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ABSTRACT

The present study was conducted to isolate, identify and characterize the Strepfomyces strain using morphological and
biochemical analysis. This strain was molecular identified by sequencing the 16S rRNA gene as Streptomyces thinghirensis EGDA6S
isolate. Results for scanning electron microscopy (SEM) revealed that the tested isolate is belonging to yellow series of Streptomycetes
with smooth spore surface. Its cell wall contains LL-Diaminopimelic acid (LL-DAP) with non-characteristic sugar pattern and it does not
produce melanin pigmentation. S. thinghirensis EGDA6S' metabolite revealed a considrable antimicrobial activity against some
microorganisms namely: Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa and Candida albicans. Whereas, the
maximum antimicrobial activity was observed on oat meal followed by starch nitrate media. Maximum antimicrobial activity being 7

days, at 30°C and pH 7, for optimum incubation period, temperature and pH.
Keywords: Streptomyces, optimization, 16S rDNA sequencing, antimicrobial activity

INTRODUCTION

Streptomyces are  gram-positive  actinomyces
dominated in soil representing 95% of soil actinomycetales
populations. They are aerobic microorganisms with broad
branching substrate and aerial mycelia, at a mature stage in
life cycle, they forming long arthrospores chains within the
aerial mycelia (Williams et al., 1989). Most of the
streptomycetes are soil saprophytes as they under nutrient
limited conditions; they spend the most of their life cycles
as semi dormant spores (Mayfield et al., 1972).

Streptomyces ~ classification depends on both
morphological and biochemical characteristics. The
morphological ones include the substrate mycelium
structure, the formation and nature of aerial mycelium, the
structure and branching of hyphae, the surface of spore,
growth on different media, color of either aerial or substrate
mycelia, and soluble pigments formation. Biochemical
characteristics include utilization of carbon and nitrogen
sources, proteolysis features, ability to produce different
enzymes in addition to their sensitivity to antimicrobial
agents. Recently, modern molecular techniques are used
such as genetic characters including 16S rRNA gene
sequences and serological reactions to differentiate between
closed related genera and species (Taddei, et al., 2006;
Reddy et al., 2011; Baskaran, et al., 2014).

Different Streptomyces species have the ability to
produce several bioactive metabolites. Streptomyces can
produce approximately 7600 compounds such as
antivirals, antibacterial, insecticide, antifungals,
antithrombatic, herbicideanti-hypertensive, antitumor, and
immunosuppressive agents (Bérdy, 2005, Baltz, 2008; Atta
and Ahmad 2009; Patzer and Volkma 2010; Reddy et al.,
2011; Rakshanya, ef al., 2011).

Streptomyces has the ability to produce secondary
metabolites depending on different environmental factors
including light, nutrients, pH, temperature and moisture.
When bacterial growth is limited, the secondary
metabolites production is stimulated by the reduction of
nitrogen, carbon, phosphate or other important sources of
nutrient. Both concentration and composition of nutrients
have a significant effect on complex mechanisms including
in the regulation of global gene and affect conditions that
activate the production of various secondary metabolites
(Bibb, 2005; Sanchez et al., 2010; Van Wezel and Mc
Dowail, 2011).

This study aimed to identify and characterize
antimicrobial activity for producing activity for
Streptomyces strain and optimizing its culturing conditions
for maximum production of its antimicrobial compounds.

MATERIALS AND METHODS

Isolation of Streptomyces strain

The Streptomyces strain used in this study was
isolated from rhizosphere of palm tree at Damietta El-
Gededa city, on starch nitrate agar plates. The pure
colonies were obtained by sub-culturing on the same
medium till become free from any fungal or bacterial
contamination. Then, it preserved in 20% glycerol at -80°C
for further study under EGDAG6S code.

Screening for antimicrobial activity

Antimicrobial activity was tested against some
Gram-positive bacteria (Bacillus subtilis, Bacillus cereus
and Staphylococcus aureus), Gram-negative bacteria
(Klebsiella  pneumoniae, Escherichia coli, Proteus
mirabilis, Salmonella Sp. Pseudomonas aeruginosa and
Plant pathogenic Pseudomonas sp.), fungi (Fusarium
oxysporum, Rhizopus nigricans and Penicillium notatum)
and yeast (Candida albicans).

