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Streptomyces griseorubens E44G: A Potent Antagonist
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In this study, a wide survey was conducted along Saudi Arabia. One hundred
soil samples were collected from different 18 governorates representing different climatic
conditions. Five hundred and seventy strains of actinomycetes were isolated from the
collected soil samples. Among them, 225 were found to be antagonistic to the pathogenic
fungus (Fusarium oxysporum f. sp. lycopersici) with varying degrees. Only one isolate
designated E44G, had the strongest antagonistic activity against the tested fungus. The
taxonomic status of this isolate was established using Phenotypic and molecular methods.
The optimum nutritional and environmental conditions were studied to produce the
maximum yield of antifungal activity. The highest antifungal activity was obtained at 2"
day of incubation, 7.5 pH, and 30 °C. Glucose was the best carbon source and yeast extract
was the best nitrogen source. In the present study, we report on a potential Streptomyces
strain which has antifungal and antibacterial activities and holds the potential for use
in studies of bioactive compounds as well as for possible use in biological control of
fungal and bacterial diseases of important crops.
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Fusarium wilt disease, caused by
Fusarium oxysporum f. sp. lycopersici, is one of
the most important tomato diseasesin theworld. It
can be a serious disease causing a considerable
yield loss in tomato affecting its growth and
productivity. Chemical control may beavailableto
reduce the effects of this disease effectively and
extensively. However, field application of these

* To whom all correspondence should be addressed.

fungicides may not always be desirable. The
persistent, injudicious use of chemicals has been
discouraged owing to their toxic effects on non-
target organisms and due to the undesirable
changesthey inflict upon the humans, animalsand
environment®. However, recent researches led to
the possibility of biological control as an
increasingly realistic option for tomato disease
management?.

Streptomycetes are one of the most
abundant microorganisms in the soil. They are of
universal occurrence in nature, living and
multiplying in both cold and tropical zones, and
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have been reported to occur even under the most
extreme conditions of the desert®. The temperate
zones are, however, generally most favorable for
their development®. Infact, Streptomycetesareable
to maintain themselves in a complex competitive
environment due to prolific sporulation, a broad
carbon utilization pattern and the ability to form
antibiotics, explaining their wide distribution®. The
metabolic diversity of Streptomycetes is due to
their extremely large genome, which has hundreds
of transcription factors that control gene
expression, allowing them to respond to specific
needs®.

Streptomyces is the largest antibiotic
producing genusin themicrobial world discovered
so far. The majority of antibioticsin current uses,
as well as drugs with anticancer, antifungal, and
immunosuppressant activities, are obtained from
Streptomyces species’. Because of their ability to
synthesize numerous compounds that exhibit
extreme chemical diversity, Sreptomyces strains
aremajor part of industrial strain collections used
in screening for new bioactive molecules®.

Many species of actinomycetes,
particularly those belonging to the genus
Sreptomyces, arewell known asantifungal agents
that inhibit several pathogenic fungi®* and
antibacterial agents!'!2, The antimicrobial
mechanisms may involve physical contact
(hyperparasitism), synthesis of hydrolytic
enzymes, toxic compounds or antibiotics as well
as competition'®4, However, there is still
considerable interest in finding more efficient
strains, which differ considerably with respect to
their antimicrobial effectiveness. The need for new,
safe and more effective antifungal agents are a
major challenge to the plant protection industry
today. The present study aimed at isolating awide
range of actinomycetes from the tomato
rhizospheric soil, screening them for their invitro
antagonistic activity against F. oxysporum,
investigating their cultural, biochemical and
physiological properties and determining the
optimum conditionsfor its maximum antimicrobial
activity, extracting, purificating and characterizing
of the antifungal compound(s). This research is
the primary investigation in a long-term project
that is aiming at developing effective and eco-
friendly bio-fungicides to control Fusarium wilt
disease of tomato.
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MATERIALS AND METHODS

Soil sampling

One hundred soil sampleswere collected
from different governoratesin Saudi Arabia. The
survey areaincluded 18 governorates representing
different climatic conditionsnamely, Al-Ahsaa, Al-
Jouf, Al-Kharj, Al-Madenah, Al-Qaseem, Al-Qatif,
Al-Quwayiyah, Al-Sulayyil, Al-Ta if, Hail, Jeddah,
Gazan, Makkah, Ngjran, Riyadh, Shagra, Tabuk and
Wadi Al-Dawasir. Soil samples (=300g) were
carefully taken with spatuladownto a 10 cm depth
into the soil and kept in sterile plastic bags, |abeled
inthefield and stored at 4°C until use.
I solation and maintenance of soil-borne
actinomycetes

