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Abstract

In this study, a total of 1125 actinobacteria were isolated from the selected mangrove species: Avicennia marina, Rhizopora
mucronata and Ceriops tagal from three study stations viz., Minnie Bay, Carbyn’s Cove and Burmanallah. Among these three
stations, the highest number of actinobacteria was recorded in Carbyn’s Cove (64.97%), followed by (25.51%) at Burmanallah
and the minimum of (9.51%) was recorded in Minnie Bay. Maximum number of actinobacteria was recorded from Ceriops
tagal (40.44%) than the other selected mangrove species Avicennia marina (34.13%) and Rhizopora mucronata (25.42%).
Among the 1,125 mangrove-associated actinobacteria, 103 morphologically different isolates from the Minnie Bay station
was selected for the further characterization studies. In antibacterial assay, 30.11% of the isolates revealed inhibitory activ-
ity against all tested clinical pathogens and 65% isolates displayed inhibitory activity against minimum of 04 tested clinical
pathogens. Growth survival studies of the actinobacterial isolates also accomplished to withstand in varied NaCl and pH
levels. Of 103 isolates, all were found to synthesize gelatinase enzyme, 73 isolates demonstrated amylolytic activity, 38
isolates exhibited proteolytic and 63 isolates displayed urease activity. Interestingly, 56 isolates exhibited excellent DNase
activity and 71 isolates revealed positive for L-asparaginase production. To our recognition, 11 isolates exhibited constructive
results in the production of 06 extracellular enzymes of industrial importance. Of 103 isolates, 48 isolates were confirmed
by molecular level identification. Based on the phylogenetic analysis, the isolates were categorized under the genera: Strep-
tomyces, Nocardiopsis, Salinispora and Actinomadura.
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Introduction

Mangrove forests are among the world’s most productive
eco-system that supplements coastal waters; yields commer-
cial forest products, protect coastlines and support coastal
fisheries. However, mangroves exist under condition of vary-
ing salinity, extreme tides, strong winds, high temperature
and muddy anaerobic soils. Mangrove plants are somewhat
woody that grow at the interface between land and sea in
tropical and subtropical latitudes. These plants, and the asso-
ciated microbes, plants and animals constitute the mangrove
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forest community and eco-system [1]. Mangroves provide a
suitable habitat for commercial fish, crustaceans and wildlife
species that contribute to sustaining the survival of local fish
and shellfish populations [2].

Marine environments are largely untapped source for
the isolation of new microorganisms with potentiality to
produce bioactive secondary metabolites [3]. Among such
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microorganisms, actinobacteria are of special interest, since
they are known to produce chemically diverse class of com-
pounds with a wide range of biological activities [4]. The
demand for new antibiotics continues to grow due to the rapid
emerging of multiple antibiotic-resistant pathogens causing
life-threatening infection [5].

Traditionally, actinobacteria have been isolated from the
terrestrial sources only and the first report of mycelium-
forming actinobacteria being recovered from marine sedi-
ments [6]. Recently, marine actinobacteria are recognized as
a major source of novel antibiotic and anticancer agent with
unusual structure and properties [7]. Actinobacteria represent
a ubiquitous group of bacteria widely distributed in natural
ecosystems.

Research in actinobacteria has gained prominence in recent
years because of their potential in producing antibiotics [8].
Streptomycin, gentamicin, and rifamycin are some of the anti-
biotics which are being in use produced from actinobacteria.
Actinobacteria play an important role in the field of agricul-
ture also. Previous study showed that actinobacteria isolated
from Malaysian soil have the potential to inhibit the growth
of several plant pathogens [9]. Oskay et al. [10] also reported
about the ability of actinomycetes isolated from Turkey’s farm-
ing soil to inhibit Erwinia amylovora, a bacterium that causes
fire blight disease in apple and Agrobacterium tumefaciens, an
agent for crown gall disease [9].

The Andaman & Nicobar (A & N) Islands marine ecosys-
tems are mostly unexplored, and may provide a rich source
of microorganisms producing novel and efficient antimicro-
bial compounds [3]. Only limited research on marine act-
inobacteria from A & N Islands has been reported. Rather,
these Islands are an unexploited part of Indian seas and have
rarely been explored for microbial diversity research and
their metabolites. Hence, there is an immense possibility to
prospect and functionally characterize novel marine actino-
bacteria to identify potential bioactive compounds [11]. No
studies have been reported on the biodiversity of mangrove-
associated actinobacteria from Port Blair, South Andaman,
A & N Islands. Hence, there is a possibility to identify and
characterize the mangrove-associated actinobacteria for novel
bioactive compounds. There are 37 true species of mangroves
distributed among 10 families and 14 genera throughout the A
& N Islands [3]. The aim of the present study is to isolate and
functionally characterize the mangrove-associated actinobac-
teria of industrial and pharmaceutical interest with the ultimate
objective of discovering novel bioactive compounds.

Materials and methods
Sample collection

Mangrove root and associated sediment samples were col-
lected from three stations of South Andaman region: Minnie
Bay (Station-I), Carbyn’s Cove (Station-II) and Burmanallah
(Station-IIT) (Fig. 1). Dominant mangrove species in all 3
stations, such as Avicennia marina, Rhizopora mucronata,
and Ceriops tagal, were selected. The sediment and root
samples were collected in January, 2019 during low tide and
the sediment samples were collected from 5 to 10 cm. The
samples were stored in ice boxes and transported immedi-
ately to the laboratory for further processing.

Isolation of mangrove-associated actinobacteria

One gram of sediment and root samples was processed for
enumeration of associated actinobacteria. The samples were
serially diluted (107'-107*) with sterile seawater. Isolation
of actinobacteria was performed as described previously
by [12] with starch casein agar (SCA) medium contained
soluble starch 10 g, vitamin free casein 0.3 g, KNO; 2 g,
NaCl 2 g, K,HPO, 2 g, MgS0O,.7H,0 0.05 g, CaCO; 0.02 g,
FeS0O,.7H,0 0.01 g, agar 20 g, pH 7.0+ 0.2 [13], Bennet’s
agar (yeast extract 1.0 g, beef extract 4.0 g, casein enzyme
hydrolysate 2.0 g, dextrose 10.0 g, agar 15.0 g, pH 7.3+0.2)
and Emerson agar (yeast extract 1.0 g, beef extract 1.0 g,
peptic digest of animal tissue 2.0 g, dextrose 10.0 g, sodium
chloride 2.5 g, agar 15.0 g pH 7.0+0.2), with 50% aged
sea water. The medium was supplemented with nalidixic
acid 50 pg/mL (Hi-Media, Mumbai) and Nystatin 25 pg/mL
(Hi-Media, Mumbai) to inhibit the fungal and fast-growing
Gram-negative bacteria. The plates were incubated at room
temperature for 21 days. The appearance and growth of
marine actinobacteria were monitored regularly. The colo-
nies were recognized by their characteristic chalky to leath-
ery appearance on the culture plates. After incubation, mor-
phologically diverse actinobacterial colonies were picked
and further sub-cultured onto respective isolation medium.
The colonies were purified using SCA and ISP-2 medium,
once the pure colonies were obtained, each colony was fur-
ther identified on the basis of its earthy like smell, colony
morphology, color of hyphae and the presence or absence of
aerial and substrate mycelium. The selected and identified
colonies of actinobacteria were sub-cultured in SCA slants
for further studies. The pure cultures were also preserved
in 20% glycerol vials and stored at —80 °C for long-term
preservation [14].
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Fig.1 Sampling stations along the Port Blair bays, Andaman & Nicobar Islands

