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Bioactive Compounds From Spirastrella Inconstans Against Wound Infection

Abstract

Marine invertebrates, in particular sponge (Spirastrella inconstans), represent a
source of a wide range of secondary metabolites, many of which have been
attributed to various defensive capabilities against CA-MRSA (Community
associated- Methicillin Resistant Staphylococcus aureus) obtained from wound
infection among fisherman community. In this work sponge-derived low-molecular
peptide-like compounds and associated analogs are investigated for bioactivity and
pharmacological targets. 3,000 Da molecular weight of protein was isolated by SDS-
PAGE. Amount of protein from Spirastrella inconstans was estimated by UV-Vis
spectrometer were analysed by IR and UV spectrum. Absorption value obtained by
UV spectrum using TECHCOMP 8500 spectrophotometer was 1.7141. Further
confirmation of isolated compound was carried out by HPLC analysis as 254 nm
wave length and *C and *H NMR. Scanning Electron Microscope (SEM) with
constant voltage of 20 kV at X 850 illumination shows 20 um between the
compounds, at X 270 illumination 50 pum, at 2,300 X illumination 10 pum, at 6,000 X
illumination 2 pum, at 2,700 illumination 5 pum confirms the compound by structural
elucidation as glutamic acid. The novel compound in lyophilized form can favor
fibroblast proliferation with collagen production, in the therapy for the healing of
tendon lesions and of wounds by acting against MRSA.

Introduction

The value of natural products can be assessed by, the
rate of introduction of new chemical entities of wide
structural diversity, including serving as templates for
semi synthetic and total synthetic modification, the
number of diseases treated or prevented by these
substances, and their frequency of use in the
treatment of disease. An analysis of the origin of the
drugs developed between 1981 and 2002 showed that
natural products or derived drugs comprised 28% of
all new chemical entities (NCEs) launched onto the
market (Newman et al., 2003).

The increasing occurrence of infectious diseases is
becoming a worldwide problem. Additionally, the
resistance problem demands that renewed efforts be
made to seek antimicrobial agent that are effective
against pathogenic microorganisms resistant to
current treatment. However, the number of reports on
novel compounds from terrestrial sources has been
decreasing rapidly. Marine organisms are an
outstanding source of unusual, biologically active
natural products, which may be considered as
potential new drug leads useful for the treatment of
human diseases (Ki-Bong et al., 2006).

Marine sponges are the source of many bioactive
compounds with therapeutic potential. A critical issue

in the drug development strategy for marine natural
products is ensuring an adequate supply of
compounds for clinical use while protecting the
source organism and its habitat from over
exploitation. One approach is the development of
techniques for in vitro production of bioactive
compounds (Pomponi et al., 1996).

The search for new biomedicals from marine
organisms resulted in the isolation of about 10,000
metabolites, which had pharmaco dynamic
properties. A broad spectrum of biological activities
has been detected, such as anti neoplastic, cytotoxic,
neurotoxic, antibiotic, anti viral, anti fungal, anti
mitotic and anti protozoal. Few drugs from marine
sources such as the derivatives of the sponge
nucleosides Ara-A (antiviral) and Ara-C (anti
leukaemic) have been hitherto introduced into clinics
and onto the pharmaceutical market. However,
examples are known where advanced clinical or
preclinical trials, carried out by using natural marine
products, have led to promising results in the study of
new medicines for the treatment of a variety of
diseases (Ines Mancini et al., 2007).

Over 12,000 new compounds had been isolated from
marine sources. Of all marine organisms member of
the phylum Porifera are the most productive source.
In 2002 out of 677 new compounds 247 originated
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from sponges. Despite the considerable amount of
new bioactive metabolites that originated from
marine sponges, very few compounds have reached
advanced stages of clinical trials (Hadas et al., 2005).
Antibiotics from sponges includes plakortin and
manoalide. In corals, algae, and some sponges, it is
reasonable to assume that higher concentrations of
bioactive compounds accumulate on their surfaces,
thus providing greater defense against bacterial
colonization. However, since sponges pass large
volumes of water through their tissues, which contain
potentially harmful bacteria, as well as encountering
them on their external surfaces, it may be
advantageous for sponges to distribute their
antimicrobials throughout their tissues. Several
studies provided evidence for the localization of
natural products within the tissues of sponges.
Investigations on the localization of antibiotics in
tissues of sponges are therefore warranted (Dovi
Kelman et al., 2009).

