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ABSTRACT
Sponge diversity along the coasts of Andaman and Nicobar Islands comprises about 126 species and sponges are known 
to act as a host to endosymbionts, which is found to possess novel antimicrobial metabolites. In the present study, 
screening and characterization of antibiotic producing endosymbiotic bacteria from the marine sponge Lamellodysidea 
herbacea were investigated. Eight isolated bacterial strains from the sponge were screened for bioactivity against 
human pathogens Escherichia coli (MTCC 443), Bacillus cereus (MTCC 430), Bacillus subtilis (MTCC 121), Listeria 
monocytogenes (MTCC 839), Staphylococcus aureus (MTCC 3160) and Salmonella enterica typhimurium (MTCC 
1252) and only two strains CAB1 and CAB38 exhibited activity. Ethyl acetate extracted metabolites of strain CAB1 
showed significant activity against four pathogens B. cereus, B. subtilis, S. aureus and S. entrica typhimurium and 
CAB38 against three pathogens B. subtilis, E. coli and S. entrica typhimurium. The 16S rRNA gene sequence of these 
two strains showed 99% sequence similarity with known sequences in the GenBank and their phylogenetic analysis 
confirmed strain CAB1 as Bacillus amyloliquefaciens (MK135790) and CAB38 as Alcaligenes faecalis (MK135791). 
The study demonstrated that metabolites from sponge associated bacterial endosymbionts can be a major source of 
unique compounds with potential bioactivity.

INTRODUCTION
The quest for novel biomolecules with potential 

therapeutic value always remains a challenge as the resistance 
by pathogenic microorganisms is increasing day by day. In this 
process, infectious disease-causing microbes have become a 
fatal threat to human being worldwide (Handayani et al., 2015; 
Mehbub et al., 2014). Thus, research studies have been carried out 
to find new bioactive molecules from marine natural resources. 
The marine environment in this context has made a significant 
contribution as the marine organisms possess structurally unique 
molecules with significant biomedical potentiality (Bhatnagar 
and Kim, 2010; Thomas et al., 2010). The studies on the natural 

resources from the sea suggest that there are abundant biologically 
active compounds originating from marine microorganisms 
and particularly from sponge-associated microorganisms with 
potential effect against human pathogens (Bhatnagar and Kim, 
2010; Kobayashi and Ishibashi, 1993; Mehbub et al., 2014; Ridley 
et al., 2005). With this perspective, marine sponges have been in 
focus in recent years due to their abundant source of biologically 
active secondary metabolites and their association with a wide 
range of microorganisms (Kumar et al., 2012; Thacker and 
Freeman, 2012).

The symbiotic microorganisms of sponge are highly 
diversified and include archaea, bacteria, cyanobacteria, green 
algae, red algae, diatoms, dinoflagellates and fungi and constitute 
even up to 40%–60% of the sponge biomass (Hentschel et al., 
2001; Lee et al., 2001; Maldonado et al., 2005; Taylor et al., 
2007; Zeng et al., 2013). These microbial associates remain 
in high densities with the sponge tissue and have a significant 
influence on the life cycle of its host sponge (Taylor et al., 2007; 
Webster and Taylor, 2012). Consequently, these microorganisms 
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have become the basis for developing new drugs with structurally 
unique compounds that have direct application in curing diseases 
such as cancer, HIV, tuberculosis, malaria, microbial infections 
like bacterial, fungal, viral, etc. (Mehbub et al., 2014). In 
addition, symbiotic microorganisms also found to serve as a 
source of nutrition by transferring metabolite products, contribute 
to the structural rigidity and also produce bioactive metabolites 
for the protection of their host sponge (Belarbi et al., 2003; 
Hildebrand et al., 2004; Ridley et al., 2005; Schmidt et al., 2000). 
Reports suggest that a large number of bioactive compounds are 
contributed by demosponges (Dhinakaran et al., 2014; Hooper 
and Soest, 2002).