The bacterial and yeast strains were obtained from
the culture collection of microbiology lab, Botany and
Microbiology Department, Faculty of Science, Damietta
University. The fungal strains were kindly provided by
Prof. Dr. Amira A. El-Fallal, Botany and Microbiology
Department, Faculty of Science, Damietta University.
Classical identification of Streptomyces isolate:

The identification of Streptomyces isolate was
carried out according to Nonomura (1974) and Bergey's
Manual of Systematic Bacteriology (Williams et al., 1989).
The micro-morphological properties including the size and
shape of Streptomyces mycilia and spores were performed
according to Nallamuthu et al, (2015) using scanning
electron microscopy (SEM) at 15 kV (GSM, EM unit,
Mansoura University).

The occurrence of LL- or DL-hydroxyl-
diaminopimelic acid (hydroxyl-DAP) and whole cell sugars
were determined by thin layer chromatography (TLC) of
whole cell hydrolysates according to Schon and Groth (2006)
in microbiology lab, Faculty of science, Damiatta university.
Molecular identification of Streptomyces isolate

The genomic DNA of the Streptomyces isolate
was extracted and purified as described by Kumar et al.
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(2010). The 16S rRNA gene was amplified by using the
universal prokaryotes primers, 27F (5°-
AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5°-
GGTTACCTTGTTACGACTT-3’) according to Lane
(1991), the poly chain reactions (PCR) product was
sequenced by an automated sequencer (Macrogen,
South Korea) using the same previous primers.
Alignment and phylogenetic analyses:

Phylogenetic tree analysis was performed and
analyzed using MEGA version 4 (Tamura and Nei, 1993).
Antimicrobial sensitivity of Strepfomyces metabolite

Metabolites from liquid cultures were obtained by
centrifugation at 10000 rpm for 10 minutes. The resulting
filtrates were tested for antimicrobial sensitivity by adding
100 L into 0.8 mm well in nutrient agar plate for bacteria
and candida strains, while potato extract media agar was
used for fungi strains. The resulting inhibition zones were
measured in mm after the appropriate periods of incubation
for each tested organism.

Optimization of antimicrobial production

Effect of incubation periods, pH, salinity, and
different media for maximum antimicrobial production
was studied by the method of Atta ez al. (2015).

RESULTS AND DISCUSSION

Identification and characterization of the Streptomyces
isolate
- Morphological and biochemical

Generally, identification and classification of
streptomycetes are based on morphological, biochemical as

well as physiological characteristics. On the basis of
morphological ones, different growth intensity was
observed when the Streptomyces isolate grow on different
tested media .With respect to the substrate mycelia and
aerial mycelia, different variable colors were observed in
(Table 1). The yellow color was the most predominant
color indicating that this isolate is belonging to yellow
series of streptomycetes (Omura et al., 1977; Taddei et al.,
2006). The shape of spore chains and hyphal branching
were also examined by scanning electron microscope
(SEM). Results revealed that there were a simple
branching of hypha (Fig.1 A & B). The spore surface was
smooth and arranged in straight chain (Fig.1 A and C).

Table 1. Cultural properties of Streptomyces isolate
EGDAGS of 7 days old on different culture

agar media.
Color of Soluble
Agar Medium Growth Substrate  Aerial .
. . pigment
mycelium mycelium
Starch-nitrate ++++  Yellow Yellow Yellow
Oat meal +++  Yellow Gray Yellow
Starchammonium 1 G white Offwhite -
sulphate
Glycerol- +  Yellow  White -
asparagine
Glycerol-nitrate ++ Buff  pale pinkish -
Glucose-nitrate ++ Offwhite White -
+