Sponges of the genus Erylus have attracted the
attention of natural products chemists due to the
different classes of bioactive compounds present in
these organisms. While glycolipids, fatty acids, and a
polyketide have been described (Mostafa Fouad et
al., 2004). Protein components found in freeze-dried
specimens of the coralline sponge Spirtastrella
(Acanthochaetetes) wellsi were separated and
characterized. Proteins extracted from skeleton
crystals  (matrix  proteins)  contained  high
concentration of glycin (16%) as well as enhanced
amounts of asparagin/aspartic acid (11%) and
glutamine/glutamic acid (10%). At least 10 proteins
could be separated by SDS-PAGE. Six of them, with
molecular weights between 30 and 45kDa, may be
considered as distinct matrix proteins. The bulk of
total soluble proteins as well as all soluble matrix
proteins are acid with pH values below 5.0. Results
indicate that at least crystal growth is matrix
mediated i.e. controlled by the sponge (Matthias
Bergbauer et al., 1996).

Glutamic acid or glutamate can be synthesized in the
body from arginine, ornithine and proline and is
found in high concentration in the brain. Glutamic
acid (Glu in the zwitterionic form) is a potential
legend with the characteristic of having two
carboxylate groups. As glutamic acid is an amino
acid characterized by the presence of amino group
and two carboxylic groups, it was noticed that the
stretching and bending bands of the quaternary
nitrogen bands wave numbers were decreased
reflecting electron donation from the NH; (Fouad et
al., 2009).

Bioactive Compounds From Spirastrella Inconstans.....

The study was mainly focused on the bioactive
compound isolated from Spirastrella inconstans
remains as the drug of choice for the wound infection
among fisher man community. The glutamic acid was
considered as the marine drug effective in curing
Methicillin ~ Resistant  Staphylococcus  aureus
(MRSA), prevalent in chronic wound.

Materials and Methods

Isolation of Methicillin Resistant Staphylococcus
aureus (MRSA): Community associated MRSA
isolates of about different strains were isolated and
characterized using standard technique from wound
infection of fisherman community. The antibiogram
pattern of those isolates was studied using twenty
four different antibiotics using Kirby Bauer method,
1966. The presence of mecA gene was confirmed
using PCR.

Production, Purification and characterization of
Spirastrella  inconstans  protein:  Spirastrella
inconstans was collected from Gulf of Mannar,
Tamilnadu, India during the period of 2008-20009.
The biomolecules were precipitated using different
solvents, proteins  were precipitated using
Ammonium sulphate precipitation method and
purified using dialysis. About 1000 pl was loaded in
chromatographic column and 75 fractions were
collected for 20% saturation level, similarly 40%,
60% and 80% were performed. The nature of the
compound was studied using thin layer
chromatography. Further purification was carried out
using anion exchange and gel filtration
chromatography.

Purification of solvent extract showing maximum
antimicrobial activity: The entire Spirastrella
inconstans and its stony substrate were grounded and
soaked in 50% Chloroform (Solvent showing
maximum activity) for 24 hrs. Centrifuged for 1 hrs
at 140,000 Xg and the supernatant was loaded on to a
Sephadex-G 50 (fine) column equilibrated with 1%
acetic acid. The column was eluted at the rate of 0.7
ml/min for 12 hrs. Then, 15 ml fractions were
collected, and the elution was monitored by
absorbance measurement at 280 nm. All subsequent
purification steps were performed with HPLC (Jean-
Luc Morel et al., 1997).

Ultra Violet (UV) and Infra Red (IR) spectrum:
UV Spectrum were recorded on a TECHCOMP 8500
spectrophotometer, under the following conditions.
Sample dilution, 0.1 ml in 3 ml of blank. Water was
used as blank. A Max, 196. Scan range used were
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from 190-1100 nm. IR Spectrum were recorded on a
NICOLET 360 FT-IR spectrophotometer.

High Performance Liquid Chromatography
(HPLC): The sample for HPLC analysis was
effective  fraction obtained as a result of
chromatography. A isocratic HPLC (SHIMADZu
SPD-10A) with Phenomenex column (4.6X250 mm)
and reverse phase Gemini 5u (Luna) C18 column was
used. The mobile phase components methanol:water
(50:50). The solvent reservoir was pumped at a flow
rate of 0.45 ml/min. 20 pl of Spirastrella inconstans
fraction showing efficient activity were injected
using syringe.