For each sample, 10 g of air-dried soil were
suspended in 100 ml of basal salt solution (5 g
KH,PO,, 5 g NaCl and 1000 ml H,0) and shaken
using arotary shaker (150 rpm) at 28°C for 30 min.
The soil suspension was then diluted and 1 ml of
the diluted soil suspension was used. Isolation
trailsfrom the soil suspension were carried out on
starch nitrate agar plates®™ with an incubation
period of 6 days at 30°C and pH 7. Colonies of
actinomycetes on agar plates were picked up on
the basis of their morphological characteristics.
Theisolateswere maintained on starch nitrate/NaCl
slantsat 4°C and as glycerol suspensions (20%, v/
V) at -20°C for further use.
Screening for antifungal activity

All isolated actinomyceteswere screened
for their in vitro antimicrobial activity against F.
oXxyspor um. Spore suspension of thetested fungus
was incorporated in starch nitrate agar plates by
adding an appropriate amount of the suspension
to the melted medium just before solidification.
Seeded plates containing 20 ml of the medium were
prepared. A 7 mm-diameter disk from 5-day-old
culture of each isolate was placed in the center of
starch nitrate agar plate. Three replicates of each
treatment were used. The starch-nitrate plateswere
thenincubated at 30+1°C. Theantimicrobial activity
was estimated after 2 days of incubation.
Cultural, biochemical and physiological
characterization of strain E44G

Cultural characteristics including aerial
spore-mass color, substrate mycelial pigmentation
and the production of diffusible pigments were
observed in 10-day-old cultures of strain E44G

J PURE APPL MICROBIO, 8(SPL. EDN.), NOVEMBER 2014.



AL-ASKAR et a.: Streptomyces griseorubens E44G: A POTENT ANTAGONIST

grown on differential agar media at 30°C*¢. The
isomersof diaminopimelic acid and cell wall sugar
pattern wereanalyzed by TL C following procedures
described by Hasegawa et al.'” and Lechevalier
and Lechevalier’®, Broad range of biochemical and
physiological properties of strain E44G were
investigated as described by Williams et al.*® and
Kéampfer et al.?° including, enzymes production,
degradation of some chemicalsand NaCl tolerance.
In addition, resi stance to antibiotics was examined
as described by Al-Tai et al.?.

Micr oscopic obser vationsusing scanning electron
micr oscope (SEM)

The spore-chain morphology and spore-
surface ornamentation of strain E44G were studied
by examining gold—coated, dehydrated specimen
using SEM according to Erdos?. Cultures of 14-
days age grown on starch nitrate agar plate were
first excised and trimmed to approximately 10 mmx
10 mm specimens as thin as possible (1 - 2 mm),
and fixed before they were further reduced into
smaller (approx. 5mm x 5 mm) specimens. Solid
specimens arefixed in abuffered (0.1 M, pH 6.5-
7.0) fixative such as 2-3% glutaraldehyde for
periods ranging from 5 min to 24 h%. Then, the
specimenswere post-fixed in 1% osmium tetroxide
in the same buffer, dehydrated in a graded series
of acetone. Critical-point dried specimens were
coated with gold palladium in a Polaron E500
sputter coater (Polaron Equipment Ltd., England)
andviewed in SEM (JEOL JSM 35C).
Genotypicidentification of strain E44G

Total genomic DNA of strain E44G was
extracted using wizard genomic DNA purification
kit (QIAGENE DNA kit, Hilden, Germany)
according to the manufacturer procedure. PCR
amplification of the 16SrRNA genewas conducted
inathermocycler (Perkin ElImer Cetus Model 480)
by using the universal primer; the forward primer
5-AGAGTTTGATCCTGGCTCAG-3 andthe
reverseprimer 5-AAG GAG GTGATC CAGCC-3
2, PCR reaction was performed in atotal volume of
25 ul containing: 2.5 ul PCR buffer, L.5mM MgCl,
200 uM dNTPs, 1 U Taq DNA polymerase
(AmpliTag, Perkin-Elmer), 2.5 ul of 10 pmol each
primer and 2.5 pl of the extracted bacterial DNA
and the volumewas completed to 25 ul using sterile
distilled H,0. PCR reaction conditions were
approached as, onecycle of 94°C for 5minfollowed
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by 35 cycles; each cycle consists of. 94°C for 1
min, 55°C for 1 min, 72°C for 90 s and a final
extension step at 72°C for 5 min. The PCR product
(1500bp) was directly sequenced by a BigDye
terminator cycle sequencing kit (PE Applied
Biosystems, Foster City, CA, USA) onanABI 310
automated DNA sequencer using both thereverse
and forward primers (Applied Biosystems, Foster
City, CA, USA). Homology of the 16S rRNA
sequence was analyzed by using the BLAST
algorithm, available in Genbank (http:
www.nchi.nim.gov/BLAST/).
Assay of antimicrobial activity

