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1. Introduction

ABSTRACT

Objective: To evaluate antimicrobial activities in methanolic extracts of twelve sponges
collected from the Anambas Islands, Indonesia.

Methods: The antibacterial activity of methanolic extracts was tested against two Gram-
positive bacteria, viz. Bacillus subtilis (ATCC 6633) and Staphylococcus aureus (ATCC 25923),
and two Gram-negative bacteria, viz. Eschericia coli (ATCC 25922) and Vibrio anguillarum
(ATCC 19264) using the disk diffusion assay. The antifungal activity was similarly tested
against Candida albicans (ATCC 10231) and Aspergillus niger (ATCC 16404). The minimum
inhibitory concentrations of promising sponges extracts were determined by the microdilution
technique.

Results: All the sponge species in this study showed antimicrobial activities against at least
one of the test strains. Antibacterial activities were observed in 66.7% of the sponges extracts,
while 30.0% of the extracts exhibited antifungal activities. Among them, the extracts of the
sponges Stylissa massa and Axinyssa sp. were the most active against four tested bacteria and
the yeast Candida albicans. The sponge Theonella swinhoei and two species of Xestospongia
also displayed significant activities against two fungal pathogens Candida albicans and
Aspergillus niger.

Conclusions: Antimicrobial activities were demonstrated in extracts from various marine
sponges collected from the Anambas Islands, Indonesia. The most promising sponges among
them were Stylissa massa and Axinyssa sp. This is the first report of antimicrobial activity in
extracts of marine sponges from the Indonesian Anambas Islands.

variety of secondary metabolites to protect against pathogens,

and some of these organisms could harbor various classes of

Antibiotic resistance in pathogenic microorganisms is one of the
global challenges of medical sciences in the 21st century. It has
resulted in increased mortality and morbidity among the infected,
adding enormously to the cost of healthcare. Recent strategies
to address the problem include the search for new antibiotics
from previously less explored sources such as oceans. Marine

organisms, such as terrestrial species, are known to produce a wide
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antimicrobial substances[1].

Sponges have famously yielded the largest number of new
metabolites of bio-medical significance as compared with any
other plant or animal phylum from the marine environment(2].
To date, sponges account for some 4 850 compounds, or nearly
30% of all marine natural products discovered so far[1]. The
chemical compounds isolated from marine sponges have a variety
of pharmacological activities, such as anticancer, anti-infective,
anti-inflammatory, neuroprotective, antifouling and other
bioactivities[3.4].

Indonesian coastal waters support a wide diversity of marine
life. Marine invertebrates, in particular, are rich in natural
products. They are hence frequent targets in the continuing
search for bioactive metabolites[5]. As reported in more than 70

publications, Indonesian marine macroorganisms such as sponges,
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algae, ascidians and soft corals have been the source of more
than 100 bioactive compounds(6]. In the course of this research
program, twelve marine sponges collected from the Anambas
Islands were analyzed. Here, the methanolic extracts of these
sponges for antimicrobial activities were screening against four
human pathogenic bacteria and two pathogenic fungi. The most
active extracts will be studied further with the view to identify and

purify the antimicrobial compounds.

2. Materials and methods

2.1. Sponge samples

Twelve marine sponges were collected from six sites of the
Anambas Islands by scuba diving. The sponge species, locations,
and depths of collection were listed in Table 1. Identification of
the sponges was based on their morphological characteristics. A
voucher record of each specimen was deposited at the Research
Center for Oceanography of Indonesian Institute of Sciences. The
collected sponges were immediately frozen at —20 °C prior to

extraction.

2.2. Extractions

Each sponge sample with 200 g wet weight was thawed, and then
extracted with 500 mL methanol at room temperature for 24 h. The
sample was filtered and the residue was re-extracted with methanol
(3 x 500 mL). Then, each extract of sponges was evaporated at
reduced pressure to obtain crude methanolic extracts that were
stored in a deep freezer until used. Each extract of sponges was

examined for antibacterial and antifungal activites.