Morphological and cultural characteristics

Morphological studies of the actinobacterial isolates were
determined by following the International Streptomyces
Project (ISP) procedures [15]. The yeast and malt extract
agar (ISP-2), oat meal agar (ISP-3), inorganic salts-starch
agar (ISP-4), glycerol-asparagine agar (ISP-5) media were
used for morphological studies and color determinations.
These observations include some basic tests, aerial mass
color, reverse side pigment, melanoid pigments, spore chain
morphology and spore morphology.

Aerial mass color
Aerial mycelium is one of the important characters for the
identification of endophytic actinobacteria. The isolated

strains were inoculated on ISP 2—7 medium and the plates
were incubated at 28 °C for 6-7 days. After incubation,
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the nature of colonies were observed. Basically, color of
the matured spore forming aerial mycelium is white, red,
gray, blue and green. Sometimes the aerial mycelium is
also present in combination of two colors. Accordingly,
both the colors were also recorded. Sometimes aerial mass
color of a strain may reveal intermediate tints; besides,
both the color series should be noted.

Reverse side pigments

The actinobacterial strains were also classified based on
their ability to produce pigments on the reverse side of the
colony known as distinctive (positive) and not distinctive
or none (negative). Pale yellow of chroma and yellowish
brown color of the growth were also recorded as positive
(P) and no color of the plates was recorded as negative
(N).
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Melanoid pigments

The isolated actinobacterial strains were inoculated on the
ISP-5 medium and incubated at 28 °C for 4-5 days for iden-
tification of the melonoid pigmentation. After incubation,
the positive strains of the cultures showed greenish brown,
brown to black diffusible pigment or a distinct brown pig-
ment was recorded as positive (P). The absence of the pig-
ment was recorded as negative (N) [15]. The strains with
greenish brown to black diffusible pigment or a distinct
brown pigment were recorded as positive (+). Absence of
diffusible pigment was recorded as negative (—).

Spore surface morphology

Spore surface features can be observed under the scanning
electron microscope (SEM). The coverslip culture technique
prepared for observation under the light microscope may
be used for this purpose. The electron grid is cleaned and
adhesive tape is placed on the surface of the grid. The spore
structures in actinobacteria can be reported as: smooth (sm),
spiny (sp), warty (wa) and hairy (ha).

Physiological and biochemical characterization
Assimilation of carbon sources

The ability of different actinobacterial strains in utilizing
various carbon compounds as source of energy was stud-
ied by following the method recommended in International
Streptomyces Project. Carbon utilization medium was modi-
fied from [16]. The stock solution containing the 10 X con-
centration of different carbon sources i.e., b-glucose, L-ara-
binose, sucrose, b-fructose, b-xylose, raffinose, b-mannitol,
cellulose, rhamnose, inositol was prepared on double dis-
tilled water and filtered using 0.22 mm pore size membrane
filter and stored at 4 °C for further use. The strains were
streaked in sterile basal medium with 1% of carbon sources
and the plates were incubated at 28 °C for 7-15 days. The
growth of actinobacteria was identified depending on the
utilization of carbon sources. Positive results were recorded
as positive (P), and negative results as negative (N).

Hydrogen-sulfide production

Tryptone—yeast extract agar slants with actinobacterial
strains were incubated for 7 days at room temperature. Pres-
ence of the characteristic greenish brown, brown, bluish
black or black color of the substrate, indicates H,S produc-
tion after 7th, 10th and 15th day of incubation.

Sodium chloride tolerance assay

Different concentrations of sodium chloride (0, 5, 10, 15, 20,
25 and 35%) solution were added to the ISP-2 medium to
check the sodium chloride tolerance capability of the isolates.
This test was very much important to understand the native
nature of mangrove-associated actinobacterial isolates. The
isolates were streaked on the agar medium and incubated at
37 °C for 07-15 days. The presence or absence of growth was
recorded on 7th day onwards.

pH tolerance assay

The pH of the ISP-2 medium was adjusted to (5, 6, 7, 8, 9,
10 and 11) with 0.1 N NaOH/0.1 N HCI. The isolates were
inoculated and incubated at 28 °C for 7 days. After incuba-
tion, the positive and negative indications of the culture were
determined.

Effect of temperature on growth

Ability of the actinobacterial isolates to grow at different tem-
peratures was studied at 10 °C, 15 °C, 20 °C, 25 °C, 30 °C,
35°C, 40°C, 45 °C, 50 °C, 55 °C, 60 °C, 65 °C, 70 °C, 75 °C
and 80 °C. The isolates were inoculated in to the ISP-1 broth
and incubated at different temperatures [17]. The results were
documented after 7-8 days of incubation.

Screening for antibacterial activity

Isolates collected from Minnie Bay were screened for antibac-
terial activity by cross-streak method [18]. Briefly, the isolates
were streaked on SCA medium as a straight line in the left
side corner of the Petri plate and were incubated at room tem-
perature for 5 days. After observing a good ribbon-like growth
of the actinobacterial isolates, overnight cultures of Proteus
mirabilis MTCC1429, Bacillus halodurans MTCC443, Vibrio
cholerae MTCC3904, Streptococcus pneumoniae MTCC1935,
Enterococcus faecalis MTCC439, Pseudomonas aeruginosa
MTCCA424, Bacillus subtilis MTCC441, Staphylococcus
aureus MTCC96, Shigella flexineri MTCC1457 and Micro-
coccus luteus MTCC1541 were streaked in separate plates
at the right angle of actinobacterial cultures. The plates were
again incubated at 28 °C for 48 h and the zone of inhibition
was observed. SCA plates without actinobacteria, but with
simultaneous streaking of test organisms were maintained as
control.
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Screening of actinobacteria for extracellular
enzymes

Amylase activity/Starch hydrolysis

Mangrove-associated actinobacteria were inoculated in
the ISP-2 medium supplemented with 1% starch and incu-
bated at 28 °C for 5-7 days. After incubation, the plates
were flooded with Lugol’s iodine solution, starch in the
presence of iodine will impart a blue black color to the
medium indicating the absence of starch splitting enzymes
representing a negative result. However, the presence of
clear colorless zone surrounding growth of the organism
represents a positive result for starch hydrolysis [19].