The Andaman Sea surrounding A & N Islands, India, 
is bestowed with rich marine living resources with a total of 
6,748 species, among which 126 species are sponges (Pereira et 
al., 2016). One such species Lamellodysidea herbacea (Keller, 
1889) is a tropical shallow-water sponge found commonly 
throughout the Indo-Pacific region (Hentschel et al., 2001; 
Newman and Hill, 2006) and also being reported earlier from 
North Bay, Chidiyatapu, Pongibalu, Ritchie’s Archipelago, 
Havelock and Nicobar Islands in the Andaman sea (Kiruba 
et al., 2014; Immanuel et al., 2015). During the present 
investigation, L. herbacea was collected from the intertidal zone 
at Carbyn’s Cove for the isolation of endosymbiotic bacteria 
from its internal part and screen them for bioactive potential 
strains against human pathogens. It was interesting to note that 
the intertidal sponge L. herbacea offered a potential source of 
biologically active compounds, which was isolated from their 
associated bacteria.

Though there are more than 126 sponge species 
available in these Islands, still there is a huge gap and limited 
studies have been carried out on the bioactive potential of 
these organisms. Some investigations carried out earlier on 
the sponges from the Andaman Sea, India, mainly focused on 
the isolation of sponge-associated bacteria and activity of their 
crude extracts against various pathogens and cancerous cells 
(Adhavan and Mishra, 2012; Devi and Revathi, 2015; Krishnan 
et al., 2014; Muthiyan et al., 2017). Also, a recent study by the 
author reported that the crude extract of Bacillus velezensis 
CHB2 isolated from sponge Biemna fortis exhibited inhibiting 
effect against five pathogens B. cereus, B. subtilis, E. coli, 
L. monocytogenes and S. aureus (Sawhney et al., 2018). The 
present study was aimed at isolating the bacterial endosymbionts 
from the sponge L. herbacea and identifies bioactive potential 
strains against human pathogens.

MATERIALS AND METHODS

Sponge collection and identification
Marine sponge Lamellodysidea herbacea Keller 

(1889) (Fig. 1), was collected from the intertidal region at 
Carbyn’s Cove (Lat. 11°38′41.36″N; Long. 92°44′57.46″E) 
along the coast of South Andaman. Samples were transferred to 
sterile polythene bags and immediately carried to the laboratory 
for isolation of endosymbiotic bacteria. A fragment of sponge 
specimen was also preserved in 70% ethanol for taxonomic 
identification.

Isolation of the endosymbiotic bacteria and their screening for 
bioactivity

Sponge sample was washed with sterilized filtered 
seawater to remove all the debris and then the sponge was surface 
sterilized using 70% ethanol and immersed in sterile seawater 
immediately and aspirated. One gram of sponge tissue from the 
center was cut using a sterile scalpel and immediately transferred to 
99 ml sponge dissociation medium (2.7 NaCl, 0.008 KCl and 0.01 
Na2SO4) and soaked for 20 minutes. Then, the tissues and diluents 
were macerated in a sterile mortar and pestle. The homogenized 
tissue was serially diluted up to 10−5 using 50% seawater and 
plated on Zobell Marine Agar media, 2216 (ZMA, HiMedia). The 
plates were then incubated at room temperature for 7 days for the 
development of bacterial colonies. Following this, colonies were 
streaked on ZMA slants to obtain pure culture and stored at 4°C for 
further studies (Anand et al., 2006). In this, a total of 10 bacterial 
strains were isolated from L. herbacea and only eight of them 
could be sub-cultured in the laboratory conditions. These eight 
sub-cultured strains were tested for antibacterial activity against 
six pathogens B. cereus (MTCC 430), B. subtilis (MTCC 121), 
E. coli (MTCC 443), L. monocytogenes (MTCC839), S. aureus 
(MTCC 3160) and S. enterica typhimurium (MTCC 1252) initially 
by the cross streak method (Lertcanawanichakul and Sawangnop, 
2008), followed by the agar plug method (Radhakrishnan et al., 
2016; Silambarasan et al., 2012) and then by the agar disc diffusion 
method (Kirby-Bauer method). The most potential strains were 
identified using biochemical tests and 16S rRNA sequencing 
and further metabolites from these active strains were extracted 
and subjected to bioassay against human pathogens to assess its 
bioactive potential.

Biochemical tests
Biochemical and enzymatic tests were also carried out 

for the identification of the strains. The various tests included are 
indole, methyl red, Voges-Proskauer, citrate utilization, glucose, 
sucrose, adonitol, arabinose, sorbitol, catalase, protease, amylase 
and cellulase.

