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Marine sponges are on focus for their ability to produce compounds with antimicrobial activity. In this
study, extracts from nine Red Sea sponges obtained from Saudi coasts (Farasan Islands, Al Lith, Al-
Qunfudhah and Yanbu) were screened against clinical and marine bacterial isolates. Results showed that
the extracts of Callyspongia crassa and Aplysina fulva were potent against the Gram-positive Bacillus sub-
tilis pathogens (inhibition zone: 9-15 and 16-25 respectively; LCso = 18.2 and 21.7 pg/mL respectively).
Extracts of Callyspongia crassa and Aplysina fulva showed also activity against Staphylococcus aureus (inhi-
bition zone: 5-8 and 16-25 respectively; LCso = 215.2 and 302.6 ug/mL respectively). However, extracts
of Callyspongia siphonella, Phyllospongia lamellose, Iotrocbota purpurea and Clathria spp. showed no activity
against all tested strains including the Gram-negative E. coli. With respect to marine bacterial strains,
extracts of Piona vastifica and Callyspongia crassa showed high activity (LCso=19-22 nug/mL) whereas
the rest showed low activity (LCsg =270-350 pg/mL).

These findings provide evidence that marine sponges from the Red Sea have the potential to be good
candidates in the search for new effective drugs against Gram-positive pathogenic bacteria.
© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Oceans cover more than 70% of the surface of the earth, and is
still to a great extent unexplored. The development of new tech-
nologies that facilitate sub-sea sampling and harvesting has
widened the accessibility to areas below sea level (Synnes, 2007).
This resulted in the isolation of bioactive compounds from marine
organisms against viral, bacterial, parasitic and fungal diseases
(Abdelmohsen et al., 2017; Andersen, 2017; Anjum et al., 2016).
Marine natural products are exceptional in their structural/chemi-
cal features and consequently in their pharmacological properties
than the terrestrial natural products (Ibrahim and Mohamed,
2016; Kiuru et al., 2014).
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Marine sponges, belong to the phylum Porifera (Andersen,
2017; Anjum et al., 2016), are gaining more attention by research-
ers and industrial sectors from all over the world due to their abil-
ity to produce a variety of bioactive secondary metabolites that
have many applications including drug discovery (Garcia-Vilas
et al., 2015; Kobayashi, 2016; Mioso et al., 2017). About 5000 com-
pounds to date were isolated from sponges worldwide, accounting
for about 30% of all compounds obtained from the marine environ-
ment so far. Approximately, more than two hundred newly discov-
ered bioactive products derived from sponges are reported yearly
since the last decade (Hu et al., 2011). It is hypothesized that
sponges have used different metabolic pathways to produce such
diverse and unique bioactive compounds to support the sponges’
survival in the sea. This includes defense against microbial infec-
tion and as agents used in the competition for space in the crowded
marine reef environment (Mehbub et al., 2014; Roue et al., 2012).
Several medications derived from sponges are available in the mar-
ket and others are in clinical trials including Eribulin Mesylate,
Cytarabine, and Vidarabine (Martins et al., 2014).

The exceptional geographical location of the Red sea in the
desert coupled with its unique physical (such as depth and rela-
tively high surface temperature) and chemical (high salinity) char-
acteristics offer great biological diversity and endemism not
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presented elsewhere (Behzad et al., 2016). These characteristics of
the Red Sea provide the opportunity for bioprospecting of natural
product compounds with medicinal and nutritional values. For
example, a previous study that was conducted on extracts obtained
from five sponge species has shown promising antimicrobial activ-
ity against a spectrum of pathogenic bacterial and fungal strains
(Perveen et al, 2002). Metabolites: sipholenol A and 2,10-
dibromo-3-chloro-7-chamigrene that was isolated from Red Sea
Siphonochalina siphonella extracts showed potent antifouling
effects (Al-Lihaibi et al., 2015). Moreover, chemical compounds iso-
lated from Petrosia sp.; Hyrtios erectus, Siphonochalina sp. and Hal-
iclona sp. were found to be cytotoxic against several cancer cell
lines including HepG2, MCF-7 WI-38, and Vero (Abdel-Lateff
et al.,, 2016, 2014; Alarif et al., 2013, 2016). In this study, extracts
from nine Red Sea sponges obtained from Saudi coasts (Farasan
Islands, Al Lith, Al-Qunfudhah and Yanbu) were screened against
clinical and marine bacterial strains.

2. Material and methods
2.1. Study area

The Red Sea Saudi coast is about 1700 km extended from Gulf of
Agaba to Yemen. In this study, sponges were collected from 4
regions along the Saudi Red Sea coast. These regions are Yanbu,
Al Lith, Al Qunfudhah, and Farasan Islands (Fig. 1). Samples were
collected from both inshore and offshore sites.