Nuclear Magnetic Resonance (NMR): *H and **C
NMR experiments were performed on a Bruker
advance DPX300 spectrometer. Chemical shift
values (8) were reported in parts per million (ppm)
relative to appropriate internal solvent standard and
coupling constants are given in hertz. Bruker (300
Mhz) NMR spectroscopy was used for analysis of the
12 culture supernatants. The sample were dissolved
using deuterated chloroform (CDCI3) as solvent
(Asha Devi et al., 2008).

Scanning Electron Microscope (SEM):
Lyophylised form of purified fraction was observed
through Scanning Electron Microscope with constant
voltage of 20 kV at X 850 illumination shows 20 pm
between the compounds.

Results

The fractions bearing anti MRSA activity were
collected by column chromatography and the nature
of compound was detected by TLC, whereas the
molecular weight was detected by SDS-PAGE as
3,000 Da. Further purification was carried out by IR,
UV and HPLC.

Figure 1 Separation of protein content in
Spirastrella inconstans by SDS-PAGE
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IR Spectrum were recorded on a NICOLET 360 FT-
IR spectrophotometer (Figure: 2). Absorption value
obtained by UV spectrum using TECHCOMP 8500

spectrophotometer was 1.7141 (Figure: 3). Wave
length obtained by HPLC analysis was 254 nm
(Figure: 4).

Figure 2 Infra spectrum of compound from
Spirastrella inconstans
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Figure 3 Ultra violet spectrum of compound from
Spirastrella inconstans
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Table 1: Result showing HPLC analysis of compound from Spirastrella inconstans

Result Table (Uncal - E:\Asthagin-HPLC-10A\ob Order\marine-JON 1)

Bioactive Compounds From Spirastrella Inconstans

Reten. Time Area Height Area Height Wos
{min} [mV.s] [mv] [%] %] [min]
1 2.580 387.102 20.775 18.2% 125 0.40
2 3.797 548.668 22.120 22.9% 13.3 0.36
3 5157  266.405 36.108 11.1 21.8 0.12
4 5723 938.873 £1.638 3921 371 0.21
5 6.380 108.637 15.884 45 986%" 0.11
[ 6647 145.306 9.474 6.1 5.7 6.17
Total 2394.391 165.999 100.0 100.0
Figure 4 HPLC analysis of compound from Spirastrella inconstans
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'H and **C NMR experiments were performed on a Bruker advance DPX300 spectrometer. Thus the bioactive
compound was identified as Glutamic acid by structural elucidation using *H and **C NMR, from the marine source

I >3

against dread full wound caused by MRSA among fisherman community (Figure: 5).

Figure 5 NMR spectrum of compound from Spirastrella inconstans
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Scanning Electron Microscope (SEM): At X 270 illumination 50 um, at 2,300 X illumination 10 um, at 6,000 X
illumination 2 um, at 2,700 illumination 5 um and the compound was conformed as glutamic acid (Figure: 6).

Figure 6 Scanning Electron Microscope (SEM) view of purified compound from Spirastrella
inconstans
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20kV X850 20pm 0262 13 37 SEI X270 50pm 0263 13 37 SEI 20kV  X2,300 10um 0264 1337 SEI

20kv  X6,000 2um 0264 1337 SEl 20kV  X2,700 5pm 0265 1337 SEI

Thus the bioactive compound was identified as Glutamic acid by structural elucidation using *H and **C NMR, from

the marine source against dread full wound caused by MRSA among fisherman community.

Discussion

Marine organisms are yielding more variety and
quantity of bioactive compounds over the terrestrial
organisms. Among different marine organisms,
which vyield bioactive compounds, sponges have a
high potentiality for the production of marine
bioactive compounds such as antibiotics, enzymes,
vitamins, minerals, etc (Rajagopal et al., 2008),
whereas in our report glutamic acid remains as
bioactive compound.

Secondary Metabolites produced by sponges have
ecologically significant antimicrobial effects. Organic
extracts from 33 species of Caribbean sponges were
assayed for antibiotic activity against 8 strains
representing 6 genera of Marine bacteria,
opportunistic  pathogen, fouling bacteria. The
concentrations of extracts used were volumetrically
equivalent to whole tissue concentration of sponge.
Bio assay results revealed that 16 species exhibited

antibiotic activity against atleast one bacterial isolate
and two bacteria isolated from necrotic sponge
tissues. Extracts from Amphimedon species, Aplysina
lacunose and Ptilocaulis spiculifera exhibited the
most antibiotic activities exceeding those of a control
antibiotic ~ (Gentamycin).  Caribbean  Sponge
communities do not produce similar antibacterial or
broad-spectrum metabolites (Newbold et al., 1999).
But Spirastrella inconstans which was collected
from India bears antimicrobial compound against
MRSA  (Methicillin  Resistant  Staphylococcus
aureus).