2.3. Microbial strains

Six reference strains of human pathogens were used in this
research, including two Gram-negative bacteria Eschericia coli

(ATCC 25922) (E. coli) and Vibrio anguillarum (ATCC 19264) (V.

Table 1
Sponge species and places of collection.

733

anguillarum), two Gram-positive bacteria Staphylococcus aureus
(ATCC 25923) (S. aureus) and Bacillus subtilis (ATCC 6633) (B.
subtilis), and two fungal strains Aspergillus niger (ATCC 16404)
(A. niger) and Candida albicans (ATCC 10231) (C. albicans).

2.4. Antimicrobial assays

2.4.1. Agar diffusion test

Screening of antibacterial and antifungal activites in the sponge
crude extracts was carried out using agar disk diffusion method as
described by Qaralleh er al.[7] with slight modifications. Concisely,
inoculums containing 10’ CFU/mL were spread on Mueller-
Hinton agar plates for antibacterial activity, while 10* CFU/mL
were spread on potato dextrose agar for antifungal activity. Sterile
forceps, sterile filter paper disks (6 mm diameter) containing
crude extracts (5 mg) and standard antibiotics used for bacterial
infections, chloramphenicol (30 mg) or 100 mg amphotericin B
for fungal infections and methanol as solvent control were laid on
the agar surface. The plates were incubated at 37 °C for 24 h for
the bacterial inoculums and at room temperature (18-20 °C) for
24-48 h for the fungal inoculums. The antibacterial and antifungal
activities were evaluated by measuring the zone of growth
inhibition surrounding the disks. All the assays were performed in

triplicate.

2.4.2. Microdilution method

Microdilution method was used to evaluate the minimum
inhibitory concentration (MIC) of the sponges extracts, which
showed good activity (growth inhibition halos more than 9 mm in
the disk diffusion assay) as described by Qaralleh et al.[7]. Tests
were performed in 96-well round bottom sterile culture plates using
the Infinite® 200 PRO microplate reader (Tecan Austria GmbH,
Grodig, Austria). The assay plates were filled with Mueller-Hinton
broth medium in serial dilutions ranging from 100 to 0.78 pg/
mL of S. massa and Axinyssa sp. extracts, chloramphenicol or
methanol and the test microorganism (10’ CFU/mL). The turbidity

in each well was measured at 600 nm, after 24 h of incubation

Sponges Places of collection Depth (m) Voucher specimen number
Dasychalina fragilis (D. fragilis) Pulau Batu Belah (3°12'31.89" N, 106°17'42.16" E) 1-5 1ANBL2015
Stylissa massa (S. massa) Pulau Batu Belah (3°12'31.89" N, 106°17'42.16" E) 1-5 2ANBL2015
Theonella swinhoei (T. swinhoei) Pulau Gosong (3°12'27.58" N, 106°19'14.44" E) 5-10 3ANBL2015
Xestospongia sp. 1 Pulau Gosong (3°1227.58" N, 106°19'14.44" E) 5-10 4ANBL2015
Pericharax heteroraphis (P. heteroraphis) Pulau Mandarin (3°16'42.96" N, 106724'14.35" E) 5-10 SANBL2015
Axinyssa sp. Pulau Mandarin (3°16'42.96" N, 106724'14.35" E) 1-5 6ANBL2015
Thrinacophora cervicornis (T. cervicornis) Pulau Samak (3°14'52.77" N, 106°26'35.56" E) 1-5 7ANBL2015
Haliclona fascigera (H. fascigera) Pulau Samak (3°14'52.77" N, 106°26'35.56" E) 1-5 8ANBL2015
Callyspongia sp. Pulau Penggending (3°9'17.65" N, 106°23'39.22" E) 1-5 9ANBL2015
Hyrtios erectus (H. erectus) Pulau Penggending (3°9'17.65" N, 106°23'39.22" E) 1-5 10ANBL2015
Xestospongia sp. 2 Pulau Penjaul (3°8'34.25" N, 106°22'49.53" E) 5-10 11ANBL2015
Cinachyrella sp. Pulau Penjaul (3°8'34.25" N, 106°22'49.53" E) 5-10 12ANBL2015




734
periods at 37 °C.

