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Thirty soil-isolates of Streptomyces were analyzed to deter-
mine their antagonism against plant-pathogenic fungi includ-
ing Fusarium oxysporum, Pythium aristosporum, Colletotri-
chum gossypii, and Rhizoctonia solani. Seven isolates showed
antifungal activity against one or more strain of the tested
fungi. Based on the 16S rDNA sequence analysis, these iso-
lates were identified as Streptomyces tendae (YH3), S. griseus
(YHS), S. variabilis (YH21), S. endus (YH24), S. violaceusniger
(YH27A), S. endus (YH27B), and S. griseus (YH27C). The
identity percentages ranged from 98 to 100%. Although some
isolates belonged to the same species, there were many dif-
ferences in their cultural and morphological characteristics.
Six isolates out of seven showed chitinase activity according
to a chitinolytic activity test and on colloidal chitin agar plates.
Based on the conserved regions among the family 19 chiti-
nase genes of Streptomyces sp. two primers were used for
detection of the chitinase (chiC) gene in the six isolates. A
DNA fragment of 1.4 kb was observed only for the isolates
YHS8, YH27A, and YH27C. In conclusion, six Streptomyces
strains with potential chitinolytic activity were identified
from the local environment in Taif City, Saudi Arabia. Of
these isolates, three belong to family 19 chitinases. To our
knowledge, this is the first reported presence of a chiC gene
in S. violaceusniger YH27A.

Keywords: Streptomyces, family 19 chitinase, 16S rRNA,
phytopathogenic fungi
Introduction

Streptomyces is one of the most attractive sources of bio-
logically active substances such as vitamins, alkaloids, plant
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growth factors, enzymes and enzyme inhibitors (Omura,
1986; Bonjar, 2004). Soil Streptomyces are of the major con-
tributors to the biological buffering of soils and have roles in
decomposition of organic matter conducive to crop pro-
duction (Keiser et al., 2000). Studies even show that use of
Streptomyces enhances growth of the crop plants (Bonjar,
2004). The search for new principles in biocontrol of plant
pathogens different from the classically used fungicides, is
of worldwide interest (McSpadden-Gardener and Fravel,
2002). Biological control of plant diseases is slow and gives
few quick profits, but can be long-lasting, inexpensive, and
harmless to life (Zarandi et al., 2009). A collection of 53
antibiotic-producing Streptomyces isolated from soils from
Minnesota, Nebraska, and Washington were evaluated by
Xiao et al. (2002) for their ability to inhibit plant pathogenic
Phytophthora medicaginis and Phytophthora sojae in vitro
and to control Phytophthora root rots on alfalfa and soybean.
Streptomyces isolates have significantly reduced root rot se-
verity in alfalfa and soybean caused by P. medicaginis and
P. sojae, respectively (Xiao et al., 2002). In Turkey, Yiicel and
Yamag (2010) reported that out of 290 Streptomyces isolates
in a screening program, 180 isolates (62%) exhibited anti-
microbial activity against a panel of four bacteria, two yeasts
and four filamentous fungi. In Morocco, Errakhi et al. (2010)
evaluated 10 antibiotic-producing Streptomyces spp. isolated
from Moroccan soils for their ability to inhibit Sclerotium
rolfsii development in vitro. Four isolates having the greatest
pathogen inhibitory capabilities were subsequently tested
for their ability to inhibit sclerotial germination in sterile
soil (Errakhi et al., 2010). They stated that treatment with
biomass inoculum and culture filtrate gave the highest in-
hibition of sclerotia compared with the treatment with the
spore suspension of the same isolates.