Lipolytic activity

The lipolytic activity of isolates was performed by the
method reported in Shirling and Gottileb [15]. The assay
was performed in ISP-2 medium with 1% Tween 20 and
the plates were incubated at room temperature for 7 days.
After incubation, the presence of visible halo around colo-
nies was recorded as positive reaction.

Cellulase activity

Cellulase activity of the isolates was carried out as
described previously by [20]. Briefly, the ISP-2 medium
was supplemented with 1% of carboxy methyl cellulose
(CMC) and the isolates were cross-streaked in the plates
and incubated for 7 days at room temperature. The positive
results were recorded by the presence of clear zone around
the isolates after flooded with Lugol’s iodine solution.

Gelatinase activity

Gelatin hydrolysis was conducted by sub-culturing the act-
inobacterial isolates on gelatin agar medium and inocu-
lated at 28 °C for 7 days. After incubation, the plates were
flooded with 10 ml of mercuric chloride solution and zone
of hydrolysis was recorded [21].

Urease activity
Urease activity of the isolates was carried out as described
by Leon et al. [20]. Briefly, the isolates were inoculated

in the Christenson base broth supplemented with 40%
(w/v) urea solution and incubated at room temperature for
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7 days. The change in the medium color from yellow to
pink indicates the positive reaction.

DNAse activity

DNase assay was performed with the actinobacterial isolates
using DNase agar medium (Hi-Media, Mumbai) with 0.2%
DNA and 0.1% toluidine blue [20]. The capability of isolates
to hydrolyze DNA was confirmed by the blue precipitate
formation around the colonies.

L-Asparaginase activity

Production of L-asparaginase by mangrove-associated act-
inobacteria was performed in the medium reported previ-
ously by Gulati et al. [22]. Production medium containing,
asparagine dextrose salts agar (asparagine, 1.0%,dextrose,
0.2%; K,HPO,, 0.1%; MgSO,, 0.05%; agar, 1.5%) was sup-
plemented with different concentrations of phenol red as the
indicator and control plates were maintained without aspara-
gine and phenol red. Diameter of clear pink zone around
the colony was measured and documented after 7 days of
incubation.

Casein hydrolysis

The proteolytic activity of isolates was studied using milk
casein agar (g/L) peptone 1.0, sterile skimmed milk (5%),
and agar 20.0. The isolates were streaked on milk casein agar
and incubated at 28 °C for 5-7 days. Following incubation,
isolates secreting protease enzyme will exhibit a zone of pro-
teolysis, which is demonstrated by clear zone surrounding
their growth. This loss of opacity is the result of a hydrolytic
reaction yielding soluble, non-colloidal amino-acids and it
represents a positive for casein hydrolysis [19].

Molecular identification of mangrove-associated
actinobacteria

DNA isolation

Genomic DNA of mangrove-associated actinobacteria was
isolated by following the modified procedure of Kutchma
et al. [23]. Briefly, 2 ml of 72 h culture broth was centrifuged
at 8,000 rpm for 5 min at room temperature and the pellets
were washed with 1 ml TE buffer, suspended in TE buffer
containing lysozyme with the final concentration of 4 mg/
ml. The mixture was incubated at 37 °C water bath for 3 h.
Subsequently, 75 pL of 10% SDS and 125 pL of 5 M NaCl
were added to cell pellet and incubated at 37 °C for 30 min.
Reaction tubes were later incubated at— 40 °C for 5 min
and subsequently to 65 °C water bath for 3 min. This step
was repeated 3 times and the supernatant was collected by
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centrifugation at 8000 rpm for 10 min at room temperature.
To the supernatant, 50 pg/mL Proteinase K and 200 pg/ml
RNase were added and incubated at 37 °C for 30 min. Equal
volume of phenol: chloroform: isoamyl alcohol (25:24:1)
was added to the solution and mixed by inversion. After
centrifugation at 8000 rpm for 5 min, upper aqueous phase
containing DNA was recovered and precipitated with 2 vol-
umes of 95% ethanol by centrifugation at 13,000 rpm for
15 min. DNA pellet was dissolved in 50 pl of TE buffer and
stored at— 40 °C for further use.

PCR amplification of 16S rDNA

Amplification of 16S rDNA was performed using univer-
sal primers 16Sf (5" AGAGTTTGATCCTGGCTCAG 3')
and 16Sr (5" GGTTACCTTGTTACGACTT 3'). Final vol-
ume of reaction was 25 pl, which comprised Tag buffer
(10x), dANTP*s (200 pM) (MBI Fermentas, USA), forward
and reverse primer (0.5 pM), MgCl, (1.0 mM), Tag DNA
polymerase (1.25 U; MBI Fermentas), template (1 pl) and
remaining with autoclaved Milli Q water. PCR was per-
formed with the initial denaturation at 98 °C for 3 min, fol-
lowed by 30 cycles of reaction with denaturation at 94 °C
for 1 min; annealing at 53 °C for 1 min; extension at 72 °C
and final extension at 72 °C for 10 min. PCR amplicons
were analyzed on 1.5% agarose gel along with DNA molec-
ular weight marker (MBI Fermentas). Positive amplicons
as judged by size were purified using QIAquick PCR puri-
fication kit (Qiagen, Germany) and sequenced on an ABI
PRISM 377 genetic analyzer (Applied Biosystems, USA).

Phylogenetic analysis

16S rDNA sequences of the mangrove-associated actino-
bacteria were aligned manually in GenBank database with
BLAST [24] and the sequences with 100-98% homology
were considered for molecular taxonomy analysis. Multi-
ple alignments of 16S rDNA sequences in this study and
the sequences in GenBank database were performed with
CLUSTAL X program [25]. Phylogenetic trees were con-
structed by neighbor-joining and maximum-parsimony tree
making methods in Molecular Evolutionary Genetic Analy-
sis (MEGA version 5.0) [26] and bootstrap values based on
1,000 replication [27].

