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Among marine invertebrates, sponges are the most prolific phylum, with regard to presence of 
novel pharmacologically active compounds. Bacteria, living on the surface of marine invertebrates, 
have been found to produce chemicals that have potential antimicrobial activities. To test this 
hypothesis, a total of about 30 bacterial isolates associated with the marine sponge, Stylissa sp 
collected from North Bay, Andaman were successfully screened for antimicrobial activity against 
selected human, animal and plant pathogens including Aeromonas hydrophila, Bacillus subtilis, 
Enterococcus durans, Streptococcus lentus, Klebsiella pneumoniae and Rolstonia solanacearum using disc 
diffusion assay. The bacterial isolates were identified as belonging to the genera Marinomonas, 
Alteromonas, Marinobacter, Chromohalobacter, Halomonas, Cytophagas and Amylocolate based on their 
biochemical properties. Of the total bacterial isolates tested, 66.67% were found to have 
antimicrobial properties ranging from broad spectrum to species specific. One of the isolates, S8 
inhibited K. pneumoniae with about 95% and 30% of the efficiency of Erythromycin and 
Ciprofloxacin, respectively. The findings of the study highlight the importance of sponge surface–
associated bacteria in producing new natural compounds with antimicrobial activities. 
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INTRODUCTION  
Sponges (Phylum: Porifera) are the most primitive multicellular 
invertebrates representing the phylogenetically oldest 
metazoans that evolved 750–570 million years ago (Müller 
1998). Sponges have been considered as a gold mine for the 
chemist. More novel bioactive metabolites are obtained from 
sponges each year than from any other marine taxon, and a 
range of pharmacological properties has been demonstrated 
(Blunt et al. 2006). The origin of bioactive compounds in marine 
sponges may be a copperative interaction or a symbiosis 
between sponges and associated microorganisms (Flowers et 
al., 1998; Piel, 2004). Interestingly, in at least some cases, the 
compounds appear to be produced by associated 
microorganisms rather than by the sponge itself (Piel et al., 
2004).  

In spite of the potential of sponge as a reservoir of many 
drugs, till date, not many find their way to the pharmacy 
shelves as approved drugs; the major issue in progress being the 
availability of sponges in quantities amenable for industrial 
extraction (Thoms and Schupp 2005). Biologically active 
natural products are often produced in relatively small 
amounts, and often by rare animals whose natural populations 
cannot sustain the extensive collections required for clinical 
trials. Thus an alternative strategy targeting the 
microorganisms associated with sponges for the screening of 
bioactive natural products may prove to be an effective 
approach to circumvent the associated difficulties of dealing 
with the organism itself. Hence, the current interest has been 
on the microbes associated with the sponges which can be a 
potential source for the bioactive compounds.  

Of late, marine sponges have gained importance as a rich source 
of compounds, possessing novel structures and exhibiting 
interesting biological activities (Schröder et al., 2003). Many 
sponge or sponge symbiont–derived metabolites are potent 
antibacterial, antifungal, antifeeding and antifouling 
compounds (Becerro et al., 1997). Some marine bioproducts 
originally isolated from macroorganisms, such as sponges, have 
been subsequently discovered to be present in microbial 
associates (Bewley et al., 1996). The role of sponge–associated 
microorganisms in the synthesis of compounds of biological 
interest is a subject of scientific debate, as in some cases these 
bacteria are reported to produce bioactive metabolites (Imhoff 
and Stöhr 2003). Antimicrobial activity has been reported for 
the bacteria associated with marine sponges collected from 
diverse areas viz., Antarctic region (Mangano et al., 2009), 
temperate (Chellossi et al., 2004) and tropical coastal waters 
(Thakur and Anil 2000, Kanagasabapathy et al., 2005, Anand et 
al., 2006). The present investigation aims at characterizing the 
cultivable heterotrophic fraction of surface–associated bacteria 
in a marine sponge, Stylissa sp from Andaman, India and 
investigating their antimicrobial properties against selected 
human, animal and plant pathogens.  
 
