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ABSTRACT

An Actinomycetes strain TBG-7HA20 was i1solated from a forest soil sample collected from
Neyyar wild life sanctuary of Kerala state. Cultural properties of this new isclate were studied
extensively using ISP media. This isolate showed separate aerial and substrate mycelium and the
aerial mycelia produced spherical sporangia of 11-17 um size with non-motile spores. The
morphological, biochemical, physiclogical characters and 16s rDNA sequence analysis of the
isolate indicated that this strain belongs to the genus Sireptosporangium andidentified as
5. nondiastaticum. Interestingly, this isolate secreted antifungal compounds against Aspergillus
niger, A. fumigatus, Fusarium oxysporum, F. solani and Ehizhoctonia solant and antibacterial
substances which are active against Bacillus subtilis, B. cereus, Staphylococcus aureus, Kscherichia
coli. Antimicrobial properties of S. nondiastaticum are reported for the first time.
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INTRODUCTION

Actinomycetes are the largest producers of antibiotics and other bioactive compounds and
estimates show that 66% of the known metabolites are produced by this group of organisms
(Kieser et al., 2000). In recent years the rare Actinomycetes members have helped in the
understanding of the basic biology of secondary metabolite biosynthesis also. Streptosporangium
is one of the rare Actinomycetes genera that have been attracting wide attention as a new and
important source of various secondary metabolites with antimicrobial and antineoplastic activities.
There are about thirty different bicactive molecules, which were shown to be produced by this
group of organisms, including derivatives of chloramphenicol, platomycins, sibiromycin and others
(Lazzarimi et al., 2000). The genus Streptosporangium 1s the type genus of the family
Streptosperangiaceae (Couch, 1955). The family Streptosporangiaceae contains several genera,
including Streptosporangium, Herbidospora, Microbispora, Microtetraspora, Flanobispora,
Flanomonospora, Planotetraspora, Nonomuraea and Acrocarpospora (Tamura et al., 2000). In the
course of research on unknown micrebial resources, some strains of actinomycetes were 1sclated
from samples collected in the forest soils of Neyyar wild life sanctuary of Kerala, south India. This
area is cne of the 12 known mega diversity centers in the world (Nayar, 1996). The present work
has described the 1solation of a Streptosporangium strain, designated TBG-7T5A20, its 1dentification
by a polyphasic taxonomy appreach and demonstration of antimicrobial activities elaborated by the
strain.

MATERIALS AND METHODS
Isolation and maintenance of microbial strains: Glucose asparginate agar consisting of 1%
Glucose, 0.05% L-Aspargine, 0.05% di-Pottassium hydrogen Fhosphate and 2% Agar (pH 6.8) was
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used for the isolation following standard dilution plate method. The strain was purified by streak
plate method and stock culture was maintained by periodical sub-culturing on Sabouraud’s agar
slants and stored at 4°C. The fungal strains used for antifungal screening were maintained on
Potato-Dextrose-Agar (PDA) plates and bacterial strains on nutrient agar with periodical
sub-culturing.

Taxonomic characterization: The isclate TBG-7H5A20 and other strains of Streptosporangium
(S. nondiastaticum JCM 81147, S. roseum JCM 30057, S. longisporum JCM 31067 and S. fragile
ATCC 31519 used for the comparative study were cultured on International Streptomyces Project
(ISP) media (Bhirling and Gottlieb, 1968), such as catmeal agar (ISP3) and HV agar
{(Hayakawa and Nonomura, 1987). Cultural characteristics were studied using 14-day-old cultures
grown at 28°C on various agar media. Colour determinations were made by comparing the culture
with standard colour charts. Physiological characteristics of the strains were tested according to the
Streptosporangium standard (Nonomura, 1989) on various ISP media, HV agar, nutrient agar and
Sabouraud’s agar. The microscopic slides were prepared following the cover slip culture method
{(Chakrbarti, 1998) and observed by Nikon Optiphot-II phase contrast microscopy. Chemotaxonomic
characteristics were determined as deseribed previously. Biomass for chemotaxonomic analysis was
obtained from a culture grown in shake ISP2 medium (Shirling and Gottlieb, 1966) and incubated
at 28°C for 14 days. Diaminopimelic Acid (DAF) isomers and whole-cell sugar pattern were
analyzed according to the methods of Becker et al. (1965).