In the extracted soluble matrix enclosed within
skeleton crystals, protein concentration was
35ug/100mg freeze dried skeleton material as
determined by the nano Orange method. Analysis of
amino acid composition revealed high concentration
of glycin (16.1%) and enhanced amounts of
asparagin/aspartic  acid  (Asx, 11.7%) and
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glutamine/glutamic acid (GIx, 10.2%). Due to
method inherent limitations, it could not be
distinguished between aspartic acid and glutamic acid
on the one hand and asparagin and glutamine on the
other hand (Matthias Bergbauer et al., 1996) , since
the glutamic acid have antibacterial activity, it may
be used for wound infection.

According to Davies- Coleman and Beukes, 2004 the
ubiquitous wall sponge Spirastrella spinispirulifer
bears a sources of spongiostatin 4(1) which is the
anti-cancer compound yet to be discovered from
South  African marine organisms. The C21
norsesterterpenoid  originally  reported  with
conjugated double bonds 423 has been revised to 424
on the basis of more complete spectroscopic data
obtained from a sample isolated from an Australian
specimen of Spirastrella papilosa (Capon et al.,
2001).

Over 10,000 biologically active molecules have been
isolated from sponges, making them the highest
biosynthesizing organisms. Sessile and unarmoured
body propels the synthesis of secondary metabolites
to defend the predators and competitors. Since
sponges are voracious filter feeders, they take in
along with regular food, the toxic chemicals excreted
by other plants and animals, such as corals. They then
modify and reuse these chemicals for their defense
purposes. Thus, these sponge-produced and sponge-
modified metabolites form the chemical defense
mechanism of sponges (Limna Mol et al, 2010).

Marieke Koopmans et al., (2009) showed that
sponges produce secondary metabolites because they
have to compete for space with other organisms, they
have to prevent fouling by other organisms and they
have to keep predators away. The highest frequency
of toxic or deterrent metabolites is found in high
competing environments.

A standardized protocol enabling rapid NMR data
collection for high-quality protein  structure
determination is presented that allows one to
capitalize on high spectrometer sensitivity: a set of
five G-matrix Fourier transform NMR experiments
for resonance assignment based on highly resolved
4D and 5D spectral information is acquired in
conjunction with a single simultaneous 3D N,
13Caliphatic, 1SCaromatic_resolved [1H, 1H]_NOESY
spectrum providing *H-'H upper distance limit
constraints. The protocol was integrated with
methodology for semi automated data analysis and
used to solve eight NMR protein structures of the
Northeast Structural Genomics Consortium pipeline.
The molecular masses of the hypothetical target

proteins ranged from 9 to 20 kDa with an average of
~14 kDa. Between 1 and 9 days of instrument time
were invested per structure, which is less than ~10-
25% of the measurement time routinely required to
date with conventional approaches. The protocol
presented here effectively removes data collection as
a bottleneck for high-throughput solution structure
determination of proteins up to at least ~20 kDa,
while concurrently providing spectra that are highly
amenable to fast and robust analysis (Gachua Liu et
al., 2005).

The H-NMR spectra and colors of fractions 1,2,3 and
5 suggested the presence of carotenoids, fatty acids,
sterols and sterols endoperoxides respectively, and
hence these fractions were not investigated further
(Piggott et al., 2005). But the presence of amino acid
was detected in our study. Yong, 2008, suggested that
structural HPLC and NMR elucidation by fatty acid
esters were identified in Australian sponge. Tiiu
Roovere, 2006 identifed sponges using SEM. The
sponge Spirastrella abata collected from Korean
waters yielded four phosphatidylcholines 206-209 of
which 208 and 209 showed an inhibitory effect on the
biosynthesis of cholesterol (Alam et al., 2001). SEM
observation of purified compound, L-glutamic acid of
sponge had large orthorhombic shape particles
(Fouad et al., 2009), which is similar to the present
study.

Conclusion

Although substantial progress has been made in
identifying novel drug leads from the sponge’s
resources, great efforts are still needed to advance to
clinical applications. This work has produced new
results regarding the potent bioactivity of compound,;
glutamic acid derived from the sponges Spirastrella
inconstans against MRSA (Methicillin Resistant
Staphylococcus aureus). The predominant
microorganism in wound infection among fisherman
community can be treated by using this novel
compound as the drug in future.
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