PCR amplification, sequencing and phylogenetic analysis of 
16S rRNA gene

The genomic DNA of the bacterial strains CAB1 and 
CAB38 was confirmed by 0.8% (w/v) agarose gel electrophoresis. 
The strains CAB1 and CAB38 were identified to the species 
level by PCR amplification of the 16S rRNA gene, followed by 
sequencing. The 16S rRNA gene was amplified using universal 
primers 27F (5’-AGAGTTTGATCCTGGCTCAG-3’) and 1492R 
(5’-GGTTACCTTGTTACGACTT-3’) (Penesyan et al., 2011) to 
generate a PCR product. The PCR products obtained were then 
purified and sequenced from Eurofins Pvt. Ltd., Bangalore. The 
partial sequence of 16S rRNA obtained was then subjected to 
Basic Local Alignment Search (BLAST) analysis and compared 
with sequences available in the GenBank nucleotide database. 
Phylogenetic analysis was performed by aligning different 16S 
rRNA partial sequences retrieved from the BLAST algorithm 
(http://www.ncbi.nlm.nih.gov), using the CLUSTAL W program 
with standard parameters. Phylogenetic and molecular evolutionary 
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analyses were conducted using MEGA version 6 (Tamura 
et al., 2013). A rooted phylogram was obtained by the maximum 
likelihood method and an interior branch test was done (1,000 
bootstrap replications) to check the tree topology for robustness. 
The strain CAB1 (GenBank accession number MK135790) was 
identified as Bacillus amyloliquefaciens and CAB38 (GenBank 
accession number MK135791) as Alcaligenes faecalis.

Extraction of secondary metabolites from active bacterial 
strains

For the solvent extraction of metabolites, both the 
potential strains B. amyloliquefaciens CAB1 (MK135790) and 
A. faecalis CAB38 (MK135791) were inoculated into 50 ml of 
Zobell Marine Broth (ZMB, Himedia) separately for seed culture 
by keeping in a shaker incubator (REMI CIS-24 Plus) for 18 hours 
at 30°C at 150 rpm. These inoculums were then transferred to 500 
ml ZMB and incubated in shaker incubator for 5 days at 28°C at 
150 rpm (Gopi et al., 2012). The bacterial cells were separated 
from the fermentation medium by centrifugation (MPW-350R 
High speed, brushless centrifuge) at 10,000 rpm at 4°C for 15 
minutes.

For the extraction of active metabolites from the 
bacterial supernatant, ethyl acetate was used. Solvent and the cell-
free extract were taken in 2:1 ratio in a separating flask and shaken 
vigorously for 30 minutes and kept in a burette stand for 1 hour. 
The organic phase containing compounds was separated from the 
supernatant and concentrated using rotary evaporator (STRIKE 
202, Kentron) to remove the solvent under pressure at 40°C 
(Zheng et al., 2005). The obtained crude extract was dissolved 
in methanol (100 mg/ml) and stored in 4°C for further studies on 
antibacterial activities.

Antibacterial activity of extracted metabolite from 
endosymbiotic bacteria

Antibacterial assay was conducted using the agar disc 
diffusion method (Kirby Bauer method). The plates with Muller 
Hinton Agar (MHA, HiMedia) were spread with six pathogens, 
B. cereus (MTCC 430), E. coli (MTCC 443), B. subtilis (MTCC 
121), L. monocytogenes (MTCC 839), S. aureus (MTCC 3160) 

and S. enterica typhimurium (MTCC 1252) separately using 
sterile cotton swabs. A volume of 100 μl of the crude extract was 
added to the 10 mm sterile disc (Whatman) and allowed to dry at 
room temperature for 1 hour and then placed on the surface of the 
MHA plates inoculated with test pathogens. For negative control,  
100 µl of methanol was added on the sterile disc, while the positive 
control used was a standard antibiotic disc (Gentamicin G30, 
HiMedia). The zone of inhibition (mm) was measured from the 
edge of the disc after incubating the plates at 37°C for 24 hours.

