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This work was designed to identify and taxonomically classify Streptomyces strains isolated from the
rhizospheres of various plant species; banana, rose, pomegranate and grape plants, having antagonistic
activity against some microbial (bacteria and fungi) tissue culture contaminants. Streptomyces strains
with the most potent antagonistic traits were identified using sequencing of 16S rRNA gene amplicons
generated by PCR of DNA and blasting the sequences into GenBank. The Streptomyces isolates had
antagonism against five identified fungi (Aspergillus fumigates, Aspergillus flavus, Aspergillus nidulans
(1), Aspergillus nidulans (2), Cladosporium herbarum) and against five out of the 11 Gram positive
bacilli bacterial contaminants. The three selected Streptomyces isolates (14, 15 and 17) were identified
as strains of Streptomyces noboritoensis, Streptomyces albolongus and Streptomyces griseorubiginosus,
respectively. Isolate 14 for which 1443 nucleotides were obtained was compared with eight universal
Streptomyces strains and was classified as a new species of gray Streptomyces, to be named
Streptomyces noboritoensis SSMA2-KSA strain. This study recommends conducting further studies on
the use of streptomycetes in the biological control in a large scale production.
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INTRODUCTION

Plant tissue culture technology has allowed for the
propagation of large number of plants from small pieces
of stock plants in a relatively short period of time (Daniel,
1998). Microbial contamination is a constant problem,
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which often compromise development of all in vitro tech-
nigues. About 31 microorganisms from ten different plant
cultivars growing in micro-propagation have been isola-
ted, identified and characterized, with yeasts, Coryne-
bacterium sp. and Pseudomonas sp. being predominant
(Leggatt et al., 1994). Odutayo et al. (2004) reported
associating the following bacteria Pseudomonas syringae
pv. phaseolicoli, Bacillus licheniformis, Bacillus subtilis,
Corynebacterium sp. and Erwinia sp. with the contamina-
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tion of Hibiscus cannabinus and Telfaria occidentalis in
Nigeria. 19 microbial contaminants (including 11 bacteria
and eight fungi) were found associated with the tissue
culture plants and the laboratory environments (Odutayo
et al., 2007).

Preventing or avoiding microbial contamination of plant
tissue cultures is critical to successful micropropagation.
Epiphytic alKl endophytic organisms can cause severe
losses to micropropagated plants at each stage of growth
(Cassells, 1991; Leifertetal., 1991). Bacterial contaminants
are often difficult to detect because they remain mostly
within the plant tissue (Debergh and Vanderschaeghe,
1988; De Fossard and De Fossard, 1988; Viss et al.,
1991). Contaminated plants may have novisible symptoms,
reduced multiplication and rooting rates or may die
(Leifert et al., 1989, 1992). Streptomyces sp. is Gram-
positive filamentous bacteria that produce and secrete a
wide array of biologically active compounds including
antibiotics, hydrolytic enzymes and enzyme inhibitors.
These characteristics make streptomycetes attractive
candidates for biological control agents against soil-borne
plant pathogens (Samac and Kinkel, 2001; Hassan et al.,
2011). Attempts have been made to develop Streptomy-
ces species as fungal root disease control agents, since
Streptomyces spp. are capable of producing a remarka-
bly wide spectrum of antibiotics as secondary metabolites
(Franklin et al., 1989). A rapid method for identifying fila-
mentous soil-actinomycete genera was developed based
on 16S rRNA gene (Moran et al., 1995; Cook and Meyers,
2003; Mohamedetal.,2012; Shorietal.,2012). Significantly,
the genus Streptomyces could be differentiated from all
other actinomycete genera.

This study aimed at isolating and identifying some
streptomycetes from rhizosphere-soils of some plants
used for propagation via tissue culture technique and
evaluating their filtrates abilities to be used as biopesti-
cides for in vitro control of the growth of plant-tissue
culture contaminants (bacteria, fungi or yeasts).

MATERIALS AND METHODS

Soil samples collection

Rhizosphere soils of banana, rose, pomegranate and grape plants
were collected from different private farms of Taif area. Samples
were collected in clean plastic pages. At each rhizosphere, soil
samples were randomly collected from five sites around the roots in
clean plastic pags and thoroughly mixed together to form one
representative sample.