Czapek-dox

Pale green White  Pale green
Yeast-malt extract - - - -

+ light growth, ++ moderate growth, +++ good growth, +++ very
good growth

The physiological and biochemical characteristics of
tested Streptomyces isolate are represented in Table 2. It had
the ability to utilize various either carbon or nitrogen sources
with different variable growth intensity. The most pounced
growth with respect to carbon source was observed on D-
xylose while with respect to nitrogen source was observed
on proline. The results revealed that this isolate could
produce different enzymes such as amylase, lecithinase,
cellulose, wurease, caseinase and nitrate reductase.
Furthermore, it was resistant to different wide range of
antibiotics including rifampicin, lincomycin, levofloxacin

Fig. 1. Scanning electron microscope (SEM) showed the ultra-structural characterize of Streptomyces isolate
EGDAGS.

and gentamycin. Also, it possessed an ability to resist both
heat and salinity. Growth intensity was reduced by
increasing the concentration of sodium chloride.
Temperature is one of the most effective factors influenced
on the growth of actinomyctes. In the present study, the
growth intensity was ceased at 15°C and above 45°C with
maximum growth at 30°C. It could not produce melanin
pigmentation on peptone-yeast iron agar or tyrosine agar
media. The TLC revealed that its wall was type I which
contains non-characteristic sugar and possessed LL-DAP.
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Initially, according to the previous morphological
and biochemical analysis based on Bergey's Manual of
Systematic Bacteriology Williams et al., 1989 and Logman
et al, 2009, we conclude that this isolate might be
belonging to genus Streptomyces and species thinghirensis.

Table 2. Physiological and biochemical characteristics
of Streptomyces isolate EGDA6S.

Test Result  Test Result
Enzymes: Melanin formation
Amylase + on:
Gelatinase - Peptone-yeast iron -
Lecithinase + agar
Cellulase + Tyrosine agar -
Nitrate reductase + Carbon sources
Urease + utilization: ++
H,S production - L-arabinose +++
Caseinase + D-fructose +++
Esculin hydrolysis - D-glucose +
Sensitivity to antibiotics: D-lactose +++
Penicillin-G (100pg) - D-mannitol -
Rifampicin (100pg) + Starch +
Lincomycin (100pg) + Sucrose -
Cefotaxime (100pg) - D-xylose +
Cefepime (100pg) - Meso-inositol +
Levofloxacin(100pg) + Sodium acetate +
Cephalexin (100p.g) - Cellulose +
Amoxillin & cluvanic - D-galactose -
acid (100ug) + D-mannose
Gentamycin(100pg) Nitrogen source ++
Growth temperature: - utilization: +
15°C + Proline +
25°C ++  Valine -
30°C ++ Threonine +
37°C + Cysteine +
40°C + Hydroxy proline +
45°C - Phenyl alanine ++
50°C Serine +
Cell wall chemical glucose, KNO;
structure: mannose, Heat resistance ++
Sugar pattern ribose (100 c for 10 min)  +++
(mot  Growth in presence  +++
characteristic of NaCl: ++
sugar) S gm/l +
10 gnvl +
Type of Diaminopimelic L-DAP 20 gm/I -
acid (DAP) 40 gm/1
60 gm/1 -
100 gnv/1
120 gm/1
Inhibitor:
azide 0.01, crystal
violet 0.001

(& low growth, + light growth, ++ moderate growth, +++ good growth,
++++ very good growth,- no growth).
- Molecular identification

The obtained partial sequence of 16S DNA
sequence (1410 bp) was submitted to the GenBank with
accession number (MH633729). According to obtained
phylogenetic tree, the DNA sequence alignment of the 16S
DNA partial sequence for the studied Streptomyces isolate
EGDAG6S showed highest identity (about 99.8%) with
Streptomyces Sp. NEAE1 and S. lienomycini (KF991646)
and S. rubrogriseus FG. B. 22, some other different
Streptomyces strains showed less similarity which reached
to 99%. The phylogenetic tree based on 16S DNA
sequence as presented in (Fig. 2) clustered the studied