In-vitro heat and salt tolerance of potential strains
The temperature tolerance of potential bacterial strains 

CAB1 and CAB38 was assessed by following the modified method 
of Akond et al. (2016); Verma et al. (2018). The temperature 
tolerance was assessed by inoculation of freshly grown potential 
bacterial strains CAB1 and CAB38 in nutrient broth medium 
(HiMedia) separately at different sets of incubation temperatures 
of 40°C, 45°C, 50°C, 55°C and 60°C at 120 rpm in a Shaker 
Incubator (REMI CIS-24 Plus) for 24 hours. Then, the incubated 
cultures were spot inoculated on nutrient agar plates incubated at 
room temperature for 24 hours and their bacterial colony growth 
was examined.

For the NaCl tolerance, freshly grown colonies of 
potential bacterial strains were streaked on nutrient agar medium 
supplemented with concentrations of 8% and 10% NaCl, 
separately for 24 hours at 37°C. The nutrient agar without NaCl 
was used as control (Mendpara et al., 2013).

RESULTS

Isolation of bacteria from the sponge and their screening
In the present study, out of 10 isolated strains, only 

eight bacterial strains CAB1, CAB2, CAB3, CAB4, CAB5, 
CAB31, CAB32 and CAB38 could be sub-cultured and these 
strains comprise four Gram-negative and four Gram-positive 
bacteria. The biochemical tests such as indole, Voges-Proskauer, 
citrate utilization and carbohydrate utilization of glucose, sucrose, 
adonitol, arabinose and sorbitol along with enzymatic tests for 
catalase, protease, amylase and cellulase were conducted (Table 1). 

Figure 1. (A) Lamellodysidea herbacea (Keller, 1889); (B) Spicules of L. herbacea under the microscope.
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The initial screening of eight isolated strains for their antibacterial 
activity by both the cross streaking and agar plug method showed 
that only two strains CAB1 and CAB38 were active.

Molecular identification
Species-level identification was determined by 99% 

sequence similarity of 16S rRNA with the sequence available on 
the GenBank. Sequence alignment and comparison was performed 
using multiple sequence alignment program CLUSTAL W using 
Mega version 6.0 software. Phylogenetic tree was constructed 
using the Maximum likelihood method for both the strains 
based on the Hasegawa–Kishino–Yano model as the best fitting 
model with 1,000 bootstrap replications. Bar 0.02 substitutions 
per nucleotide position were adopted. The outgroups used were 
Bacillus cereus (MH769499) in the case of strain CAB1 and 
Paenalcaligenes suwonensis (NR133804) in the case of strain 
CAB38. The 16S rRNA sequences of the isolates were deposited 
in GenBank database under respective accession number 
MK135790 and MK135791 for CAB1 and CAB38. Based on the 
nucleotide homology and phylogenetic analysis, both CAB1 and 
CAB38 were identified as B. amyloliquefaciens and A. faecalis, 
respectively (Fig. 2).

The gel electrophoresis of PCR product both of the 
active stains CAB1 B. amyloliquefaciens and CAB38 A. faecalis 
exhibited a band of 1.5 kb on 0.8% (w/v) agarose gel in 1× TAE 
buffer when compared to 100 bp DNA ladder (HiMedia) (Fig. 3).

In the present assay, only two isolated strains out of 
10 isolates, i.e., 20% of the strains were found to be antibiotic 
producers against human pathogens. The antibiotic-producing 
activity varied from strain to strain as found in the in-vitro assay 
of ethyl acetate extracts of both the active strains against human 
pathogens (Fig. 4). The extract of B. amyloliquefaciens CAB1 
showed activity against four pathogens B. cereus, B. subtilis, 
S. aureus and S. entrica typhimurium with prominent zone of 
inhibition as 18, 12, 20 and 12 mm, respectively (Fig. 4A), whereas 
the extract of A. faecalis CAB38 showed activity against three 
pathogens B. subtilis, E. coli and S. entrica typhimurium with the 
inhibition zone of 15, 16 and 12 mm, respectively (Fig. 4B). But 
both the strains commonly exhibited activity against B. subtilis 
and S. entrica typhimurium and there was no activity against L. 
monocytogens exhibited by any of the strains.

The highest activity was noted by the strain B. 
amyloliquefaciens CAB1 against S. aureus with very a prominent 
inhibition zone of 20 mm, whereas in case of A. faecalis CAB38, 

the highest zone of inhibition of 16 mm was noted against E. coli 
(Table 2).