Isolation, purification and maintenance of streptomycetes

Isolation (by plate technique) and purification (by streaking tech-
nique) of streptomycetes-like isolates (SLI) was carried out as
described by Mohamed (1998) using starch nitrate agar medium
(Waksman and Lechevalier, 1961).

Collection of some contaminated-tissue culture plant materials
from some tissue culture laboratories

Blank (non-cultivated) as well as contaminated tissue-culture jars
containing bacteria-like microorganisms or fungi or both were
collected from Tissue Culture Laboratory, Department of Biology,
Faculty of Science, Female Branch, Qarwah, Taif University, KSA
(Figure 1). The jars were cultivated with different plant materials,
that is, banana, rose, pomegranate and grape.

Isolation, purification and identification of the microbial
contaminants

In the case of bacteria, isolation, purification and maintenance of
bacterial tissue culture contaminants were carried out by plate
techniqgue (Mohamed, 1998) using nutrient agar medium (Jacobs
and Gerstein, 1960). Inoculated plates were incubated at 37°C for 2
days. Fungal tissue culture-contaminants, were maintained on potato
glucose agar medium (Waksman and Lechevalier, 1961), and sent
to The Clinical Plant Center, Department of Plant Pathology, Faculty
of Agriculture, Ain Shams University, Cairo, Egypt, for identification
for genus and/or species.

Antagonistic activities of the purified streptomycetes-like
isolates

Antimicrobial activities of purified streptomycetes-like isolates were
tested against the 5 identified fungi and the 11 bacterial isolates
isolated as tissue culture-contaminants as described by Mohamed
et al. (2012). Bacterial strains were cultivated on nutrient agar me-
dium (Jacobs and Gerstein, 1960) and fungal strains on potato agar
medium (Waksman and Lechevalir, 1961). Sterile discs of filter-
paper Whatman of about 10 mm diameter were made and 3 to 4
discs were saturated with 0.1 ml of a supernatant. Petri-dishes were
kept in a refrigerator for one hour to permit diffusion of the super-
natant. Inoculated plates were incubated at 30+2°C for 24 to 48 h.
The inhibition zones (mm) were determined as described by British
Pharmacopoeia (1968). Discs treated with 0.1 ml of un-inoculated
starch nitrate broth was used as a control.

Identification of the Streptomycete isolates showing high
levels of antagonistic activities against tissue culture
contaminants

The proposed key of Bergey’'s Manual of Determinative Bacterio-
logy (1974) as detailed by Mohamed (1998) was used for identifica-
tion of all purified streptomycetes-like isolates up to genus.

PCR isolation and sequencing of the 16S rRNA gene of a
Streptomyces isolate

The DNA of the selected Streptomyces isolate was extracted as
described by El-Domyati and Mohamed (2004) and used as a
template for PCR-isolation of 16S rRNA gene using two universal
primers (518F: 5' CCA GCA GCC GCG GTA ATA CG3'; 800R: 5'
TAC CAG GGT ATC TAA TCC3') (Jacob, 2012). The PCR product
of 16S rRNA 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, ABlI PRISM 3730XL Analyzer
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Figure 1. Collection of tissue culture contaminants from blank jars (A) and cultivated jars (B). The presence of different fungi approximately
covered the medium.

(96 capillary type) sequencer (Applied Biosystems), MJ Research
PTC-225 Peltier Thermal Cycler, DNA polymerase (FS enzyme)
(Applied Biosystems). Following the protocol provided by the
manufacturer, single-pass sequencing was performed on each
template using the same primer pairs described in the PCR step.
The fluorescent-labeled fragments were purified from the unincor-
porated terminators with an ethanol precipitation protocol. The
samples were re-suspended in distilled water and subjected to
electrophoresis in an ABI 3730xI sequencer. The DNA sequences
of the PCR product of the 16S rRNA gene of Streptomyces sp.
(isolate 14) were aligned with the related nucleotide sequences of
the universal isolates collected from http://www.ncbi.nlm.nih.gov/,
http://www.ncbi.nlm.nih.gov/, using the DNA Star Software Package
— Lasergene (Expert Sequence Analysis Software, USA) and
MegaAlign program.