Streptomyces isolate in a clade that possessing approximate
dissimilarity distance reached to 0.045 with an out
grouping strain Amycolatopsis orientalis IMSNU2. By
comparing 16S rRNA gene sequence and different studied
of morphological and biochemical characters, it can be
concluded that the Strepfomyces EGDAG6S isolate is
belonging to thinghirensis species (Loqman et al., 2009).
Regarding to, S. thinghirensis S10 clustered
separately in the clade 102 which close to clade 103 that
includes S. lienomycini and S. rubrogriseus (Labeda et al.,
2012). Furthermore, S. lienomycini produces melanin
pigment while S. thinghirensis does not produce it (Logman
et al, 2009). Also, S. rubrogriseus differs from S.
thinghirensis by in many properties namely; producing red
substrate mycelium, light grey aerial mycelium on oatmeal
agar, while S. thinghirensis produce yellow substrate, white
grey aerial mycelium and yellow pigment (Gause et al.,
1983). Labeda et al. (2012) reported that morphological and
biochemical identification is the base of identification of
unknown Streptomyces strain and can confirmed by
molecular identification through the 16S rDNA sequences.

— MH633729 - 8. thinghirensis EGDAGS
KJ676476 - Streptomyces sp. NEAEI
WF157576 - Streptomyces sp.IJ 1-13
KF991646 - S. lienomycini FG.S.392
WR116901 - . thinghirensis S10
- fF991623 - S. rubrogriseus FG.8.22
- AB184464 - S. violorubens NERC13684
r NR114960 - S. marokkonensis LHGZ23016
NRO42629 - S. chattanoogensis DSK40002
NRO42302 - S. lienomycini LHG20091
AY999773 - S. aurantiogriseus NRRL B5416
NRO42760 - S. albogriseolus DSH40003
8|S 45164067 - S. globisporus subsp. globisporus NBRC12209
AB184060 - S. fradise NBRCIZ175
NRO41188 - S. rubrogriseus NBRC15455
s\ AT363060 - S. violaceolatus GC8-61
17\ KJ676477 - 8. violaceoruber NFAF99
ol (P0p3124 - §. lividans TR24
_[ AB184526 - S. xylophagus NERC13845
7\ K¥120283 - S. althioticus PSTS

AB164156 - S. mutabilis NERC12600
47293755 - Amycolatopsis orientalis THSNUZ

g

0.01

Fig. 2. Phylogenetic tree based on 16S rDNA sequence
alignment for S. thinghirensis EGDAGS isolate
(Accession. no. MH633729) with other related
species possessed the highest identity at the
database. The bootstrap values 20 or above were
only considered and represented next to the
phylogenetic tree branches with confidence
levels estimated by 1000 bootstrap replicates.
The scale represents the dissimilarity distance.

Antimicrobial activity of Streptomyces metabolite
- Effect of incubation period:

The time coarse for the production of antimicrobial
agent for S. thinghirensis EGDAG6S was studied on starch
agar media. Result revealed that it gave a maximum
antimicrobial effect against B. subtilis, S. aureus, P.
aeruginosa and C. albicans at 7 day (Fig. 3). The lower
activity at 2nd and 3" days, and then started to increase
afterwards. The antimicrobial effect almost became
constant from the 5™ day and slightly decreased after the 9™
day of incubation period. Sujatha et al. (2005) showed that
the streptomycete BT-408 gave a maximum activity at 4"
day also, Narayana and Vijayalakshmi (2008) found that
the antibiotic production by Streptomyces albidoflavus
started after 3" day and reached its maximum at 5" day
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which represented as the stationary phase of incubation
period. While Vijayakumar et al. (2012) reported that the
9" day was optimum for Streptomyces afghaniensis
antimicrobial activity.

B Bacillus subtilis
0 Candida albicans

£ Pseudomonas aeruginosa
0 Staphylococcus aureus

= I
[

Inhibition zone (mm)

Days

Fig. 3. Effect of incubation period on the antibacterial
activity of S. thinghirensis EGDA6S metabolite
against different bacterial strains.