Antimicrobial activity of strain E44G was
investigated against some pathogenic fungi and
bacteria. Ten fungi kindly provided by Plant
Pathology Institute, Agricultural Research Center,
Egypt namely; Fusarium solani, F. oxysporum,
Macrophomina phaseolina, Alternaria radicina,
Rhizoctonia solani, Sclerotiumrolfsii, Nigrospora
oryzae, Phoma destructive, Penicillium notatum
and Aspergillus niger. Five bacterial isolates
(Staphylococcus aureus, Streptococcus
pneumonia, Pseudomonas aeruginosa,
Escherichia coli and Bacillus subtilis) obtained
from the American type culture collection (ATCC)
were used in thisinvestigation. The antimicrobial
activity was estimated using the disc diffusion
method formally described.
Optimum conditionsfor maximum antimicrobial
activity
Effect of incubation period

Erlenmeyer flasks (250 ml) containing 100
ml sterile starch-nitrate medium each were
inoculated with strain E44G and incubated on rotary
shaker (160 rpm) at 30 + 1°C for variousincubation
periods (eg 1, 2, 3, 4, 5, 6 and 7 days). At each
incubation period, 5 ml of the culturefiltrate were
then taken aseptically and the antimicrobia activity
was determined using the inhibition zone method.
Three plates were used within each treatment®.
Effect of incubation temperature

Erlenmeyer flasks (250 ml) containing 100
ml sterile starch-nitrate medium each were
inoculated with the selected isolate and incubated
on rotary shaker (160 rpm) for the optimum
incubation period (2 days), at different temperatures
(20,22, 24, 26,28, 30. 32, 34, 36 and 38°C). For each,
5ml of the culturefiltratewere then taken asepticaly
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and theantimicrobia activity wasdetermined using
theinhibition zone method. Three plateswere used
for each treatment .
Effect of pH

Erlenmeyer flasks (250 ml) containing 100
ml sterile starch-nitrate medium each were adjusted
at variouslevelsof pH (5.5, 6, 6.5, 7, 7.5, 8, 8.5and
9) using aphosphate buffer beforethe sterilization
and then inoculated with the selected isolate and
incubated for the optimum incubation period (2
days) at the optimum temperature 30°C. For each,
5ml of the culturefiltratewerethen taken asepticaly
and theantimicrobia activity wasdetermined using
theinhibition zone method. Three plateswere used
for each treatment®.
Effect of carbon source

Glucose, galactose, fructose, sucrose,
lactose, matose and ribose wereindividually tested
as substitute carbon sources. Carbon source of
starch-nitrate medium was substituted with one of
the tested sources (containing the same quantity
of carbon). Erlenmeyer flasks containing starch
substituted starch-nitrate medium wereinocul ated
with the selected isolate. The initial pH of the
various media was adjusted at 7.5, before
sterilization and the flasks were incubated for 2
daysat 30°C onarotary shaker (160 rpm). For each,
5ml of the culturefiltratewerethen taken asepticaly
and the antimicrobial activity was determined by
theinhibition zone method described earlier. Three
plates were used for each treatment?.
Effect of nitrogen source

Potassium nitrate, ammonium sulphate,
urea, casein, yeast extract, beef extract, or malt
extract were individually tested as substitute
nitrogenous sources. Nitrogenous source of
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starch-nitrate medium was substituted with one of
the tested sources (containing the same quantity
of nitrogen). Erlenmeyer flasks containing starch-
nitrate medium (sodium nitrate substituted with
one of the tested sources) were inoculated with
the selected isolate. Theinitial pH of the various
mediawas adjusted at 7.5, before sterilization and
the flasks were incubated for 2 days at 30°C on a
rotary shaker (160 rpm). For each, 5ml of the culture
filtrate were then taken aseptically and the
antimicrobial activity was determined using the
inhibition zone method. Three plates were used
for each treatment?.