16s rDNA sequence analysis: Total DINA preparation from strain TBG-75A20 was carried out
using the procedure described by Marmur (1951). The 165 ribosomal DNA was amplified using the
primers 8-27F, 5-AGAGTTTGATCCTGGCTCAG-3" and 1495R 5'-CTACGGCTACCTTGTTACGA-3".
Amplification was performed in automated thermocycler (MdJ Research) using 30 ng of genomice
DNA as template with 10 pmol of each primers, 1 U of Taq DNA polymerase and the recommended
buffer system, in a 25 pL reaction volume. The temperature profile followed was 95°C (3 min) for
initial denaturation followed by 35 cyeles of denaturation at 95°C (1 min), annealing at 56°C
{1 min) and extension at 72°C (1.5 min), followed by a final extension at 72°C (10 min). The PCR
product was detected by agarose gel electrophoresis and was visualized by UV fluorescence after
ethidium bromide staining. The 1.5 kb amplified 186S rDNA fragment was purified by 0.8%
low-melting-point agarose gel electrophoresis and was sequenced in an automated sequencer
{ABI Prism) with 8-27 F primer. A BLAST (NCBI) homology search was performed with the
resultant sequence. The 165 rDINA sequences of the strains were aligned manually using the
Clustal W program (Thompson et al., 1997) against corresponding nucleotide sequences of
representatives of the genus Streptosporangium retrieved from GenBank. Evolutionary distance
matrices were generated as described by Jukes and Cantor (1969) and a phylogenetic tree was
inferred by the neighbour-joining method (Saitou and Nei, 1987). Tree topologies were evaluated
by bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings of the neighbour-joining
dataset and a phylogenetic tree was constructed using TREECON® software package (Van de Peer
and De Wachter, 1993).

Antimicrobial screening: The strain TB(G-75A20 was screened for antimicreobial activity by dual
culture method and cylinder plate method. TBG-75A20 was grown on Sabaraud’s agar plates at
27+1°C for five days and then agar cylinders of 5 mm in diameter with profuse growth were cut
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out and placed on fresh Sabaraud's agar plate for antifungal assay. Agar cylinders with test fungal
strains prepared on same conditions also placed on the plates at 2.5 em apart. Control plates with
fungal agar dises were also prepared and incubated at 27+1°C for seven days. The antifungal
activity were scored in terms of percentage of inhibition using the formula (A1-A2)/A1x100, where
Al is the Areain diameter of fungal colony in control plate and A2 is diameter of fungal colony in
dual culture plates. For antibacterial screening, 5 mm agar cylinders with profuse growth of
TBG-75A20 were placed on Luria Bertani (nutrient agar) plates seeded with test
bacterial strains, Bactllus cereus MTCC 430, B. subtilis MTCC 441, Kscherichia coli MTCC 443,
Klebsiella preumoniae MTCC 109, Pseudomonas aeruginosa MTCC 741, Staphylococcus aureus
MTCC 740. The plates were further incubated at 37°C for 24 h and a zone of inhibition around the
isolate was examined.

RESULTS

Colonies of TBG-75A20 strain grown on various media at 28°C for 14 days were observed to be
4-6 mm in diameter, with a wrinkled appearance. The strain showed good growth on most of the
media used but failed to grow on nutrient agar. The mycelium is stable and not fragmented. The
mass-aerial mycelium is pinkish brown in colour and substrate mycelium is red-orange to brown
on most of the media used (Table 1). Substrate mycelia are well developed, branched and mostly
un-fragmented. Some spindles shaped crystals were also observed along with substrate mycelia.
Sporangia were observed on aerial mycelium on HV agar and oatmeal agar. Sporangia are
spherical and of 11-17 um size (Fig. 1). Sporangiaphores are short and of 9-10 pm long and spores
are spherical and non-motile. The celonies did not preduce any soluble pigments. Table 1 shows the
results of morphological characters and physiological tests of strain TBG-75A20 in comparison with
other Streptosporangium spp.

