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This study focuses on isolation and purification of some halotolerant streptomycetes from soil and sea
water of western region, KSA as a source of salt tolerance gene(s). A few numbers (32) of
streptomycetes-like colonies (SLC) were isolated and purified from two regions. From Jeddah, a
number of 22 out of the 32 SLC were obtained, distributed between the sea water 12 (54.55%) and sea
sediment soil 6 (27.27%).From Taif-soil, only 10 SLC were isolated. Results show that 31 SLC were
grown on 3.5% salt, while, in the presence of 7.0% salt, 2, 3, 18, and 4 showed abundant (+++), moderate
(++), weak (+), and in doubt (£) growth, respectively. Only five SLC were not able to grow at 7% salt. At
the level of 10.5% salt, the number of SLC was decreased up to 4 (2 (+++), 1 (++) and 1(+)). In either 14%
or 21% salt, four isolates were varied in their ability in growth as moderate or weak growth was
recorded. These isolates were considered as halotolerant as they were able to grow in either the
presence or normal growth medium. The four isolates which tolerate 14% salt (isolates 4 and 6) and
21% salt (isolates 2 and 8) were completely identified. The streptomycete isolate 2 appeared to be
related to Streptomyces cirratus. Comparing the cultural, morphological and physiological
characteristics of Streptomyces isolate 4 and 6, they were very likely to be strains of S. rishiriensis and
S. alboflavus, respectively. Streptomyces isolate 8 was identified as a strain of S. luteogriseus. The
nucleotide sequences of 16S rRNA gene was partially determined using the DNA template of the
Streptomyces isolate 8. Results show that a final sequence of about 1462 nts was obtained and
compared with eight universal Streptomyces and bacterial strains. This isolate could be classified as a
new species of gray Streptomyces, and it was suggested to be named a new halotolerant Streptomyces
sp. TSA-KSA strain (GenBank AB731746).

Key words: Key words: Streptomyces, halotolerant, identification, 16S rRNA, Taif, Kingdom of Saudi Arabia
(KSA).
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INTRODUCTION

Streptomycetes are usually considered to be strict
aerobes and they can grow in sterile soil at low oxygen
concentration and in dry soil, their counts decrease
(Wong and Griffin, 1974). Several recent investigations
reported the presence and importance of actinomycetes
belonging to the genus Streptomyces in different soil
types (El-Abyad et al., 1996 and Altalhi and Mohamed,
2010). Mohamed et al. (2000) reported the presence of
halotolerant actinomycete in soils collected from
Damietta, Ismailia, Port Said and Sinai Governorates,
Egypt. Mohamed et al. (2001) isolated five strepto-
mycetes obtained from Sinai sandy soil in Egypt, having
the ability to tolerate 9 to 12% NaCl in the growth
medium. Mohammad and Galal (2005) isolated four
halotolerant Streptomyces (QS01, QS02, QS03 and
QS04) from Qaroon Lake, which had the ability to grow
on 7% NaCl concentration in the starch nitrate agar
medium. Ai et al. (2009) revealed that the novel salt-
tolerant strain DUT_AHX, that was identified as
Streptomyces albidoflavus was able to grow in the
presence of NaCl up to 12 (w/v).

At Taif, KSA, Mohamed et al. (2012) isolated and
purified some actinomycetes. The isolates were identified
as streptomycetes and their color groups were
determined. The salt tolerance range of the purified
isolates was determined by growing them on starch
nitrate agar medium supplemented with different NaCl
concentrations ranging from 3.5 to 10.5%. The DNAs of
the identified isolates were extracted and used for
determination of DNA fingerprinting of the isolates using
the random amplified polymorphic of DNA-polymerase
chain reaction (RAPD-PCR). They also, amplified the
16S rRNA gene of a Streptomyces isolate using PCR
from its DNA followed by determination of its nucleotide
sequences and used as a classified molecular tool. Shori
et al. (2012) showed that seven streptomycete isolates of
KSA-soil samples were able to grow in the presence of
7% NaCl in the starch nitrate agar medium. At
concentration of 10.5% NacCl, four isolates grew with
weak growth (+) and three isolates showed in-doubt
growth ().