MIC for fungal strains was carried out using 96-well plate.
Each well contained potato dextrose broth, serial dilutions of 7.
swinhoei, Xestospongia sp. 1, Callyspongia sp. and Xestospongia
sp. 2 extracts, amphotericin B or methanol and the test yeast strains
(10* CFU/mL). The yeast growth was measured at 494 nm using the
Infinite® 200 PRO microplate reader, after 48 h incubation periods

at room temperature (18-20 °C).

3. Results

The identification of sponge species and their sampling sites
were summarized in Table 1. The antimicrobial activities of the
twelve sponges extracts were summarized in Table 2.

Table 2
Antimicrobial activities in methanolic extracts of twelve marine sponges.

Sponge species Zone of inhibition (mm)

S. B. E. coli V. C. A.
aureus  subtilis anguillarum albicans niger
D. fragilis 7.5 7.4 0.0 6.5 32 1.3
S. massa 18.1 14.3 11.8 12.3 9.7 7.1
T. swinhoei 10.7 7.8 0.0 7.1 15.1 14.5
Xestospongia sp. 1 10.2 9.3 0.0 8.3 13.9 11.6
P. heteroraphis 13.7 8.0 0.0 8.2 52 23
Axinyssa sp. 18.6 13.5 12.5 15.5 10.1 3.8
T. cervicornis 9.3 7.8 32 3.5 2.9 2.6
H. fascigera 0.0 6.4 0.0 3.6 34 2.5
Callyspongia sp. 10.3 8.5 7.8 7.6 15.1 12.3
H. erectus 10.7 8.0 0.0 0.0 8.3 79
Xestospongia sp. 2 16.7 8.6 0.0 10.3 11.2 12.4
Cinachyrella sp. 14.1 32 0.0 0.0 8.3 7.5
Methanol 0.0 0.0 0.0 0.0 0.0 0.0

Chloramphenicol (30 pg)  25.0 257 320 26.0 - -
Amphotericin B (100 ug) - - - - 21.2 20.3

All twelve sponges extracts displayed inhibitory activities
against the Gram-positive bacterium B. subtilis. Three extracts
of sponges S. massa, Xestospongia sp.1 and Axinyssa sp. showed
the highest activities with inhibition zones of 14.3, 9.3 and 13.5
mm, respectively. Eight extracts that showed moderate activity
were obtained from D. fragilis, T. swinhoei, P. heteroraphis,
T. cervicornis, H. fascigera, Callyspongia sp., H. erectus and
Xestospongia sp. 2. The extract of Cinachyrella sp. showed only
weak activity. Eleven sponges extracts were active against the
Gram-positive bacterium S. aureus. Ten extracts obtained from S.
massa, T. swinhoei, Xestospongia sp. 1, P. heteroraphis, Axinyssa
sp., T. cervicornis, Callyspongia sp., H. erectus, Xestospongia
sp. 2 and Cynachyrella sp. showed high activities, with inhibition
zones of 18.1, 10.7, 10.2, 13.7, 18.6, 9.3, 10.3, 10.7, 16.7 and 14.1
mm, respectively. The extract of the sponge D. fragilis exhibited
moderate activity.

Out of the twelve sponge extracts analyzed, seven extracts (S.
massa, T. swinhoei, Xestospongia sp. 1, Axinyssa sp., H. erectus,
Callyspongia sp. and Xestospongia sp. 2) showed relatively high

activities against the yeast C. albicans (Table 2). Furthermore,
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in vitro growth inhibitions of C. albicans and A. niger were
observed in the extracts of four sponges species, viz. T. swinhoeli,
Xestospongia sp. 1, Callyspongia sp. and Xestospongia sp. 2.

The antibacterial properties of S. massa and Axinyssa sp.
and the antifungal activities of T. swinhoei, Xestospongia
sp. 1, Callyspongia sp. and Xestospongia sp. 2 have been
further characterized by determining the MICs using the broth
microdilution method (Table 3).

Table 3

MIC (ng/mL) of sponge extracts against selected microorganisms.