RESULTS AND DISCUSSION

Isolation,  purification and  maintenance  of

streptomycetes

The actinomycetes especially the strains of Streptomyces
are the most common antibiotic-producing microorga-
nisms found in soil (Ara et al., 2012). Taddei et al. (2006)
reported that the genus Streptomyces was represented in
nature by the largest number of species and varieties
among the family Streptomycetaceae. In this study, 23
SLI were isolated from the rhizosphere-soil samples and
18 SLI were purified. A number of 5, 5, 5, 4 and 4 were
derived from banana, rose, pomegranate and grape,
respectively. At the level of colour series, isolates 9, 7
and 2 SLI belonged to gray, white and red series. The
widespread distribution of actinomycetesinthe rhizosphere
and non-rhizosphere soils was confirmed via several
reports of Mohamed (1998), Duangmal et al. (2005), El-
Sherbiny (2006), Ismail (2006), Al-Askar et al. (2011),
Atta et al. (2011), Mohamed et al. (2012) and Shori et al.
(2012).

Isolation, purification and identification of the
microbial contaminants from some contaminated-
tissue cultural plant materials

George and Sherrington (1984) reported that although
aseptic conditions are typically employed for in vitro
growth “sterile” of plant cells, tissue or organs as they are
separated from the mother plant on artificial/synthetic
medium, many plant cultures do not stay aseptic in vitro
as they get contaminated. Contamination with bacteria is
generally considered the most serious (Horsch and King,
1983). There are much fewer publications describing
yeast and fungal contaminants and their effects on plant-
lets grown in vitro (Enjalric et al., 1988). In this study
however, fungal contaminants were the most common on
jars to be used for tissue culture. Bacterial contaminants
associated with the tissue-cultured plant material were
also observed. 11 bacterial contaminants were isolated,
purified and identified as Gram positive bacteria. In the
case of fungal contaminants, 5 fungal isolates were
cultivated on potato dextrose agar (PDA) medium and
after appearing, its growth were sent to a specific private
laboratory for further purification and identification using
specific media. Results show that the fungal isolates
were identified as A. fumigatus, A. flavus, C. herbarum
and two different strains of A. nidulans (1 & 2), (Figures
1, 2 and 3).

Antibiosis activities of the purified streptomycetes-
like isolates against the 16 identified bacterial and
fungal contaminants

Antibiosis activities of the 18 SLI were determined against
the 11 bacterial contaminants. Data show that 2 SLI (10
and 11) were not active against the 11 tested bacterial
isolates, as no zone of inhibition were found around the
discs saturated with filtrates of these SLI.
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Figure 2. The four identified tissue culture contaminant fungi: Aspergillus fumigates (A),
Aspergillus flavus (B), Aspergillus nidulans (1) and Cladosporium herbarum (D).

Figure 4. Antibiosis activity of some SLI against the five identified fungal isolates (1 to
5) identified fungal isolates (A. fumigatus, A. flavus, A. nidulans (1), A. nidulans (2), C.
herbarum), 72 h post incubation.

While, 6 SLI were active against one bacterial isolate. A
number of 8 SLI (2, 3,4,5,7, 16,19 and 21) showed
antagonistic activities against two bacterial isolates. Two
SLI (6 and 18) appeared with activities against 3 bacterial
isolates. SLI 14, 15 and 17 were the highest isolates as
they were active against 5 out of the bacterial isolates.
Regarding the antibiosis activities of the tested SLI

against the five identified fungal isolates (A. fumigatus, A.
flavus, A. nidulans (1), A. nidulans (2), Cladosporium
herbarum), results show that thefive fungi were affected
by 15, 4, 3, 7 and 10, respectively. Results also confir-
med the high activities of the 3 selected SLI (14, 15 and
17), as they were able to inhibit the fungal growth of the 5
tested fungi. These results are in harmony with that of



Figure 5. Microphotograph and electron micrograph of SLI
No. 14 (A), 15 (B) and 17 (C) showing RF [RF: Rectus-
Flexibilis (spores in straight (R) or flexuous (F) chains] and
smooth spores surface.

Srividya et al. (2012), who identified a potent actinomy-
cete isolate 9p with broad spectrum antifungal property
OCAZ3; Collectotrichum gleosporioides OGC1, against four
phytopathogens tested Alternaria brassiceae Rhizoc-
tonia solani MTCC 4633 and Phytophthora capsici
(Figure 4).