Song et al. (2004) classified scab-causing
Streptomyces spp. and relatives isolated from potato
scab lesions collected in Jeju, Korea, and they
determined the 16S rRNA gene sequences for 34 strains,
including 11 isolates. On the basis of phylogenetic
analysis of 16S rRNA gene sequences, most of the
isolates were classified as Streptomyces scabiei and
Streptomyces acidiscabies. The importance of haloto-

lerant Streptomyces isolated from soil and/or marine as
sources of new compounds from their metabolites were
recently reported by several studies (Alvarez-Mico et al.,
2013; Bhave et al., 2013 and Su et al., 2013). In the
course of a screening program for bioactive compounds
from a marine natural product library, a newly isolated
Actinomycetes strain, designated as MS100061,
exhibited strong anti-Mycobacterium bovis Bacillus
Calmette-Guérin (BCG) activity. The strain belongs to the
genus Streptomyces according to its morphological and
16S rDNA phylogenetic analysis (Chen et al., 2013).

This investigation was designed to isolate and purify
some halotolerant streptomycetes from soil and sea
water at Taif (western region, KSA) and determine the
salt tolerance range of the purified isolates followed by
biological and molecular identification of the selected
isolate(s) using the 16S rRNA gene.

MATERIALS AND METHODS
Collection of samples

Sea water and soil samples were collected from different locations
of two areas (Taif and Jeddah) of western region of Kingdom of
Saudi Arabia.

Isolation, purification and maintenance of halotolerant

streptomycetes

Starch nitrate agar medium (Waksman and Lechevalier, 1961)
prepared using sea water was used for isolation, purification and
maintenance of streptomycetes existing in all tested samples. Plate
technique (Mohamed, 1998) was applied for streptomycetes
isolation. The inoculated plates were incubated at 30 + 2°C for 7 to
15 days. Thereafter, streptomycetes-like colonies appearing on the
plates were picked up, purified by streaking technique (Mohamed,
1998) and maintained on starch nitrate agar slants at 4 to 5°C until
used.

Determination of salt tolerance range of purified streptomcetes

All purified streptomycetes were tested for their ability to grow on
increasing salt (NaCl) concentrations, that is, 0.5 (normal NaCl
concentration of the medium), 3.5, 7.0, 10.5, 14.0 and 21% in the
growth medium. The growth of streptomycetes on media with and
without NaCl was recorded as described by Mohamed et al. (2000).

Identification of selected halotolerant streptomycetes up to
species

Identification of selected streptomycetes which showed abundant or
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moderate growth on high concentration of NaCl up to species was
done according to the proposed key of Pridham and Tresner (1974)
in Bergey's Manual of Determinative Bacteriology (1974). Media as
well as methods used in these keys were described by Shirling and
Gottlieb (1966). Identification was based on cultural, morphological
and physiological characters.

Cultural characters

The selected halotolerant streptomycetes were determined as
described by Shirling and Gottlieb (1966) using three media, that is,
inorganic salt-starch agar medium, glycerol asparagine agar
medium and yeast extract-malt extract agar medium.

Morphological characters

The morphology of spore chain was determined by direct
microscopic method (Kawato and Shinobum, 1959) using starch
nitrate agar medium. The spore chain of the selected
streptomycetes was defined based on the morphological groups
described by Pridham et al. (1958). In addition micromorphology of
spore surface was determined by the technique described by
Tresner et al. (1961) using transmission electron microscope (Jeol
JEM-1008 electron microscope) at electron Microscope Unit,
National Cancer Institute, Cairo University, Egypt.

Physiological characters

The ability to produce melanoid pigment was detected using the
media, that is, tyrosine agar medium, peptone-yeast extract iron
agar medium (and tryptone-yeast extract broth medium.
Observation was made after two and four days from inoculation.
The formation of diffusible grayish brown to brown black pigments
or a distinct brown pigment modified by other colors were recorded
as positive reaction, while the absence of these colors was
recorded as negative reaction.

Ability to utilize different carbon sources as sole sources of
carbon was achieved using basal mineral salt medium as described
by Shiring and Gottlieb, (1966). In this test, eight carbon sources,
namely, D-glucose, D-xylose, L-arabinose, L-rhamnose, D-fructose,
D-mannitol, i-inositol and sucrose were separately added at the rate
of 10 gL™. The inoculums of halotolerant Streptomyces isolates
were streaked on the surface of the Petri dish (containing 20 ml of
solid medium). After incubation for 14 days at 30°C+2 the growth
was recorded and compared with the positive as well as negative
controls (Mohamed, 1998). Medium containing D-glucose served as
positive control, while medium without carbon source served as
negative control.

Growth on Czapek-Dox agar medium
The ability of halotolerant Streptomyces isolates to grow on

Czapek-Dox agar medium (Waksman, 1967) was tested. The slants
were inoculated and incubated at 30 + 2°C up to 15 days.

