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ABSTRACT

Most of marine sponges harbor dense and diverse mi-
crobial communities of bioactivity importance. Four
Gram positive bacterial cultures (HA-21, HA-68, HA-
MS-105 and HA-MS-119) were isolated from the
sponge Amphimedon ochracea, collected from the Red
Sea coast of Egypt. Bacterial species were identified
based on the phylogenetic analysis of the nucleotide
sequences of their 16S rDNA genes. The Sequences
similarity values of 98% - 100% to other strains in
the NCBI database showed strong similarities with
the 16S rDNA genes of firmicutes (Bacillus sp.). The
four bacterial species were submitted to the GenBank
database and had accession numbers of: HA-21 [JQ-
768238]; HA-68 [JQ751264]; HA-MS-105 [JQ768239];
HAMS-119 [JQ768240]. The cytotoxic activities of the
bacterial isolates were tested against three established
human cancer cell lines; HepG2 (hepatocellular car-
cinoma), HCT (colon carcinoma) and MCF-7 (breast
carcinoma). The inhibitory effect on these cell lines,
measured by MTT cell assay protocol, revealed pro-
mising cytotoxic activity of the four isolates (ICsy
values (ug/mL) were: HA-21: 13.2, 9.3 and 12.2;
HA-68: 10.42, 4.3 and 5.5; HA-MS-105: 46.9, 28.6
and 21.3; HAMS-119: 10.42, 6.3 and 22.1; respec-
tively). The recovery of bacterial strains with cyto-
toxic activity suggests that marine invertebrates re-
main a rich source for the isolation of culturable
isolates capable of producing novel bioactive secon-
dary metabolites.
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1. INTRODUCTION

The potential of marine natural products has captivated
many researchers over the years. Inspired by the vastness
of our oceans, and almost incomprehensible level of bio-
diversity in the marine environment, researchers have
enthusiastically pursued the pharmacological potential of
secondary metabolites from marine organisms, with the
attention of natural product chemists and pharmaceutical
companies being focused firmly on anticancer drugs,
with several promising sponge-derived compounds in
clinical and preclinical cancer trials [1,2]. However, to
the best of our knowledge, despite an enormous number
of biologically active compounds being isolated from
marine sponges, not a single compound obtained from a
sponge has been approved as a drug to date, with a major
hurdle on progress being the so-called supply problem
[3]. As a significant portion of the bioactive metabolites,
thought originally to be products of the source animal
often synthesized by their symbiotic microbiota, re-
searchers have paid more attention to microorganisms as
a renewable source of bioactive natural products. More
specifically, bacteria from the marine environment have
shown great potential as suggested by the diversity of
secondary metabolites [4].

In contrast to the terrestrial environment where plants
are the most prolific sources of natural products, this
leading position in the sea is taken by invertebrates such
as sponges, tunicates, bryozoans, or mollusks, with
sponges being the most prolific sources of natural prod-
ucts [5]. The wealth of their secondary metabolites has
been related to the role of chemical defense played by
these constituents; such ecological function is believed to
be crucial for the survival of the producer organisms,
which are soft-bodied, sessile or slow-moving animals,
lacking, in most cases, morphological defense structures
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such as shells or spines [6]. Sponges have been the focus
of much recent interest (Figure 1) due to the following
two main (and often interrelated) factors: 1) They form
close associations with a wide variety of microorganisms

Copyright © 2012 SciRes.
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Figure 1. Increasing research interest in marine sponge-microorganism asso-
ciations. (a) Number of publications retrieved from the ISI Web of Science
database; (b) Number of sponge-derived 16S rRNA gene sequences deposited
in GenBank per year (adopted from [7]).

and 2) they are a rich source of biologically active sec-
ondary metabolites. This increasing research interest has
greatly improved our knowledge of sponge-microbe in-
teractions [7]. With the development of the phylogenetic
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analysis of 16S rRNA gene sequences, putative identifi-
cation of bacteria by comparison with sequences from
known closely related organisms can be easily achieved.