The results suggest that the crude extract of two 
endosymbionts had an antagonistic effect on five pathogens and 
did not have any effect on L. monocytogens, which is a Gram-
negative bacteria. The temperature tolerance tests for both the 
strains suggest that both of the strains have thermal stability, which 
can withstand and could be revived even after incubation at 60°C 
for 24 hours in the case of B. amyloliquefaciens CAB1, whereas 
A. faecalis CAB38 can be retrieved at 40°C. The salt tolerance 
was observed for B. amyloliquefaciens CAB1 at the upper limit 
of 8% NaCl, whereas A. faecalis CAB38, it was both at 8% and 
10% of NaCl.

DISCUSSION
Due to the emergence of multi-resistant pathogenic 

micro-organisms, attempts to discover new antibiotic-producing 
strains have increased (Anand et al., 2006) and this has accelerated 
the search for new marine natural products (Hu et al., 2011). 
Among all the marine organisms investigated, sponges have 
been the richest sources of marine natural products (Mehbub 
et al., 2014). These holobionts serve as the host for many micro-
organisms (Webster and Taylor, 2012), which contribute to host 
health, ecology and evolution (Pawlik et al., 2002; Taylor et 
al., 2007). It is also been reported that in the sponge-associated 
microbiome, about 90% of the antimicrobial compounds found to 
be produced by bacteria, 10% by fungi and Bacillus sp. contribute 
about 9% (Indraningrat et al., 2016). In the present study, eight 
symbiotic strains from sponge L. herbacea have been isolated, of 
which 20% of the isolated strains exhibited antibacterial activity 
against human pathogens. Out of these eight strains, Gram-
positive and Gram-negative strains were in equal proportion and 
six were rods and two were cocci type strains. Although other six 
strains did not have any effect on the assayed pathogens in this 
investigation, they may have some beneficial role in the lifecycle 
of the host sponge. Also, both the biochemical and enzymatic test 
showed specific characteristics of the strains. As many Gram-
positive bacteria are endospore producers at adverse conditions 
like the marine environment, it might be helpful to survive in 
the marine environment (Hentschel et al., 2001). Also, potential 
marine microorganisms are used as a source of industrially 
important enzymes for extracellular enzymatic activities like 
amylase, cellulase and protease. These two isolated microbial 
strains also possess characteristic features like thermostability and 

Table 1. Biochemical and enzymatic tests of isolated bacterial strains CAB1, CAB2, CAB3, CAB4, CAB5, CAB31, CAB32, and CAB38.

Isolates Gram’s +/− Ind MR VP CU Glu Suc Ado Ara Sor Cat Pro Amy Cel

CAB1 G +ve Rods − − + − + + − − − + + + +

CAB2 G –ve, Rods − + − + − − − − − + + − +

CAB3 G –ve, Rods − + − − + + − + − + + + −

CAB4 G + ve Cocci + − − − + + − − − + + + −

CAB5 G + ve Cocci + − − − + + − − − − + − −

CAB31 G – ve Rods − − − − + + − + − − + + −

CAB32 G +ve Rods − − − − + + − − − + + − −

CAB38 G −ve Rods − − − + − − − − − + + + +

G: Gram’s; +: Positive; −: Negative; Ind: Indole; MR: Methyl Red; VP: Voges-Proskauer; CU: Citrate Utilization; Glu: Glucose; Suc: Sucrose; Ado: Adonitol; Ara: Arabinose; Sor: Sorbitol; 
Cat: Catalase; Pro: Protease; Amy: Amylase; Cel: Cellulase.
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salinity tolerance. It has also been documented that only 1% of 
the microbes are being cultured with present techniques, which 
shows bioactivity, but other non-culturable species, which are 
also available in the sponge tissue, may also be having significant 
bioactive potential specific to its host sponge (Hentschel et al., 
2001; Proksch et al., 2002).

Although both the strains were found to possess active 
molecules, the extracts obtained from B. amyloliquefaciens 
were more active against four pathogens with the highest zone 
of inhibition in comparison to the extracts of A. faecalis, which 
showed activity against three pathogens. Previously from many 
other sources, different strains of B. amyloliquefaciens have been 
isolated such as sediments, sponges, tannery soil, etc. and B. 
amyloliquefaciens MB-101 isolated from sponge Callyspongia 
diffusa showed biosurfactant properties (Dhasayan et al., 2015). 
In another study by Flemer et al. (2011), it was found that three 
strains of B. amyloliquefaciens W15C18a, W15C2 and W15M1A 
from sponge Leucosolenia sp. had antibacterial and antifungal 

Figure 2. Phylogenetic tree for isolates (A) B. amyloliquefaciens CAB1 and (B) CAB38 A. faecalis constructed 
using the Maximum Likelihood method.