Chitin is one of the most abundant natural renewable poly-
saccharides in the world and is present in fungi, alga, insects
and marine invertebrates. Chitin is hydrolyzed by two main
enzymes, Chitinase (E:C:3.1.1.14) and f3-N-acetyl hexosa-
minidase (E.C.3.2.1.52) (Patil et al., 2000). Streptomyces spe-
cies are saprophytic soil bacteria and are well known as de-
composers of chitin, which is hydrolyzed by chitinase (EC
3.2.1.14). Many chitinase genes of Streptomyces have been
cloned and sequenced (Robbins, et al., 1988; Miyashita et
al., 1991; Robbins et al., 1992; Blaak et al., 1993; Fujii and
Miyashita, 1993; Miyashita and Fujii, 1993; Tsujibo et al.,
1993; Ohno et al., 1996; Miyashita et al., 1997; Saito et al.,
1998). Chitinases have a wide range of biotechnological ap-
plications such as: generation of fungal protoplasts (Vyas
and Deshpande, 1989), crustacean chitin waste management
(Suresh and Chandrasekaran, 1998), production of single cell
protein (Vyas and Deshpande, 1991) and biocontrol of fun-
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gal pathogens (Ordentlich et al., 1988). Chitinases so far
sequenced are classified in two different families (namely,
families 18 and 19) in the classification of glycosyl hydro-
lases based on amino acid sequence similarities (Henrissat,
1991; Henrissat and Bairoch, 1993). Family 18 contains chi-
tinases from bacteria, fungi, viruses, and animals as well as
class IIT and V chitinases from plants. On the other hand,
class I, II, and IV plant chitinases belong to family 19, and
this family solely comprises chitinases that are phylogeneti-
cally of plant origin. The two different families of chitinases
display no sequence similarities with each other and have
different three-dimensional structures (Davies and Henrissat,
1995).

A few studies have focused on the use of family 19 chiti-
nase genes as molecular markers indicating the biocontrol
abilities of saprophytic bacteria. The chitinases obtained
from Streptomyces have been reported to have antifungal
activity (Tsujibo et al., 2000). Taechowisan et al. (2004)
have investigated the chitinolytic enzyme of the endophyte
Streptomyces aureofaciens CMUACc130, which can be used
for fungal cell wall degradation.

Due to its rapidity, sensitivity and specificity, PCR-based
finger printing techniques have proved extremely useful in
assessing the changes in microbial community structure.
Such techniques can yield complex community profiles and
can also provide useful phylogenetic information. Al-Kahtani
et al. (2008) reported that Streptomyces species isolated from
the Riyadh region, Saudi Arabia, have a high degree of ge-
nomic diversity and that the RAPD procedure can be a
useful method to distinguish Streptomyces. Also, their results
revealed that the RAPD technique appears to be a simple,
quick and sensitive technique for the characterization of other
local Streptomyces. Ribosomal RNAs are the molecules most
widely employed in phylogenetic studies, with 16S rDNA used
in prokaryotes and 18S rDNA used in eukaryotes (Weisburg
et al.,, 1989). Over several years, the 16S rRNA gene (16S
rDNA) has been sequenced in many prokaryotes, and the
importance of this molecule has increased since its use in
the current phylogenetic classification of prokaryotes in the
Second Edition of Bergey’s Manual of Systematic Bacteriology.
Currently, the sequencing of 16S rDNA must be performed
before the description of any bacterial species can be pub-
lished. Moreover, the identification of bacteria, especially
fastidious species, in human, animal and plant tissues is one
of the most important applications of the 16S rDNA mole-
cule in clinical diagnosis. Since the beginning of 16S rDNA
sequencing, many studies have been performed in which
the use of this molecule in phylogeny of animal pathogenic
bacteria are described (Weisburg et al., 1991).

The aim of the present study is to screen and molecularly
identify family 19 chitinase-containing Streptomyces. Their
potential antagonism against some phytopathogenic fila-
mentous fungi was also investigated.

Materials and Methods

Isolation of antagonistic strains

Soil samples were collected from a number of cultivation
areas in the Taif region. One gram of sample was diluted

(10* to 10°) with sterile water and plated on Gause’s synthetic
agar containing 0.01% potassium dichromate in order to min-
imize fungal contamination. The plates were then incubated
for 14 days at 28°C. Single colonies obtained were purified by
the quadrant streaking technique (5-6 times) on the same
medium. For further work, the purified single cultures
were maintained on Gause’s synthetic agar slants at 4°C.

