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Research on the potential of ethyl acetate extracts from symbiotic fungi of marine sponge Neopetrosia
chaliniformis AR-01 as producer of cytotoxic and antibacterial compounds has been conducted. Symbiotic fungi
of N. chaliniformis were isolated by casting method using Sabouraud Dextrose Agar (SDA) and purified by the
scratch method. Pure isolated fungi then was cultivated using rice as media at temperature of 25-27 ° C for 4-8
weeks and extracted using ethyl acetate solvent. The ethyl acetate extracts were tested as cytotoxic using Brine
Shrimp Lethality Test (BSLT) and tested as an antibacterial against pathogenic bacteria of Gram positive
(Bacillus subtilis and Staphylococcus epidermidis) and Gram negative (Escherichia coli and Salmonella
typhosa) using agar diffusion method. There are 13 symbiotic fungi of marine sponge N. chaliniformis that had
been isolated. The screening result of the cytotoxic activity showed that 76.92 % or 10 fungi isolates were
classified as cytotoxic with LCsy <100 ppm, namely NC01, NC02, NC03, NC05, NC06, NC07, NC08, NCO09,
NC10, and NC11. The results of the antibacterial activity screening showed that 5 isolates namely NC01, NCO03,
NCO04 NCO07 and NC10 could inhibit the growth of pathogenic bacteria by diameter of inhibition zone > 10 mm.
Based on the screening results, it can be concluded that ethyl acetate extracts of the symbiotic fungi of marine
sponge N. chaliniformis are a potential source for producing anticancer and antibacterial compounds.

INTRODUCTION

Symbiotic microbes of marine sponge are microbes
living in the sponge tissue with mutualism association possibility.

2012; Wilkinson, 1983). In addition, symbiotic microbes of marine
sponge could maintain the availability of nutrients for the sponge,
stabilize skeleton of sponge, and also produce secondary

There are two ways how the microbe could transmit into the metabolites against pathogenic microbes (Hentschel et al., 2002).

sponge tissue, namely transmitted horizontally as well as
vertically. Horizontally, microbes which are located around the
environment of sponge transmitted to the sponge tissue due to
filter feeder process, while vertically, microbes transmitted to
the sponge when the sponge was still in the larval stages

Therefore, Proksch et al., (2002) hypothesized that the symbiotic
microbes of marine sponge are original producer of secondary
metabolites. Exploration of symbiotic microbes of marine sponge
for isolated their secondary metabolites being concern at this time,
because they are producer of potential secondary metabolites

(Bright and Bulgheresi, 2010; Hentschel et al., 2012). Basically against various diseases, especially cancer and pathogenic

more than 40% by volume of the sponge body contains
microorganisms which have a biological effect on the sponge
itself. For example, through the process of photosynthesis,
symbiotic cyanobacteria provide 50 % carbon for energy

microbial attack (Vasanthabharathi and Jayalakshmi, 2011; Zhou
etal., 2014).

In addition, the exploration of symbiotic microbes of
marine sponge could suppress exploitation sponge on a large scale