RESULTS AND DISCUSSION

In this study, a wide survey was
conducted along Saudi Arabia. One hundred soil
samples were collected from different 18
governorates representing different climatic
conditions. Saudi Arabia has a desert dry climate
with high temperaturesin most of the country, but
there are al so wide variations between the seasons
and theregions. Variation inthe climatic conditions
and soil properties may results in a wide
biodiversity in the soil actinomycetes content,
particularly Streptomyces.

Five hundred and seventy strains of
actinomyceteswereisolated from the collected soil
samples. The obtained isolates showed a wide
variationinitscultural color. These isolates were
screened for their antagonistic activity against F.
oxysporum. A high variation in the antifungal
activity wasrecorded between theisolates. Among
the 570 actinomycete isolates, 225 were found to
be antagonistic to the tested fungus with varying

Table 1. Cultural characteristics of S. griseorubens E44G

Medium Growth Color of Color of Color of
aerial substrate diffusible
mycelia mycelia pigment
Yeast-malt extract agar (ISP-2) Moderate 10-PK. Gray 70-l1.0y No
Oatmeal extract agar (1SP-3) Good 263-L. Gray 76-1.yBr 79-1.gy.YBr
Inorganic salts starch agar (1SP-4) Moderate 10-PK. Gray 79-1.gy.YBr No
Glycerol asparagine agar (1SP-5) Good 264.L. Gray 79.1.gy.YBr No
Peptone yeast extract iron agar (ISP-6) Poor 10-PK. Gray 79.1.g9y.YBr No
Tyrosine agar (ISP-7) Poor 10-PK. Gray 79.1.g9y.YBr No

PK = pinkish, l.oy = light orange yellow, L. =light, .yBr = light yellowish brown and |.gy.Y Br = light gray

yellowish brown.
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Table 2. Phenotypic characteristics of S. griseorubens E44G
Characteristics Result
Morphological characteristics Shape of spore chains Open hook
Color of spore mass Gray
Spore surface Smooth
Color of substrate mycelium Creamy
Color of diffusible pigment No
Motility Non motile
Cell wall hydrolysis Diaminopimelic acid (DAP) LL-DAP
Sugar pattern Not detected
Physiological characteristics Protease, chitinase and catalase +
Lipase, amylaseand cellulase -
Pectinase, | ecithinase, and urease -
Melanoid pigment +
Degradation of esculine and xanthine -
H,S production +
Nitrate reduction and citrate utilization -
Coagulation of skim milk -
Utilization of different carbon sources D-glucose, D-galactose, D-fructoseand sucrose  +
L -arabinose, xylose and meso-inositol -
Raffinose and rhamnose +
Utilization of different nitrogen sources L-cystiene, L-valine, L-alanine, and L-leucine +
L-histidin, L-lysine, L-tyrosine, and L-proline +
L-phenylalanine -
NaCl tolerance 10% +
15% -
Antibiotics resistance Streptomycin -
Amoxicillin -
Growth on different temperatures <20 -
20-45 +
>45 -
Growth on different pH <45 -
55-9.9 +
>10.5 -
(+) = growth or activity, and (-) = no growth or activity.
Table 3. Antimicrobial activity of S. griseorubens E44G
Fungi Activity Bacteria Activity
Fusarium solani + Staphylococcus aureus -
F. oxysporum +
Macrophomina phaseolina + Streptococcus pneumoniae -
Alternariaradicina +
Rhizoctonia solani + Pseudomonas aeruginosa +
Sclerotiumrolfsii +
Nigrospora oryzae + Escherichia coli +

Phoma destructive
Penicilliumnotatum

Aspergillusniger

Bacillussubtilis

(+) = low activity and (-) = no activity
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degrees. Only one isolate designated E44G, had
the strongest antagonistic activity against the
tested fungus. This isolate was used in the next
investigations. Variation in the antagonistic activity
between actinomycetes was already reported by
several researchers?”?29 The antimicrobial
mechanisms may involve physical contact
(hyperparasitism), synthesis of hydrolytic
enzymes, toxic compounds or antibiotics as well
as competition®2,

The investigated strain formed an
extensively branched substrate mycelium, aerial
hyphae which carried smooth -surfaced ellipsoidal
sporesin open hooked spore chains (Fig. 1). Strain
E44G contains L L-diaminopimelic acid in thewall
peptidoglycan, lacks characteristic major sugars
and formed agrayish aerial spore massontheseven
standard media used (Table 1) which is a
characteristic of the genus Streptomyces.