Sponge species Microorganisms
S. B. E. coli V. C. A.
aureus subtilis anguillarum albicans niger
S. massa 125 125 500 250 250 -
Axynissa sp. 125 250 500 250 500 -
T. swinhoei - - - - 125 250
Xestospongia sp. 1 - - - - 250 500
Callyspongia sp. - - - - 250 500
Xestospongia sp. 2 - - - - 500 500
Chloramphenicol 20 24 18 21 - -
Amphotericin B — — — — 12 16

4. Discussion

Marine sponges are the oldest multicellular invertebrate
organisms on earth having been in existence for more than 600
million years. Sponges are filter feeders with numerous tiny
pores on their surface, which allow water to enter and circulate
through a series of canals, where microorganisms and organic
particles are filtered out and ingested[8]. This morphology, though
simple, has enabled sponges to persist through the course of
evolution. Marine sponges produce various secondary metabolites
as chemical defensive mechanism to protect themselves from
predators as well as infectious microorganisms. Many of these
compounds have been found to exhibit interesting biomedical and
pharmaceutical traits such as antiviral, antitumor, antimicrobial,
anti-inflammatory, immunosuppressive, neurosuppressive,
neuroprotective, antifouling and general cytotoxic properties.

In the present era, the search for a new generation of antibiotics
is increasingly urgent owing to the increased incidence of multiple
resistances among pathogenic microorganisms to drugs currently
in clinical use. It is ironic that while antibiotic resistance of
pathogenic microorganisms is on the rise, the rate of discovery and
development of new antibiotic compounds is declining[9,10]. Only
two novel antibacterial drugs have been seen entering the market
from the last two decadesl11]. It is considered that the islands of
Indonesia have an extensive cumulative coastline that supports
diverse marine ecosystems. A program has been initiated in our
laboratory to screen marine invertebrates, especially sponges, as
potential sources of drugs.

The first report of antimicrobial activity in sponge extracts



Masteria Yunovilsa Putra et al./Asian Pac J Trop Dis 2016; 6(9): 732-735 735

was conducted by Chairman et al.[12], who found antimicrobial
properties against both Gram-positive and Gram-negative
bacteria in 18 out of 31 sponges tested. In the present work, it
is observed that 66.7% of 12 marine sponge extracts examined
showed antibacterial activities, while 30.0% of these extracts
exhibited antifungal activity. The sponge species that were most
promising in their production of antimicrobials were S. massa
and Axinyssa sp. that showed inhibitory effects against four tested
bacteria and the yeast C. albicans. This finding is the first report
of antimicrobial activity in two sponge species. In this work,
the methanolic extract of the sponges showed a clear inhibitory
specificity towards Gram-positive bacteria. It is known that
Gram-positive bacteria tend to be much more sensitive to drug
action than Gram-negative bacterial13]. Many, such as S. aureus,
are of pathological importance, being pervasive in hospital
environments. In essence, the discovery of both Gram-positive and
Gram-negative bacteria would contribute to the pharmacological
arsenal against resistant bacteria.

Based on the evidences from the antifungal assay, T. swinhoei,
Xestospongia sp. 1 and Xestospongia sp. 2 appeared to be the
most promising in terms of antifungal activity. These sponges
were inhibitory to both fungal pathogens C. albicans and A.
niger. The antifungal activity of the extract from Xestospongia
might be due to the presence of Xestospongia-associated natural
products (Xestospongiamide) that have been reported to have
inhibitory potential against two fungal pathogens A. niger and C.
albicans(14]. Another sponge, T. swinhoei, is known to contain
the antifungal compounds such as swinhoeiamide A[15] and
theonellamide GI16].

Marine sponges collected from the Anambas Islands in
Indonesia possess antimicrobial properties. The most promising
species in this respect are the sponges S. massa and Axinyssa
sp. These organisms will be subjected to bioassay-guided
fractionations to isolate and identify the active antimicrobial
compounds. The encouraging biological activities encountered in
this study indicated that the Anambas Islands are hosts to a wide

array of marine sponges worthy of further investigations.
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