Results

Diversity of mangrove-associated actinobacteria
in Port Blair Bays

A total of 1,125 actinobacteria were isolated from the
selected mangrove species, Avicennia marina, Rhizopora

mucronata and Ceriops tagal from the three study stations,
namely Minnie Bay (Station-I), Carbyn’s Cove (Station-II)
and Burmanallah (Station-III). Enumeration and isolation
of actinobacteria were performed using three different isola-
tion media, starch casein agar, Bennet’s agar and Emerson
agar with 50% aged sea water. Among these three stations,
the highest number of actinobacteria was recorded in Car-
byn’s Cove 731 nos. (64.97%), followed by 287 (25.51%)
at Burmanallah and the lowest number of 107 (9.51%) was
recorded in Minnie Bay (Fig. 2). Maximum number of act-
inobacteria was recorded from Ceriops tagal 455 (40.44%)
than the other selected mangrove species (Avicennia marina
384 (34.13%), Rhizopora mucronata 286 (25.42%)) (Fig. 3).
Among the 1,125 actinobacteria, maximum isolates 635
(56.44%), were isolated with Emerson’s agar than the starch
casein agar and Bennet’s agar (Fig. 4). Of 103 actinobacteria
isolated from Minnie Bay station, maximum number was
isolated with Bennet’s agar (46 (44.66%) than the other two
isolation media. A total number of 91 (88.34%) isolates were
recovered from Ceriops tagal, in which Bennet’s agar scored
maximum count 42 (46.15%) followed by 31 (34.06%) with
Emerson’s agar and the lowest count was recorded in starch
casein agar 18 (19.78%). Among 10 isolates from Avicen-
nia marina, Bennet’s agar and Emerson’s agar scored maxi-
mum count 4 (40.00%) and the lowest count was recorded
in starch casein agar 2 (20.00%). A total of 06 actinobacte-
ria were isolated from the Rhizopora mucronata, in which,
starch casein agar scored maximum count 4 (66.66%) fol-
lowed by 2 (33.33%) isolates with Bennet’s agar and no iso-
lates were recorded in the Emerson’s agar. Among the 1,125
mangrove-associated isolates, 103 morphologically different
isolates from the Minnie Bay station were selected for the
further characterization studies.

Phenotypic characterization and cultural
characteristics

Cultural characteristics of the mangrove-associated actino-
bacteria were studied based on the guidelines of Interna-
tional Streptomyces Project. Among the 103 mangrove-asso-
ciated actinobacteria from Minnie Bay, 97.08% (n=100) of
the isolates exhibited good growth on tryptone—yeast extract
agar (ISP-1), 86.40% (n=89) exhibited excellent growth on
yeast extract-malt extract-dextrose agar (ISP-2), 73.78%
(n="176) of the isolates were exhibited luxuriant growth on
glycerol-asparagine agar (ISP-5), 1.94% (n=2) and 0.00%
(n=0) of the isolates exhibited moderate growth on starch
inorganic salts agar (ISP-4) and tyrosine agar (ISP-7) and
poor mycelial growth rate was recorded in peptone yeast
extract iron agar (ISP-6). The substrate mycelium ranges
from greenish white (ISP-1 and ISP-2) to bluish white (ISP-
3, ISP-4, ISP-5 and ISP-7) or whitish to brown in starch
casein agar.
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Aerial mass color

The color of substrate mycelium was determined by observ-
ing the culture plates after 7 to 10 days. Of 103 isolates,
eight color series were observed, white, whitish ash, bluish
white, greenish white, ash, bluish green, creamy and brown.
Whitish ash color series was dominated in 27 (26.21%) fol-
lowed by ash-colored actinobacteria 27 (26.21%), white 20
(19.41%), bluish white 8 (7.76%), greenish white 7 (6.79%),
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bluish green 7 (6.79%), creamy 6 (5.82%) and only one
brown-colored actinobacteria was isolated and maintained.
Among 27 of each whitish ash and ash-colored actinobac-
teria from the Minnie Bay station, maximum 21 (20.38%)
number of isolates were recorded from the Ceriops tagal,
followed by Avicennia marina 3 (2.91%) and 3 (2.91%) from
Rhizopora mucronata. Of 10 ash-colored actinobacteria, 26
(25.24%) were from Ceriops tagal, 1 (0.97%) from Avi-
cennia marina, and none of the ash-colored actinobacteria
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were recorded from the Rhizopora mucronata. Of 08 bluish
white actinobacteria, 07 (6.79%) from Ceriops tagal and
01 (0.97%) from Avicennia marina and no ash-colored act-
inobacteria were recorded from the Rhizopora mucronata.
One brown-colored actinobacteria was also isolated from
Ceriops tagal.

Reverse side pigment, melanoid pigments
and soluble pigments

The isolates were divided into two groups according to
their ability to produce pigments on the reverse side of the
colony, namely distinctive (4) and not distinctive or none
(—). Reverse side pigments and melanoid pigmentation
were observed by the formation of greenish brown, brown-
ish black or distinct brown pigment. Colors observed for
non-distinctive were pale yellow, olive or yellowish brown

Fig.4 Total diversity of
actinobacteria among the three
selected culture medium
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color considered as negative. Most of the isolates revealed
pigment formation. A total of 39 (37.86%) isolates revealed
the distinctive (+) pigment production, and the melanoid
pigment production was positive for 37 (35.92%) of isolates.
Maximum numbers of pigment-producing-associated act-
inobacteria were isolated from the Ceriops tagal (33.98%),
followed by Avicennia marina (0.97%) and Rhizopora
mucronata (0.97%). Soluble pigment production was also
observed among the isolates and the results were recorded
as present (+) and absent (—). Among them, 20 isolates
were shown positive result for soluble pigment production.
Maximum number of soluble pigment-producing actinobac-
teria was isolated from Ceriops tagal 18 (17.47%), followed
by 2 (1.94%) from Rhizopora mucronata and none of the
pigment-producing actinobacteria were isolated from Avi-
cennia marina.

Physiological and biochemical
characteristics

Assimilation of carbon sources

Ability of actinobacterial isolates in utilizing various carbon
compounds as source of energy was experimented by fol-
lowing the method recommended in International Strepto-
myces Project. After comparing growth with negative and
positive control, it was observed that raffinose was the most
assimilated carbon source by all actinobacterial isolates
and the arabinose and xylose were least assimilated carbon
source. Of all actinobacterial isolates, 30.09% of the isolates
revealed good growth in all carbon sources and 08.73% of
the isolates recorded least utilization of the carbon sources.
However, MBCT 17A, MBCTS 35B, MBCT 17B and
MBCTS38 have shown very good assimilation of arabinose
and xylose as a carbon source in comparison to other strains
and other carbon sources. Of 90 associated actinobacteria
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from Ceriops tagal, 77.77% isolates revealed positive for
raffinose, 74.44% were positive for inositol, 73.33% of iso-
lates were positive for glucose and cellulose, 72.22% of
the isolates for sucrose and mannitol 70% and 60% of the
isolates were positive for xylose and fructose. Minimum of
(45.55%) isolates recorded positive for arabinose utiliza-
tion. Of all actinobacteria from Avicennia marina (n=9),
55.55% of isolates were positive for arabinose, 44.44% of
isolates were positive for sucrose, fructose, xylose inositol,
raffinose, mannitol and cellulose, minimum of (33.33%)
isolates were positive for glucose utilization. Isolates from
Rhizopora mucronata (n=4), 75% of isolates were positive
for sucrose fructose, inositol and raffinose, 50% were posi-
tive for glucose, xylose, mannitol and cellulose. All isolates
revealed negative for arabinose utilization.