Sensitivity to streptomycin

Sensitivity of selected streptomycetes to the streptomycin was
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checked on starch nitrate agar medium as described by Mohamed
et al. (2000).

Antibiosis activities of the selected halotolerant Streptomyces

Antimicrobial activities of selected streptomycetes against bacteria
(Salmonella sp., Staphylococcus sp., Escherichia coli and Bacillus
subtilis) and three fungi (Aspergillus sp., Rhizoctonia sp. and
Fusarium sp.) were carried out. These test organisms were kindly
provided by Department of Biology (Girls Branch, Qarwah), Faculty
of Science, and Taif University. Standard inoculums for each tested
Streptomyces strain were prepared as described by Mohamed et al.
(2000).

Bacterial strains were cultivated on nutrient agar medium (Jacobs
and Gerstein, 1960) and fungal strains on potato agar medium
(Waksman and Lechevalir, 1961). Using sterile discs of filter-paper
Whatman of about 10 mm diameter were made, 3-4 discs were
saturated with 0.1 ml of the supernatant. Petri-dishes were further
kept in a refrigerator for one hour to permit diffusion of the
supernatant. Inoculated plates were incubated at 30°C+2 for 24-48
hours. The inhibition zones (mm) were determined as described by
British Pharmacopoeia (1968). To serve as control, 0.1 ml of un-
inoculated starch nitrate broth was used as a control.

Molecular identification of a halotolerant Streptomyces strain
using 16S rRNA gene

The DNA of the selected halotolerant Streptomyces isolate was
used as a template for PCR-isolation of 16S rRNA gene using two
universal primers (518F: CCA GCA GCC GCG GTA ATA CG;
800R: TAC CAG GGT ATC TAA TCC) (Mohamed et al., 2012).
PCR amplification was performed in a GeneAmp 2400 PCR
machine using the following program: Denaturation (5 min at 95°C,
1 cycle; 35 cycles, each of denaturation at 95°C for 1 min,
Annealing for 1 min at 56°C and extension for 2 min at 72°C. The
primer extension segment was extended to 5 min at 72°C in the
final cycle. The PCR products were resolved by electrophoresis in a
1.2% agarose gel at 80 V for 1 h and then stained with ethidium
bromide solution for around 10 to 15 min. Amplified fragments were
visually examined under UV transilluminator.

The PCR product of 16S rRNA amplified from the DNA extract of
the selected Streptomyces strain was sent to Macrogen® (908
world meridian venture center, #60-24, Gasan-dong, Geumchun-
gu, Seoul 153-781, Korea). PCR tube was firmly packed and was
delivered to Lab-Technology® (Macrogen agent in Egypt) on
crushed ice. Sequencing was performed using the ABI PRISM
BigDyeTM Terminator Cycle Sequencing Kits, ABI PRISM 3730XL
Analyzer (96 capillary type) sequencer (Applied Biosystems), MJ
Research PTC-225 Peltier Thermal Cycler, DNA polymerase (FS
enzyme) (Applied Biosystems). Following the protocol supplied by
the manufacturer, Single-pass sequencing was performed on each
template using the same primers pairs described in the PCR step.
The fluorescent-labeled fragments were purified from the
unincorporated terminators with an ethanol precipitation protocol.
The samples were re-suspended in distilled water and subjected to
electrophoresis in an ABI 3730xl sequencer. DNA sequence was
analyzed using BLASTN 2.2.23+ software
(http://www.ncbi.nlm.nih.gov/blast/) against the isolates collected
from the database for genotyping. The sequence that showed the
lowest e-value and maximum identity was considered as the
genotype of the sample analyzed.
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Table 1. Total number of SLC isolated from two regions of western region.

. Sea .
city Water Sediment soil Soil Total
Jeddah 12 6 4 22
Taif 0 0 10 10
Total 32

RESULTS AND DISCUSSION

Isolation,  purification and  maintenance  of

halotolerant streptomycetes

The genus Streptomyces is represented in nature by the
largest number of species and varieties among the family
Streptomycetaceae (Taddei et al., 2006). The occurrence
of actinomycetes in the sea and lakes revealed their
widespread distribution (Johnston and Cross, 1976;
Mohamed, 1998; Mohammad and Galal, 2005; Saha et
al., 2006). The genera Micromonospora, Streptomyces
and nocardioform actinomycetes were isolated from lakes
(Johnston and Cross, 1976).