- Effect of pH:

The effect of pH on antimicrobial activities for S.
thinghirensis EGDA6S was studied at 7" day and 30°C on
starch nitrate media. The antimicrobial activity gradually
increased from pH 4 to pH 6, and then started to decline after
pH8. Generally, the optimum pH for production maximum
antimicrobial activity was being at pH 7 for P. aeruginosa,
B. subtilis and S. aureus (Figure 4). Kumar et al. 2010 also
isolated different Streptomyces strains from wasteland
alkaline soil showed antimicrobial activity. Narayana and
Vijayalakshmi (2008) founded that the optimum pH was 7
and highest pH is not favorable for antibiotics activity. The
concentration of hydrogen ion plays a main role in the
enzymes activity and secondary metabolites production
(Guimaraes ef al., 2004). Ripa et al. (2009) showed that the
pH 8.0 was optimum for antibiotic production Streptomyces
sp. This may be attributed to the presence of active enzymes
for antimicrobial metabolites synthesis at pH 7-9; each
Stryptomyces strain has an optimum, minimum and

maximum pH at which it gave an optimum enzymes activity
(Vijayakumar et al 2012).

B Candida albicans

B Bacillus subtlis

[ Pseudomonas aeruginosa O Staphylococeus aureus

(mm)

Inhibition zone

pH

Fig. 4. Effect of pH on the antibacterial activity of S.
thinghirensis EGDAG6S metabolite against
different bacterial strains.

- Effect of temperature:

The effect of different temperatures (20, 25, 30, 35,

40 and 45) was also studied on starch nitrate media at pH 7
for S. thinghirensis EGDAG6S isolate as represented in Fig.
5. The maximum activity for microbial inhibition was 30°C
against P. aeruginosa, B. subtilis, S. aureus and C.
albicans respectively. This could be due to stable
metabolizing enzymes, which enabled the production of
the antimicrobial compounds at such temperature. Lower
activity could be recorded at temperature 20, 25, 35 and
40°C and very low activity at 45°C. Vijayakumar et al
(2012) found that the mesophilic Streptomyces isolated
from Moderate soils produce an optimum antimicrobial
production at 30°C. At high temperature microbial
metabolism might be influenced (James et al., 1991). Also
Bhavana et al. (2014) have reported that optimum mycelial
growth and antibiotic production by Streptomyces
carpaticus occurred at pH 7.2 and at 30°C. On the other
hand, Ripa et al. (2009) reported that isolated Streptomyces
spp. produced high levels of antibiotic production as it
cultured in medium and subsequently incubated at 39°C.

3.5 1
~ 3
25
Tg’ 2
31.5
= 1
<05
=
= 0
=

B Pseudomonas aeruginosa
O Staphylococcus aureus

Temp.

B Bacillus subtilis
Candida albicans

Fig. 5. Effect of temperature on the antibacterial activity of S. thinghirensis EGDA6S metabolite against different

bacterial strains.

- Effect of different culturing media:

Eight different media were used for study the
effect on the production on antimicrobial activity for S.
thinghirensis isolate EGDAG6S. This was performed at pH
7 and 30°C for 7 days. Results revealed that the oat meal

medium was the best one for maximum antimicrobial
activity followed by starch nitrate medium. Other tested
media recorded low antimicrobial activity. The
antimicrobial activity was totally inhibited by yeast
extract malt extract medium (Fig. 6). Starch has been
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found to be the best carbon source for antibiotic
production (Gao et al.,, 2009). Alaa-ElDin et al. (2015)
reported that the maximum antibiotics production was on
the starch casein medium Streptomyces sp. Reddy et al.
(2011) stated that changes in the nature and types of
nitrogen and carbon sources have been recorded to affect
antibiotic productivity in Streptomyces (. Carbon sources
affect directly on the secondary metabolites production
and nitrogen sources is important precursors for antibiotic
synthesis (D'mato and Pisano, 1975; Slininger and Shea-
Wilbur, 1993; Vijayakuma et al., 2012).

8 Pseudomonas aeruginosa B Bacillus subtilis O Staphylococcus aureus W Candida albican
=]

=z 4

- 35

= 3

S 25

s 2

= 15

= 1

= 05

= 0

@z‘; \‘§ Q& & QQ
N N & S Q
S Q‘\Q\ QQ\ N zﬁ\\ & <§t"§2 i‘”\\
S & & (WY S >
< S RIS \Q %\Q
S SR
& S
&
%
Growth media

Fig. 6. Effect of different culturing media on the
antibacterial activity of S. thinghirensis
EGDAG6S metabolite against different bacterial
strains.

