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ABSTRACT

This study aims to find bioactive metabolites from fungus, which was isolated from marine sponge Haliclona
fascigera. The fungus was identified molecularly as C. geniculatus WR12. The isolation of the bioactive compound
was achieved by column chromatography with step gradient polarity (SGP) method and purification by
recrystallization. The structure was determined based on spectroscopic analyses (UV, IR, HR-MS, 'H and "C
NMR). The antibacterial activity of the compound was tested against Methicillin-Resistant Staphylococcus Aureus
(MRSA) by using the agar diffusion method. The Cytotoxicity of the compound was tested on the cancer cell lines
by using the microculture tetrazolium (MTT) assay. The results of this study were obtained a pure compound (1).
The compound was identified as radicinin based on 1D and 2D NMR and HRESIMS data. This compound showed
cytotoxic activity with ICsy values of 60.68, 30.89, and 87.89 pg/mL against WiDr, T47D, and Hela cell lines,
respectively, but not toxic against Vero cell (ICs, value of 607.31 pg/mL). Radicinin showed higher cytotoxic
activity against T47D cells (ICsp = 25.01 ppm) compared with doxorubicin (ICsy = 33.49 ppm). The result of the
antibacterial activity of radicinin showed the minimum inhibitory concentration (MIC) of 125 ng/disc against
MRSA. Based on these results, it can be concluded that radicinin could be considered as a potential candidate for
future anticancer and anti-MRSA drug.
Keywords: Antibacterial Activity, Cochliobolus geniculatus, Cytotoxic Activity, Haliclona fascigera, Marine
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INTRODUCTION

The ocean is a huge source of bioactive compounds. It covers more than 70% of Earth’s surface with the
highest biodiversity such as marine invertebrates, vertebrates, and microorganisms."> Among these
biodiversity, marine sponge is a potential source of the novel active compound. Approximately, 8000
species of marine sponge spread around the world and 830 species originate in Indonesia.** Several
studies have been reported that secondary metabolites of marine sponge have a promising source of
biological activities such as antibacterial, antifungal, and anticancer.™

The production of secondary metabolites from sea sponges is very dependent on the number of these
organisms which are very limited. Therefore, the use of symbiotic microorganisms that live in marine
organisms is the solution to this problem. This is supported by several studies that found similar bioactive
compounds from marine symbiotic microorganisms.”"' For instance, Manzamine alkaloid isolated from a
marine sponge, Acanthostrongylophora sp, was isolated from its symbiont (Micromonospora sp.) as the
antimalarial, tuberculosis and HIV drug."
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In continuation of our previous research, we found ethyl acetate extract of C. geniculatus WR12, a marine
sponge-derived fungus which was isolated from Haliclona fascigera, has potential effect as anticancer
(ICsy = 56.40 pg/mL) and antibacterial agent.'>* This paper presents the isolation, structure
determination, and bioactivity of isolated compound.

EXPERIMENTAL

General Experimental Procedures

A Perkin-Elmer Spectrum One FT-IR instrument used for the experimental IR spectrum. The ultraviolet
spectrum was recorded on Shimadzu® ultraviolet-visible Pharmaspec 1700 spectrometer in wavelength
of 200-800 nm. 1D and 2D NMR spectra were recorded on Bruker AVANCE DMX 600 and 300 NMR
spectrometers. The chemical shifts were referred to residual solvent signals at oy 2.50 (DMSO-ds) pg/mL
for 'H and d¢ 39.5 (DMSO-d,) pg/mL for *C. Mass spectrum (ESI) was measured with a Finnigan LCQ
Deca mass spectrometer and the HRESIMS spectrum was recorded with an FTHRMS-Orbitrap (Thermo-
Finnigan) mass spectrometer. The chromatographic silica gel 60 was provided by Merck®. TLC analysis
was performed on silica gel 60 Fassnm (Merck™). The lamp of UVigsum and UVisgsum used as the
visualization method on TLC analysis. Solvents were distilled prior to use, and spectrophotometric grade
solvents were used for spectroscopic measurements.

Fungal Strain
The pure strain of C. geniculatus WR12 was collecting from the previous study.'® The fungus was stored
at the Laboratory of Sumatran Biota, Faculty of Pharmacy, Andalas University, Padang, Indonesia.