Data in Table 1 shows that a few numbers (32) of
streptomycetes-like colonies (SLC) were isolated from
two regions of western region of KSA. From Jeddah, 22
out of the 32 SLC were obtained; distributed between the
sea water, 12 (54.55%) and sea sediment soil, 6
(27.27%). On the contrary, only 4 SLC were obtained
from agricultural soil, which represent 18.2%. From Taif-
soil, only 10 SLC were isolated. At the level of color of
SLC, results could be summarized as the presence of
white color series (12, 37.5%) followed by gray color
series (11, 34.38%), red color series (4, 12.5%), yellow
color series (3, 9.37%), and green and brown color series
(1 for each, 3.13%). It was also noticed that both white
and gray color series were found in the sea water and
sea sediment. This result agrees with that of Mohamed
(1998), Mohamed et al. (2012) and Shori et al. (2012).

Determination of salt tolerance range of purified SLC

In this experiment, the ability of the purified SLC to grow
in the presence of different salt (NaCl) concentrations in
the growth medium was tested. Results show that all SLC
grew on 3.5% salt, while, in the presence of 7.0% salt, 2,
3, 18 and 4 showed abundant (+++), moderate (++),
week (+), and in-doublet (+) growth, respectively. Only
five isolates were not able to grow at 7% salt. At the level
of 10.5% salt, the number of LSC was decreased up to 4
[2 (+++), 1 (++) and 1(+)]. In either 14 or 21% salt, four

isolates varied in their growth ability as moderate or week
growth was recorded. The SLC were considered as
halotolerant, as they grew in the normal growth medium
that contain 0.5% NaCl as well as in increased salt
concentrations up to 14% salt. Results are shown in
Figure 1.

Several studies reported the ability of actinomycetes as
well as streptomycetes to grow in high concentrations of
salt (Tresner et al., 1968; Mohamed et al, 2000;
Mohamed et al., 2001; Saha et al., 2006; Thumar and
Singh, 2007; Ai et al., 2009; Cai, 2009; Ameur et al.,
2011; Thumar and Kumar, 2012).

Identification of the selected halotolerant

streptomycetes up to species

It was important to find out the taxonomical variations
which might exist between the actinomycete isolates that
are able to tolerate salt up to 14 or 21%. Therefore,
halotolerant streptomycetes-like isolates which tolerate
14% salt (isolates 4 and 6) and 21% salt (isolates 2 and
8) were completely identified. The cultural and the
morphological characteristics of these isolates revealed
that all of them belong to the genus Streptomyces, since
they formed well developed branching non-septate aerial
mycelia carrying long spore chains. The non-motile
spores were not borne on verticillate sporophores
(Pridham and Tresner, 1974). These four streptomycetes
were completely identified according to keys proposed by
Pridham and Tresner (1974).

Streptomyces isolate 2

It was found that the Streptomyces isolate 2 belonged to
the gray colour series, while the vegetative mycelium was
pigmented with gray. This isolate had spiral spore chain
with smooth/warty surface (Figure 2). Melanoid pigments
were produced on tyrosine agar medium (Shinobu,
1958), peptone-yeast extract iron agar medium (Tresner
and Danga, 1958) and tryptone-yeast extract broth
medium (Pridham and Gottlieb, 1948). It gave
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Figure 1. Growth of four selected halotolerant streptomycete-like isolates (2, 4, 6, and 8)
on starch nitrate agar medium contains different concentration of NaCl.

Figure 2. Microphotograph and electron micrograph of Streptomyces isolate No. 2 showing
spiral spore chain (X-1000) and warty/smooth spore surface (X-10000).

also an excellent growth on Cazpek’s agar medium and
actively utilized D-glucose, D-xylose, L-arabinose, D-
fructose and sucrose as carbon sources for growth. It
was not able to use D-mannitol and i-inositol as sole
carbon sources. This isolate showed antibacterial and
antifungal  activities. However, no growth was
observed in the presence of 4 pg ml™ streptomycin
antibiotic in the medium. This isolate was tolerant to NaCl
up to concentration of 21%. According to the key
proposed by Pridham and Tresner (1974), the
experimental isolate 2 appeared to be related to

Streptomyces  cirratus  although there was slight
difference in the melanoid pigment production, use of L-
Rhamnose as a sole source of carbon and NaCl
tolerance. Therefore, isolate 2 could be considered a
strain of S. cirratus.