MATERIALS AND METHODS 
Sampling Site and Collection Of Sponges 
The marine sponge, Stylissa sp (Figure 1) was collected using 
Self–Contained Underwater Breathing Apparatus (SCUBA) 
from North Bay, Andaman at a depth of 5–10 mts in December 
2008.  The sponge samples (250g) meant for the preparation of 
sponge extracts were rinsed with sterile seawater to remove 
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adhering debris and associated biota and immediately placed in 
1 lit of Methanol. For isolating sponge associated bacteria, three 
sponge samples were placed separately in sample boxes 
containing pre–sterilized seawater, cooled in an insulation box, 
transported immediately to the laboratory and processed 
within 3 hrs. Ambient seawater was also collected in sterile 
glass bottles and brought to the laboratory in cold chain.  
 

 
 
 
Preparation of Sponge Extract 
The sponge sample was allowed to soak in methanol for 2 days 
with intermittent shaking after which the extract was decanted 
and collected. The extraction process was repeated 3 times, 
each time by adding equal volume of fresh methanol. These 
extracts were pooled, filtered and concentrated under reduced 
pressure using a rotary evaporator. The crude sponge extract 
was then scrapped out and aliquots were made in phosphate 
buffered saline (PBS) at a concentration of 5 mg/ml. The sponge 
extract thus obtained was stored at 4°C till it was subjected to 
antibacterial activity tests. 
Isolation and Identification of Sponge Associated Bacteria 
Once in the laboratory, the specimens were placed separately in 
beakers with sterile seawater, which were changed 4 to 5 times. 
One gram of sponge tissue was collected using a sterile knife, 
and placed in a tube containing 10 ml of physiological saline 
(0.85% NaCl). After vigorous mixing, the samples were serially 
diluted up to 10–3 and 100 µl of each dilution was plated on 
Zobell marine agar plates. After incubating at 30°C for 48 hrs, 
the isolated colonies showing distinct morphology on agar 
plates were sub–cultured on a fresh agar plate.  The isolated 
colonies were then streaked in slants in screw cap tubes and 
stored as pure cultures. A total of 62 isolates were obtained 
from the sponge surface, designated serially as S1–62 and stored 
for further screening.  

These bacterial isolates were identified to the genus level 
using Bergey’s Manual of Determinative Bacteriology 
(Buchanan and Gibbons 1984). The isolates from the seawater 
samples were processed in a similar way and the biochemical 
test results were compared with that of the sponge associated 
bacterial isolates. Isolates from sponge samples which yielded 
same results as those from water samples were considered as 

“generalists” and were excluded from the subsequent steps for 
testing the antimicrobial properties.  

The biochemical test results were scored as 1 if positive or 
0 if negative. The hierarchical cluster analysis was done using 
NTSYS 2.02 software. Clustering was performed by the 
unweighted pair–group method of analysis (UPGMA) with 
statistical support. 
Collection of Bacterial Metabolites 
A loop full of the pure cultures of the surface associated bacteria 
was inoculated in nutrient broth with 1.5% salt and incubated 
overnight in an orbital shaker. The broth was centrifuged 
(10,000 rpm for 10 min) when the bacterial growth reached the 
exponential phase at room temperature (30oC). The 
supernatant was collected, concentrated 10 folds in a vacuum 
drier, filter sterilized using a 45µ membrane filter  and the 
bacterial metabolite thus prepared was stored at 4oC for 
subsequent screening of their antimicrobial properties. 
Studying the Antimicrobial Property 
The sponge extracts and the bacterial metabolites were 
evaluated for their anatagonistic property against selected 
human, animal and plant pathogens viz., Aeromonas hydrophila, 
Enterococcus durans, Streptococcus lentus, Bacillus subtilis, Bacillus 
licheniformis, Streptococcus thermophilus, Klebsiella pneumoniae and 
Ralstonia solanacearum using disc diffusion assay (Hellio et al., 
2001). A volume of 25 µl of the sponge extract and the bacterial 
metabolite from the sponge–associated bacterial isolates were 
used to saturate a sterile filter paper disc (Whatman, 6mm) and 
allowed to dry at room temperature.  These discs were placed 
on the surface of the marine agar plates spread with 100 µl of 
the liquid cultures of each of the selected pathogens. The zone 
of inhibition (mm) was calculated from the edge of the disc 
after incubating the plates at 30oC for 24 h using standard 
antibiotic scale (Hi–Media, India). Discs soaked with same 
volume of methanol and sterile broth were used as negative 
controls, while those impregnated with antibiotics 
(Erythromycin, Ciprofloxacin; Hi–Media, India) were used as 
positive control. All the tests were performed in triplicate and 
the average zone of inhibition was calculated for each replicate 
assay of discs with sponge extracts / concentrated bacterial 
supernatants.  
 
