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Abstract: The marine sponge Spongosorites halichondriodes, collected from Mumbai coastal area, was studied
for presence of bioactive proteins. Sponge species was identified based on Spicules morphology. Crude protein
from the sponge was extracted at the concentration of 5.3 mg/mL in methanol and 3.4 mg/mL in aqueous extract.
Six bacterial species (Klebsiella pneumonia, Salmonella typhi, Staphylococcus aureus, Bacillus subtilis,
Proteus vulgaris and Escherichia coli) were tested against crude protein extract of the sponge. The
antimicrobial activity of crude extract against six bacterial species showed the clear inhibition zone against
Klebsiella pneumoniae, Salmonella typhi and Escherichia coli in methanol extract and aqueous extracts. Both
the extracts exhibited hemolytic activity which was estimated as 1.50 ht/mg for methanol and 2.35 ht/mg for
aqueous extract. The methanol and aqueous extract were checked for presence of cytotoxic activity, using Brine
Shrimp assay and showed enough cytotoxicity against Artemia salina. The LC  doses were calculated as 100050

and 10 mcg/ ml for Methanol and Aqueous extracts respectively, which showed higher toxicity in aqueous
fraction. The purification of protein was done by using DEAE cellulose and sephadex coloumn. On SDS-PAGE
the crude protein yielded 6 well-defined bands of 20 kDa, 26 kDa, 40 kDa, 50 kDa, 80 kDa and 120 kDa in
methanol as well as aqueous extracts.
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INTRODUCTION occur  in  temperate  waters  and even in freshwater.

Sponges are the most primitive multicellular, filter intertidal   zones   to   thousands   of   meters   deep   in
feeding and sessile animals without organised tissue or the ocean. They are simple multicellular invertebrates
organ systems. They are a part of the benthic fauna and attached  to  solid  substrates  in  benthic  habitats.
live in all areas of the marine world, from the shallow Sponges  are  filter  feeders,   having   numerous  tiny
coastal seas to the deepest oceans. Since sponges have pores on their surface, which allow water to enter and
a wide range of biosynthetic capabilities, they are the circulate  through  a  series of canals where
dominant source of these compounds. Sponges are a microorganisms and organic particles are filtered out and
diverse group with about 5,000 species known around the eaten. The diversity of biochemical properties of sponges
world. They are found in virtually all aquatic habitats, has been demonstrated by the continued discovery of
although they are most common and diverse in the marine novel  compounds,  having  pharmacological properties
environment. The sponge class Demospongiae is known [1, 2]. These investigations started with the work of
to produce the largest number and diversity of secondary Bergmann on the extraction of novel bioactive
metabolites isolated from marine invertebrates. Although nucleosides from the sponge Tectitethya crypta (formerly
the functions of these secondary metabolites are largely Cryptotethya crypta) [3]. The chemical diversity of
unknown, there is some evidence that they provide secondary metabolites isolated from sponges includes
chemical defenses against predators. They not only amino acids, nucleosides, macrolides, porphyrins,
populate the tropical oceans in great abundance but also terpenoids,   aliphatic    cyclic    peroxides     and   sterols.

Marine   sponges   are   widely   distributed   from
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Sponges are well known to be hosts for a large community
of microorganisms, which comprise a significant
percentage (up to 50-60%) of the biomass of the sponge
host. More than 5,300 different products are known from
sponges and their associated microorganisms and more
than 200 new metabolites from sponges are reported each
year. As infectious microorganisms evolve and develop
resistance to existing pharmaceuticals, the marine sponge
provides novel leads against bacterial, viral, fungal and
parasitic diseases. Many marine natural products have
successfully advanced to the late stages of clinical trials,
as for example ara-A (vidarabine), an anti-viral drug used
against the herpes simplex encephalitis virus [4]. One of
the first novel peptides isolated from sponges were the
cell growth inhibitory tetradecapeptide discodermins [5].
A review of cytotoxic peptides from sponges has been Fig. 1: Dialysis of Aqueous extract
also reported [6]. These compounds are usually part of
highly toxic defense mechanisms, which is a reflection of after squeezing the sponge and filtered through Whatman
the highly competitive and solute environment in which Filter paper no. 1. The solvent was evaporated at low
the organism resides [7]. The origin and role of bioactive pressure using a Buchi Rotavapor at 60°C and the
peptides inside the sponges, in many cases are unclear concentrated extract was stored at 4°C for further use [11].
[8]. Many of these compounds have potent activities not
always clearly related to their in situ role. Examples are Aqueous Extraction: The aqueous extraction was done by
antitumorals,  antivirals,  immunosuppressive  and squeezing the sand free sponge samples in triple distilled
antimicrobial agents, as well as neurotoxins, hepatotoxin water. The resultant solution was filtered and dialyzed by
and cardiac stimulants [9]. In the present study an attempt using Hi-media dialysis membrane-150 (Av Flat width-
has been made to find out the bioactive proteins from the 42.44 mm, Av. Diameter-25.4 mm and capacity approx-
marine sponge, Spongosorites halichondriodes. 5.07ml/cm) against D-glucose (20%) to remove the excess