Streptomyces isolate 4

Results illustrated in Figure 3 clearly indicate that the
Streptomyces isolate 4 belonged to the gray colour
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Figure 3. Microphotograph and electron micrograph of Streptomyces isolate No. 4 show RF/S
spore chain (X-1000) and warty/smooth spore surface (X-10000).

series. Aerial spore chains belonged to section RF and
sometimes spiral; the spores were characterized as
smooth surface with ornamentations (warty). Melanoid
pigments were detected on the standard media used.
This isolate was characterized by excellent growth on
Cazpek’s agar medium. The physiological characteristics
showed that D-glucose, D-xylose, L-arabinose, L-
rhamnose, D-mannitol, D-fructose and sucrose were
used as carbon sources for growth, while i-inositol did not
support any growth. In addition, this isolate showed
antimicrobial activities and sensitivity to streptomycin (4
pg mi'") was observed. However, it was able to grow in
the presence of 14% NacCl in the growth medium. When
comparing the cultural, morphological and physiological
characteristics of the Streptomyces spp. in Pridham and
Tresner (1974) with those of Streptomyces isolate 4, this
isolate is very likely to be a strain of S. rishiriensis.

Streptomyces isolate 6

Results of Streptomyces isolate 6 show that, this isolate
has yellow aerial mycelium (yellow colour series), while
the vegetative mycelium was pigmented with creamy
colour. It had straight and long spore chains (section RF)
(Figure 4) and the spores were characterized by smooth
surface without any ornamentations. This isolate was
also characterized by good growth on Cazpek’s agar

medium; actively utilized all used sugar, tolerant to NaCl
concentration up to 14%, sensitive to streptomycin (4 pg
mi™) and antagonized some of bacterial and fungal used.
Considering the description key proposed by Pridham
and Tresner (1974), the tested isolate 6 was closely
related to S. alboflavus.

Streptomyces isolate 8

Results show that the isolate 8 was characterized by gray
aerial mycelium (gray colour series) and the reverse side
of substrate mycelium was dark gray. Spore chains
belonged to section RF or spiral with hairy surface
(Figure 5). This isolate was also found to produce
melanoid, did not produce soluble pigments and had a
good growth on Cazpek's medium. Concerning the
utilization of carbon sources, the isolate was able to give
a good growth in the presence of all sugars as sole
carbon source. The isolate also showed antimicrobial
activities, was not inhibited with streptomycin (4 pg ml™)
and grew on NaCl concentrations up to 21%. Considering
the description of Streptomyces spp. present in Pridham
and Tresner (1974), the Streptomyces isolate 8 was
closely related to S. luteogriseus and could be identified
as a strain of S. luteogriseus although there were slight
differences in utilization of sucrose for growth as sole
carbon source and in tolerance to NaCl concentrations.
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Figure 4. Microphotograph and electron micrograph of Streptomyces isolate No. 6
show RF spore chain (X-1000) and smooth spore surface (X-10000).

-

Figure 5. Microphotograph and electron micrograph of Streptomyces isolate No. 8 show
RF spore chain (X-1000) and hairy spore surface (X-10000).

Molecular identification of a halotolerant
Streptomyces strain using 16S rRNA gene

In this study, the nucleotide sequences of 16S rRNA
gene were partially determined using the DNA template
of the Streptomyces sp. (isolate 8). Results show that the
two sequences of both forward and reverse direction
were matched to each other, and the final sequence of
about 1462 nts was obtained and compared with 8
universal bacterial isolates. These bacteria are
Streptomyces luteogriseus, strain ISP 5483
(AJ399490.1), S. luteogriseus, strain NBRC
13402(NR_041128.1), S. luteogriseus, strain ZG728
(GQ985454.1), S. luteogriseus, strain ES_62con
(EU934092.1), S. luteogriseus, strain NBRC 13402
(AB184379.1), Bacterium enrichment culture clone DT1-3
(HM593859.1), Bacterium enrichment culture clone DT3-
5 (HM593864.1) and Bacterium enrichment culture clone

DT3-1 (HM593863.1).

Results in Table 2 shows that the percent identities
between the isolate of this study and the compared S.
luteogriseus strains ranged from 80 to 82 as compared to
the other enrichment bacterial clones (clone DT1-3;
HM593859.1; clone DT3-5, HM593864.1 and clone DT3-
1, HM593863.1) as a 99% identity was recorded between
the S. luteogriseus isolate 8 of this study and theirs.

The phylogenetic tree in Figure 6 shows that the S.
luteogriseus-isolate 8 lied in the same cluster with the
bacterium enrichment culture clones. This isolate could
be classified as a new species of gray Streptomyces, and
it was suggested to be named a new halotolerant
Streptomyces sp. TSA-KSA strain (GenBank AB731746).
These results are in harmony with that of some
investigators, who identified some actinomycetes using
the 16S rRNA gene (Moran et al.,, 1995; Cook and
Meyers, 2003; Song et al., 2004; Jose et al., 2011; Al-
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Table 2. Maximum identities between S. luteogriseus-08 and the related overseas bacterial strains based on 16S rRNA gene.