Table 1: Pathogens used in the study and weightage given based 
on their pathogenicity 

Host Pathogen Weightage 

Animal / Fish 
Aeromonas hydrophila 5 

Streptococcus lentus  4 

Enterococcus durans  3 

Human 

Klebsiella pneumoniae 5 

Bacillus licheniformis 4 

Bacillus subtilis 3 

Streptococcus thermophilus 2 

Plant Ralstonia solanacearum 5 

 
To determine the cumulative efficiency of a particular extract 
against all the pathogens, a weightage was allocated to various 
pathogens based on their pathogenic nature within the 
respective class of organisms (Table 1), which was multiplied 
with the minimum zone of inhibition (in mm) against the 
respective bacterial and sponge extract. The weighted efficiency 
of the particular extract against each of the selected pathogens 
was summed up to get the cumulative efficiency.  
 
RESULTS AND DISCUSSION  
In the present investigation, the total heterotrophic bacteria 
associated with the sponge, Stylissa sp was found to be 6.5 x 106 

Figure 1: A specimen of Stylissa sp 
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cfu gm–2. From this, a total of 62 bacterial strains which 
belonged to three different morphotypes were isolated. The 
majority were white circular (70%) followed by translucent 
circular (18%) and white irregular (12%) colonies.  The bacterial 
community associated with marine sponges consists of 
specialist bacteria specific to a certain sponge species, sponge 
associated bacteria that are found on several sponge species but 
not in seawater and generalist marine bacteria found both on 

sponges and in seawater (Taylor et al., 2007). The bacteria 
which were specifically associated with the sponge were 
obtained by excluding the isolates with similar characteristics 
and also those present in surrounding water samples. 30 such 
sponge–specific isolates, out of the total 62 isolates were  
subsequently screened for their antimicrobial properties against 
selected human, animal and plant pathogens.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The bacterial isolates associated with the marine sponge, 
Stylissa sp were categorized based on their biochemical 
properties and the graphical representation of the similarity 
percentage is depicted in Figure 2. Over 60% of the isolates 
were gram positive and about 80% were motile. The results of 
hierarchical cluster analysis based on the biochemical tests 
shows that at the similarity index of 75%, the isolates could be 
grouped into 7 groups (Figure 3).  A majority of the isolates 

(43%) belonged to group 1 in which 70% were found to produce 
antibacterial compounds.  

The antibacterial activity of the sponge extract was 
measured by disc diffusion assay which revealed that it was 
active against all the selected pathogens except B. subtilis. Of the 
selected sponge surface associated bacterial isolates, only 20 
(66.67%) were found to have the antibacterial activity or in 
other words produce antibiotics. The antimicrobial activity of 
the sponge–associated bacterial isolates was more pronounced 

Figure 2: Computed percent 
occurrence of physiological 
and biochemical activities of 
the bacteria associated with 
the Stylissa sp 
 

Figure 3:  Neighbor–joining 
analysis of the bacteria 
isolated from marine 
sponge, Stylissa sp based on 
their biochemical properties 
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against gram positive bacteria (45%) than gram negative 
bacteria (15%). There was significant (P<0.05) difference in the 
nature of inhibitory activity of the antibacterial compounds 
produced by different bacterial isolates. 38% of the isolates 
were active against >5 pathogens, while 19% of them were active 
against 2–4 selected pathogens and 43% were specific to a 
particular pathogen. Nine bacterial isolates showed significant 
inhibitory activity against B. subtilis while none of the isolates 
was effective against R. solanacearum, a plant pathogen. Though 

very marginal, only isolate S6 was having antagonistic property 
against A. hydrophila. Among the microbes against which the 
antagonistic properties of the selected sponge associates were 
screened, S. thermophilus was inhibited by only isolates, S25–30. 
In the current study, maximum zone of inhibition was recorded 
for S8 against E. durans. The results of the antibacterial activity 
of the sponge isolates and their cumulative weighted efficiency 
are depicted in Table 2.