CONCLUSION

Based on both traditional and molecular methods,
actinomycetes strain was identified as Strepfomyces
thinghirensis isolate EGDAG6S. It exhibited maximum
antimicrobial activity against B. subtilis, S. aureus, P.
aeruginosa and C. albicans on oat meal and starch nitrate
media after the 7" day at 30°C and pH7. Further studies
will be performed in order to establish an extraction,
purification and characterization of its antimicrobial agent.

ACKNOWLEDGMENT

This study was financially supported by M.Sc.
grant from Damietta University. The authors would like to
thank M.I. Abo-Dobara (Prof. of bacteriology, Bot. and
Microbiol. Dept., Fac. of Sci., Damietta Univ.) for his
assistance in isolate classical identification.

REFERENCES

Alaa-EIDin, M.S. H., Donia, H. S., Nagwa. A.A., Dina,
HM.A., Ahmed, LE., Nayera, AM. A., Ahmed,
A.E., Adyary, F. and Pia, M. V. (2015): Isolation of
Streptomyces sp. producing antifungal agent. Curr.
Scie. Interna., 4(3): 259-263.

Altschul, S.F., Gish, W., Miller, W., Myers, EW. and
Lipman, D.J. (1990): Basic local alignment search
tool. Molecul. Biol., 215: 403-410.

Altschul, S.F., Madden, T.L., Schaffer, A.A., Zhang, J.,
Zhang, Z., Miller, W. and Lipman, D.J. (1997):
Gapped BLAST and PSI-BLAST: A new generation
of protein database search programs. Nucl. Acid.
Res., 25 (17): 3389 —3402.

Atta, HM. El-Sayed A.S., El-Desoukey M.A., Hassan M.,
and El-Gazar., M. (2015): Biochemical studies on
the Natamycin antibiotic produced by Streptomyces
lydicus: Fermentation, extraction and biological
activities. J.Saudi Chem. Soc.,19: 360-371

Atta, M.A. and Ahmad, M.S. (2009): Antimycin-A
Antibiotic Biosynthesis Produced by Streptomyces
Sp. AZ-AR-262: Taxonomy, Fermentation,
Purification and Biological Activities. Aust. J. Basic
Sci., 3:126-135.

Baltz, H. R. (2008): Renaissance in antibacterial discovery
from actinomycetes. Curr. Opin. Pharmacol., 8 (5):
557-563.

Baskaran, R., Mohan, P. M., Madanan, M.G., Kumar, A.
and Palaniswami, M. (2014): Characterization and
antimicrobial activity of Streptomyces sp. DO SMB-
A107 isolated from mangrove sediments of
Andaman Island, India. Geo-Mar. Scien., 44 (5):
714-723.

Bérdy, J. (2005): Bioactive Microbial Metabolites. J.
Antibiot. 58 (1): 1-26.

Bhavana, M., Talluri, V. S. S. L. P., Kumar, K. S. and
Rajagopal, S. V. (2014): Optimization of culture
conditions of Streptomyces carpaticus (mtcc-11062)
for the production of antimicrobial compound,” Int.
J. Pharm. Sci., 6 (8): 281-285.

Bibb, M.J. (2005): Regulation of secondary metabolism in
streptomycetes. Curr. Opin. Microbiol. 8(2): 208-
215.

D'mato, R. F. and Pisano, M. A. (1975): A chemically
defined medium for cephalosporin C production by
Paecilomyces persicinus. Antonie van Leeuwenhoek
42:299 —308.

Gao, H., Liu, M., Liu, J. (2009): Medium optimization for
the production of avermectin Bla by Streptomyces
avermitilis  14-12A using response  surface
methodology. Bioreso. Technol. 100:4012-6.

Gause, G. F., Preobrazhenskaya, T. P., Sveshnikova, M.
A.Terekhova, L. P. and Maximova, T. S. (1983): A
Guide for the Determination of Actinomycetes.
Genera  Streptomyces,  Streptoverticillium  and
Chainia. Moscow: Nauka (in Russian).

