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ABSTRACT
A total of fifty six marine actinobacteria were isolated from the soil sediment of South Indian coastal region. The isolates were screened for
invitro anti-microbial activity study. The anti-microbial screening showed that, three isolates (1, 2 and 18) exhibited potential activity against
human pathogens such as Borrelia bargdosferi, Bartonella henselae, Listeria monocytogens, Helicobacter pylori and Camphylobacter
jejuni by extracting bioactive compounds using ethyl acetate, acetone and dimethyl sulfoxide (DMSO). Among them, ethyl acetate extracted
bioactive compounds from the isolate 1 exhibited virulent activity (18±0.67, 15±0.39, 11±0.75, 16±0.32 and 10±0.10) against all human patho-
gens than the other solvents and isolates. The partial characterization of the ethyl acetate extract (isolate - 1) by IR (Infra Red) spectra analysis
revealed the possible presence of functional groups such as hydroxyl groups, unsaturated fatty acids and amine derivatives compounds in
the extract. A unique 16S rRNA gene sequences and phylogenetic analysis provided strong evidence for the three novel actinobacterial
strains (1, 2 and 18) namely Streptomyces acrimycini NGP (JX843532), Streptomyces albogriseolus NGP (JX843531), Streptomyces variabilis
NGP (JX843530).
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INTRODUCTION
Oceans are highly complex environments and harbor a diverse as-
semblage of microbes that occur in environments with extreme varia-
tions in pressure, salinity, temperature and low nutrition, besides it is
estimated that only 1% of marine microorganisms have been cultured
and identified 1. Marine microorganisms have attracted great atten-
tion since they have developed unique metabolic and physiological
capabilities that not only ensure survival in an extreme habitats but
also the potential to produce compounds with unique metabolic path-
ways and structures that may differ from terrestrial microorganisms 2.

The marine ecosystem has the unique group of actinobacteria which
produce diverse nature of secondary metabolites. The researches on
actinobacteria have provided many vital bioactive compounds with
high commercial valuable antibiotics like salinosporamide and
abyssomycin 3, 4. Sum of 10,000 of bioactive compounds were iso-
lated from actinobacteria, especially the genus Steptomyces, which
possesses the wide range of secondary metabolites 5. Earlier studies
revealed that, due to the particular living conditions, salinity, nutri-
tion, higher pressure, temperature variations, competition with bacte-
ria, viruses and fungi, the secondary metabolites producing marine
actinobacteria have distinct chemical structure, which may form the
synthesis of new drugs 6.

Bioactive compounds occurring in an actinobacteria consists of multi-
component mixtures, their separation and functional groups determi-

nation still creates problem. FTIR has proven to be a valuable tool for
the determination of functional groups (chemical bonds) present in
an unknown mixture 7. Besides, FTIR spectra of the compounds are
identified by comparison to a library of known compounds. IR scan-
ning yields the vibrational peaks of the functional groups present in
the compound, which are efficient and identifications of the disease
specific drugs 8, 9.

In addition to, the identification of actinobacteria using microscopic
techniques and biochemical tests were not enough to ensure cer-
tainty. 16S rRNA sequencing method is being considered as the ad-
vancement of technology to identify the isolated actinobacteria at
molecular level 10.  Previous study stated that, sequence based ap-
proaches can now be addressed to find the relationship between the
groups of related strains and the tree was constructed using Molecu-
lar Evolutionary Genetic Analysis (MEGA) version. So, the identifica-
tion of actinobacteria at genetic level was made possible in a fast and
accurate manner 11.

MATERIALS AND METHODS

Collection and isolation of Actinobacteria
The actinobacterial isolates were isolated from marine sediment sample
of South Indian coastal region, Tamilnadu, India. One gram each of
the sediment samples were treated with 100 ml of sterile sea water
complex broth and incubated at an ambient temperature for about a

The aim of the present study elucidates, an interesting chemical com-
pounds extracted from the novel isolates S.acrimycini NGP (JX843532)
S.albogriseolus NGP (JX843531) and S.variabilis NGP (JX843530) as
a bioactive agent tested against the human pathogens.
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week at 200 rpm. The pretreated samples were diluted 1:10 v/v with ried out. Genomic DNA was extracted according to the standard pro-

Characterization of crude extract

Fourier-transform infrared spectroscopy (FTIR) analysis
FTIR has proven to be a valuable tool for the characterization and
identification of compounds or functional groups (chemical bonds)

Primary screening
The antagonistic activity was tested by conventional cross streak

Antimicrobial Screening
The pathogens used for the antimicrobial screening were clinical iso-
lates includes the following; B.burgdorferi, B.henselae,
L.monocytogenes, H.pylori and C.jejuni. All pathogens were streaked
on nutrient agar and incubated at 37°C for 24 h. After obtaining supe-
rior growth, the slants were refrigerated at 4°C and they were fre-
quently checked for viability and re-prepared when appropriate.