MATERIALS AND METHODS refrigerator for further use as crude aqueous extract.

The study area was located at Khardanda beach Methanol-Chloroform (2:1) extraction: 10 g of dried
(19°4'20"N   72°49'57"E), near Juhu, Mumbai coast. This sponge sample was soaked in 200ml of methanol:
coastal area is a sandy beach towards the north and chloroform (2:1) for 1 day. The solvent was removed after
precede southwards as rocky beach. Spongosorites sqeezing the sponge and filtered through whatman filter
halichondriodes specimens were collected during low paper no.1. The solvent was evaporated at low pressure
tide of the season and were brought to the lab in sterile using rotary evaporator at 40°C. The dried extract mass
bags in sea water for removal of adhered materials. The was weighed and stored in refrigerator at 4°C for further
sponge tissue was treated with conc. Nitric acid to extrude use.
the spicules and was confirmed as S. halichondriodes
based on the characters as proposed by Thomas [10]. Preparation of 3% RBC Suspension: Fresh chick blood
Further the specimen samples were sent to Zoological was obtained from slaughter house using EDTA (5 mg/ml)
Survey of India for the identification confirmation and are solution as an anticoagulant. The blood samples were
registered in Marine Biology Regional Centre, Zoological centrifuged at 5000 rpm for 10 mins. The supernatant was
Survey of India, Chennai, India. discarded and the pellet was resuspended in Phosphate

Extraction of Crude Toxin mins. Discard the supernatant and repeat the process for
Methanol  Extraction:  The  sponge  was  dried  in  air  for 2-3 times. 3 ml of packed RBC was added to 97 ml of
2 days and then 10 g of  sponge  tissues  was  soaked  in Phosphate buffer saline (PBS) to make 3% erythrocyte
200  ml  of  methanol for 5 hrs. The solvent  was  removed suspension.

salt. The supernatant so obtained was stored at 4°C in a

buffer saline (PBS) and centrifuged at 5000 rpm for 10
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Antimicrobial Activity: The antimicrobial activity was electrophoresis (PAGE) was carried out [18]. SDS-PAGE
checked using Disc-diffusion method. Six different was run on vertical slab gel system. Proteins were
bacterial species (Klebsiella  pneumonia,  Salmonella electrophoresed on 10% separating gel (0.75 mm
typhi, Streptococcus aureus, Bacillus subtilis, Proteus thickness)  overlaid  with  4%  stacking  gel. Protein
vulgaris and Escherichia coli) were used. Petri plates sample (5µl sample buffer + 20µl of sample) were kept in
with Muller Hinton agar (21 gm in 1000ml) were prepared boiling water bath for 5 mins before loading. Gel was
inoculated with six different species of bacteria. subjected to UV light and records are maintained by
Autoclaved Round paper discs with a radius of 0.8 cm photographic gel.
were dipped into each sponge extract and placed in the
center on inoculated petri dishes. The bacterial colonies Brine Shrimp Lethality Assay (BSLA): Brine shrimp
were allowed to grow overnight at 37 ºC and then the lethality bioassay was carried out to investigate the
inhibition zone around the disc was measured. cytotoxicity of marine sponge extracts. Brine shrimps

Protein Estimation: Protein estimation was done using a conical shaped vessel (1L), filled with sterile artificial
Lowry method using Bovine serum Albumin 1mg/ml as seawater (prepared using sea salt 38 g/L and adjusted to
the standard. Pipette out required sponge protein solution pH 8.5 using 1N NaOH) under constant aeration for 48 h.
to different test tubes and added 2 ml of alkaline copper After hatching, active nauplii free from egg shells were
sulphate reagent. Mixed the solutions well and incubated collected from brighter portion of the hatching chamber
at room temperature for 10 mins. Added 0.2 ml of reagent and used for the assay. Ten nauplii were drawn through
Folin Ciocalteau solution to each tube and incubated for a glass capillary and placed in each vial containing 4.5 ml
30 min. Zero the colorimeter with blank (d.w.) and took the of brine solution. In each experiment, 0.5 ml. of the extract
optical density at 750 nm [12-15]. The concentration of the was added to 4.5 ml of brine solution and maintained at
unknown sample was  determined  using  the  standard room temperature for 24 h under the light and surviving
graph plot of Bovine serum albumin larvae were counted. Experiments were conducted along