Accession Description Query coverage (%) Max identity (%)
AJ399490.1 Streptomyces luteogriseus, strain ISP 5483 83 82
NR_041128.1 Streptomyces luteogriseus, strain NBRC 13402 83 82
GQ985454.1 Streptomyces luteogriseus, strain ZG728 96 80
EU934092.1 Streptomyces luteogriseus, strain ES_62con 77 81
AB184379.1 Streptomyces luteogriseus, strain NBRC 13402 83 82
HM593859.1 Bacterium enrichment culture clone DT1-3 100 99
HM593864.1 Bacterium enrichment culture clone DT3-5 100 99
HM593863.1 Bacterium enrichment culture clone DT3-1 100 99
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Figure 6. Phylogenetic tree of nucleotide sequence of the PCR product of 16S rRNA gene amplified from the

DNA of S. luteogriseus-08 and the related universal bacterial strains.

Askar et al., 2011; Mahasneh et al., 2011; Mohamed et
al., 2012; Shori et al., 2012). A moderately halophilic
actinomycetes strain, designated as WH26, was isolated

from Weihai Solar Saltern in China. The identification of
the strain WH26 was performed by its morphological
characteristics, physiological and biochemical tests as
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http://www.ncbi.nlm.nih.gov/nucleotide/307564145?report=genbank&log$=nucltop&blast_rank=6&RID=CEJ2HP45114
http://www.ncbi.nlm.nih.gov/nucleotide/307564150?report=genbank&log$=nucltop&blast_rank=7&RID=CEJ2HP45114
http://www.ncbi.nlm.nih.gov/nucleotide/307564149?report=genbank&log$=nucltop&blast_rank=8&RID=CEJ2HP45114

well as phylogenetic analysis based on 16S rRNA
sequence comparison. The results showed that the
nucleotide sequence of the 16S rRNA gene (1,677 bp) of
the strain WH26 exhibited close similarity (97 to 99 %)
with other Streptomyces 16S rRNA genes and the
strain WH26 was  identified to belong to the
genus Streptomyces (Liu et al., 2013).

REFERENCES

Ai H, Zhou J, Lu H, Guo J (2009). Responses of a novel salt-tolerant
Streptomyces albidoflavus DUT_AHX capable of degrading
nitrobenzene to salinity stress. Biodegradation 20(1):67-77.

Al-Askar AA, Abdul Khair WM, Rashad YM (2011). In vitro antifungal
activity of Streptomyces spororaveus RDS28 against some
phytopathogenic fungi. Afri. J. Agric. Res. 6(12):2835-2842.

Altalhi AD, Mohamed SH (2010). Partial properties of pectin
methylesterase extract from streptomycete isolate. Pak. J.
Biotechnol. 7(1-2):45-50.

Alvarez-Mico X, Jensen PR, Fenical W, Hughes CC (2013).
Chlorizidine, a Cytotoxic 5H-Pyrrolo[2,1-alisoindol-5-one-Containing
Alkaloid from a Marine Streptomycessp. Org Lett. 2013 Mar
1;15(5):988-91. doi: 10.1021/01303374e.

Ameur H, Ghoul M, Selvin J (2011). The osmoprotective effect of some
organic solutes on Streptomyces sp. MADO2 and Nocardiopsis sp.
MADO3 growth. Brazil. J. Microbiol. 42:543-553.

Bergey's Manual of Determinative Bacteriology (1974). 8" ed.
Buchanan R.E. and Gibbons N.E. Wiliams and Wilkins Company,
Baltimore, USA.758, 764, 768 & 793.

Bhave SV, Shanbhag PV, Sonawane SK, Parab RR, Mahajan GB.
(2013). Isolation and characterization of halotolerant Streptomyces
radiopugnans from Antarctica soil. Lett. Appl. Microbiol. 2013 Feb 5.
doi: 10.1111/lam.12054. 56(5):348-355.

British Pharmacopoeia (1968). Biological assay of antibiotics. The
Pharmaceutical Press, London, pp.1313-1317.

Cai Y (2009). Classification and salt-tolerance of actinomycetes in the
Qinghai Lake water and lakeside saline soil. J. Sustain. Develop.
2(1):107-110.

Chen C, Wang J, Guo H, Hou W, Yang N, Ren B, Liu M, Dai H, Liu X,
Song F, Zhang L (2013). Three antimycobacterial metabolites
identified from a marine-derived Streptomyces sp. MS100061. Appl
Microbiol. Biotechnol. 2013 Jan 17. 97(9):3885-3892.