Antagonistic activity

A 3 ml inoculum of each isolated strain, precultured in nu-
trient broth for 24 h at 28°C, was transferred to 30 ml YS
medium [2.6% yeast extracts, 4.0% starch, 0.5% dextrin,
0.05% KzHPO4, 0.25% MgSO47H20, 0.4% (NH4)2$O4, and
0.3% CaCOs, pH 7.0]. Inoculated media were incubated at
28°C for 4 days on a rotary shaker at 180 rpm. The mature
medium was then centrifuged at 3,000xg and the cell-free
supernatant fluid was assessed for antifungal activities.
Fungal strains (including Fusarium oxysporum ATCC 695;
Pythium aristosporum ATCC 11101b; Colletotrichum gossypii
ATCC 12788; and Rhizoctonia solani ATCC 16120) were used
as model pathogenic fungi. Antagonistic isolates, which man-
ifested significant inhibitory activity against tested fungal
strains, were selected for further work. Antifungal activity was
estimated on PDA medium using the hyphal extension-in-
hibition assay of Roberts and Selitrennikoff (1986).

Classical identification of Streptomyces isolates

The morphological and cultural characteristics of Streptomyces
strains were assessed in accordance with the method described
by Shirling and Gottlieb (1966). Cultural characteristics were
observed on International Streptomyces Project media (ISP-2,
ISP-3, ISP-4, and ISP-5) according to the methods of Shirling
and Gottlieb (1966). These media were: yeast extract-malt
extract agar (ISP-2), oatmeal agar (ISP-3), inorganic salt
starch agar (ISP-4), and glycerol asparagine agar (ISP-5).
Morphological characteristics were assessed via light micro-
scopy after 7 days of culturing at 28°C. These characteristics,
included color of aerial mycelium, color of reverse side of
colony, color of soluble pigment and growth density. Micro-
scopic features were observed after 7 and 14 days of culturing
at 28°C on ISP-4 medium.

DNA-extraction

Antagonistic isolates were grown on MGYP medium [con-
taining (g/L): malt extract 3.0, glucose 5.0, yeast extract 3.0,
peptone 5.0, agar 18.0, distilled water; pH 7.0]. For DNA
isolation the organism was grown with shaking for 40 h at
30°C in baffled flasks containing 50 ml YEME medium
[containing (g/L): yeast extract 3.0, malt extract 3.0, pep-
tone 3.0, glucose 10.0, sucrose 340.0, distilled water; pH
7.2] supplemented with 5 mM MgCl, and 0.5% (w/v) glycine.
The method described by Tripathi and Rawal (1998) was
applied for extraction of DNA from the antagonistic isolates.
Cultures were centrifuged at 8,000xg for 10 min at 4°C and
the cells washed twice with STE buffer (0.3 M sucrose, 25 mM
Tris-HCl, and 25 mM Na,EDTA, pH 8.0); 1.0 g (wet/wt)
mycelium was resuspended in 8.55 ml STE buffer and 950 ml
lysozyme (20 mg/ml STE buffer) was then added. Protoplast
formation took about 20-30 min at 30°C. 500 ml 10% SDS



(w/v) and 50 ml Pronase (20 mg/ml) were added and the
mixture was held at 37°C for 1 h. 1.8 ml 5 M NaCl were
added with gentle mixing to avoid shearing the DNA. 1.5
ml 10% (w/v) CTAB in 0.7 M NaCl (CTAB/NaCl solution)
were added and incubated for 20 min at 65°C. After the ad-
dition of CTAB, all the steps were carried out at room
temperature. The lysate was extracted twice with an equal
volume of phenol/chloroform/isoamyl alcohol (25:24:1, by
vol) and centrifuged at 12,000xg for 10 min. The aqueous
phase was finally extracted with chloroform/isoamyl alcohol
(24:1, v/v) and transferred to a fresh tube. 0.6 volume of
propan-2-ol was added and DNA was spooled out after 10
min. Alternatively, it was recovered by centrifugation at
12,000xg for 10 min. The pellet was washed twice with 70%
(v/v) ethanol, vacuum dried and dissolved in 2 ml TE buffer
(10 mM Tris/HCl and 1 mM EDTA, pH 8.0). RNaseA (50
mg/ml) was added and the mixture was incubated at 37°C
for 2 h. The sample was again extracted with phenol as de-
scribed above.