Hydrogen sulfide production

Production of hydrogen sulfide by the mangrove-associated
actinobacteria was observed after 7th, 10th and 15th day of
incubation. By comparing the presence of bluish black and
black color slants to the control slants, observations were
taken. Among 103 isolates, 53.39% shown positive results
and 46.60% isolates revealed negative results for hydrogen
sulfide production. Of 90 isolates from Ceriops tagal, 53 iso-
lates were positive for H,S production and minimum number
(01) was recorded from the Rhizophora mucronata.

Sodium chloride tolerance test

To study the sodium chloride tolerance range among the
isolated actinobacteria, 06 concentrations of sodium chloride
were supplemented in the test medium along with the control
medium with only distilled water and neither seawater nor
sodium chloride was added. Of 103 isolates, all revealed

Fig.5 Sodium chloride toler- 97
ance test for mangrove-associ- 100 - =
ated actinobacteria

90 -
80 -
70 A
60 -
50 A
40 -
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20 -
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Number of isolates

negative result (no growth) at 0% NaCl concentration. With
0.5% sodium chloride, of 103 isolates, 91 (88.34%) exhibited
good growth, 04 (3.88%) shown moderate growth, and 08
(7.76%) showed negative result. With 1.0% NaCl concentra-
tion, 87 (84.46%) showed good growth, 10 (9.70%) isolates
exhibited moderate growth and 06 (5.82%) isolates revealed
negative result. It was also observed that, 84 (81.55%) iso-
lates revealed good growth at 2.0% sodium chloride, whereas
15 (14.56%) showed moderate growth and 04 (3.88%) dis-
closed negative result in the medium. In 5.0% NaCl con-
centration, 61 (59.22%) showed good growth, 34 (33.00%)
exhibited moderate growth and 08 (7.76%) gave negative
result. With 10% NaCl concentration, 46 isolates (44.66%)
exhibited good growth, 15 (14.56%) isolates shown moder-
ate growth and 57 (55.33%) revealed negative result. In 15%
NaCl concentration, only 17 (16.50%) isolates were able to
exhibit good growth and 6 (5.82%) showed moderate growth
and 86 (83.49%) were not able to tolerate the higher concen-
tration of sodium chloride (Fig. 5).

Ability to grow in different pH

All isolates revealed acceptable pH tolerance growth at dif-
ferent ranges of pH 5.0 to pH 11.0. Of the total isolates,
21.35% revealed positive growth on all pH ranges. This
depicts their tolerance to grow in acidic and alkaliphilic
conditions. At pH 5.0, 7.76% isolates revealed negative
result and all the isolates were revealed positive growth in
the pH range of 8.0-11.0. Isolates from the Ceriops tagal
revealed optimum growth at the pH range of 8.0-9.0. Iso-
lates from Avicennia marina exhibited excellent growth at
the pH range of 7.0-9.0 and the isolates from the Rhizopora
mucronata revealed optimum growth at the pH range of
7.0-11.0 (Fig. 6).
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Fig.6 pH tolerance test for
mangrove-associated actino-
bacteria
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Effect of temperature on growth

Different types of growth were recorded in 103 mangrove-
associated actinobacteria, depending on the temperature
level. All isolates exhibited good growth in the tempera-
ture range of 25-30 °C and 66.01% of the isolates were
found grown at 50 °C. Of the total isolates from Minnie
Bay, 33.00% were observed with moderate to fair growth
at 50-60 °C. All isolates revealed negative growth in the
temperature range of 55-80 °C. Excellent pigment produc-
tion was observed by the isolates; MBAMS 2, MBCTS 39B,
MBCT 17A, MBCT 17B, MBCTS 35A, MBCT 102 and
MBRM 92 in different temperature ranges 20 °C, 30 °C,

Fig. 7 Effect of growth on
temperature by mangrove-asso-
ciated actinobacteria
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35 °C, 15 °C, 30 °C, 25 °C and 25 °C (Fig. 7). Of the total
actinobacteria from Ceriops tagal, 83.43% isolates revealed
excellent growth at 25-35 °C, 78.64% with moderate growth
at 15 °C, 20 °C, 40 °C and 50 °C. Deprived growth rate
was recorded in 10 °C and 15 °C. Among the Avicennia
marina-associated actinobacteria, all isolates revealed excel-
lent growth at 25-30 °C, 77.77% isolates showed moderate
growth at 15-20 °C, poor growth rate was recorded in the
temperature range of 35 °-50 °C. Of the total actinobacteria
from Rhizopora mucronata, 100% of isolates revealed excel-
lent growth at 20-35 °C, 21% isolates with moderate growth
at 15 °C and 35 °-40 °C, poor growth rate was recorded at
10 °C and 45 °-80 °C temperature range.
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Screening for antibacterial activity

Antibacterial assay was conducted by cross-streak method
against 09 bacterial pathogens viz., Proteus mirabi-
lis MTCC1429, Bacillus halodurans MTCC443, Vibrio
cholerae MTCC3904, Enterococcus faecalis MTCC439,
Pseudomonas aeruginosa MTCC424, Bacillus subtilis
MTCC441, Staphylococcus aureus MTCC96, Shigella flex-
ineri MTCC1457 and Micrococcus luteus MTCC1541. The
extent of antibacterial activity against 09 clinical pathogens
was varied among the actinobacterial isolates (Fig. 8). Of
103 isolates, 19.41% exhibited appreciable inhibitory activ-
ity against Gram-negative bacteria and 50.48% against
Gram-positive bacteria. Remaining 30.11% revealed excel-
lent antibacterial activity against both Gram-positive and
Gram-negative bacteria. Total proportion of inhibition by
actinobacteria against pathogenic bacteria was noted as
Proteus mirabilis—75.72%, Bacillus halodurans—76.69%,
Enterococcus faecalis—91.26%, P. aeruginosa—95.14%,
Bacillus subtilis—88.34%, S. flexneri—71.84%, V.
cholerae—88.34%, Micrococcus luteus—90.29%, S.
aureus—386.40%. A total of 93 (90.29%) actinobacteria dis-
closed antibacterial activity toward any one of the tested
bacteria and 10 (9.70%) actinobacteria presented no antago-
nistic activity. Among the actinobacteria, isolate from Ceri-
ops tagal (93.33%) has shown good antibacterial activity
against the tested bacterial pathogens. Growth of P. aerugi-
nosa was inhibited by most of the strains, S. flexneri was the
least-inhibited pathogen and moderate inhibition rate was
observed against Bacillus halodurans. Actinobacteria from
Avicennia marina (88.88%) have shown good antimicrobial
activity against the all tested bacterial pathogens. Growth
of Bacillus subtilis was inhibited by most of the strains and
Proteus mirabilis was the least-inhibited pathogenic strain
and the moderate inhibition rate was observed against Bacil-
lus halodurans. Actinobacteria from Rhizopora mucronata

Fig.8 Antibacterial activity of 100 -
mangrove-associated actino- 90 A
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(75%) have shown good antibacterial activity against the
all tested bacterial pathogens. Growth of P. aeruginosa was
inhibited by most of the strains and Shigella flexineri was the
least-inhibited pathogenic strain and the moderate inhibition
rate was observed against Bacillus subtilis.