Sponges are filter-feeding, sessile multicellular organ-
isms that live mainly in marine habitats. Because of their
sessile lifestyle, they largely rely on chemical defense
against potential predators. Thus, a great variety of novel
biologically active metabolites have been isolated from
sponges [8,9]. Some sponge-derived metabolites reveal
striking similarity to known microbial metabolites, and it
has been hypothesized that many natural products from
marine invertebrates may be of microbial origin [10].
Microorganisms play a central role in sponge biology:
they serve as food particles and are found to live associ-
ated with many sponges inter- and intracellularly [11,12].
The diversity of microbes known from sponges was
categorized in 14 recognized bacterial phyla (and one
candidate phylum), both major archaeal lineages, and
assorted microbial eukaryotes. Members of bacterial
phyla Acidobacteria, Actinobacteria, Bacteroidetes, Chlo-
roflexi, Cyanobacteria, Deinococcus-Thermus, Firmi-
cutes, Gemmatimonadetes, Nitrospira, Planctomycetes,
Proteobacteria (Alpha, Beta, Delta, and Gammaproteo-
bacteria), Spirochaetes, and Verrucomicrobia have been
recovered from several marine sponges [13]. Several ob-
servations support the idea that bacteria synthesize
sponge-specific compounds either completely or in the
form of precursors completed subsequently by sponge
metabolism [14-18]. Antimicrobial, cytotoxicity and
other biological activities of associated bacteria may play
a significant ecological role in sponge-bacteria associa-
tions. Furthermore, the isolation of sponge-associated
bacteria producing bioactive metabolites, which were
originally isolated from sponges, strongly supports the
hypothesis of the microbial origin of the compounds
formerly ascribed to sponges [19-21].

2. MATEIALS AND METHODS

2.1. Sponge Collection and Taxonomic
Identification

Sponge sample was collected by SCUBA diving at depth
1.5 m in the Red Sea (El-Gona station; GPS: N: 27 22
39.98, E: 33 40 58.95) in May 2010 (Figure 2). The
sponge sample was taxonomically identified as Am-
phimedon ochracea (Keller, 1889), Order Haplosclerida:
Family Niphatidae (Figure 3). Taxonomic identification
was performed by Prof. Rob. W. M. van Soest (Univer-
sity of Amsterdam, Netherlands). A voucher fragment is
incorporated in the collections of the Zoological Museum
of Amsterdam, now part of the Netherlands Centre for
Biodiversity Naturalis (NCB Naturalis) at Leiden, The
Netherlands, under registration number (ZMA Por.
22534). Another sponge sample was also deposited in the
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Figure 2. Egypt map showing the sponge sampling site (EIl-
Gouna, Egypt) on Red sea (site is indicated by red arrow).

Figure 3. Sponge sample (dmphimedon ochracea).

Red Sea invertebrates’ collection at the Marine Biotech-
nology Unit; the National Institute of Oceanography and
Fisheries, Alexandria.

2.2. Processing of the Sponge Sample

Sponge was transferred to plastic bags containing sea-
water and transported to the laboratory. Sponge specimen
were rinsed in sterile seawater, cut into pieces with ster-
ile scalpels of ca. 1 cm and then thoroughly homoge-
nized in a sterile mortar with 10 volumes of sterile sea-
water. The supernatant was diluted in ten-fold series
(10", 102, and 107) using autoclaved environmental
water. Fifty microliter aliquots of each dilution were
plated on various agar plates’ solid media.

