf, Mayer and Wagner methods. Results of the phytochemical test of mycelia
extract and post-culture medium from the association fungi L.S8.F2 were presented in
Table 5. Based on the results of the study, it was shown that the mycelia extract and post-
culture medium from the association fungi L.S8.F2 contained several groups of
phytochemical compounds. Mycelia extract from association fungi isolate L.S8.F2 contained
phenol and flavonoid group compounds. Meanwhile, the post-culture medium extract from
association fungi isolate L.S8.F2 contained alkaloids, phenols and flavonoids.

DISCUSSION

The research carried out was to isolate fungi associated with sponges in coral,
seagrass and mangrove ecosystems. The isolation results found 80 isolates of pure fungi,
namely: 20 isolates from coral sponge-associated fungi, 34 isolates from seagrass
association fungi and 26 isolates from mangrove association fungi. Results of the study
found that sponges had symbiotic fungi and were successfully isolated in the laboratory.
The symbiotic fungi in sponges had a symbiotic relationship and functioned ecologically.
The form of this symbiotic relationship was the relationship between the host organism that
provides organic nutrients, a place to live and protect the symbiotic fungi. The form of the
symbiotic relationship was specific. Symbiont fungi produce metabolic compounds so that
they can adapt to their host organisms (Bhagobaty & Joshi, 2012). This was also stated in
the results of research by (Elbandy et al., 2009) who succeeded in isolating the symbiont
fungus P. illacinus which ecologically has an association relationship with the sponge
Petrosia sp. Besides, there were also fungi Paecilomyces sp., Fusarium sp. and Penicillium
spp. which can be isolated from the Tethya aurantium sponge (Wiese et al., 2011). Edrada
et al., (2002) isolated and purified the fungus P. ontanense from the symbiotic X. Exigua
sponge in marine waters. The fungus H. werneckii which is symbiotic with the sponge
Aplysina aerophoba had also been successfully isolated on a laboratory scale (Brauers
et al., 2001). Liu et al., (2010) succeeded in isolating the symbiotic fungus P. shrysogenum
from the sponge Gelliodes carnosa, while it had obtained isolates of the symbiont fungus
A. versicolor from the sponge Haliclona simulans. In addition to sponges, several types of
symbiotic fungi were also found, including Penicillium spp. isolated from Green algae
C. racemosea and C. scalpelliformisa. Fungi Fusarium spp. was isolated from green
seaweeds C. racemosaa and C. sertularioides (Suryanarayanan, 2012).

Results of the research that had been carried out showed that the symbiont fungi
extracts K.S7.F1; L.S8.F2; L.S11.F2; M.S2.F4 and M.S9.F2 had antimicrobial activity
against Staphylococcus aureus, S. epidermidis, Escherichia coli, P. aeruginosa and one type
of fungal pathogen, C. albicans. This was presumably because the symbiont fungi extract
contains bioactive compounds that are bactericidal and fungicidal. The same thing was
found in several studies. Fungal extract P. oxalicum at a concentration of 100 pg/disk has
a growth inhibition activity against pathogenic bacteria E. coli by 19 mm (Suryanarayanan,
2012). The study of extracts at the concentration of 100 pg/disk showed inhibitory activity
against P.solanacearum, X. campestris, A. tumefaciens, E. coli, S. marcescens (Paul et al.,
2012).

Several studies of fungal extracts of P. oxalicum had antifungal activity against the
fungal pathogen A. sydowii with an inhibition zone of 12 mm. Besides, it also inhibited the
growth of the fungi C. acutatum, F. oxysporum, Phytophthora sapsici (Paul et al., 2012).
Some researchers had succeesed in isolating the fungus P. oxalicum from sponges and
extracting fungi symbionts using the organic solvent ethyl acetate. The results of the
identification of compounds had found xanthan, penioxalicin and chromone compounds that
have antibacterial activity (Bao et al., 2014; Bian et al., 2015). Fungal extract Penicillium
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sp. which was in symbiosis with the brown seaweed X. gladiate contained the alkaloid
compound 2-pyridone and provided antimicrobial activity at a concentration of 30 g/disk
against the bacteria B. subtilis and the fungus C. albicans by 8 mm and 11 mm,
respectively. Fungal extract Penicillium sp. also had a toxicity with ICso value of 1.8 g/mL
against leukemia test activity (Da Silva et al., 2006).

Aspergillus niger fungi extract in symbiosis with the tunicate Aplindium sp. had
antibacterial activity sensitive to S. aureus and E. faecium. Aspergillus niger fungi extract
contained compounds vyanuthones, epoxycylohexenones, 1-hydroxy-yanuthone, 22-
deacetyl-yanuthone and 1-hydroxy-yanuthone (Bugni and Ireland, 2004). Results of the
fungal symbionts identification in the study showed that the isolates were Circinelloides,
Xylariaceae sp., T. asperellum, Aspergillus sp. and Pleosporales sp.. The circinelloides
fungus is one type of mucor that can be isolated from clinical sources. In addition, mucor
is used in the field of food production biotechnology. The circinelloides fungi have a
filamentous morphology, and under certain conditions have growth in the form of yeast.
Xylariaceae sp. is a symbiont containing antimicrobial compounds. Xylariaceae sp. also has
inhibitory activity against enzymes.

T. asperellum is a symbiotic fungus that has antibacterial activity by overlay method
against E. coli pathogens. Methanol extract from the mycelium of the fungus Trichoderma
asperellum had antibacterial activity and contained phytochemical compounds from the
hydroquinone and flavonoid groups of phenolic compounds. Ethyl acetate extract from the
broth of the T. asperellum fungal culture process contained phytochemical compounds from
the hydroquinone group of phenols, saponins, alkaloids and flavonoids. The content of
saponins, flavonoids are also found in many plants, such as those found in fruits of Emblica,
Yellow Myrobalan and Bastard Myrobalan (Thamapan et al., 2020).

Trichoderma originating from the sea grew slowly because of the difficulty of isolating
the fungus. In our study, 30 strains of marine-derived Trichoderma were identified through
the translational sequence of elongation factor 1-alpha (EF1_A), and their biological
activities, such as antioxidant activity by ABTS and DPPH assays, antifungal activity against
Asteromyces cruciatus and Lindra thalassiae, also tyrosinase inhibitory activity were
investigated. T. asperel/lum fungal extract had antioxidant activity by ABTS method and
also had antifungal activity. Fungal extracts of T. bissettii and T. guizhouense had anti-
oxidant activity by reducing DPPH free radicals and inhibiting tyrosinase activity (Da Silva
et al., 2006). Other information about the fruit contains antioxidants that provide potential
treatment and prevention for diabetes with benefits on the innate defense system Cydonia
oblonga (Sakhri et al., 2021). The interesting thing about the results of this study is that
in addition to having anti-oxidant content, it also functions as an antifungal.

CONCLUSION

The research had succeeded in isolating the association fungi of Circinelloides,
Xylariaceae sp., T. asperellum, Aspergillus sp. and Pleosporales sp.. The ethyl acetate
extract of the fungus had antibacterial and antioxidant activity. Sponge-associated fungi
extract had a class of phytochemical compounds that have potential prospective in the
pharmaceutical field.
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