 

Sample 
Average Minimum Inhibitory Zone (mm) 
AH ED SL BS BL ST KP RS 

Sponge Extract 1.50 – 2.00 2.50 1.00 1.00 1.50 0.50 
Ciprofloxacin(30 µg)  28.33 47.37 49.02 27.78 0.00 25.76 0.00 
Erythromycin(10 µg )  25.76 33.33 33.78 34.48 0.00 10.00 0.00 
S3 – 6.50 – – 3.50 – – – 
S6 0.75 – – 3.50 – – – – 
S7 – – 0.50 3.00 – – – – 
S8 – 8.50 9.00 12.5 5.00 – 8.50 – 
S9 – – 1.00 – – – – – 
S11 – 7.00 4.00 7.50 4.00 – – – 
S13 – – 1.00 – – – – – 
S16 – – – – – – 5.50 – 
S18 – 2.50 1.00 7.50 5.50 – 4.50 – 
S19 – 4.50 8.50 7.50 4.5 – 4.50 – 
S21 – 5.00 8.50 7.50 4.00 – 4.50 – 
S22 – 4.50 9.50 8.50 4.50 – 4.50 – 
S23 – 4.50 8.50 7.00 4.50 – 5.50 – 
S24 – 4.50 9.50 7.00 5.00 – 5.50 – 
S25 – – – – – 0.50 – – 
S26 – – – – – 1.50 – – 
S27 – – – – – 1.00 – – 
S28 – – – – – 1.00 – – 
S29 – – – – – 1.00 – – 
S30 – – – – – 0.50 – – 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For each of the sponge associated bacteria, cumulative 
weighted inhibitory activity was calculated which in turn was 
compared against that of the sponge extract in order to 
determine the overall antimicrobial property of the specific 
isolates against selected pathogens. 26.67% of the isolates from 
Stylissa sp were found to have significantly (P<0.05) higher 
cumulative weighted inhibitory activity than the sponge extract 
itself (Figure 4). When expressed as the percentage of the 

inhibitory activity of selected antibiotics (Hi–Media discs with 
Ciproflaxin and Erythromycin), it was found that the isolate S8 
derived from Stylissa sp had the highest percentage inhibition 
against all the selected pathogens. The isolate could inhibit K. 
pneumoniae with about 95% of the efficiency of erythromycin and 
30% of that of ciproflaxin (Figure 5). 

Table 2: Efficiency of Stylissa sp and its 
associated bacteria in inhibiting selected 

pathogens in vitro 

AH–Aeromonas hydrophila; ED–Enterococcus durans; SL–Streptococcus lentus; BS–Bacillus subtilis; BL–Bacillus 
licheniformis; ST–Streptococcus thermophilus; KP–Klebsiella pneumoniae; RS–Ralstonia solanacearu 

Figure 4: Cumulative weighted 
inhibitory efficiency of Stylissa sp and 
its associated bacteria 
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The marine environment is an exceptional reservoir of bioactive 
natural products, many of which exhibit structural/chemical 
features not found in terrestrial natural products. Marine 
sponges are a rich source of novel and biolgically active 
metabolites and are known to be the most prolific marine 
producers of novel compounds, with more than 200 new 
metabolites reported each year (Taylor et al., 2007). Andaman 
and Nicobar group of Islands in India constitute about 25% of 
the country’s coast line and are bestowed with rich marine 
biodiversity. Sponges are one of the biologically and ecologically 
significant resources of the Islands which are hitherto 
unexplored for their pharmaceutical potential. The islands are 
home for about 61 of the total 486 sponge species identified in 
India (Thomas 1998). The reports on antimicrobial properties of 
sponges from the Indian coast are very scanty (Thakur and Anil 
2000, Anand et al., 2006, Gandhimathi et al., 2008). In the 
current study, samples of the marine sponge, Stylissa sp collected 
from North Bay, South Andaman were studied for their 
antagonistic property against selected pathogens highlighting 
the role of associated bacteria. 