.

Fig. 1. Scanning electron micrograph showing spore
chains and spore-surface ornamentation of
S griseorubens E44G grown on starch nitrate agar for
14 days at 30 °C. Bar = 2 um.
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Therefore, E44G was preliminary characterized as
belonging to Sreptomyces. The assignment of the
strain to the genus Streptomycesis al so supported
by the results of the 16S rRNA gene sequence
studies. The 16S rRNA gene sequence (1096bp)
was determined for strain E44G. Comparison of the
16S rRNA gene sequence with corresponding
Streptomycete sequences using DNA BLASTn
(NCBI website) clearly showed that strain E44G is
a member of the genus Streptomyces with a
maximum similarity percentage 99% with
S. griseorubens. The 16SrRNA gene sequence of
strain E44G was deposited in the GeneBank under
the accession number (KJ605118).
Description of S. griseorubens E44G
Streptomyces griseorubens E44G is
aerobic, mesophilic, halotolerant, Gram-positive
actinomycete that forms an extensively branched
substrate mycelium and aerial hyphae. Open
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Fig. 3. Effect of different nutritional conditions on
antifungal activity of S. griseorubens E44G, carbon
sources (A) and nitrogen sources (B).
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hooked spore chains with ellipsoidal, smooth
surfaced spores are frequently formed. A creamy
substrate mycelium and agrayish aerial spore mass
areformed on starch nitrate agar medium. Diffusible
pigmentsare not formed, but melanin pigmentsare
produced on peptonelyeast extract/iron or tyrosine
agars. Theculture growswell between 2010 45°C,
but does not grow below 20°C and above 45°C. It
growsat pH valuesfrom5.5t0 9.5, but not at d” 4.5
or € 10.5. Growth occurs at 10% NaCl but not at
15%. Protease, catalase, chitinase, are produced
but, amylase, cellulose, pectinase, lipase,
lecithinase and urease are not. The investigated
strain produces hydrogen sulfide but does not
reduce nitrate, utilize citrate, produce coagulase
enzyme or degrade esculine and xanthine. D-
glucose, D-fructose, D-galactose, sucrose,
raffinose and rhamnose are used as sole carbon
sources for energy and growth, but L-arabinose,
xylose and meso-inositol are not. The organism
usesL-cystiene, L-lysing, L-tyrosine, L-valine, L-
alanine, L-leucine, L-histidin and L-proline as
nitrogen sources but, L-phenylalanineis not. The
described strain is sensitive to streptomycin and
amoxicillin(Table2).

It shows antifungal activity with various
degrees against isolates of phytopathogenic fungi
namely; F. solani, F. oxysporum, M. phaseolina,
A. radicina, R. solani, S. rolfsii and N. oryzae but
not P. destructive, P. notatumand A. niger. It shows
antibacterial activity against strains of P.
aeruginosa, E. coli but not S. aureus, S.
pneumonia, and B. subtilis (Table 3). Many species
of actinomycetes, particularly those belonging to
the genus Streptomyces, are well known as
antifungal agents that inhibit several pathogenic
fungi®® and antibacterial agents'*2,

The nutritional sources like carbon and
nitrogen, aswell asthe environmental factorssuch
asincubation period, pH and temperature areknown
to have a profound effect on antibiotic production
by actinomycetes®. Optimization of growth
conditionsisessential to maximizetheantimicrobial
potentiality.

In this connection, effect of different
incubation periods was investigated. The
antifungal activity was observed at the first three
days of incubation. However, the highest activity
was recorded at the second day as the best
incubation period. Thereafter, the antifungal
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activity wasdramatically declined and disappeared
at the fourth day (Fig. 2A). The obtained result is
in agreement with that reported by Prapagdee et
al.®. Themaximum antifungal activity after 48 hrs
of incubation may be attributed to the fact that
S griseorubens E44G entered the stationary phase
of growth. It has been reported that the antibiotic
production by Streptomyces takes place in the
stationary phase of the growth. The decrease in
theantifungal activity after 48 hrscan be attributed
to the decrease in the supply of nutrients to the
microorganism or the accumulation of toxic by-
products.