Molecular Identification of the Fungus

The identification of marine-derived fungus (WR12) was done at the Institute of Science (LIPI),
Cibinong, Indonesia with the molecular approach. The molecular identification was performed out
using internal transcribed spacer (ITS) DNA barcode with special
primer pairs for fungi, by following the procedures carried out by Saitoh, et al. (2006)."> The sequences
were analyzed by the BLAST program on NCBI. MEGA 7.0 software is used to analyze phylogenetic
trees created by the neighbor-joining tree method with a bootstrap value of 1000 replication.'®

Culture Conditions

The fungus was grown in rice as media in which 100 g rice in Erlenmeyer was mixed with 110 ml
distilled water then the mixture was sterilized in an autoclave (121°C, 15 Ibs, 15 minutes)". This media
was incubated at room temperature (25 °C) for four weeks. Fungi culture media (100 g) was extracted
with ethyl acetate (3 x 100 ml). Ethyl acetate extract was separated from the culture medium by the funnel
and perform three repetitions, and then was evaporated in vacuo with a rotary evaporator to give ethyl
acetate crude extract (5.5 g).

Isolation of Secondary Metabolites

Ethyl acetate extract was purified by Sephadex LH20 column chromatography. The mobile phase of the
column was methanol to obtain four fractions (F1, F2, F3, and F4). F2 was subjected to further silica gel
chromatography, then eluted with n-hexane: ethyl acetate: methanol (1:3.5:0.5) to give eleven fractions.
F2-6 was diluted with ethyl acetate and recrystallized with ethyl acetate and methanol to obtain
compound 1 (126 mg).

Characterization of Compound 1
The compound was characterized by spectroscopic data (UV, IR, HR-MS, 'H and >C NMR).

Antibacterial Activity Testing

Compound 1 was tested to human resistant pathogenic bacteria; MRSA and gentamicin (10 ul/disc) were
used as positive control by the agar disc diffusion method.'” Compound 1 was dissolved in DMSO with a
concentration of 500; 250; 125; 62.5 and 31.25 pg/disc respectively. Antibacterial activity was detected
after incubation for 24 h at 30 °C. The existence of the clear zone of inhibition in the media was

418
MARINE SPONGE-DERIVED FUNGUS D. Handayani et al.



RASAYAN J. Chem.
Vol. 13 | No. 1 |417 - 422] January - March | 2020

considered as an indicator for antibacterial activity. The lowest concentration contained a clear zone
around the paper disc was described as a minimum inhibitory concentration (MIC) value."®

MTT Assay

MTT assay was carried out with procedure experimental in Handayani ez a/. (2018). Four cell lines, HeLa
as cervix cell line, WiDr as colon adenocarcinoma cell line, T47D as human ductal breast epithelial tumor
cell line and Vero as normal cell line have been used for the assay."'* Compound 1 was made in several
concentrations which are 300, 150, 75, 37.5, 18.75 and 9.375 pg/mL. Doxorubicin as a positive control
was created in the concentration of 100, 50, 25, 12.5 and 6.25 pg/mL.

Statistical Methods
Value Ln concentration is regressed against cell viability. Regression equations and probit analysis using
SPSS were used to calculate ICs, values.

RESULTS AND DISCUSSION
The strain WR12 (Contig LPB 051 HF12) was identified as Cochliobolus geniculatus by using sequence
analysis of the partial 18S rRNA gene. The nucleotide was compared to nucleotide BLAST of the gene
bank database (NCBI GenBank) and recovered JIN941617 Cochliobolus geniculatus (99%) as the closest
match to the rDNA of Contig LPB 051 HF12. The phylogenetic tree is shown in Fig.-1.

JI341608.1 Cochliobolus lunatus strain NBRC
. |JN941617.1 Cochiiobolus geniculatus stran NBRC
Config LPB 051 HF12

|,E$¢1E?i,1 Cochlicbolus genicuiztus strain NBRC
FJ235087 1 Cochliobolus sp. (0T(L)

HQ731076.1 Cochioboius lunatus isolate SPT

JN941622.1 Cochiiobolus eragrostidis strain NERC

“ { KJ396082 1 Bipolans sorokiniang strain JAN3

& |¥!~: 14993.1 Bipolans sorokiniana strain KBRC 100205 small subunit ibosomal RNA ge

i |zr:33?332 1 Bipoias elevsies

91 Altemana raphani ARS

Altemara bassiicola ABc?

Fig.-1: The Phylogenetic Tree using the Neighbor-joining Method of 18S rRNA Gene Sequence from
Some of the Fungi isolates Derived Haliclona fascigera and Some Strain of Cochliobolus, Bipolaris, and
Alternaria. The Scale Bar indicates a 0.05 Substitution Nucleotide Position.