DNA sequencing

The PCR-amplified 16S rDNA fragments were amplified
using two universal primers; forward: AGA GTT TGA
TCC TGG CTC AG; reverse: ACG GCT ACC TTG TTA
CGA CTT (Weisburg et al., 1991). The reaction mix was
composed of: x pl Template DNA, 2 ul BigDye-Mix, 1 pl
Specific primer (10 pmol/L), and HPLC water to a final
volume of 10 pl. The amount of template DNA applied is
dependent on the concentration of target sequences to ob-
tain about 10 ng DNA in the final mix. The PCR program was
as follows; initial denaturation at 96°C for 2 min (1 cycle),
denaturation at 96°C for 10 sec (30 cycles), annealing at 45°C
for 5 sec (30 cycles), extension at 60°C for 4 min (30 cycles),
and then cooling at 4°C. The PCR product was purified as
recommended by the manufacturer and then sequenced.
PCR fragments were analyzed by cycle sequencing, using the
BigDye terminator cycle sequencing kit (Applied Biosystems,
UK). These fragments were sequenced in both directions.

Sequence analysis

Sequences were aligned using ClustalX software (Thompson
et al., 1997). Sequence divergence was computed in terms
of the number of nucleotide differences per site between
pairs of sequences according to Kimura’s two-parameter
model (Kimura, 1980) using Geneious software. Idles were
excluded from pair-wise sequence comparisons. The dis-
tance matrix for all pair-wise sequence combinations were
analyzed with the neighbor-joining (NJ) method (Saitou
and Nei, 1987). The phylogenetic tree was constructed with
1,000 bootstrap replicates using Geneious software.

Molecular screening of family 19 chitinase-producing Strep-
tomyces

According to the conserved regions among the family 19 chi-
tinase genes of Streptomyces sp. two oligonucleotide primers,
5 - TTGACCCAGTGGTCCAGACC-3' (forward primer) and
5-GTGTGCTGCTCACGCCAG-3' (reverse primer), were
designed by Taechowisan et al. (2004). A standard PCR was
performed in a total volume of 100 ml, containing 100 mM
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(each) deoxynucleotide triphosphate (dATP, dCTP, dGTP,
dTTP), 50 pmol of each PCR primer, 1.5 U of DNA poly-
merase and 50 ng of genomic DNA from Streptomyces sp.
Each PCR utilized melting 94°C 5 min, then 35 cycles of
94°C 30 sec, 55°C for 1 min, and 72°C extension 1 min,
with extension at 72°C for 10 min after the last cycle. The
purified PCR products (10 pg) were separated on 1% agarose
gel, stained with 1% ethidium bromide solution and then
visualized by UV-transillumination.

Determination of chitinase activity

Twenty milliliters of Luria-Bertani (LB) liquid medium
(Sambrook et al., 1989) were inoculated with germinated
spores and incubated at 30°C for 48 h with shaking at 150
rpm. The culture was divided into three aliquots. Mycelia in
each aliquot were harvested by centrifugation and washed
with 10 ml of YE medium (0.7 g of K;HSOy, 0.3 g of KH,SO,,
0.5 g of MgSO,, 0.01 g of FeSO4, 0.3 g of NH,NO3,and 1.0 g
of yeast extract per L). The mycelia were resuspended in an
equal volume of YE medium and YE medium with 0.05%
(w/v) colloidal chitin. The protein content of 1 ml of culture
was measured as described by Bradford (1976), and the in-
ocula were adjusted to about 100 mg of protein/ml. The cul-
tures were grown at 30°C with shaking. A 0.5-ml portion of
the culture fluid was sampled periodically 24, 48, 72, 96, and
120 h and then stored at -20°C. The samples were thawed
and centrifuged, and chitinase activity was measured in the
culture supernatant as described by Miyashita et al. (1991)
using the fluorogenic substrate 4-methylumbelliferyl-N,N9,-
diacetyl chitobioside [4MU-(GIcNAc)2] (Sigma). Three in-
dependent experiments were done and the average of chiti-
nase activity was expressed in units per g mycelial protein.