The TBG-75A20 strain does not grow in Bennett's agar containing NaCl concentrations of up
to 20% (whv). Optimal growth temperature was 28°C and pH 7-8; growth occurred at 10 and 42°C
but no growth occurred at 50°C. The strain shows negative starch hydrolysis reaction but shows
positive reaction for reduction of nitrate and gelatin liquefaction. The strain utilized
carbohydrates such as lLi-arabinese, cellobiose, D-fructose D-galactose, D-glucose, D-mannose,
D-mannitol, D-raffinose, sucrose, D-xylose but not Meso-inositol and Rhamnoese. This organism
degraded cellulose effectively. The G-C content of the DNA of TBG-75A20 was 71.5 mol%. The
chemotaxonomic study showed the presence of meso-diaminopimelic acid (meso-DAP) isomer in the

cell-wall, whole-cell hydrolysates contained madurose, glucose, ribese and rhamnose. This strain
had a type II1 cell wall.

Tahble 1: Cultural characteristics of TBG-75A20 on different media

Medium Growth Aerial mycelitmm Substrate mycelinm Soluble pigment
ISP-2 Good Pink Orange red Nil

ISP-3 Good Pink Orange red Nil

ISP-4 Moderate Pinkish brown Brown Nil

ISP-5 Good Pink Orange red Nil

HV Good Pink Orange red Nil
Nutrient agar No -

Sabarauds agar Good Pink Orange red Nil
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Tahble 2: Comparison of characteristics of TBG-75A20

Characteristics TBG-75A20 S. nondiastaticum S. roseum S. longisporum S. fragile
Sporangium size 11-15 ym + + Rare + +
Short sporangiophores (10 pm) + + + + .
Spherical spores + + +

Spore mass colour
Pink + + + + +

Substrate mycelium

Red, Orange + + + +

Yellowish brown +

Brown-Black +
Soluble pigments + +
Starch hydrolysis + + +
Nitrite from nitrate + + + +
Gelatin liquefaction +w + ND

Utilization of rhamnose + ND +
Inositol + ND ND
Growth at 42°C + + - - +

+: Positive reaction, - Negative reaction, +w: Weak, ND: Not determined

Fig. 1{a-b): Morphological characters of strain TBG-75A20. a: Colony morphology of strain grown
on ISP-4 media for 14 days at 28°C and b: Phase contrast microphotograph showing
hyphae and sporangia after 14 days growth at 28°C (Scale bar-20 pum)

Through 165 rDNA sequencing, a partial sequence of 580 nuclectides was obtained and
the homology search showed more than 95% homology with other Streptosporangium 16s
rDNA sequences. The sequence was aligned with corresponding sequences of the representative
reference strains of Streptosporangiaceae. The results show that strain TBG-75A20,
5. nondiastaticum, 5. pseudovulgare and S, viridalbum clustered into a group. The similarity level
ranged from 97 to 98% with 8. nondiastaticum having the closest match. The phylogenetic tree
obtained by applying the neighbor joining method is illustrated in Fig. 2. Based on this
phylogenetic  and morpho-physiological data the strain TBG-75A20 1s identified as
5. nondiataticum. The strain 1s deposited to Microbial Type Culture Collection and Gene Banlk,
Chandigarh, India with an accession number MTCC 4149 and the partial 16s rDNA sequence to
NCBI GenBank (EF60822%).