Effect of different pH values on the
antifungal activity was studied using phosphate
buffer with widerange of pH (Fig. 2B). No activity
wasrecorded at pH 5.5. Afterward, the activity was
increased withtheincreasein pH value and reaches
itspeak at pH 7.5 then any increasein pH caused a
decrease in the antifungal activity and totally
disappeared at pH 8.5. This means that the
antifungal bio-compound was very sensitive to
high acidity and alkalinity. According to these
results, theantifungal bio-compound produced by
S griseorubens E44G hashigh efficiency at around
neutral pH. These results are in agreement with
those of Al-Askar et al.*°, who recorded pH 7.5 as
the optimum pH for S. tendae RDS16. Changesin
pH affect growth kinetics of microorganisms as
enzymes activities. Most of bacterial strains have
their optimum growth on neutral conditions. Asa
result, most antibiotics are optimally produced in
pH closeto (7) .

Incubation temperature was one of
optimum factors which affected the antifungal
activity. Wide range of incubation temperatures
wastested inthisstudy (20to 38°C). Theantifungal
activity was observed between 24 and 36°C. No
activity wasrecorded at 20, 22 or 38°C. The highest
antifungal activity was observed at 30°C as the
best incubation temperature (Fig. 2C). Theobtained
results are in agreement with those reported by
Idamet al . whofound that themaximum inhibition
of the fungal growth was achieved when S.
albidoflavus C247 was cultured at 30°C.
Temperature affects on growth rate and enzymatic
reactions involved in metabolic synthesis. Lesser
growth of microorganism at higher temperatureis
due to the fact that high temperature retards the
metabolic processes of the microorganism by
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denaturing enzymes, transport carriers and other
proteins®.

Bacterial growth is strongly related to
carbon components and their concentrations in
culture media®*. These compounds enter in
different metabolic processes resulting in the
production of primary and secondary metabolites,
including antifungal compounds®. The antifungal
activity was observed with al carbon sources, but
the best carbon source was glucose at which the
highest antifungal activity wasrecorded followed
by galactose, fructose and ribose (Fig. 3A). These
results are in agreement with that of Vasavada et
al.*® who recorded that S. sannanensis RJT-1
utilized glucose as the best carbon source for
antibiotic production. Optimal antifungal activity
has generally been achieved by cultivating
organisms in media containing slowly used
nutrient sources, or under conditionswhich allow
a slow supply of these nutrients®”#,

Nitrogen constitutes the second major
requirement for growth sinceit isinvolved in the
synthesisof cell structural and functional proteins.
Many studies have proved that antibiotic synthesis
strongly related to nature and concentration of
nitrogen source in the culture medium. Effect of
different nitrogen sources on the antifungal
activity of S. griseorubens E44G wasstudied. The
highest activity was observed with yeast extract
(Fig. 3B). Quickly metabolized nitrogen sources,
usually decrease antibiotic production in different
microorganisms as well as streptomycetes.
Different studies have shown that complex nitrogen
sources such as yeast extract, soybean meal and
corn meal can increase the antibiotics dueto slow
decomposition of the compoundsin the medium®.

ACKNOWLEDGEMENTS

This work was supported by NSTIP
strategic technologies program number (10-
B10976-02) in the Kingdom of Saudi Arabia.

REFERENCES

1. Arcury, T.A., Quandt, S.AA. Pesticides at work
and at home: exposure of migrant farm workers.
Lancet, 2003; 362: 2021.

2. Gnanamanickam, S.S. (ed): Biological control of
crop diseases. New York, USA Marcel Dekker
Inc, 2002.

3.

10.

11.

12.

13.

14.

J PURE APPL MICROBIO, 8(SPL. EDN.), NOVEMBER 2014.

Santhanam, R., Okoro, C.K., Rong, X., Huang,
Y., Bull, A.T., Weon, H.Y., Andrews, B.A.,
Asenjo, J.A., Goodfellow, M. Streptomyces
atacamensis sp. nov., isolated from an extreme
hyper-arid soil of the Atacama Desert, Chile
Int. J. Syst. Evol. Micrabiol., 2012; 62(11):2680-
4.

Mustafa, S.A., Tamer, U.A., Azer, C.
Antibacterial activity of some actinomycetes
isolated from farming soils of Turkey. Afr. J.
Biotechnol., 2004; 3(9):441-6.

Hopwood, D.A. (ed): Streptomyces in nature
and medicine: Theantibiotic makers. New York:
Oxford University Press, 2007.

Goshi, K., Uchida, T., Lezhava, A., Yamasaki,
M., Hirastu, K., Shinkawa, H. Kinashi, H.
Cloning and analysis of telomere and terminal
inverted repeat of the linear chromosome of
Streptomyces griseus. J. Bacteriol., 2002;
184:3411-5.