requirement of specific tropical sponge (Webster and Taylor, and maintaining the ecosystem of the sponge itself. The use of
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symbiotic microbes of marine sponge is also better because it
could be cultured and purified in the laboratory and could be
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Among the types of symbiotic microorganisms,
symbiotic fungi of sponge is known as a manufacturer of the most
interesting bioactive compounds (Bhadury et al., 2006) and Ebel,
(2011) explained that the fungi isolated from the marine sponge is
one of three main sources to produce new secondary metabolites
as anticancer and antimicrobial. Methyl-averantin, isolated
compound of Aspergillus versicolor was active against tumor cell
line (XF498) with LCs of 0.41 pg/mL. Meroterpenoid class of
Alternaria sp. obtained from Callyspongia sp. was tested as an
inhibitor of NF-kB in RAW264.7 cancer cells with LCs of 39 uM,
and dankastin C was tested on lymphocytic leukemia cell (P388)
with LCsy of 57 pg/mL, isolated of Gymnascella dankaliensis
obtained from Homaxinella sp. (Lee et al., 2010; Zhang et al.,
2013; Amagata et al., 2013). Recently, a preliminary studies on the
antimicrobial activity of fungi and bacteria associated with a
sponge Haliclona fascigera and Petrosia nigrans of Mandeh
Island, West Sumatra have been done (Handayani et al., 2015a,
2015h, 2016a, 2016b). In addition, averantin of Aspergillus
versicolor obtained from Neopetrosia sp. had activity as
antibacterial against several strains of pathogenic bacteria
Staphylococcus with its MIC range of 0.78-1.56 pug/mL (Lee et al.,
2010). The marine sponge Neopetrosia chaliniformis is one of
endemic sponge in Indonesian marine. But until now there is no
literature that describes the secondary metabolites of N.
chaliniformis including secondary metabolites of symbiotic
microbes. However, the Neopterosia genus had been a major
concern as a producer of secondary metabolites, and also more
than 85 secondary metabolites had been isolated from this sponge
(Qaralleh et al., 2016).

MATERIAL AND METHODS

Sponge Material

N. chaliniformis was collected from the island Mandeh,
South Coast, West Sumatra, Indonesia, which was taken at a depth
of £ 10 m using scuba diving. Sponge was immediately placed in a
sterile plastic bag and stored in an ice box. The sponge was
identified by Dr. Nicole J. De Voogd, Natural Biodiversity Center,
Netherlands. A voucher specimen (AR-01) has been preserved at
the Marine Reference Collection, Laboratory of Sumatran Biota,
Andalas University, West Sumatra, Indonesia.

Isolation of Symbiotic Fungi from Marine Sponge

The isolation of fungi was started with sterilization on
the surface of the sample. Sponge was rinsed with sterile seawater,
and then cut into small pieces. Sponge was taken as much as 10
grams an inserted into Erlenmeyer and add 100 mL of sterile
seawater. Then it was diluted until its concentration 10° and
inoculated on SDA (Sabouraud Dextrose Agar) as medium, and
incubated at a temperature of 27-29 °C for 5-7 days. Colonies that
have different shapes and colors with other colonies could be
regarded as different isolates. Then be purified by the scratch
method to obtain pure isolates and identified based on Brigitte
(1980).

Cultivation of Isolated Fungi in Medium of Rice

The pure isolates of symbiotic fungi were cultured in rice
as medium and incubated at room temperature for 4-6 weeks until
the volume of rice in the Erlenmeyer is overgrown by the fungi
(Kjer et al., 2010).

Extraction of Secondary Metabolites from Fungi Isolates

After fungi isolates grow optimally, each fungus was
extracted after optimal growth with maceration with ethyl acetate
(EtOAC) in the ratio 1: 1 with 3 repetitions. The extract of ethyl
acetate was collected and evaporated in vacuo using a rotary
evaporator. The EtOAc extracts were tested for antibacterial
activity and cytotoxic.

Screening of Cytotoxic Activity

Brine shrimp (Artemia salina) eggs were hatched in 500
mL of filtered seawater under constant aeration for 48 h at (27+2)
°C. After hatching, active nauplii free from egg shells were
collected and used for the assay. Five hundred, fifteen and five
microliters of all fungi isolate were added in well plate at 1000
ppm, 100 ppm and 10 ppm concentration in triplicate. Fiftteen
microliters were added 50 pl of DMSO and until 5000 pl of
seawater containing ten nauplii, while placed in the respective well
and maintained at room temperature for 24 h. Filtered seawater
was used as negative control. The LCs, value was calculated using
curva method based on probit analysis (Meyer et al., 1982).