The interactions between sponges and bacteria in the 
marine environment are poorly understood. It is generally 
believed that symbiotic interactions exist between sponges and 
microorganisms. Sponges harbor diverse and complex 
assemblages of microorganisms, including cultivable bacteria 
from seven phyla (Michael et al., 2007). Sponge host a large 
community of bacteria with 26 bacterial phyla discovered (Lee 
et al., 2011; Flemer et al., 2012). It has also been suggested that 
some of these bacteria chemically defend the host against 
microbial infection (Engel et al., 2002). Therefore, the sponge–
microbes association is a potential chemical, ecological 
phenomenon which could provide novel pharmaceutical leads 
(Gandhimathi et al., 2008). Most researchers still focus on 
cultivable sponge associated bacterial strains that produce 
secondary metabolites as cultivation studies are indispensable 
in the discovery of novel metabolic pathways in new microbes 
(Michael et al., 2007).   

The methanol extract of Stylissa sp had the highest 
inhibitory efficiency against B. subtilis. This could be attributed 
to the cumulative inhibitory efficiency of associated bacteria, as 
about 35% of the sponge isolates had significant (P<0.05) 
antagonistic property against it. Gram positive bacteria 
generally predominate in the marine environment (Bernen et al., 

1997), while in some recent studies gram positive and negative 
bacteria have been found in almost equal proportion (Anand et 
al., 2006). Gram positive bacteria constitute only 10% of the 
total isolates occurring in the Great Barrier reef (Burja et al., 
1999). However, in the present study, 60% of bacterial isolates 
associated with Stylissa sp were found to be gram positive.  

The bacterial isolates from Stylissa sp belonged to the 
genera Marinomonas, Alteromonas, Marinobacter, Chromohalobacter, 
Halomonas, Cytophagas and Amylocolate. The bacterial diversity 
associated with sponges from South China Sea has been 
extensively reported by Li et al. (2007). Vibrios (West and 
Colwell 1984) and Pseudomonas (Thakur et al., 2003) are 
reported from the pelagic environment and from the surface of 
marine invertebrates inhabiting coastal waters. Kobayashi et al., 
(1994) characterized an antibiotic purified from a Vibrio sp 
isolated from a marine sponge, Hyrtios altum. Radhika et al., 
(2007) isolated Cytophagus sp, Flexibacter sp, Pseudomonas sp and 
Flavobacterium sp from biofilms on the databuoys installed along 
the Indian coast. While all of the bacterial genera reported in 
the Stylissa sp in the current investigation have been found to be 
associated with different organisms of the marine environment, 
their antimicrobial properties have not yet been documented.  

In the present study, as the antagonistic property was 
tested against animal, plant and human pathogens, they were 
given weightage ranging from 1–5 within the group. The 
product of weightage and the corresponding zone of inhibition 
against the selected pathogen yielded the cumulative inhibitory 
efficiency of each bacterial isolate. The cumulative inhibitory 
efficiency thus arrived for eight isolates (S8, S11, S18, S19, S21–
24) was significantly higher than that of the sponge extract, 
which could be attributed to the fact that the bacterial 
metabolites were obtained after enriching them in growth 
medium while the sponge extract simply had those isolates in 
densities as in nature.  

Among them, S8 (Cytophagus sp) was found to be the most 
promising in terms of its antagonistic potential against the 
selected pathogens.  
Due to the increased incidence of multiple resistances among 
pathogenic microorganisms to drugs that are currently in 
clinical use, discovery of new classes of antibiotics is necessary 
(Burgess et al., 1999, Pompe et al., 2000). The marine sponges 
being the sink of many such bioactive compounds offer great 

Figure 5: Inhibitory efficiency of S8 against the 
pathogens expressed as percentage of selected 
antibiotics 

AH–Aeromonas hydrophila; ED–Enterococcus durans; SL–Streptococcus lentus; BS–Bacillus subtilis; 
BL– Bacillus licheniformis; ST– Streptococcus thermophilus; KP–Klebsiella pneumoniae; RS–
Ralstonia solanacearum 
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scope for exploration. The present investigation identified 
bacterial isolates associated with Stylissa sp, which contribute 
to the antagonistic property of the sponge and this report being 
the first, to the best of our knowledge, from this geographically 
isolated and unique region underlines the inherent potential of 
exploring the marine sponges in Andamans for their bioactive 
properties 
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