Screening of actinobacteria for extracellular
enzymes

No studies on characterization of extracellular enzyme from
mangrove-associated actinobacteria of A & N Islands have
been reported. Of 103 isolates, all the isolates were found
to synthesize gelatinase enzyme, 73 isolates demonstrated
amylolytic activity, 38 isolates exhibited proteolytic and 63
isolates displayed urease activity (Table 1). Interestingly, 56
isolates exhibited excellent DNase activity and 71 isolates
revealed positive for L-asparaginase. Of 103 isolates, all
revealed negative results for lipolytic activity and cellulose
enzyme production (Fig. 9). Of 90 isolates from Ceriops
tagal, all were found to synthesize gelatinase, 65 isolates
demonstrated amylolytic activity, 34 isolates exhibited pro-
teolytic and 55 isolates displayed urease activity. Interest-
ingly, 51 isolates exhibited excellent DNase activity and 64
isolates revealed positive for L-asparaginase. Of 09 isolates
from Avicennia marina, all isolates were found to synthesize
gelatinase, 04 isolates demonstrated amylolytic activity, 01
isolate exhibited proteolytic and 06 isolates displayed urease
activity. Interestingly, 04 isolates exhibited excellent DNase
activity and 05 isolates revealed positive for L-asparaginase.
Of 04 isolates from Rhizopora mucronata, all 04 isolates
were found to synthesize gelatinase, 04 isolates demon-
strated amylolytic activity, 03 isolates exhibited proteolytic
and 02 isolates displayed urease activity. Interestingly, 01
isolate exhibited excellent DNase activity and 02 isolates
revealed positive for L-asparaginase. Isolates MBCT 13,
MBCT 14, MBCT 15, MBCTS 29, MBCTS 35B, MBCTS
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OO S
& S @ ® S e « (b\\o
Clinical Pathogens <

M Positive kNegative



Systems Microbiology and Biomanufacturing (2023) 3:702-718 713

Table 1 Screenipg of Culture ID Extracellular enzymes

mangrove-associated

actinobacteria for extracellular Starch  Gelatinase Lipase DNAse Urease Protease L-Asparaginase Cellulose

enzymes
MBAMSI + ++ - - + + -
MBAMS?2 + ++ - + + + -
MBAMS3 +++ +++ - - - + -
MBRM4 ++ A+ + - - + -
MBRMS5 + +++ - - - + - -
MBCT6 - +++ + - + + + -
MBCT7 +++ +++ + - - - + -
MBCT9 +++ +++ - - - + - -
MBCTI2 ++ +++ - + - + + -
MBCT13 ++ +++ - + ++ + -
MBCT14 +++ +++ - + ++ + -
MBCTI15 +++ +++ - + ++ ++ + -
MBCTI16 ++ +++ + + - + - -
MBCTI7A - +++ - + - + + -
MBCTI17B - +++ - + - + + -
MBCTI18 + +++ - ++ - - + -
MBCTI19 + +++ - ++ +4++ - -
MBCT21 - ++ - - + - + -
MBCTS22  — +++ + - + + + -
MBCTS23  +++ +++ - - +++ + -
MBCTS25  +++ +++ - - +++ - NG -
MBCTS26  ++ ++ - - +++ - - -
MBCTS27 + + + - + - - + -
MBCTS28  +++ ++ - + - + + -
MBCTS29  +++ +++ - + + +++ - -
MBCTS30  +++ ++ - + - - + -
MBCTS31  +++ +++ - - +++ - + -
MBCTS32 - +++ - - - + + -
MBCTS33  + +++ - - + - -
MBCTS34 +++ - - - + -
MBCTS35A — +++ - - - + + -
MBCTS35B  +++ +++ - + + + +++ 4+ -
MBCTS36  — +++ - + ++4+ - + -
MBCTS37 + ++ - - - - + -
MBCTS38 - +++ - + + + + - -
MBCTS39A - ++ - - - + + -
MBCTS39B — ++ + - + - - + -
MBCTS40  ++ +4++ - + 4+ +++ - + -
MBCTS41 + +++ - - - - + -
MBCTS42 + +++ - - + - + -
MBCTS43 + + - - - - + -
MBCTS44 + +++ - + - + + -
MBCTS45 - ++ + - - +++ + -
MBCTS46  +++ +++ - + +4++ +++ o+ -
MBCTS47  +++ +++ - + +4++ +++ o+ -
MBCTS48 +++ +++ - - + + + -
MBCTS49  + - + + + + + -
MBCTS50  ++ +++ - - ++ - -
MBCTS51 + +++ - - ++ + -
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Table 1 (continued)

@ Springer

Culture ID Extracellular enzymes
Starch  Gelatinase Lipase DNAse Urease Protease L-Asparaginase Cellulose