Identification of the Streptomycete isolates showing
highly antagonistic activities

Streptomyces isolate 14

It was found that the Streptomyces isolate 14 belonged to
the gray colour series, while the vegetative mycelium was
pigmented with dark gray. This isolate had RF spore
chain with smooth surface. Melanoid pigments were pro-
duced 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 also had very good growth on
Cazpek’s agar medium and actively utilized all added
sugars as carbon sources for growth. This isolate showed
antibacterial and antifungal activities. It was not sensitive
to streptomycin antibiotic in the medium. This isolate was
tolerant to NaCl up to concentration of 7%. According to
the key proposed by Pridham and Tresner (1974), the
experimental isolate 14 appeared to be related to Strep-
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tomyces noboritoensis although there was slight difference
in use of L- Rhamnose and sucrose as sole sources of
carbon. Therefore, isolate 14 could be considered a as
strain of S. noboritoensis (Figure 5A).

Streptomyces isolate 15

Results clearly indicate that the Streptomyces isolate 15
belonged to the white colour series. Aerial spore chains
belonged to section RF; the spores were characterized
by smooth surface. 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,
i-inositol and sucrose were used as carbon sources for
growth.

In addition, this isolate showed antimicrobial activities
and sensitivity to streptomycin (4 pg ml™) was observed.
However, it was able to grow in the presence of 7% NaCl
in the medium. Comparing the cultural, morphological
and physiological characteristics of the Streptomyces
spp. in Pridham and Tresner (1974) study with that of
Streptomyces isolate 15, this isolate is very likely to be a
strain of Streptomyces albolongus (Figure 5B).

Streptomyces isolate 17

Results of Streptomyces isolate 17 show that, this isolate
has gray aerial mycelium (gray colour series), while the
vegetative mycelium was pigmented with gray colour. It
had straight and long spore chains (section RF) and the
spores were characterized by smooth surface without any
ornamentation. This isolate was also characterized by
excellent growth on Cazpek’s agar medium, actively utili-
zed all added sugar, was tolerant to NaCl concentration
up to 7%, sensitive to streptomycin (4 pg mlI'") and anta-
gonized some bacterial and fungal used. Considering the
description keys proposed by Pridham and Tresner
(1974), the tested isolate 17 was closely related to
Streptomyces griseorubiginosus (Figure 5C).

PCR-isolation and sequencing the 16S rRNA gene of
S. noboritoensis isolate 14

Identification of actinomycetes using microscopic tech-
nigues alone was not enough to ensure certainty. Bioche-
mical methods would be the best method to identify
actionmycetes to their species level. But this test con-
sumes a lot of time and chemicals. With the advance-
ment of technology in molecular study, primers had been
developed by researchers to target specifically the 16S
rRNA sequence of the actinomycetes. ldentification of
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Table 1. Sequences producing significant alignments between S. noboritoensis-isolate 14 and the related overseas bacterial strains.

GGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGTGAAGCCCAGCTTGCTGGGTGGA
TCAGTGGCGAACGGGTGAGTAACACGTGAGCAACCTGCCCCCTACTTCGGGATAAGCCTTGGAAAC
GGGGTCTAATACCGGATATGAACGTCTGCCGCATGGTGGGTGTTGGAAAGTTTTTCGGTGGGGGAT
GGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGTCGACGGGTAGCCGGCC
TGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGG
GAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTT
GTAAACCTCTTTCAGCAGGGAAGAAGCGTGAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTA
CGTGCCAGCAGCCGCGGTAATACGTAGGGGCCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTA
GGCGGTCTGTCGCGTCTGGTGTGAAATCCCATGGCTCAACTGTGGGCTTGCATCGGGTACGGGCAG
ACTGGAGTGCTGTAGGGGAGACTGGAATTCCTGGTGTAGCGGTGGAATGCGCAGATATCAGGAGGA
ACACCGATGGCGAAGGCAGGTCTCTGGGCAGTTACTGACGCTGAGGAGCGAAAAAGAGCGAACAGG
ATTAGATACCCTGGTAGTCCATGCCGTAAACGTTGGGCACTAGGTGTGGGGCCAGTTCCACTGGTT
CTGTGCCGTAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCARAAG
GAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGAACCTT
ACCAAGGCTTGACATGTACGAGAACGCCCCAGAGATGGGGTTCTCTTTGGACACTCGTACACAGGT
GGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT
TGTCTCATGTTGCCAGCGGGTTATGCCGGGGACTCATGGGAGACTGCCGGGGTCAACTCGGAGGAA
GGTGGGGATGACGTCAAATCATCATGCCCCTTATGTCTTGGGCTTCACGCATGCTACAATGGCCGG
TACAGAGGGCTGCGATACCGTGAGGTGGAGCGAATCCCAAAAAGCCGGTCTCAGTTCGGATCGGGG
TCTGCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATA
CGTTCCCGGGCCTTGTACACACCGCCCGTCAAGTCACGAAAGTTGGTAACACCCGAAGCTCACGGC
CCAACCCTTTGGGAGGGAGTGGTCGAAGGTGGGACTGGCGATTGGGACTAGTCGAAG