Antibiotic sensitivity test
Antibiotic sensitivity test of the human pathogens were performed.
The pathogens were streaked on Muller Hinton Agar and the suscep-
tibility resistances to various types of antibiotics were tested by
observing and measuring the zone of incubation 14. The following
standard antibiotic discs were tested for resistance activity studies
against the human pathogens were amoxicillin, tetracycline, erythro-
mycin, rifampicin, ticarcillin and vancomycin.

Antagonistic activity of Actinobacteria
The results of multi drug resistant activity of human pathogens are
shown in table 1. Of the six standard antibiotic discs screened, all the
pathogens showed only a narrow spectrum activity against the discs.
Simultaneously, all the pathogens exhibited absence of an inhibition
zone against any one of the antibiotic discs. The primary screening
method was used to select the actino bacterial isolates and determine
the range of pathogens that were sensitive to the antibiotics. The
isolates 1, 2, 3, 4 and 18 showed increased antibacterial activity against
all the human pathogens. The formations of inhibitery zone around
the pathogenic strains were due to the production of secondary me-
tabolites by actinobacterial isolates. The metabolites were extracted
from culture filtrates of the organisms (1, 2, 3, 4 and 18) by partitioning
with organic solvents viz, ethyl acetate, acetone and DMSO. The
three solvents were being tried for extraction of secondary metabo-
lites and studied their bio efficiency of each solvent against human
pathogens. All these data have been mentioned in table 2. Among the
metabolites tested against human pathogens, the metabolites ex-
tracted from isolate 1 with ethyl acetate was efficiently inhibited all
the pathogens tested. The maximum zones of inhibition were noticed
as 18±0.67, 15±0.39mm against B.burgdorferi and B.henselae. Simi-
larly, the broad spectrum activity with big zone of inhibition was
observed against L.monocytogens, H.pylori and C.jejuni which were
notified as 11±0.75, 16±0.32 and 10±0.10 respectively. On the other
hand the extracts with acetone and DMSO were in effective against
any one of the pathogens. As in the case of control study, ethyl

RESULTS

Isolation of Actinobacteria
The present investigation has carried out for the isolation of
actinobacteria in the marine sediment samples from south Indian
coastal region which was not explored so far. 56 isolates were se-
lected based up on the morphological characteristics (Data not shown)
irrespective of the collection site and seasons. Those were enriched
with sea water complex broth for seven days for the progressive
growth and investigated for antagonistic activity study against hu-
man pathogens.

Phylogenetic analysis
Nucleotide sequences were compared to those in the Gene Bank
database with the Basic Local Alignment Search Tool (BLAST) algo-
rithm to identify known closely related sequences. 16S   rRNA gene
sequence analysis was performed with the aid of MEGA. 4 software
package by using neighbour-joining method 20. The number of spe-
cies in each clone library was determined by comparing closely re-
lated sequences using bl2seq (http://www.ncbi.nlm.nih.gov/blast/
bl2seq/wblast.cgi) 19.

Starch Casein Agar (SCA - ISP 4) medium. The medium component
included fuconazole (20 mg/l) to prevent other non-actinomycetes
bacteria and fungal growth. After incubation of 7 to 10 days at 28°C,
the actinobacterial colonies that developed on the plates were enu-
merated 12. The isolates were identified by various parameters such
as colony morphology, physiological, biochemical and microscopic
characterization 13.

sterile distilled water and serial dilution prepared down to 10-6. One
hundred microlitres of the 10-1 to 10-6 suspensions were spread onto

sequencer according to the protocol provided by the manufactures
(ABI PRISM 3100 Genetic Analyzer User’s Manual). The conserva-
tive part (16s rRNA) of three actinobacteria were aligned manually
with available nucleotide sequences retrieved from the GenBank us-
ing CLUSTRAL W 19.

cedure 18. The 16s rRNA of the strains were amplified using the 16s
rRNA primers, forward primer (5’-GAGTTTGATCCTGGCTCAG-3’)
and reverse primer (5’-ACGGCTACCTTGTTACGACTT-3’). PCR prod-
ucts were purified using QIAquick PCR purification kit. The purified
DNA fragments were sequenced using sequencer model ABI 3100

16s rRNA amplification and sequencing
The genetic level identification of potential actinobacteria was car

present in an unknown extracts 7. The IR spectra of the crude extracts
were measured (as KBr discs) between 800-4000 cm-1 using FTIR
(Shimatzu). The important IR bands, such as -OH, C-H, =CH, C=C,
CH2 and C-O stretching frequencies were studied to determine the
functional group in the ethyl acetate crude extract with the reference
chart 17.