2.3. Isolation of Sponge Associated Bacteria

Two growth media were prepared to isolate a wide range
of the sponge associated bacteria; Marine Agar [22] and
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ISP medium 2 [23] served as general rich media to grow
many heterotrophic marine bacteria. All media were sup-
plemented with 0.2 um pore size filtered cycloheximide
(100 pg/mL), nystatin (25 pg/mL) and nalidixic acid (25
pg/mL). Cycloheximide and nystatin inhibit fungal
growth, while nalidixic acid inhibits many fast-growing
Gram-negative bacteria [24]. All media contained Difco
Bacto agar (18 g/L) and were prepared in 1 L artificial
sea water (NaCl 234.7 g, MgCl,-6H,0 106.4 g, Na,SO,4
39.2 g, CaCl, 11.0 g, NaHCO; 1.92 g, KCI 6.64 g, KBr
0.96 g, H;BO; 0.26 g, SrCl, 0.24 g, NaF 0.03 g and
ddH,0 to 10.0 L) [25]. The inoculated plates were incu-
bated at 28°C for 5 - 10 days. Distinct colony morpho-
types were picked and re-streaked until visually free of
contaminants. Isolates were inoculated into liquid media
ISP medium 2. The isolates were maintained on plates
for short-term storage and long-term strain collections
were set up in medium supplemented with 30% glycerol
at —80°C [26].

2.4. Extract Preparation and Cytotoxic Activity
Screening

Bacterial isolates were cultured in 500 mL Erlenmeyer
flasks containing 200 mL of ISP2 medium. The liquid
cultures were grown for 7 - 14 days depending on their
growth rate at 30°C while shaking at 150 rpm. Crude
extracts were prepared from whole cultures; containing
cells and broths by ethyl acetate equal volume/three
times, evaporated, lyophilized and dissolved in 1:1 v/v
DMSO/H,0 and kept at 4°C until use for cytotoxic assay.
The MTT
(3-(4,5Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay which Measuring the mitochondrial re-
ductase enzyme activity of viable cells that Could reduce
MTT to formazan, giving a purple color, was used for
screening the cytotoxicity of the bacterial extracts [27].
The cytotoxic activity of the microbial crude extracts was
determined against three established cancer cell lines;
MCF-7, HepG2 and HCT cells. Based on the values of
the 1Csy, the most potent four bacterial extracts which
exhibited the lowest ICsy were chosen for further study
of their phylogenetic analysis and identification.

2.5. Molecular Identification and Phylogenetic
Analysis

The isolated bacteria were first identified to the species
level by PCR amplification of the 16S rRNA gene,
BLAST analysis, and comparison with sequences in the
GenBank nucleotide database. Specifically, the 16S rRNA
gene from the strain was amplified using universal prim-
ers 27f (5-AGAGTTTGATCCTGGCTCAG-3’) and
1492r (5’-GGTTACCTTGTTACGACTT-3"). The PCR
conditions used were the same as those described previ-
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ously [28]. The PCR products were purified and se-
quenced by the GATC-Biotech. Company (Tiibingen,
Germany). The sequences were compared with known
sequences in the GenBank nucleotide database and the
species level was identified as the nearest phylogenetic
neighbor with 98% - 100% similarity [29]. Sequence
alignment and phylogenetic analysis were performed
using the Mega-5 software package [30]. Tree construc-
tion was conducted using neighbor joining algorithm
(Jukes-Cantor correction) with bootstrap values based on
1000 replications. The 16S rRNA gene sequences of the
isolates were deposited in GenBank under the accession
Numbers indicated in brackets: HA-21 [JQ768238]; HA-
68 [JQ751264]; HA-MS-105 [JQ768239] and HAMS-
119 [JQ768240].

3. RESULTS AND DISCUSSION

Screening of Microbial Extracts That Show
Cancer Cytotoxicity

It has been estimated that over 99% of the marine
sponge-associated microbes have yet to be cultured in
the laboratory with bacteria isolated from the sponges
containing diverse Bacillus species being one of the most
divergent forms [31]. Crude extracts of four Bacillus sp.
cultures isolated from the sponge Amphimedon ochracea
were subjected to cytotoxicity screening against three
established cancer cell lines; HepG2 (hepatocellular car-
cinoma), HCT (colon carcinoma) and MCF-7 (breast
carcinoma). In vitro cytotoxicity assays are a potentially
useful tool in the study of toxic compounds of complex
mixtures. We found that the extracts obtained from the
tested sponge associated bacteria were toxic against
those carcinoma cells (Figures 4-6). The ICs, values of
these extracts against cancer cell lines were in range of
4.3 - 46.9 ug/mL (Table 1). These values represent in all
cases a comparable high toxicity to many other marine
bacteria crude extracts. However, it was not possible to
identify the active principle until now. These results
suggest that the bacterial isolates HA-21, HA-68, HA-
MS-105 and HAMS-119 are good candidates for further
activity-monitored fractionation to identify active princi-
ples.