2.2. Collection of sponges

Approvals to collect the samples were obtained from local Saudi
authorities. Samples were collected from sites that offered a
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combination of high biodiversity and density to avoid any adverse
effects to the sampled sites during the period from November 2015
to May 2016. Samples were collected from the indicated coasts at
depths 1-20 m using skin and Scuba diving techniques. Sites were
carefully photographed for documentation so that the specimens
could be collected from the site in the future. The following species
were collected from each region: Iotrocbota purpurea, Xestospogia
spp., Clathria spp., Phyllospongia lamellose, Stylissa carteri, Piona
vastifica, Aplysina fulva, Callyspongia siphonella and Callyspongia
crassa. Samples of the same species obtained from the different
coasts were processed separately. The collected samples were
washed with freshwater and then frozen immediately and
maintained at —20 °C before starting the extraction. Identification
of sponges’ species was carried out based on skeletal slides and
dissociated spicule mounts. Identification of sponges species
were kindly confirmed by Dr. Tarek A. Temraz, Marine Science
Department, Suez Canal University, Ismailia, Egypt. Specimens
of the collected species were deposited in the Porifera
collections of the Zoological Museum, Biology Department, Taibah
University.

2.3. Extraction

The frozen samples were left to defrost for one hour at room
temperature. Defrosted samples (20 g) were then dissected using
scissors into small pieces and overnight extracted several times
with sufficient amount (600 mL) of Methylene chloride/Methanol
(1:1) as previously described (Ines et al., 2007). The extract was
then filtered through Whatman No. 1 filter paper (Rotavapor
R-200, BUCHI) at 40 °C and the residue was transferred into small
vials and labeled. Extracts (yield between 0.4 and 1.0g) were
stored at —80 °C until used.
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Fig. 1. Sampling locations. The map shows the collection sites for sponges species collected from the Saudi Red Sea coasts.
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2.4. Organisms and culture conditions

All media and solutions used for culture were sterilized by auto-
claving (121 °C, 15 min). Pathogenic isolates of 2 Gram-positive
standard strains (Staphylococcus aureus [ATCC: 29213] and Bacillus
subtilis [ATCC: 9372]) and one Gram-negative (E. coli [ATCC
25922]) were used in the study. Pathogens were stored on nutrient
agar plates (OXOID, CM3) and were propagated in nutrient broth
(OXOID, CM1) medium at 37 °C.

Marine bacterial strains were isolated from the water surround-
ing the sponges. Following the technique of Biswa and Doble
(2013). In brief, standard serial dilution and plating techniques
were performed on marine agar (18 g Difco marine broth, 9 g NaCl
and 18 g Difco agar, per 1L of deionized H,0), and kept at 24-
25 °C. The isolated bacteria were categorized into Gram-positive
or negative bacteria using Gram stain technique. Antibacterial
activities were evaluated by the disk diffusion and the microbroth
dilution methods as recommended by the Clinical and Laboratory
Standards Institute (CLSI).

2.5. Well diffusion method

The well diffusion method was conducted according to Magaldi
et al. (2004). Bacterial broth culture of each bacterial strain was
adjusted to 0.5 McFarland standards. One mL of the bacterial sus-
pension was then added to melted agar (50-55 °C). The inoculated
agar was then plated (9 cm diameter) and left until the medium
had solidified. After that, wells (4 mm diameter) were cut out of
the agar, and 20 pL of the sponge extracts dissolved in Dimethyl
Sulphoxide (DMSO) were placed into each well. The vehicle
(20 puL) alone without extracts was placed into the control wells.
Assay plates were kept at 37 °C for overnight. The endpoint of
the assay was detected by visualizing the clear zone of inhibition
of growth around the wells. Each experiment was repeated twice.

2.6. Microtiter diffusion method

The microdilution assay test was performed in 96-well microti-
ter plates as previously described (Ghuman et al., 2016). In brief,
activity was determined by comparison of growth in the presence
of extract to cells in media only as a control. Extracts were diluted
in DMSO to produce a gradient of final concentrations that ranged
from 500 pg/mL to 1 ug/mL. Bacteria growth was assayed after 24 h
by measuring the optical density at 630 nm using a microtiter plate
reader (MRX, DYNEX Technologies, Inc, Chantilly, VA, USA).
Extracts were regarded as inactive when the optical density was
more than 90% of the control assayed after 24 h. Absorbance values
were converted into growth percentage and the medium lethal
concentration (LCsg) was obtained graphically from the dose
response curves. The experiment was repeated 4 times and the
mean value of LCso was reported.