The antimicrobial activity of the strain TBG-75A20 against various target microorganisms is
shown in Table 3. The strain exhibited a good activity against fungal strains such as A. niger
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Distance 0.1

Streptosporangium nondiastation

TBG-75A20

Streptosporangium pseudovulgare

Streptosporangiun viridalbun DSM46131

Streptosporangium roseum

Streptosporangium vulgare DSM44112

9 [ Streptosporangium koreanu

Streptosporangium album

Streptosporangium violaceochromogenes

Streptosporangium corrugatum

Fig. 2: Neighbour-joining tree, based on 165 rDNA sequences, showing the relationship between
strain TBG-75A20 and members of the genus Streptosporangium. The numbers at the nodes
indicate the levels of bootstrap support based on neighbour-joining analyses of 1000
resampled datasets; only values over B0% are given. Bar, 0.1 nt substitution per nt position

Tahble 3: Antimicrobial activity elaborated by TBG-7T5A20

Fungal strains Percentage inhibition (%) Bacterial Strains Zone of Inhibition (mm diameter)

Aspergillus niger MTCC 1344 41.17 Bacillus cereus MTCC 430 10.5

Aspergillus fumigatus MTCC 1811 148.3 Baeillus subtilis MTCC 441 16

Fusartum oxysporum MTCC 1756 48.52 Escherichia coli MITCC 443 7.2

F. solani MTCC 284 41.17 Klebsiella pneumoniae MTCC 109 No activity

Rhizhoctonia solant MTCC 2162 28.67 Pseudomnonas aeruginosa MTCC 741 No activity
Staphylococeus aureus MTCC 740 18

Antibacterial assay was done by cylinder plate method. Activity was scored as zone of inhibition around agar cylinder with profuse growth
of TBG-7T5A20. Antifungal assay was done by dual plate culture technique and activity was scored in terms of percentage of inhibition
using the formula (A1-A2)/A1x100, where Al is the area in diameter of fungal colony in control plate and A2 is diameter of fungal colony
in dual culture plates

MTCC 1344, A. fumigatus MTCC 1811, F. oxysporum MTCC 1756, F. solani MTCC 284 and
B, solant MTCC 2162, The antibacterial activity was moderate and exhibited a good activity against
tested Gram-positive bacteria and no activity against Gram-negative bacteria, except for . coli
{(weak activity).

DISCUSSION

On the basis of its morphological and chemical properties, the strain TBG-75A20 was classified
in the genus Streptosporangium. The distinction of Streptosporangium species is mainly based on
the color of aerial and substrate mycelia and of soluble pigment, the size of sporangia, the shape
of spores and some physiological characters (Nonomura, 1989). Comparison of cultural and
physiological characteristiecs of the strain TBG-THA20 with those of Streptosporangium known
species indicated that S. nondiastaticum and S. roseum were the nearest species (Table 2). The
three strains have the same aerial and substrate mycelia colors, sporangia size, spore shape,
However, significant differences in physiological characteristics were recorded between strain
TBG-75A20 and S, roseum. The differences consisted of utilization of Rhamnose, Inesitol and
growth at 42°C.,
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The 165 rDNA sequence of strain TBG-7TBA20 was compared with those of other
Streptosporangium species. The similarity level ranged from 97 to 98% with S. nondiastaticum, the
most closely related species. It is clear from phylogenetic analysis that strain TBG-75A20 cluster
with Streptosporangium nondiastaticum on a distinct phyletic line, suggests the identity as the
same.

On antimicrobial screening, the strain TBG-75A20 showed good activity against filamentous
fungi like Aspergillus niger, A. fumigatus, Fusarium oxysporum, F. solani, Rhizhoctonia solani.
While it is showing moderate antibacterial activity against gram positive bacteria. The results
suggests that the Streptosporangium nondiastaticum strain TBG-75A20 is having promising
antifungal properties against phytopathogenic fungi. The literature survey showed the only
bioactive metabolites reported are the angiotensin converting enzyme inhibitors, SF2513 A, B and
C, from 5. nondiastaticum strain SF'2513 (Shokichi et al., 1988). Moreover, the known bioactive
compounds produced by Streptosporangium are other than antifungal agents only
(Boudjella ef al., 2006; Inahashi et al., 2011).

CONCLUSION

Data presented in this report clearly indicate that the Streptosporangium nondiastaticum strain
TBG-7BA20 exhibited significant antifungal activity against filamentous fungi. The literature
survey shows that this 1s the first report on a strain of S. nondiastaticum elaborating antimicrobial
compounds, eventhough some angicotensin converting enzyme inhibitors, SF2513 A, B and C, were
reported from S. nondiastaticum strain SF2513.
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