Screening of antibacterial activity

For screening of antibacterial activity, the EtOAc extract
of symbiotic fungi was tested against Basillus subtilis,
Staphylococcus epidemidis, Salmonella typosa and Escherichia
coli using the paper disk method. One pieces of 6 mm sterile paper
disk was soaked in each of EtOAc extract (50 mg/ml in DMSO).
Paper disks were also inoculated with DMSO (negative control)
and Amikacin as positive control. Antagonist activity was detected
after incubation for 24 h at 30 °C. The existence of the clear zone
in the media was considered as indicator for antibacterial activity.
The zone of inhibition was measured and expressed in millimeters.
Strain that showed maximum inhibition was selected to
phytochemical test.

Phytochemical Test

Phytochemical examinations were carried out for all the
ethyl acetat extracts of symbiotic fungi as per the standard
methods (Tiwari et al., 2011). Phenolic, alkaloid, steroid and
terpenoid test were performed to know secondary metabolite
constituent by this method.

RESULTS AND DISCUSSION

Identification of sponge was confirmed as N.
chaliniformis based on spicules morphology. In Taxonomy, this
sponge including Demospongiae class, and part of the family
petroicidae.In this study, 13 symbiotic fungi were isolated from
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the sponge. Based on the results of the cytotoxic test screening, 10
fungi isolates or approximately 76.92% of the total fungi isolates
were potentially to produce cytotoxic compounds with their
cytotoxic activity below 100 ppm. The cytotoxic isolates were
NCO01, NC02, NC03, NCO05, NC06, NC07, NC08, NC09, NC10
and NC11. The most cytotoxic activity of total isolates was NCO1
with LCs, of 16.79 ppm.

Table 1: LCs value of symbiotic fungi extracts.

No Fungi extract LCso (ppm)
1 NCO01 16.79
2 NCO02 26.04
3 NCO03 39.81
4 NCO04 371.53
5 NCO05 25.58
6 NCO06 54.95
7 NCO07 60.12
8 NCO08 71.38
9 NCO09 26.99
10 NC10 94.62
11 NC11 79.48
12 NC12 >1000
13 NC13 969

Antibacterial activity test results are listed in Table 2. In
this study, 5 fungi extracts (NC01, NC03, NC04, NC07 and NC10)
showed inhibitory activity against pathogenic bacteria test with
diameter of inhibition zone more than 10 mm. The highest
antibacterial activity result was shown by extract of NC07 against
bacterial pathogens of B. subtilis, S. epidermidis, S. typhosa and
E.coli ( each inhibition zone of 20.9 mm, 23.25 mm, 22.85, and
20.9 mm).

Table 2: Antibacterial activity of symbiotic fungi extracts against human
pathogenic bacteria.

Zone of Inhibition (mm)

E'j(l::jg(l:t Gram positive Gram negative
B. subtilis S. epidermidis S. typhosa E. coli
NCO01 8.95 7.85 10.25 7.2
NC02 - - - -
NC03 8.75 12.6 15.25 12.85
NCo04 10.65 10.5 10.65 8.3
NC05 - - - -
NC06 - - - -
NCO07 20.9 23.25 22.85 20.9
NC08 7.2 8.95 8.3 7.45
NC09 8.95 7.85 8.9 8.3
NC10 8.85 11.75 10.25 9.4
NC11 7.85 7.45 7.45 8.3
NC12 - - - -
NC13 - - - -
Amikacin 23 22.7 20 20

Analysis of the chemical reaction of ethyl acetate
extract of symbiotic fungi isolates from N. chaliniformis was
conducted to determine the constituents of secondary
metabolites. In this study, phenolic, alkaloid, steroid and terpenoid
were tested using appropriate reagents. Based on the
results of phytochemical examinations, most of fungi extracts
contain terpenoids, but does not contain alkaloids. In addition,
some of fungi extracts contain phenolics and terpenoids (isolates

NC02, NCO08, NC10 and NC12) and other fungi extracts
containing steroid (isolates NC01, NC05, NC09 and NC13).