Partial Protein Purification: The partial protein (0.1-1000 µg/ml) of extract of marine sponge using Brine
purification was carried out using DEAE cellulose anion Shrimp (Artemia salina) Lethality assay in a set of three
exchange chromatography [16, 17]. tubes per dose.

Haemolytic Assay: The haemolytic assay was carried out RESULTS AND DISCUSSION
for crude sample as well as purified sample. The micro
hemolytic test was performed in 96 well ‘V’ bottom micro The sponge identification was confirmed based on
titer plates. Different rows were selected for chick blood. Spicules study. Methanolic extract (10 g) of marine
Serial two fold dilutions of the crude toxin were made in sponge, Spongosorites halichondriodes, yielded 1.15 g
100µl of normal saline. This process was repeated upto of crude extract, whereas aqueous extract yielded 1.35 g.
the last well. Then 100µl of chick RBC was added to all the The protein was found to be 5.3mg/ml in methanolic
wells. Appropriate controls were included in the test. To extract and 3.4mg/ml in aqueous extract (Table 1).
the 3% RBC suspension 100µl was added normal saline, The  crude  of  methanol   and   aqueous   extracts
which served as negative control and to the 3% RBC were tested against 6 species of bacteria K. pneumonia,
suspension 100µl was added distilled water, which served S. typhi, S. aureus, B. subtilis, P. vulgaris and E.coli.
as positive control. The plate was gently shaken and then According   to   results   obtained   for   methanol   extract
allowed to stand for two hours at room temperature and of marine sponge, maximum zone of inhibition was found
the results were recorded. Uniform red colour suspension with Klebsiella pneumonia and minimum zone of
in the wells was considered as positive hemolysis and a inhibition  was  found  with  Proteus  vulgaris.  Also,
button formation in the bottom of these wells was results obtained for aqueous extract of marine sponge,
considered as lack of hemolysis. Reciprocal of highest maximum zone of inhibition was found with Klebsiella
dilution showing haemolytic pattern was considered as 1 pneumonia  and  minimum  zone  of   inhibition  was
Haemolytic unit (HU). found with Proteus vulgaris and Streptococcus aureus

Sodium Dodecyl Sulphate-Polyacrylamide Gel Two bromo compounds have been isolated from
Electrophoresis (SDS-PAGE): One dimension sodium Verongi fistularies and V. vauliformis that inhibited the
dodecyl sulphate (SDS) Polyacrylamide gel growth  gram  positive  and  gram  negative  bacteria  [19].

(Artemia salina) were hatched using brine shrimp eggs in

with control (vehicle treated) and different concentrations

(Table 2).
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Table 1: Yield of crude extract

Sr No. Solvent used Yield in gm (from 10 gm of sample)

1 Methanol 1.15
2 Aqueous 1.35

Table 2: Antibacterial activity of methanol extract and aqueous extract 

Zone of inhibition with different bacterial species (Mean ± S.D.)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Type of Extract Klebsiella pneumonia Salmonella typhi Streptococcus aureus Bacillus subtilis Proteus vulgaris Escherichia coli

Standard (Ampicillin) 15.0 ± 0.25 13 ± 0.15 14 ± 0.15 15 ± 0.22 14 ± 0.24 15 ± 0.15
Methanol extract 12.2 ± 0.30 8.1 ± 0.45 7.7 ± 0.53 9.8 ± 0.56 1.2 ± 0.46 8.2 ± 0.38
Aqueous extract 8.1 ± 0.42 8.0 ± 0.47 7.8 ± 0.54 8.0 ± 0.45 7.8 ± 0.51 8.0 ± 0.47

All the results are mean of triplicates

Table 3: Protein estimation of purified methanol extract and purified aqueous extract of marine sponge

Sr No. Type of Extract Protein concentration (mg/ml)

1 Methanol 5.6
2 Aqueous 5.2

Table 4: Haemolytic activity of Methanol and aqueous extract of marine sponge

Sr. No. Type of extract Total Protein (mg) Total hemolysis upto dilution Haemolytic titre (HT) Specific Hemolytic activity (HT/mg)