Figure 3. Agarose Gel Electrophoresis showing 1.5 kb DNA fragment of 16S 
rRNA of B. amyloliquefaciens CAB1 and A. faecalis CAB38. “L” denotes  
100 bp DNA Ladder.
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activity. However, the present result suggested that crude extracts 
from B. amyloliquefaciens have a significant antagonistic effect 
on four pathogens B. cereus, B. subtilis, S. aureus and S. entrica 
typhimurium and extracts from A. faecalis against three pathogens 
B. subtilis, E. coli and S. entrica typhimurium.

The earlier reports suggested that the compound L,L-
Diketopiperazines extracted from A. faecalis A72 (GenBank 
No. DQ180141) from sponge Stelletta tenuis showed significant 
activity against B. subtilis and moderate activity against 
Aspergillus niger, Paecilomyces variotii and Candida albicans 
(Li et al., 2007; 2008). The present study also confirms that the 
extracts obtained from strain A. faecalis CAB38 contain some 
unique compounds, which have an inhibitory effect on bacterial 
pathogens. Similarly, one strain of A. faecalis isolated from 
Moroccan tannery waste had a broad spectrum of antibacterial 
activity against both the Gram-positive and negative bacteria, 
i.e., M. smegmatis, E. coli, P. aeruginosa, B. subtilis and S. 
aureus (Zahir et al., 2013). A similar trend was observed in this 
study, where the compound/s in the crude extracts of A. faecalis 
exhibited activity against both Gram-positive and negative 
bacteria B. subtilis, E. coli and S. aureus, which suggest that the 
species could be a potential source for the extraction of such 
bioactive molecules.

In another study, in-vivo screening of chloroform 
extracts of A. faecalis isolated from Sponge Haliclona spp. 
inhibited the growth of Vibrio alginolyticus in Caenorhabditis 
elegans (Durai et al., 2013). However, in both the cases, extracted 
substances obtained either with ethyl acetate as in the present 
case or with chloroform, the active compound possessed by the 
bacterium in the form of metabolites found to be a potential source 
against many human pathogens. The findings suggest that both the 
active strains isolated from L. herbacea are capable of producing 
bioactive compounds against human pathogens. Also, L. herbacea 
happens to be a potential species contributing toward secondary 
metabolites like polybrominated diphenyl ethers (Unson et al., 
1994), having several bioactive implications and it may be a major 
source from the Andaman Sea too towards the development of new 
drug molecules. Simultaneously, the possible role of two isolated 
bacteria A. faecalis and B. amyloliquefaciens from L. herbacea in 
the development of potential drugs cannot be overlooked.

CONCLUSION
Two identified symbionts B. amyloliquefaciens CAB1 

and A. faecalis CAB38 isolated from L. herbacea exhibited 
activity against five bacterial pathogens. Both the species showed 
thermostability, i.e., B. amyloliquefaciens at a temperature 

Table 2. Zone of Inhibition by the crude extracts of B. amyloliquefaciens and A. facealis against human pathogens.

Sl. No. Isolated Bacteria
Zone of inhibition (mm) against pathogens

B. cereus B. subtilis E. coli S. aureus S. entrica typhimurium

1. B. amyloliquefaciens 18 12 - 20 12

2. A. facealis - 15 16 - 12

-: absent.

Figure 4. (A and B) Effect of crude extract of B. amyloliquefaciens and A. faecalis against different human pathogens (a: Disc containing crude 
extract; b: Standard antibiotic disc; and c: Disc containing Methanol).
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of 60°C and salt tolerance at 8% NaCl, whereas A. faecalis 
has thermostability at 40°C and salt tolerance at 8% and 10% 
NaCl. The antagonistic activity exhibited by these two isolates 
is attributed to the active metabolites produced by them. It can 
also be concluded from the present study that the endosymbiotic 
bacterial metabolites could be used as biocontrols.
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