3. Results

3.1. Antibacterial activity of sponges extract against human
pathogenic bacteria

Table 1 summarizes the results of antibacterial activities of the
9 extracts of sponges (at concentrations of 250-500 pg/mL) against
Bacillus subtilis, Staphylococcus aureus and E. coli bacterial strains
tested using the agar well diffusion method.

Strong activity against Bacillus subtilis was detected by
Callyspongia crassa (inhibition zone: 15-20mm) whereas
moderate-good activity was detected for Xestospogia spp., Phyl-
lospongia lamellose, Piona vastifica, Aplysina fulva, Callyspongia

siphonella with inhibition zones ranged between 8 and 11 mm at
500 pg/mL concentration. With respect to Staphylococcus aureus
pathogen, strong inhibition was also detected for Callyspongia
crassa (19-24 mm) whereas moderate-good activity was detected
for Piona vastifica and Aplysina fulva with inhibition zones ranged
from 8 to 9 mm at 500 pg/mL concentration. All tested extracts of
marine sponges showed no activity against E. coli (Table 1).

3.2. Antibacterial activity testing against marine bacteria

The extracts of sponges were assayed for their activity against
three Marine bacterial isolates (Bacillus spp. and Staphylococcus
spp., Gram-positive, Table 2) at a concentration of 500 pg/mL.

The results showed that the extract from all examined sponge
species showed moderate to good activity against tested marine
bacterial species (isolated from the environment surrounding the
sponges). The highest activity against marine bacteria was
detected for Callyspongia crassa whereas the lowest activity was
detected for Phyllospongia lamellosa (inhibition zones 11-12 mm
and 6 mm respectively).

3.3. Half Maximal Inhibitory concentration (LCsp)

In order to determine the Half Maximal Inhibitory Concentra-
tion (ICsp) of sponge extracts, the microdilution assay was used
and the extracts were tested over a range of concentrations (5-
500 pg/mL; Table 3). Four replicates for each concentration were
used. According to LCsq, extracts of Callyspongia crassa, Piona vasti-
fica, Aplysina fulva and Callyspongia siphonella were the most active
against Bacillus subtilis with LCsq of 18.2, 20.3, 21.7 and 22.5 pg/mL
respectively. The extract of Xestospogia spp. showed the least activ-
ity against Bacillus subtilis (LCsg=224.6 pg/mL). Extracts of
Callyspongia siphonella had a considerable effect in the inhibition
of Staphylococcus aureus (184.4 ng/mL).

With respect to marine bacterial strains and LCsg, extracts Piona
vastifica and Callyspongia crassa were the most active with LCsq
ranged between 19 and 22 pg/mL (Table 4). Extracts obtained from
other sponge extracts were less active (LCso=103-350 pg/mL;
Table 4).

4. Discussion

The aim of the current study was to screen extracts derived
from nine Red Sea Saudi sponges for their activity against selected
bacterial pathogens. Extracts derived from Callyspongia crassa
and Aplysina fulva were found potent against tested Gram-positive
human pathogens. These data are of importance, especially with
the increasing threat of bacterial antibiotic resistant in both hospital
settings and the food industry (Antelmann et al, 2008; Chang
et al,, 2015).

The antimicrobial metabolic defenses in sponges are well estab-
lished (Gochfeld et al,, 2012; Rohde et al., 2015). In the current
study, the antibacterial activity against the Gram-positive bacteria
was detected in the majority (about 60%) of the sponges with
ranges from moderate to potent activities. This result is similar
to most studies that examined the antimicrobial activity of the
Red Sea sponges (Perveen et al., 2002) and sponges obtained from
other locations (Beesoo et al., 2017; Gopi et al., 2012; Ines et al,,
2007). In addition, Gram-positive pathogens were more sensitive
than Gram-negative ones as no activity was detected in all exam-
ined sponge extracts against the E. coli bacteria. This is in concor-
dance with several previous investigations that showed
susceptibility of Gram-positive pathogens to sponge bioactive
compounds whereas Gram-negative ones were resistant (Gupta
et al., 2012; Mora et al., 2008; Nazemi et al., 2014). This could
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Table 1

Antibacterial activity of Red Sea sponge extracts by well diffusion assay against human pathogenic bacteria at two Concentrations (500 pig/mL and 250 pig/mL).

Sponge Bacillus subtilis (inhibition zone Staphylococcus aureus (inhibition E. coli (inhibition zone mm)

mm) zone mm)

500 pg/mL 250 pg/mL 500 pg/mL 250 pg/mL 500 pg/mL 250 pg/mL
Iotrocbota purpurea — - _ _ _ B
Xestospogia spp. ++ ++ — _ _ _
Clathria spp. - - — _ _ _
Phyllospongia lamellosa e+ ++ _ _ _ B
Stylissa carteri - — _ _ _ _
Piona vastifica +++ - +++ _ _ _
Aplysina fulva e+ et -+ + _ -~
Callyspongia siphonella ++ ++ _ _ _ _
Callyspongia crassa e+ +++ - - _ _

— no activity; + weak activity (1-4 mm); ++ moderate activity (5-8 mm); +++ good activity (9-15 mm); ++++ highly active (16-25 mm).