1 Methanol Before purification 5.3 6 8 1.50
After purification 5.6 6 8 1.41

2 Aqueous Before purification 3.4 6 8 2.35
After purification 5.2 6 8 1.53

Fig. 2: Protein profile of SDS-PAGE Lane 1-Methanol Chloroform (2:1) extract and hence Methanol-chloroform
extract Lane 2-Aqueous extract and Lane 3- extract showed lack of Haemolysis Stempien (1970)
Molecular weight marker reported that halitoxin showed better hemolytic activity

Sponges may have a role in enhancing the efficiency with The SDS-PAGE on vertical gel electrophoresis of
which sponge retain bacterial food and also reported that crude protein toxins yielded 6 bands in the methanol
the activity was higher in temperate species than tropical extract and 4 bands in the aqueous extract ranging from 20
species (87% as opposed to 58%) and the sponge extract to 120 kDa molecular weight. Well-defined bands of 20
more frequently inhibited the growth of marine bacteria kDa, 26 kDa, 40 kDa, 50 kDa, 80 kDa and 120 kDa in both
[20]. the extracts, methanol as well as aqueous, was observed.

The average protein concentration in methanol crude
extract of marine sponge was found to be 5.3mg/ml, in
aqueous crude extract of marine sponge was found to be
3.4mg/ml and in Methanol: chloroform extract was found
to be 2.4mg/ml. The methanol crude extract and aqueous
crude extract of marine sponge was partially purified using
DEAE cellulose anion exchange chromatography. Protein
estimation was done of the collected purified fractions by
Lowry method. The protein concentration of methanol
extract and aqueous extract after purification is shown in
Table 3.

The haemolytic activity of crude sample as well as
purified sample was carried out [21]. The haemolytic
activity of methanol extract and aqueous extract of marine
sponge before and after purification is shown in Table 4.
Also, button formation was observed with Methanol:

isolated from genus Haliclona [21].
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Table 5: Brine shrimp lethality assay of methanol extract

Type of extract Dose (µg/ml) Initial live nauplii added Avg no. Of survived nauplii after 24 hr Avg no. Of dead nauplii after 24 hr % Mortality

Methanol Extract 1000 10 4.66 5.33 53.33

100 10 6.66 3.33 33.33

10 10 7.33 2.66 26.66

1 10 8.66 1.33 13.33

0.1 10 9.66 0.33 3.33

0 10 10 0 0

Table 6: Brine shrimp lethality assay of aqueous extract

Type of extract Dose (µg/ml) Initial live nauplii added Avg no. Of survived nauplii after 24 hr Avg no. Of dead nauplii after 24 hr % Mortality

Aqueous Extract 1000 10 0 10 100

100 10 0 10 100

10 10 7.66 2.33 23.33

1 10 8.33 1.66 16.66

0.1 10 9 1 10

0 10 10 0 0

Table 7: LC50 dose of extracts from S. halichondriodes 

Crude Extracts LC50 (µg/ml)

Methanol 1000

Aqueous 10

Cyclophosphamide 16.31

The LC was obtained by linear regression equations. LC value lower than 20µg/ml was considered non-toxic. LC value of crude aqueous extract is10 µg/ml.50 50 50

Fig. 3: % Mortality profile of MeOH and Aq. Extract in
Brine Shrimp toxicity assay REFERENCES

The    photographic    image    of    these    bands is 1. Tresa Remya A. Thomas, Devanand P. Kavlekar and
shown  in Fig 2. The first lane consists of methanolic Ponnapakkam A. LokaBharathi, 2010. Marine Drugs
extract, middle lane consists of aqueous extract and last from Sponge-Microbe Association-A Review Mar.
lane  consists  of Protein marker ranging from 126 kDa to Drugs, 8: 1417-1468
20 kDa. 2. Narsinh L., Thakur and Werner E.G. Muller, 2002.
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showed that methanol extract is toxic at LC50 value of Institute of Physiologische Chemie, Duesbergweg 6,
1000 µg/ml where as aqueous extract of marine sponge is Germany, 4: 1245-1258.

not toxic with LC  of 10 µg/ml. The numbers of dead50

larvae were counted after 24 hours of incubation under
the microscope and the percentage mortality was
calculated using the mean of three triplicates and the LC50
values of the samples were calculated and are shown in
Table 5 and Table 6. The mortality profile of both the
extracts has been shown in Fig 3.
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