Cook AE, Meyers PR (2003). Rapid identification of filamentous
actinomycetes to the genus level using genus-specific 16S rRNA
gene restriction fragment patterns. Inter. J. Syst. and Evol. Microbiol.
53:1907-1915.

El-Abyad MS, El-Sayed MA, El-Shanshoury AR, El-Sabbagh SM
(1996). Antimicrobial activities of Streptomyces pulcher, S.
canescens and S. citreofluorescens against fungal and bacterial
pathogens of tomato in vitro. Folia Microbiol., 41(4):321-328.

Jacobs MB, Gerstein MJ (1960). Hand book of Microbiology. D. Van
Nostrand Co., Inc., New York. pp. 139-207.

Johnston DW, Cross T (1976). The occurrence and distribution of
actinomycetes in lakes of the English Lake District. Freshwater Biol.
6(5):457-463.

Jose AP, Santhi SV, Jebakumar RD (2011). Phylogenetic-affiliation,
antimicrobial potential and PKS gene sequence analysis of
moderately halophilic Streptomyces sp. inhabiting an Indian saltpan.
J. Bas. Microbiol. 51(4): 348-356.

Kawato M, Shinobu R (1959). Streptomyces herbaricolor nov. sp.
supplement: A simple technique for the microscopical observation.
Mem. Osaka Univ. Lib. Art. Educ. 8:114.

Kumar V, Bharti A, Negi YN, Gusain OP, Bisht GS (2012).
Actinomycetes from solitary wasp mud nest and swallow bird mud

Mohamed et al. 2573

nest: isolation and screening for their antibacterial activity. World J.
Microbiol. Biotechnol. 28(3):871-880.

Liu H, Xiao L, Wei J, Schmitz JC, Liu M, Wang C, Cheng L, Wu N, Chen
L, Zhang Y, Lin X (2013). Identification of Streptomyces sp. nov.
WH26 producing cytotoxic compounds isolated from marine solar
saltern in China. World J. Microbiol. Biotechnol. PMID:23420111.

Mahasneh 1A, Al-Thani RF, Abuannadi MA, Qandil MA (2011). A
complete sequence of the 16S rRNA gene of a novel Streptomyces
coelicolor (AB588124) (QU66c-2002) isolated from the soil of Qatar.
Biotechnol. 10:167-174.

Mohamed SH (1998). Role of actinomycetes in the biodegradation of
some pesticides. Ph.D. Thesis, Agric. Microbiol., Dept. Agric.
Microbiol., Faculty of Agric., Ain Shams University, Cairo, Egypt 151
pp.

Mohamed SH, Galal AM (2005). Identification and antiviral activities of
some halotolerant Streptomycetes isolated from Qaroon Lake. Inter.
J. Agric. Biol. 7(5):747-753.

Mohamed SH, Selim SM, Saleh EA (2000). Taxonomical and
biochemical studies on some halotolerant actinomycetes isolated
from sandy soil in Egypt. Arab Univ. J. Agric. Sci., Ain Shams Univ.,
Cairo 8(1):41-61.

Mohamed SH, Abdel-Fattah HI, Selim SM and Sharaf MS (2001).
Identification and molecular studies on some halotolerant
streptomycetes isolated from Sinai sandy soil. Arab J. Biotech. 4(2):
179-196.

Mohamed S, Omran WM, Abdel-Salam SM, Al-Shehri AS and Sadik AS
(2012). Isolation and identification of some halotolerant
actinomycetes having antagonistic activities against some plant
pathogens (i.e., Tobacco mosaic virus, Aspergillus sp., Fusarium sp.)
from soil of Taif Governorate, KSA. Pak. J. Biotechnol. 9(1): 1-12.

Moran M, Rutherford L, Hodson R (1995). Evidence for indigenous
Streptomyces populations in a marine environment determined with a
16S rRNA probe. Appl. Environ. Microbiol., 61(10):3695-3700.

Pridham TG, Gottlieb D (1948). The utilization of carbon compounds by
some Actinomycetales as an aid for species determination. J.
Bacteriol., 56:107-114.

Pridham TG, Tresner HD (1974). Family Streptomycetaceae. In;
Bergey's Manual of Determinative Bacteriology (1974), 758, 764, 768
& 793, (Buchanan R.E. and N.E. Gibbons, g Eds.), Wiliams and
Wilkins Co., Baltmore, USA.