Extraction of Bioactive compound
Promising antagonistic stains were subjected for the mass cultiva-
tion for the extraction of bioactive compound with the solvents, ethyl
acetate, acetone and DMSO by the modified method of earlier re-
search 16. The sterile disc impregnated with ethyl acetate, acetone
and DMSO were used as a control and all the plates were incubated at
37oC for 72 hrs. After incubation, the zone of inhibition appearing
around the discs were measured and recorded as millimeter diameter.

method 15. Single streak of the 56 actinobacterial isolates were made
on nutrient agar medium and incubated at 28oC for 7 days. After
observing a good growth, the human pathogens were streaked at
right angles to the original streak of actinobacteria and incubated at
37oC for 48 hrs. Actinobacterial isolates which showed prominent and
broad spectrum activity were used for secondary screening.
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Table 1: Multi drug resistant activity of human pathogens

Antibiotics B.burgdorferi B.henselae L.monocytogenes   H.pylori C.jejuni
                       Zone of inhibition (mm)

Amoxycillin 1.0±0.2 2.0±0.63 1.5±0.33 - 1.0±0.15
Tetracyclin - 3.5±0.39 1.0±0.69 1.0±0.50 -
Erythromycin 1.5±0.2 - 3.0±0.99 3.5±0.66 2.5±0.39
Rifampicin - 2.0±0.66 - 4.0±0.71 2.0±0.94
Ticarcillin 1.0±0.36 1.0±0.54 2.0±0.50 2.0±0.11 -
Vancomycin - - 1.5±0.75 - 3.0±0.55

‘-’: No activity; values are the average of three replicates

Table 2:  Antimicrobial susceptibility of antagonistic actinobacteria metabolites against human
pathogen

Isolates Solvents B.burgdorferi B.henselae L.monocytogenes H. pylori C.jejuni
(Is)                                 Zone of inhibition (mm)

Control Ethyl acetate 3±0.25 2±0.18 2±0.33 2±0.69 2.5±0.12
Acetone 2±0.11 1.5±0.10 2±0.11 1.5±0.22  1±0.10
DMSO - - 1±0.05 - 0.5±0.22

Is - 1 Ethyl acetate 18±0.67 15±0.39 11±0.75 16±0.32 10±0.10
Acetone 16±0.85 14±0.96 10±0.89 15±0.96  9±0.55
DMSO 17±0.79 14±0.22 11±0.66 13±0.14 10±0.05

Is - 2 Ethyl acetate 13±0.66 12±0.55 9±0.45 15±0.33 7±0.55
Acetone 12±0.96 11±0.11 7±0.99 11±0.84 -
DMSO 9±0.12 11±0.69  8±0.22 12±0.71 -

Is - 3 Ethyl acetate  5±0.25   5±0.63 3±0.78 - -
Acetone - -  - - -
DMSO - -  - - -

Is - 4 Ethyl acetate 3±0.36 -  8±0.50 7±0.56 6±0.33
Acetone - - - - 3±0.11
DMSO -   5±0.47 - - -

Is -18 Ethyl acetate 12±0.47 17±0.66 15±0.55 10±0.67 8±0.55
Acetone 11±0.98   9±0.22 - 10±0.14 5±0.22
DMSO 11±0.79 - 6±0.41   8±0.66 -

‘-’: No activity; values are the average of three replicates

Fig. 1: FTIR analysis of bio active compound from ethyl acetate extract of isolate 1
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Table 3:  FTIR spectra showed the absorbency bands of different chemi-
cal functional groups

Functional groups Absorbency peaks
(800-4000 cm-1)

-OH (stretch) 3363.86 and 3336.85
C-H (stretch) 3248.13
=CH (stretch) 3097.68
C=C (conjugated) 1639.49
CH2 (bend) 1442.75
C-O (stretch) 1087.85

C-H (stretch)   979.84

Fig. 2: Neighbour joining phylogenetic tree based 16S rRNA gene
sequences
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that isolate 1 - Streptomyces acrimycini NGP (JX843532), isolate 2 -
Streptomyces albogriseolus NGP(JX843531) and isolate 18 - Strepto-
myces variabilis NGP (JX843530) having 68, 100 and 82  percent
similarity with EU570515, FJ775010 and JN627186.