Guimaraes, L.M., Furlan, R.L., Garrido, L.M., Ventura, A.,
Padilla, G. and Facciotti, M.C. (2004): Effect of pH
on the production of the antitumour antibiotic
rifamycin by Streptomyces olindensis. Biotech. and
Appl. Biochem., 40: 107 — 111

James, P.D.A., Edwards, C. and Dawson, M. (1991): The
effect of temperature, pH and growth rate on
secondary metabolism in Streptomyces
thermoviolaceus grown in a chemostat. J. General
Microb., 137: 1715-1720

Kumar, V., Bharti, A., Gusain, O.P. and Bisht, G.S. (2010):
An improved method for isolation of genomic DNA
from filamentous actinomycetes. Engineer. Technol.
Managem., 2: 10-13.

267



Hasaneen, M. N. A. et al.

Labeda, D.P., Goodfellow, M., Brown, R., Ward, A.C.,
Lanoot, B., Vanncanneyt, M., Swings, J., Kim, S.B.,
Liu, Z., Chun, J., Tamura, T., Oguchi, A., Kikuchi,
T., Kikuchi, H., Nishii, T., Tsuji, K., Yamaguchi, Y.,
Tase, A., Takahashi, M., Sakane, T., Suzuki, K.I. and
Hatano, K. (2012): Phylogenetic study of the species
within the family Streptomycetaceae. Anton. van
Leeuwen., 101(1): 73-104.

Lane, D.J. (1991): 16S/23S rRNA sequencing. In: Nucleic
Acid Techniques in Bacterial Systematics (ed.
by Stackebrandt E., Goodfellow M.). Chichester, Wil
ey. pp. 115-175.

Logman, S., Bouizgarne, B., Barka, E.A., Clément, C., von
Jan, M., Sproer, C., Klenk, H.P. and Ouhdouch, Y.
(2009): Streptomyces thinghirensis sp. nov., isolated
from rhizosphere soil of Vitis vinifera. System.
Evolution. Microbiol., 59: 3063-3067.

Mayfield, C.I., Williams, S.T., Ruddick, S.M. and Hatfield,
H.L (1972): Studies on the ecology of actinomycetes
in soil IV. observations on the form and growth of
streptomycetes in soil. Soi. Biol. Biochem., 4 (1): 79-
86.

Nallamuthu, I, Devia, A. and Khanum, F. (2015):
Chlorogenic acid loaded chitosan nanoparticles with
sustained release property, retained antioxidant
activity and enhanced bioavailability. Asian Jour.
Pharmaceut. Scien. 10(3): 203-211.

Narayana, K. J. P. and Vijayalakshmi, M. (2008):
Optimization of Antimicrobial Metabolites
Production by  Streptomyces  albidoflavus.

Pharmacol., 2(1): 4-7.

Nonomura, H. (1974): Key for classification and
identification of 458 species of the streptomycetes
included in ISP. Ferment. Technol., 52: 78-92.

Omura, Y. Iwai, A. Hirano, A. Nakagawa, J. Awaya, H.
Tsuchiya, Y. Takahashi and R. Masuma (1977): A
new alkaloid am-2282 of streptomyces origin
taxonomy, fermentation, isolation and preliminary
characterization. Antibiotic. 4: 276 - 282.

Patzer, 1. S. and Braun, V. (2010): Gene Cluster Involved in
the Biosynthesis of Griseobactin, a Catechol-Peptide
Siderophore of Streptomyces sp. ATCC 700974.
Bacterio., 426-435.

Rakshanya, U.J., Shenpagam, H.N. and Devi, D.K. (2011):
Antagonistic activity of actinomycetes isolates
against human pathogen. J. Microbiol. Biotech. Res.,
1 (2): 74-79.

Reddy, N.G, Ramakrishna, D.P.N. and. Gopal, S.V R.
(2011): A morphological, physiological and
biochemical studies of marine Streptomyces rochei
(MTCC 10109) showing antagonistic activity against
selective human pathogenic microorganisms. Asian
J. Biol. Sci., 4(1): 1-14.