Procopio, R.E., Silva, I.R., Martins, M .K.,
Azevedo, J.L., Aradjo, J.M. Antibiotics
produced by Streptomyces. Braz. J. Infec. Dis,,
2012; 16(5):466-71.

van Wezel, G.P.,, Krabben, P.,, Traag, B.A.,
Keijser, B.J., Kerste, R., Vijgenboom, E.,
Heijnen, J.J., Kraal, B. Unlocking Streptomyces
spp. for use as sustainable industrial production
platforms by morphological engineering. Appl.
Environ. Microbiol., 2006; 72: 5283-8.
Al-Askar, A.A., Abdul Khair, W.M., Rashad,
Y.M. Invitro antifungal activity of Streptomyces
spororaveus RDS28 against some
phytopathogenic fungi. Afr. J. Agric. Res., 2011,
6(12):2835-42.

Al-Askar, A.A., Rashad, Y.M., Abdulkhair,
W.M. Antagonistic activity of an endemicisolate
of Streptomyces tendae RDS16 a gainst
phytopathogenic fungi. Afr. J. Microbiol. Res.,
2013; 7(6):509-16.

Arasu, M.V., Duraipandiyan, V., Ignacimuthu,
S. Antibacterial and antifungal activities of
polyketide metabolite from marine Streptomyces
sp. AP-123 and its cytotoxic effect.
Chemosphere, 2013; 90(2):479-87.

Zhang, W., Wei, S., Zhang, J., Wu, W.
Antibacterial Activity Composition of the
Fermentation Broth of Streptomyces
djakartensis NW35. Molecules, 2013;
18(3):2763-8.

Taechowisan, T., Lu, C., Shen, Y., Lumyong, S.
Secondary metabolites from endophytic
Streptomyces aureofaciens CMUAc130 and
their antifungal activity. Microbiol., 2005;
151(5):1691-5.

Dhanasekaran, D., Thajuddin, N.,



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

AL-ASKAR et a.: Streptomyces griseorubens E44G: A POTENT ANTAGONIST 229

Panneerselvam, A.AnAntifungal compound: 4'
Phenyl -1-napthyl-phenyl acetamide from
Streptomyces Sp. DPTB16. Med. Biol., 2008;
15(1):7-12.

Shirling, E.B., Gottlieb, D. Methods for
characterization of Streptomyces species. Int. J.
Syst. Bacteriol., 1966; 16: 313-40.

Janssen, H.P, Yates, S.P, Grinton, E.B., Taylor,
M.P, Sait, M. Improved culturability of soil
bacteria and isolation in pure culture of novel
members of the divisions Acidobacteria,
Actinobacteria, Proteobacteria, and
Verrucomicrobia. Appl. Environ. Microbiol.,
2002; 68:2391-6.

Hasegawa, T., Takizawa, M., Tanida, S. A rapid
analysis for chemical grouping of aerobic
actinomycetes. J. Gen. Appl. Microbiol., 1983;
29: 319-32.

Lechevalier, H.A., Lechevalier, M.P.: The
chemotaxonomy of actinomycetes. In:
Actinomycete Taxonomy (Dietz A, Thayer DW,
eds). Special Publication no 6, Society of
Industrial Microbiology, Arlington VA, 1980;
pp 277-284.

Williams, S.T., Goodfellow, M., Alderson, G.,
Wellington, FM.H., Sneath, PH.A., Sackin,
M.J. Numerical classification of Streptomyces
and related genera. J. Gen. Microbial., 1983;129:
1743-813.

Kampfer, P, Kroppenstedt, R.M., Dott, W. A
numerical classification of the genera
Steptomyces and Streptoverticillium using
miniaturized physiological tests. J. Gen.
Microbiol., 1991; 137: 1831-91.

Al-Tai, A., Kim, B., Kim, SB., Manfio, G.P,
Goodfellow, M. Streptomyces malaysiensis sp.
nov., anew streptomycete species with rugose,
ornamented spores. Int. J. Syst. Bacteriol., 1999;
49:1395-402.

Erdos, G.W.: Localization of carbohydrate
containing molecules. In: Ultrastructure
Techniques for Microorganisms. (Aldrich HC,
Todd WJ, eds) Plenum Press, New York. USA.
1986; pp 399-420.