Table 2
Antimicrobial activities of sponge extracts at a concentration of 500 ug/mL against
marine gram positive bacteria isolated from the environment of the sponges.

Sponge species Inhibition zone (mm diameter)

Isolate 1° Isolate 2% Isolate 3°

Iotrocbota purpurea 10 9 —ve
Xestospogia spp. 9 8 7
Clathria spp. 9 8 7
Phyllospongia lamellosa 6 6 —ve
Stylissa carteri 8 8 7

Piona vastifica 9 6 8
Aplysina fulva 9 8 10
Callyspongia siphonella 11 8 9
Callyspongia crassa 11 11 12

" Gram-positive Bacillus spp.
# Gram-positive Bacillus spp.
$ Gram-positive Staphylococcus spp.

Table 3
The average values for LCso from different individuals of sponges collected from
different habitats against human pathogenic bacteria.

Sponge Bacillus subtilis Staphylococcus aureus
LCso (ng/mL) LCso (ng/mL)

Xestospogia spp. 2246 +32.0 249.5+335

Phyllospongia lamellosa 1154 +£26.2 214.7 £26.1

Piona vastifica 203 +2.25 302.6 +39.4

Aplysina fulva 21.7£2.61 2152+43.1

Callyspongia siphonella 22.5+5.31 184.4+17.03

Callyspongia crassa 18.2£3.56 326.2+329

Table 4
The average values for LCso from different individuals of sponges collected from
different habitats against bacteria isolated from the surrounding environment of
sponge.

Sponge Isolate 1 Isolate 2% Isolate 3°
LCso (ng/mL) LCso (ng/mL) LCso (ug/mL)
Xestospogia spp. 183.2+30.9 201.5+253 2454 +28.8
Phyllospongia lamellosa 103.5+7.21 155.1+£21.8 270.4+37.6
Piona vastifica 22.6 £5.46 22.8+2.58 19.4+2.53
Aplysina fulva 109.5+19.6 186.5 £ 24.6 238.2+20.1
Callyspongia siphonella 155.1+£36.3 120.3£29.3 349.6 £33.7
Callyspongia crassa 223+2.29 18.6 £ 2.06 22.2 £4.96

" Gram-positive Bacillus spp.
# Gram-positive Bacillus spp.
$ Gram-positive Staphylococcus spp.

reflect the marine environment that surrounded the sponges and is
rich in Gram-positive bacteria.

The results showed that most of the examined sponges showed
antimicrobial activity against bacterial isolates from the sponge’s

natural marine environment. Many bioactive metabolites and
compounds isolated from sponges displayed potential bioactivities
such as antimicrobial, anti-inflammatory and cytotoxic activities
(Agrawal et al., 2016; Andersen, 2017; Malve, 2016). Therefore,
the antimicrobial defenses among the Red Sea sponges are com-
mon and the chemical defenses of the sponges may play a key role
in protecting them against the microbial pathogens. In fact,
sponges have been shown to form a wide spectrum of interactions
(symbiotic or competitive) with microorganisms such as bacteria,
fungus, and others. These interactions are suggested to play an
important role in the sponge’s survival through the production of
bioactive substances including antimicrobial compounds (Laport
et al., 2009; Selvin et al., 2010).

Several mechanisms were suggested to account for the diversity
of secondary metabolites produced by sponges. One mechanism is
related to the fact that sponges are usually associated with
microorganisms that account for more than one-third of the
sponge volume and contribute to a good extent to its metabolism
(Indraningrat et al., 2016; Selvin et al., 2010). Another mechanism
is the use of such metabolites as chemical means to protect them-
selves against predation (Gomes Filho et al., 2014). Another possi-
ble ecological role of these antibacterial metabolites is to act as
antifouling agents (Muller et al., 2013).

One of the limitations of the current study is that the antibacte-
rial activity of the Red Sea sponges was examined on only three
pathogens. Expanding the study to include more pathogens is a
matter of future research. In addition, fractionation of the crude
extract to identify bioactive compounds in the sponges that
showed a potent effect against Staphylococcus aureus and Bacillus
subtilis is strongly recommended. Moreover, to better judge the
magnitude of the antibacterial, including positive controls is also
recommended.

5. Conclusion

Sponges collected from some the Saudi Red Sea coasts (i.e.
Yanbu, Al Lith, Al Qunfudhah and Farasan Islands) had the poten-
tiality to inhibit the growth of certain reference and marine
bacteria.
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