Table 3: Phytochemical constituent of ethyl acetate extract of symbiotic fungi.

Fungi Chemical constituent

Extract Phenolic Alkaloid Steroid Terpenoid

NCO1 - - + -
NC02 + - -

NCO03 - - -

NCO04 - -
NCO05 - - +
NCO06
NCO07
NCO08
NCO09
NC10
NC11
NC12
NC13 - - +

B T
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“+” indicates positive reaction; “-” indicates negative reaction.

The results of the screening of cytotoxic and antibacterial
activity showed that isolates NCO1 most cytotoxic. The results of
the macroscopic identification, NCO1 had bluish green with white
edges. Diameter colonies after 10 days of growth is + 2.5 cm at 28
° C. The microscopic identification, NCO1 had conidiophore
ingreen with a smooth surface and had branched monoverticillate.
Hyphae of fungal isolate NCO1 was not septape and the phialid
was slender clyndrical. From the macroscopic and microscopic
observations, NCO1 was identified as Penicillium sp.

A symbiotic fungus of NCO7 is the most active as an
antibacterial agent. Based on identification macroscopically,
fungal colonies are black. Diameter of colony after 10 days was 5
cm at 28 ° C. Microscopically, NCO7 showed black conidiophore
with a smooth surface, and also had spherical vesicles. Based on
the results of macroscopic and microscopic identification, the
fungal NCO7 classified as Aspergillus niger.

Basically, cytotoxic compounds are toxic compounds
which characterized by the death cell after interacting with it.
However, to become potential anticancer agents, a cytotoxic
compound at least have to show selectivity towards normal and
cancer cell, have activity against multidrug-resistent (MDR), and
show the cell death mechanism through inhibiting non-apoptotic.
In other words, not all cytotoxic compounds could be used as an
anticancer agent (Gomes et al., 2015).

Secondary metabolites of symbiotic fungi of marine
invertebrates repeatedly show their ability to kill cancer cells
through non-apoptotic cell death mechanisms (Gomes et al.,
2015). For example, the ethyl acetate extract of Aspergillus
versicolor which isolated from Neopetrosia sp. had cytotoxic
activity with LCgo of 32 pg/mL (Lee et al., 2010). The
moreterpenoid, isolated compound from symbiotic fungi of
Altenaria sp. had been reported by Zhang et al. (2013). This
compound can inhibit the NF-kB in cancer cells of RAW?264.7
with LC50 of 39 uM. NF-kB is a marker of most cancer incidence
as well as key transcription factors that are involved in the
inflammatory reaction, therefore inhibition of the formation of NF-
kB will inhibit the growth of tumor cells (Vallabhapurapu and
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Karin, 2009). Antibacterial compounds from symbiotic fungi of
marine sponge are a potential source and being concern lately
(Zhou et al. 2014). It has been reported that several strains of
symbiotic fungi of marine sponge could produce a potential
antibacterial compound. Henriquez et al. (2013) reported that the
extract of the symbiotic fungi from Antartic marine sponge could
inhibit some pathogenic bacteria such as P. aeruginosa, S. aureus
with the inhibition zone diameter above 10 mm. Moreover, the
ethyl acetate extract of the Penicillium sp. which obtained from
marine sponge of South China Sea could inhibit both of Gram
positive and Gram-negative pathogenic bacteria. Further
investigation showed that Penicillium sp. contains penicifuran A
which was capable for inhibiting pathogenic bacteria S. albus with
minimum inhibitory concentration (MIC) of 3,13 uM (Qi et al.,
2013).

CONCLUSION

Symbiotic fungi of marine sponge N. chaliniformis AR-
01 with code NCO1 (Penicillium sp.) and NCO7 (Aspergillus niger)
were the most potential fungi isolates to produce anticancer and
antibacterial compounds. The presence of cytotoxic activity and
antibacterial activity were suspected due to the presence of
secondary metabolites content of steroids and terpenoids.
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