MBCTS52  + +++ - + ++ + -
MBCTS53  ++  +++ - - - - + -
MBCTS54 +4+4+ 4+ - + + - + _
MBCTS55  + ++ - + +++ 4+ - -
MBCTS56  +++ ++ - + +++  + - -
MBCTS57 ++ +++ - + - + + _
MBCTS58  + +++ - + +++ + - -
MBCTS59 + +++ - + - - + _
MBCTS60  ++ +++ - - + + n _
MBCTS61 +++ +++ - - - - + _
MBCTS62  + +++ - + ++4+  + - -
MBCTS63  + +++ - + ++4+  + + -
MBCTS64 + +4++ - + + - + _
MBCTS65 + +++ - + + - + —
MBCTS66 + +++ - + - - + -
MBCTS67 + + 4+ - - - + + -
MBCTS68 + ++ + - - - - + -
MBCTS69 + +4++ - - - + _
MBCTS70  +++ +++ - + ++ - - -
MBCTS71 + ++ - + + - + _
MBCTS72 + +++ - + + - _
MBCTS73 + ++ - + + - + _
MBCTS74 + ++ + - + ++ - + -
MBCTS75 + ++ + - + - - — _
MBCTS76 - +++ - - - + + —
MBCTS77 - ++ - - + + _ _
MBCTS78 - +++ - + + + - —
MBCTS79 + ++ - + + + - -
MBCTSS80 ++ ++ - + + - + _
MBCTSS81 ++ +++ - - + —
MBCTSS82 + +++ - ++ - - + -
MBCTSS83 + +++ - ++ + - + -
MBAMS85  — +++ - - ++4+ + + -
MBAMS86  — +++ - - +++ - - -
MBAMS87  — +++ - + - - - —
MBAMS89  — +++ - + - _ _ _
MBAMS90 - +++ - ++ + - + -
MBAMS91  + +4++ - - + - NG -
MBRM92  +++ +++ - ++ ++ +++ NG -
MBRMS95  + +4++ - - + _
MBCT96 - +4++ - - + - _
MBCT97 + - - + + + + —
MBCT98 + +4++ - + ++ - —
MBCT99 + +4++ - - - - - —
MBCT100 + + - + - - + _
MBCT101 + +++ - - ++ + -
MBCT102 - +++ - — — _ _ _
MBCT103 - +++ - - + + _
MBCT104 - +++ - - + + -
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Table 1 (continued) Culture ID Extracellular enzymes
Starch  Gelatinase Lipase DNAse Urease Protease L-Asparaginase Cellulose
MBCT105 - + 4+ - + + - - _
MBCT106 - +++ - + ++ - - _
MBCTS107 + +++ - + - - + -
MBCTS108 - +++ - + ++ - + -
MBCTS109 - +++ - + +++ - + -
(+++) Excellent; (++) Good; (+) Positive; (—) Negative
Fig.9 Hydrolytic enzyme
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40, MBCTS 46, MBCTS 47 and MBCTS 56 exhibited
elevated enzymatic activity for all 06 industrial enzymes.
Consequently, these potent isolates were subjected for the
detailed characterization on industrially potent enzymes like
amylase, gelatinase and protease. Of 103 isolates, all were
found positive for gelatinase enzyme production and maxi-
mum number of amylase producing isolates was isolated
from Rhizopora mucronata and maximum casinase, DNase
and L-asparaginase producers were isolated from Ceriops
tagal. These results on enzymatic production confirm the
ability of mangrove-associated actinobacteria to synthesize
the valuable enzymes of industrial importance.

Phylogenetic analysis of mangrove-associated
actinobacteria

Phylogenetic relationships of the mangrove-associated actin-
obacteria were ascertained based on the 16S rDNA sequence
similarity with reported strains using BLAST sequence
similarity search. Upon analysis, it was established that the
deduced 16S rDNA sequences of Streptomyces sp. NIOT_
MBAMS1 were highly homologous (96.34%) with reported
sequences of Streptomyces lannensis (GenBank: LC12345).

mPositve ®mNegative

Sequence analysis also specified that 16S rDNA sequences
of Streptomyces sp. NIOT_MBAMS|1 were closely related to
the phylogenetic neighbors: Streptomyces sp., Streptomyces
chromofuscus and Streptomyces bulli with sequence simi-
larity of 93% and 92%, respectively. Phylogenetic analysis
based on neighbor-joining tree (Fig. 10) further revealed that
strain NIOT_MBAMS|1 formed a distinct branch with Strep-
tomyces lannensis. 16S rDNA sequences of Streptomyces
sp. NIOT_MBCT12 were highly homologous (96%) with
reported sequences of Streptomyces erythrogriseus (Gen-
Bank: EU301830). Sequence analysis also indicated that 16S
rDNA sequence of Streptomyces sp. NIOT_MBCT12 was
highly homologous to the phylogenetic neighbors: Strep-
tomyces variabilis, Streptomyces sp., Streptomyces griseo-
carnancaus and Streptomyces griseorubans with sequence
similarity of 92 and 89%. Neighbor-joining tree also dis-
closed that strain NIOT_MBCT12 forms a single cluster
with Streptomyces erythrogriseus. The sequences of Nocar-
diopsis sp. NIOT_MBCT19 also established 93% homology
with the previous report of Nocardiopsis lucentensis (Gen-
Bank: KC493980.1). BLAST analysis also indicated that
16S rDNA sequences of Nocardiopsis sp. NIOT_MBCT19
were found extremely related to the phylogenetic neighbors:
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' Streptomyces chiangmaiensis NR_113180.1
Streptomyces lannensis NR_113181.1

Streptomyces chromofuscus NR_041082.1

Streptomyces tosaensis AB184489.1

Streptomyces thermoviolaceus KX129890.1
4|:Streptomyces sp. KP702931.1
Streptomyces bullii NR_108868.1

Streptomyces chromofuscus JX442508.1

@ NIOT_MBAMS1
Streptomyces sp. KX090569.1
Streptomyces sp. KC856868.1

Streptomyces lannensis LC128345.1

rre (a)

Streptomyces variabilis KF551876.1
Streptomyces griseoincarnatus NR_115369.1

Streptomyces griseorubens KY783422.1

Streptomyces griseoincarnatus MG195145.1
@ NIOT_MBCT12
Streptomyces erythrogriseus EU301830.1
Streptomyces sp. KU182928.1
Streptomyces variabilis MG788012.1
Streptomyces variabilis MF077022.1

{ Streptomyces variabilis JN180216.1
Streptomyces variabilis KY213667.1

Streptomyces labedae EU294135.1

Streptomyces griseoincarnatus NR_042290.1
Streptomyces variabilis KU981101.1
Streptomyces variabilis KU981101.1(2)

(b)

Fig. 10 a Phylogenetic tree analysis (Neighbor-Joining method) of
Streptomyces lannensis NIOT_MBAMSI1 using MEGA 5 b Phyloge-
netic tree analysis (Neighbor-Joining method) of Streptomyces eryth-
rogriseus NIOT_MBCT12 using MEGA 5

Nocardiopsis sp., Nocardiopsis flavescens and Nocardiopsis
dassonvillei with the similarity between 91 and 86%. Neigh-
bor-joining tree also disclosed a distinct cluster between
NIOT_MBCT19 and Nocardiopsis lucentensis. Upon analy-
sis, it was established that the deduced 16S rDNA sequences
of Streptomyces sp. NIOT_ MBCTS29 were highly homol-
ogous (91.24%) with reported sequences of Streptomyces
violascens (GenBank: KU973983.1). Sequence analysis
also specified that 16S rDNA sequences of Streptomyces
sp. NIOT_ MBCTS29 were closely related to the phyloge-
netic neighbors: Streptomyces hydrogenans, Streptomyces
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koyangensis and Streptomyces argenteolus with sequence
similarity of 89 and 83%, respectively. Phylogenetic analysis
based on neighbor-joining tree further revealed that strain
NIOT_ MBCTS29 formed a distinct branch with Strepto-
myces violascens.