DISCUSSION
Selection of potential actinobacteria depends upon the huge diver-
sity of strains and sample size. Actinobacteria are indeed well adopted
and are functional members of the aquatic microbial community 21.
The result of this study corroborates the report of  earlier study
explained that, the significant attention is currently being paid to the
isolation and characterization of Streptomyces from poorly researched
habitats that had given the foundation to discover new natural prod-
ucts for developing the ideal resource for biotechnology 7. A total of
106 strains were isolated from the yellow sea, China and in that, 78
actinobacteria strains were belonged to Streptomyces sp. Further sums
of 34 actinomycete strains were isolated from marine sediment samples
of Parangipettai for the extraction of secondary metabolites 22, 23.

It has been reported that, ethyl acetate extract of bioactive compound
from novel actinomycete Streptomyces radiopugnans MS 1 showed
activity against multidrug resistant bacteria and malignant cells 24.
Although, a total of 40 actinobacteria isolated from Antarctica were
tested for antagonistic activity against 7 gram-positive and negative
bacteria, yeasts and 16 phytopathogenic fungi. Similarly, eighty
actinobacteria were selected as antagonists against Pestalotiopsis
magniferae, a causative agent of brown rot fungi. The antimicrobial
nature of the extracts from the actinobacteria are depends on the
presence of biochemical constituents in the extract especially rich in
chlorine and bromine elements 25, 26. It is also interesting to corrobo-
rate the research report , 31 strains out of 63 isolates showed sensitiv-
ity against Candida albicans. However, actinobacterial strains iso-
lated from the sediment of Parangipettai coast did not show sensitiv-
ity againt Candida albicans. Further, the human eye pathogens such
as Aspergillus flavus, A.niger and Rhodococcus were inhibited by
the marine actinobacteria from Arabian Sea coast 27, 16.

The IR spectrum exhibited for the ethyl acetate extracts of the isolate
1 highlight their potentials and suggests that, they could be a vital
candidate for antibiotics. The vibrational peaks of these functional
groups depicts that the extract has diverse activity against the test
organisms 17. The IR spectrum of an antifungal compound: 4’ phenyl
-1-napthyl -phenyl acetamide from Streptomyces sp. DPTB16 indi-
cates that the compound had NH2 and –OH group. Bioactive com-
pounds from a Polypore fungus Ganoderma applanatum (Per s.ex
Wallr.) Pat was analysed with FTIR spectrum 28, 29. The similar tech-
nique implemented for the isolation of antibacterial compound from
marine soil actinomycetes, which were analysed by vibrational peaks
of FTIR spectrum 30. The 16SrRNA sequence data supported that
assignment of this isolate 1, 2 and 18 to the Streptomyces acrimicini,
S.albogriseolus and S.variabilis respectively. The phylogenetic analy-
sis of the 16SrRNA gene sequence was aligned using the CLUSTRAL
W programme from the MEGA 4. Version 31, 32. The topologies of the
constructed tree were evaluated by bootstrap analysis with 1000
resamplings. Molecular tools have a great potential to assist in isolat-
ing yet - uncultured bacteria with known rRNA sequences for further
investigations .One of these molecular tools is the PCR amplification
of variable regions of the genes encoding 16S rRNA, by use of prim-
ers homologous to the conserved region of gene 33.

acetate extracts had being exhibited an increased zone of inhibition
against the pathogens among the solvents.

Characterization of bioactive compound
The ethyl acetate extracts obtained from self free culture of isolate
one was subjected to IR for the identification of mebolites present in
the extracts. The presence of some functional group is shown in table
3 and figure 1. The FTIR spectrum showed hydroxyl functional group
between 3300 and 3370 cm-1 and the unsaturated fatty acids group
were characterized between the vibrational peaks of 2800 and 3200
cm-1. The vibrational peaks between 970 and 1700 cm-1 were distinc-
tiveness of amine functional groups based on the characteristic fea-
tures of IR vibrational peaks in the spectra, hydroxyl groups (-OH),
unsaturated fatty acids (C=C) and amine derivates were the possible
compounds in the extract.

Phylogenetic tree analysis
The analysis of the 16S rRNA gene is most important tool for correct
identification of microbial species; the isolates 1, 2 and 18 were se-
quenced and the phylogenetic trees were constructed by neighbor
joining method. A BLAST analysis carried out by blastn search
through GenBank revealed that all the three isolated are the members
of the genus Streptomyces. The levels of similarity between the 16S
rRNA gene of the Streptomyces species are shown in figure 2. The
NCBI (National Centre for Biotechnological Information) and EMBL
(European Molecular Biological Laboratory) sequences data showed
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