Pridham TG, Hesseltine CW, Benedict RC (1958). A guide for the
classification of streptomycetes according to selected group:
placement of strains in morphological sections. Appl. Microbiol.
6(1):52-79.

Saha M, Jaisankar P, Das S, Sarkar KK, Roy S, Besra SE,
Vedasiromani JR, Ghosh D, Sana B, Mukherjee J (2006). Production
and purification of bioactive substance inhibiting multiple drug
resistant bacteria and human leukemia cells from a salt-tolerant
marine Actinobacterium sp. isolated from Bay of Bengal. Biotechnol.
Lett. 28(14):1083-1088.

Shinobu R (1958). Physiological and cultural study for the identification
of sail actinomycetes species. Mem. Osaka Univ. B. Nat. Sci., 7:1-76
(Modified).

Shirling EB, Gottlieb D (1966). Methods for characterization
of Streptomyces species. Int. J. Syst. Bacteriol.
18(3):313-340.

Shori GBO, Mohamed SH, Abdel-Salam SM and Sadik AS (2012).
Characterization of streptomycetes having antibiosis activities
isolated from soil in western region of KSA. Pak. J. Biotechnol.
9(1):1-12.

Song J, Chan LS, Kang JW, Beak HJ, Suh JW (2004). Phylogenetic
analysis of Streptomyces spp. isolated from potato scab lesions in
Korea on the basis of 16S rRNA gene and 16S-23S rDNA internally
transcribed spacer sequence. IJSEM, 54(1):203-209.

Su SS, Tian L, Chen G, Li ZQ, Xu WF, Pei YH (2013). Two new
compounds from the metabolites of a marine-derived
actinomycete Streptomyces cavourensis YY01-17.J. Asian. Nat.


http://www.ncbi.nlm.nih.gov/pubmed/23405849
http://www.ncbi.nlm.nih.gov/pubmed/23405849
http://www.ncbi.nlm.nih.gov/pubmed/23384241
http://www.ncbi.nlm.nih.gov/pubmed/23384241
http://www.ncbi.nlm.nih.gov/pubmed/23384241
http://www.ncbi.nlm.nih.gov/pubmed/23324803
http://www.ncbi.nlm.nih.gov/pubmed/23324803
http://www.ncbi.nlm.nih.gov/pubmed/23324803
http://rd.springer.com/journal/11274
http://rd.springer.com/journal/11274
http://www.ncbi.nlm.nih.gov/pubmed/23420111
http://www.ncbi.nlm.nih.gov/pubmed/23420111
http://www.ncbi.nlm.nih.gov/pubmed/23420111
http://www.cabdirect.org/search.html?q=do%3A%22Arab+Universities+Journal+of+Agricultural+Sciences%22
http://www.ncbi.nlm.nih.gov/pubmed/23421470
http://www.ncbi.nlm.nih.gov/pubmed/23421470
http://www.ncbi.nlm.nih.gov/pubmed/23421470
http://www.ncbi.nlm.nih.gov/pubmed/23421470

2574 Afr. J. Biotechnol.

Prod. Res. 2013 Feb 19. PMID: 23421470 DOI:
10.1080/10286020.2012.762764.

Taddei A, Rodriguez MJ, Vilchez EM, Castelli C (2006). Isolation and
identification of Streptomyces spp. from Venezuelan soils:
Morphological and biochemical studies. 1. Microbiol. Res.
161(3):222-231.

Thumar JT, Singh SP (2007). Secretion of an alkaline protease from
salt - tolerant and alkaliphilic, Streptomyces clavuligerus strain MIT-1.
Brazil. J. Microbiol. 38:766-772.

Tresner HD, Danga F (1958). Hydrogen sulfide production by
Streptomyces as a criterion for species differentiation. J. Bacteriol.,
76:239-244.

Tresner HD, Davis MC, Backus EJ (1961). Electron microscopy of
Streptomyces spore morphology and its role in species
differentiation. J. Bacteriol., 81: 70-80.

Tresner HD, Jean AH, Backus, EJ (1968). Differential tolerance of
streptomycetes to sodium chloride as a taxonomic aid. Appl. and
Microbiol. 16(8):1134-1136.

Waksman SA (1967). The actinomycetes. A summary of current
Knowledge. Ronald Press Co. New York, U.S.A.

Waksman SA, Lechevalier HA (1961). The actinomycetes Vol. Il
Classification, identification and descriptions of genera and species.
The Williams and Wilkins, Co. Baltimore, USA.

Wong PTW, Griffin DM (1974). Effect of osmotic potential on
streptomycetes growth, antibiotic and antagonism to fungi. Soail
Biochem. 6: 319-325.