The sequences of Nocardiopsis sp. NIOT_ MBCTS36
also established 98% homology with the previous report of
Nocardiopsis aegyptia (GenBank: KR476435.1). BLAST
analysis also indicated that 16S rDNA sequence of Nocardi-
opsis sp. NIOT_ MBCTS36 was found extremely related to
the phylogenetic neighbors: Nocardiopsis sp., Nocardiopsis
dassonvillei and Nocardiopsis synnemataformans with the
similarity between 91 and 86%. Neighbor-joining tree also
disclosed a distinct cluster between NIOT_ MBCTS36 and
Nocardiopsis aegyptia.

16S rDNA sequence of Streptomyces sp. NIOT_MBCT43
was highly homologous (97%) with reported sequences of
Streptomyces teitici (GenBank: KY909252). Sequence anal-
ysis also indicated that 16S rDNA sequence of Streptomyces
sp. NIOT_MBCT43 was highly homologous to the phyloge-
netic neighbors: Streptomyces sp., and Streptomyces sany-
ensis with sequence similarity of 93 and 90%. Neighbor-
joining tree also disclosed that strain NIOT_MBCT43 forms
a single cluster with Streptomyces teitici. Of 103 isolates,
48 isolates were confirmed by molecular level identifica-
tion. Based on the phylogenetic analysis, the isolates were
categorized under the genera: Streptomyces, Nocardiopsis,
Salinispora and Actinomadura.

Discussion

Mangrove root and associated sediment samples were col-
lected from three stations of South Andaman region. Domi-
nant mangrove species in three sampling stations, such as
Avicennia marina, Rhizopora mucronata, and Ceriops tagal,
were selected in this study. Among the three different media
used, Bennet’s agar and Emerson’s agar plates displayed
morphologically different colonies than in starch casein agar
plates. A total of 103 different actinobacterial isolates were
selected based on their morphological differences. Of 103
actinobacteria, 96 isolates revealed good growth with vary-
ing aerial mass color on ISP-2 agar medium. All the isolates
displayed the presence of aerial and substrate mycelium. Pre-
vious studies reported Streptomyces as major actinobacteria
from mangrove eco-system.

The aerial mass color of maximum isolates was whitish
gray, blueish white, gray and one strain has displayed brown
color. Vanajakumar et al. [28] have also reported the white
color actinobacteria in dominant forms. Colonial growth on
agar plate, morphological observation of colonial character-
istics, such as color of vegetative growth, presence of color
in aerial mycelium and spores and presence of diffusible
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pigments, was also recorded. Of 103 isolates, 07 isolates
were recorded as pigment-producing actinobacteria and 5
were able to produce melanoid. The spore chain morphology
was studied by scanning electron microscope (SEM) in three
strains among them; one strain has shown spiny structure
with smooth surface. SEM analysis is specific for examin-
ing spore surface morphology of the actinobacteria [29]. In
antibacterial assay, 30.11% of the isolates revealed inhibi-
tory activity against all tested clinical pathogens, and 65%
of the isolates displayed inhibitory activity against minimum
of 04 tested clinical pathogens. It is observed that the new
drugs or antibiotics are urgently needed to halt and reverse
the relentless spread of antibiotic-resistant pathogens, which
may cause life-threatening infections. Filamentous actino-
bacteria belong to the order Actinomycetales, especially
Micromomospora and Streptomyces strains have the unique
and proven capacity to produce novel antibiotics [30]. It
is also noted that under-explored habitats, such as desert
biomass and marine ecosystems, are a very rich sources of
novel actinobacteria with the potential for biosynthesis of
novel bioactive compounds, including antibiotics [31].
Studies on utilization of carbon sources by actinobacteria
viz., arabinose, xylose, inositol, mannitol, fructose, rham-
nose, sucrose and raffinose were analyzed for classification.
These carbon sources were supplemented separately in each
ISP medium. Another major milestone in the identification
of actinobacteria was the assimilation of carbon sources by
the isolates. Maximum isolates revealed luxuriant growth
(MBCT 17A, MBCTS 35B, MBCT 17B and MBCTS 38)
and some strains displayed minimal growth. Pandey et al.
[32] reported that for optimum production of antibiotics,
certain carbon sources are required. They were also sug-
gested that, pH is an important factor for the production of
antibiotics by actinobacteria. pH and sodium chloride toler-
ance test also carried out for all 103 isolates, growth survival
studies of the actinobacterial isolates also accomplished to
withstand in varied NaCl and pH levels. Hence, the actino-
bacteria were isolated from the mangroves-associated envi-
ronment, the strains were expected to tolerate at diversified
salinity levels. Previous reports also disclosed that, major-
ity of the actinobacterial species isolated from marine sedi-
ments were moderate alkaliphilic and moderate halophilic
in nature [33]. To cope with the external stress, these organ-
isms have developed an adaptive metabolic feature to survive
under extreme conditions [34]. Nesterenkonia alba sp. nov.,
an alkaliphilic actinobacteria was reported to grow optimally
at pH 9-10 [35]. Singh et al. [34] also reported a halophilic
marine actinobacteria, Nocardiopsis litoralis sp. nov., iso-
lated from sea anemone. Vasavada et al. [36] revealed that,
culture medium, pH, salinity, carbon and nitrogen may
affect the growth and antibiotic production by actinobac-
teria. Carbohydrate utilization was determined by growth
on carbon utilization medium [16] supplemented with 1%

carbon source at 28 °C. Temperature range for growth was
determined in inorganic salt starch agar medium (ISP-1)
by cultivating the actinobacteria at different temperatures
(10 °C, 15 °C, 25 °C, 35 °C, 40 °C, 45 °C, 50 °C, 55 °C,
60 °C, 65 °C, 70 °C, 75 °C and 80 °C).

Conclusion

Actinobacteria are physiologically diverse group in synthe-
sizing various enzymes and metabolic products of industrial
interest and are well recognized to produce most valuable
pharmaceuticals and agrochemicals [37]. Marine actino-
bacteria isolated from East and West Coast of India were
reported in the production of various industrial enzymes
[34]. Upon characterization for industrially potential
enzymes, results from the potential isolates in our study
revealed highly competent enzyme activity with that of pre-
vious reports. Bernfield [38] isolated several actinobacteria
from marine sediments of the Central and West Coast of
Peru with multi-enzyme activity. These results on enzymatic
production authenticated the capability of our isolate to over
synthesize the valuable enzymes of industrial importance.
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