Ripa, E. A., Nikkon, K., Zaman, S. and Khondkar, P.
(2009): Optimal Conditions for Antimicrobial
Metabolites Production from a New Streptomyces
sp. RUPA-08PR Isolated from Bangladeshi Soil.
Mycobiol., 37(3): 211-214.

Ruiz, B. (2010): Carbon source regulation of antibiotic
production. Antibiot. 63: 442-459.

Sanchez. S., Chavez, A., Forero, A., Garcia-Huante, Y.,
Romero, A., Sanchez, M., Rocha, D., Sanchez, B.,
Avalos, M., Guzman-Trampe, S., Rodriguez-Sanoja,
R., Langley, E. and

Schon, R. and Groth, I. (2006): Practical thin layer
chromatography techniques for diaminopimelic acid
and whole cell sugar analyses in the classification of
environmental actinomycetes. Basic Microbiol., 46:
243-249.

Slininger, P. J. and Shea Wilbur, M. A. (1995) : Liquid-
culture pH, temperature and carbon (not nitrogen)
source regulate phenazine productivity of the take-all
biocontrol agent Pseudomonas fluorescens. Applied
Microbiol. Biotechnol. 43(5): 794-800.

Sujatha, P., Bapi Raju, K.V.V.S.N. and Ramana, T. (2005):
Studies on a new marine streptomycete BT-408
producing polyketide antibiotic SBR-22 effective
against methicillin resistant Staphylococcus aureus.
Microbiolog. Resear., 160(2): 119-126.

Taddei, A., José, M., Ernesto, R. and Cristina, M. (2006):
Isolation and identification of Streptomyces spp.
from Venezuelan soils: Morphological and
biochemical studies. Microbiol. Res.,161(3): 222-
231.

Tamura, K. and Nei, M. (1993): Estimation of the number of
nucleotide substitutions in the control region of
mitochondrial DNA in humans and chimpanzees.
Molecul. Biol. Evolut., 10: 512-526.

Van Wezel, G. P. and Mc Dowall, K. J. (2011): The
regulation of the secondary metabolism of
Streptomyces: new links and experimental advances.
Royal Soci. Chemist. 28: 1311-1333.

Vijayakumar, R., Panneerselvam, K., Muthukumar, C.,
Thajuddin, N., Panneerselvam, A. and
Saravanamuthu, R. (2012): Optimization of
Antimicrobial Production by a Marine Actinomycete
Streptomyces afghaniensis VPTS3-1 Isolated from
Palk Strait, East Coast of India. Microbiol.
52(2):230-239.

Williams, S.T., Goodfellow, M. and Alderson, G. (1989):
Genus Streptomyces Waksman and Henrici 1943,
339AL. In: "Bergey's Manual of Systematic
Bacteriology" (1%ed.), (eds., Williams, S.T., Sharpe,
M.E. and Holt, J.G.), Baltimore, Lippincott Williams
& Wilkins Company. 4: 2452-2492.

Streptomyces thinghirensis adlud °JJM5‘ Gl g Sl Clabidas U] g a5 9 s
¥ 5 Jgana bl g M\?umm\‘ umu.\d\mu;\u.\m

b guaaial) &Al@ -?JH‘ 4,3&5 -ul..uS\ auﬁ
Llpad dxaly -a gl A0S 2 ol g9 Suall g i) ad”

s A sall s Aol oy peill (5 by ol ADL) iy e 5 5 LaS s LSS e sifSY) G s iy pxiy Joe S Gl e Cingy

Aa bl 55 1l &y gand) Caliaall (e e dia o 5 all L el LaS oy 33Y1 (mny 5 200 ¢ Lua) (yamy 2] e 308 Led 5 Ll AL (o conia
O aas i s uell 85 Al la 815 5 all Ca (e Al o SN Al yys Streptomyces thinghirensis o s e A ) sl
—agkall s starch nitrate 3 sl 4y oatmeal (35 Jas sl 5 (pH 7) Jabeiall (s 5 yued o855 Ragia ana Yeiloa a0y add) gl

5l AL o (6 sl Slmdl) LY STl

268