All the bacteria isolated were identified using 16S ri-
bosomal DNA sequences [32]. The tested isolates belong
to the Bacillus sp. (firmicutes) (Figure 7). Interestingly,
the firmicutes have been reported from diverse marine
sponges irrespective of their taxonomic identity, geo-
graphic location, or natural products profile [33,34]. The
isolates HA-68, HA-MS-105 and HAMS-119 revealed
species-level similarity to Bacillus subtilis, Bacillus saf-
ensis and Lactobacillus murinus, respectively. However,
the isolate HA-21 belonged to unidentified Bacillus sp.
(Table 2).
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Figure 4. Cytotoxicity of (a) HAMS-119, (b) HA-21, (c) HA-MS-105 and (d) HA-68 bacterial extracts against
Hepatocellular carcinoma cells (HepG-2) at 6 different concentrations. Cell viability was determined using the MTT
bromide colorimetric assay.
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Figure 5. Cytotoxicity of (a) HAMS-119, (b) HA-21, (c) HA-MS-105 and (d) HA-68 bacterial extracts against co-
lon carcinoma cells (HCT) at 6 different concentrations. Cell viability was determined using the MTT bromide col-
orimetric assay.
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Figure 6. Cytotoxicity of (a) HAMS-119, (b) HA-21, (c) HA-MS-105 and (d) HA-68 bacterial extracts against
breast carcinoma cells (MCF-7) at 6 different concentrations. Cell viability was determined using the MTT bromide
colorimetric assay.

Table 1. The IC50 values of the bacterial extracts against HepG2, HCT and MCF-7 carcinoma cell lines. The lowest IC50 to each
cancer type were represented in bold.

Bacterial isolate/extract 1Csp (ug/mL)
HepG2 HCT MCF-7
HA-21 13.2 9.3 12.2
HA-68 10.42 4.3 55
HA-MS-105 46.9 28.6 21.3
HAMS-119 10.42 6.3 22.1

Table 2. Sequence analysis of the four tested bacterial isolates, using NCBI Blastn analysis tool, showing the maximum sequences
similarity values of 98% - 100% to other strains in the NCBI database.

Bacterla_l isolate Length of Ler_1gth of score E-value Blastn results (accession number), Max. identity
[Accession no.] sequence, bp hit, bp
HA-21 Bacillus sp. BF1-3 16S ribosomal RNA gene, partial sequence
[7Q768238]" 813 1371 1428 0 (GQ861523), 98%
HA-68 . 545 1501 994 0 Bacillus subtilis strain FSO5 16S ribosomal RNA gene, partial
[JQ751264] sequence (JQ403532.1), 99%
HA-MS-105 704 1381 1290 0 Bacillus safensis strain PDRV 16S ribosomal RNA gene, partial
[1Q768239]" sequence (JN934391.1), 99%
HAMS-119 361 1501 656 0 Lactobacillus murinus strain AU06 16S ribosomal RNA gene,
[1Q768240]" partial sequence (JN987182.1), 99%

" Accession numbers obtained for the bacterial isolates upon submission in the GenBank.

Copyright © 2012 SciRes. OPEN ACCESS
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4. CONCLUSION

The current study shows that bacterial isolates from the
sponge (4. ochracea) possess bioactive properties. The
tested isolates, HA-21, HA-68, HA-MS-105 and HAMS-
119 displayed potential cytotoxicity against three estab-
lished cancer cell lines. Thus this investigation highlights
the importance of bacteria associated with the sponge 4.
ochracea as a valuable resource for the discovery of
novel bioactive molecules. Further chemical isolation
and characterization of active compounds from these
bacterial extracts is under investigation, and findings will
be reported in due course.
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