Several species of Cochliobolus are commonly isolated from the plant as an endophyte and epiphytic
fungi. This genus is also found in association with a marine sponge and seagrasses.”” Based on
microscopic morphology characterization, Cochliobolus colonies are grey to black, velvety or cottony.
Mycelium consist of branched, septate, brown hyphae. The conidiophore cells usually curved or ellipse
and almost always 4-septate with the end cells almost colorless or very pale brown.!
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Compound 1 compounds as a colorless needle crystal. The HRESIMS spectrum of 1 showed a prominent
pseudo molecular ion peak at m/z 237.0763 [M + H]’, consistent with a molecular formula of C,,H,,0s.
Its UV spectrum displayed the maximum wavelength at 221.60 nm (0.495) and 346.20 nm (0.481). The
IR spectrum showed specific absorbance on 3325, 2941, 1658, 1427, and 1020 cm™ hinted to the presence
of hydroxide group, C-H group, a carbonyl group, aromatic C=C group, and C-O group respectively.”'
The 'H spectrum (Table-1) showed resonances of two methyls and three olefinic protons, as well as two
oxygenated protons. Detailed analysis of its 1D and 2D NMR spectra revealed that 1 is a known
metabolite, radicinin (Fig.-2), previously reported from Nakajima et al., 1997 which was isolated from

phytopathogenic fungi, Bipolaris coicis.”

Table-1: 'H and °C NMR Spectroscopic Data of Compound 1 and Radicinin.”

No. | Compound 1 Radicinin °C in Compound 1 'H in DMSO Radicinin "H in CDCl; '
*C in DMSO CDCI;*! (8 in pg/mL, J in Hz) (8 in pg/mL, J in Hz)
(6 in ug/mL) (0 in ug/mL)
2 78.5 80.0 4.56 (dq 10.7, 6.3, 1H) 4.36 (dq 12.4, 6.3, 1H)
3 71.8 72.0 3.97 (dd 10.8, 5.2, 1H) 3.98(d 12.4, 1H)
4 188.4 188.6 - -
4a 98.4 97.9 - -
5 156.3 156.7 - -
7 162.7 164.3 - -
8 99.5 98.0 5.87(d 5.2, 1H) 5.84 (s, 1H)
8a 174.9 176.3 - -
9 122.9 122.6 6.29 (q 1.6, 1H) 6.03 (dq 15.5, 1.8, 1H)
10 138.6 141.0 6.74 (dq 15.7, 7.0, 1H) 6.95 (dq 15.5, 7.0, 1H)
11 18.4 18.8 1.92 (dd 7.0, 1.7, 3H) 1.95 (dq 7.0, 1.8, 3H)
12 17.4 18.1 1.46 (d 6.4, 3H) 1.64 (d 6.3, 3H)

Fig.-2: Radicinin (1)

Radicinin (1) was first isolated from Stemphylium radicinin in 1953 and later observed from other plant-
associated fungi, including Cochliobolus lunatus, Curvularia sp., and several members of the genus
Alternaria.®*™® The structure was first reported in 1964 and confirmed by X-ray crystallography in
1982.7° This compound is known as a phytotoxic and antibacterial compound.’**'** Although little
known about its activity against resistant bacteria, the mechanism of action was determined by a
mechanism involving protease inactivation.”’ Another potential bioactivity of radicinin (1) was an
anticancer effect on several types of cancer cells. On our knowledge, no one has reported about its effect
against cancer cells. Based on the previous study, which was reported in Handayani, et al., 2018, the
biological activity of crude extract of C. geniculatus was active against cancer cells. This finding was
continued to radicinin (1) carried out by MTT colorimetric. Krippendorff (2006) revealed that the
cytotoxic compound can be categorized when its ICsy below 1000 pg/mL.” Radicinin (1) showed
extremely strong activity against T47D cell compared with doxorubicin while displayed lower activity
against WiDr and HeLa. It showed less toxic on Vero normal cells. The ICs is listed in Table-2. The
degree of selectivity of Radicinin (1) shows for the cancer cell line can be expressed by its selectivity
index (SI) value:
Selectivity Index (SI) = ICs, cancer cells/ICsy Vero cells
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The higher the SI, the more promise an extract holds, due to its selectivity for Vero cells.** Unfortunately,

the SI of Radicinin (1) is below 2, it indicated that this compound is not selective on Vero cells.

Table-2: The IC5, Values of Compound 1 against the Cancer Cells (in pg/mL)

. Selectivity Index (ICsy of Cancer
Compound ICs of Cancer and Normal Cell Line (ug/mL) Cell Line / ICso of Vero)
WiDr T47D Hela Vero® WiDr T47D Hela
1 47.17 25.01 55.25 57.13 0.83 0.44 0.97
Doxorubicin® 15.12 33.49 19.21 8.63 1.75 3.88 2.23
* Vero was normal cell line
® Doxorubicin was a positive control
CONCLUSION

This study successfully demonstrated that the Cochliobolus geniculatus WR12, a marine-derived fungus,
isolated from marine sponge Haliclona fascigera was a potential producer of anticancer and antibacterial
agents. These findings add the expanding bodies of evidence that marine-derived fungi could be a big
source for bioactive natural products. Based on these results, radicinin could be an interesting compound
for further development as a lead anticancer and anti-MRSA drug.
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