Glauert, A.M.: Fixation methods. In: Fixation,
Dehydration and Embedding of Biological
Specimens, (Glauert AM ed). North-Holland
Publishing Company, 3rd edn, Amsterdam, The
Netherlands, 1975; pp 73 -110.

Weisburg, W.G., Barns, S.M., Pelletie, D.A.,
Lane, D.J. 16S rDNA amplification for
phylogenetic study. J. Bacteriol., 1991; 173:697-
703.

Isenberg, H.D. (ed): Clinical microbiology
procedures handbook. American Society for
Microbiology, Washington, D.C., 1992.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Vanderzant, C., Splittstoesser, D. (eds):
Compendium of methodsfor the Microbiological
Examination of Foods, 3rd ed, Amer Public
Health Association, Washington, D.C.; 1992.
Bharti, A., Kumar, V., Gusain, O., Bisht, G.S.
Antifungal Activity of Actinomycetes isolated
from Garhwal Region. J. Sci. Eng. Technol.
Manag., 2010; 2(2):3-9.

Raghava, R., Siva, K., Bhaskar, R., Raghava, R.
Isolation and characterization of antagonistic
actinobacteriafrom mangrove soil. J. Biochem.
Technol., 2012; 3(4):361-5.

Varghese, R., Jyothy, S., Hatha, A.M. Diversity
and Antagonistic Activity of Actinomycete
Strains From Myristica Swamp Soils Against
Human Pathogens. Acta. Medica. Martiniana,
2014; 14(1):14-9.

Himabindu, M., Jetty, A. Optimization of
nutritional requirements for gentamicin
production by Micromonospora echinospora.
Indian J. Exp. Biol., 2006; 44: 842-8.
Prapagdee, B., Kuekulvong, C., Mongkolsuk, S.
Antifungal potential of extracellular metabolites
produced by Streptomyces
hygroscopicus against phytopathogenic fungi.
Int. J. Biol. Sci., 2008; 4: 330-7.

Rafieenia, R. Effect of nutrients and culture
conditions on antibiotic synthesis in
Streptomycetes. Asian J. Pharmaceut. Health
Sci., 2013; 3(3):810-21.

Islam, R., Jeong, Y.T., Ryu, Y.J,, Song, C.H.,
Lee, Y.S. Isolation, identification and optimal
culture conditions of Sreptomyces albidoflavus
C247 producing antifungal agents against
Rhizoctonia solani AG2-2. Mycobiol., 2009;
37(2):114-20.

Purama, R.K., Goyal, A. Screening and
optimization of nutritional factors for higher
dextransucrase production by Leuconostoc
mesenteroides NRRL B-640 using statistical
approach. Bioresour. Technol., 2008; 99:7108-
7114.

Yu, J,, Liu, Q., Liu, X., Sun, Q., Yan, J., Qi, X.,
Fan, S. Effect of liquid culture requirements on
antifungal antibiotic production by Streptomyces
rimosus MY 02. Bioresour. Technol., 2008; 99:
2087-91.

Vasavada, S.H., Thumar, J.T., Singh, S.P.
Secretion of a potent antibiotic by salt-tolerant
and alkaliphilic actinomycete Streptomyces
sannanensis strain RJT-1. Curr. Sci., 2006; 91:
1393-97.

Wu, J.Y., Huang, J.W., Shin, H.D., Lin, W.C.,
Liu, Y.C. Optimization of cultivation conditions
for fungichromin production from Streptomyces
padanus PMS-702. J. Chin. Inst. Chem. Engin.,

J PURE APPL MICROBIO, 8(SPL. EDN.), NOVEMBER 2014.



230

38.

AL-ASKAR et d.: Streptomyces griseorubens E44G: A POTENT ANTAGONIST

2008; 39: 67-73.

Singh, L.S., Mazumder, S., Bora, T.C.
Optimization of process parameters for growth
and bioactive metabolite produced by a salt-
tolerant and alkaliphilic actinomycete,
Streptomycestanashiensisstrain A2D. J. Mycol.
Med., 2009; 19: 225-33.

39.

J PURE APPL MICROBIO, 8(SPL. EDN.), NOVEMBER 2014.

Marques, D.A.V., Cunha, M.N.C., Araljo, JM.,
Filho, J.L., Converti, A., Pessoa-Jr A., Porto,
A.L.F. Optimization of clavulanic acid
production by Streptomyces daufpe 3060 by
response surface methodology. Braz. J.
Microbiol., 2011; 42(2):658-67.