Figure 6. Final nucleotide sequence (1443 nts) of the PCR product of 16S rRNA gene
amplified from the DNA of S. noboritoensis-isolate 14.

Accession Description Query coverage (%) Max identity (%)
NR_041107.1 Streptomyces noboritoensis, strain NBRC 13065 99 89
AY999830.1 S. noboritoensis, strain KCTC 9060 97 88
AB184287.1 S. noboritoensis, strain NBRC 13065 99 89
NR_041144.1 S. albolongus, strain NBRC 13465 99 89
JN609385.1 S. albolongus, strain BC-32 97 89
AY999756.1 S. albolongus, strain JCM 4716 97 89
AB184425.1 S. albolongus, strain NBRC 13465 99 89
NR_042298.1 S. griseorubiginosus, strain :LMG 19941 99 88
AB706352.1 S. griseorubiginosus 99 89
AB184276.2 S. griseorubiginosus, strain: NBRC 13047 99 88

actinomycetes to genus level was made possible in a fast
and accurate manner. This had been a great advance-
ment in the area of identification as the ability to obtain
the genus of the actinomycetes in just a few hours is now
possible. In this study, actinomycetes from the farming
soil of Agriculture Research Centre Semongok, Sarawak
were isolated. The isolates were later tested for their bio-
active compounds and selected isolates were later identi-
fied using primers targeting their 16S rRNA sequence
(Jeffrey, 2008).

In this study, the nucleotide sequences of 16S rRNA
gene were partially determined using the DNA template
of the Streptomyces sp. (isolate 14). Results show the
two sequences of both forward direction matched to each
other. | A sequence of about 1443 nucleotides (Figure 6)
was obtained and compared with four universal bacterial

isolates as mentioned in Table 1 and results appendix
(B). These bacteria are S. noboritoensis, strain NBRC
13065 (NR_041107.1); S. noboritoensis, strain KCTC 9060
(AY999830.1); S. noboritoensis, strain NBRC 13065
(AB184287.1); S. albolongus, strain NBRC 13465
(NR_041144.1);S.albolongus, strain BC-32 (JN609385.1);
S. albolongus, strain JCM 4716 (AY999756.1); S.
albolongus, strain NBRC 13465 (AB184425.1); S.
griseorubiginosus, strain :LMG 19941 (NR_042298.1); S.
griseorubiginosus (AB706352.1) and S.
griseorubiginosus, strain: NBRC 13047 (AB184276.2).
Results in Table 1 show that the percent identities
between the isolate of this study and that compared with
the eight gray Streptomyces strains, collected from the
GenBank, ranged between 88 and 89%. It is worth to
mention that the Streptomyces strain of this study covered
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Figure 7. Phylogenetic tree of nucleotide sequence of the PCR product of 16S rRNA gene amplified from the DNA of S.

noboritoensis-isolate 14 and the related universal bacteria strains.

from 97 to 99% of the sequences of the 8 overseas
Streptomyces strains.

The phylogenetic tree (Figure 7) showed that the S.
noboritoensis isolate 14 segregated into a separate clu-
ster. Therefore, it could be classified as a new species of
gray Streptomyces, and it was suggested to be named S.
noboritoensis SSMA-KSA strain. These results are in
agreement with that of other investigators, using the 16S
rRNA gene to characterize Actinomycetes (Moran et al.,
1995; Cook and Meyers, 2003; Song et al., 2004; Al-
Askar et al.,, 2011; Jose et al.,, 2011; Mahasneh et al.,
2011; Mohamed et al., 2012; Shori et al., 2012).
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