Extracellular chitinolytic assay

This assay was performed with the culture filtrates of the
seven selected Streptomyces isolates using the well diffusion
method. To prepare the colloidal chitin, 10 g chitin (Sigma)
was treated with 100 ml phosphoric acid (H;PO,) according
to Kim and Ji (2001). One loop of the pure culture of the
seven tested isolates was inoculated into 100 ml nutrient
broth containing 0.5% colloidal chitin and incubated for 48 h
at 30°C and 150 rpm in a rotary shaker. One milliliter of the
activated culture with 0.5 ODs7y was inoculated into 100 ml
minimal medium containing 1% colloidal chitin and in-
cubated for 48 h at 30°C and 150 rpm in a rotary shaker.
The cultures were harvested, centrifuged at 10,000 rpm for
15 min at 4°C and the supernatant was collected (as a source
of extracellular chitinase) Shanmugaiah et al. (2008). Colloidal
chitin (0.5%) agar plates were prepared and wells were made
using a 9 mm sterile cork borer. Culture filtrate (100 ul) of
each isolate was placed in each well and incubated at 30°C.
After 12 h, the development of any clear zone around the
well was observed by staining with 1% Iodine solution.

Statistical analysis

The data for chitinase activity obtained from three replicates
were analyzed by a two-way ANOVA using ‘Proc Mixed’
(SAS 8.2, Cary, NC). The level of statistical significance was
performed with P<0.05 or P<0.01.
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Accession numbers

The nucleotide sequence data have been deposited at the
EMBL nucleotide sequence database under accession nos.
HE604197, HE604198, HE604199, HE604200, HE604201,
HE604202, HE604203.

Results and Discussion

Isolation of Streptomyces strains and their antagonistic activity

Using the selective medium and cultivation conditions de-
scribed previously, 30 Streptomyces isolates were obtained
from 10 soil samples collected from different locations in
Taif city, Kingdom of Saudi Arabia during the period of
April-June 2011. All Isolates were tested for their antago-
nistic assay against Fusarium oxysporum ATCC 695; Pythium
aristosporum ATCC 11101b; Colletotrichum gossypii ATCC
12788 and Rhizoctonia solani ATCC 16120 (Table 1). Of the
thirty isolates only seven showed antifungal activity against
one or more of the tested fungi. These isolates were YH3,
YHS, YH21, YH24, YH27A, YH27B, and YH72C. The isolate
YHS8 and YH27C showed antifungal activity against the four

Table 1. Antifungal activities of Streptomyces isolates

Fig. 1. Representative photograph of antagonistic action of the crude ex-
tract of some Streptomyces isolates against Colletotrichum gossypii ATCC
12788 grown for 4 days on PDA.

tested fungi. YH21 and YH27A showed antifungal activity
against only one; Colletotrichum gossypii and Pytdhium aristo-
sporum, respectively. The other Streptomyces isolates showed
antifungal activity against two of the tested fungi (Table 1),
that differed for each isolate. The average range of the in-
hibition zone was 3£0.06 to 12.5+0.25 mm. In the present

Antifungal activity of isolates against the following fungi

Isolates® =
Fusarium oxysporum

Pythium aristosporum

Colletotrichum gossypii Rhizoctonia solani

YH1 -
YH2 -

YH3 - +

YH4 -
YH5 =
YH6 -
YH7 -

YHS8 ++ ++

YH9 =
YH10 =
YH11 =
YHI12 -
YH13 -
YH14 -
YHI15 -
YH16 =
YH17 -
YH18 -
YHI19 -
YH20 -

YH21 - +

YH22 =
YH23 -
YH24 +
YH25 -
YH26 -

YH27A = +

YH27B ++

YH27C ++ ++

YH27D -

+++ -

+++ ++

“ Based on their antifungal activity (as a diameter of inhibition zone); isolates were classified into four categories of no (-), weak (+), moderate (++) or strong (+++) activity.
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Table 2. Cultural characteristics, on different media, of Streptomyces isolates that had antifungal activity

Yeast extract-malt extract (ISP-2) medium

Isolate No. Color of aerial mycelium Color of reverse side of colony Color of soluble pigment Growth
YH3 Yellowish white Pale yellow Beige Heavy
YH8 White Grayish brown Beige Moderate
YH21 Yellowish white Pale yellow Beige Moderate
YH24 Light yellow Reddish yellow Ivory Scant
YH27A Yellowish white Pale yellow Ivory Moderate
YH27B White Yellowish white Ivory Moderate
YH27C White Grayish brown Light grayish brown Moderate

Oatmeal (ISP-3) medium

Color of aerial mycelium Color of reverse side of colony Color of soluble pigment
YH3 White Pale yellow Beige Moderate
YHS8 White Pale yellow Beige Moderate
YH21 White Pale yellow Beige Moderate
YH24 Pale yellow Pale yellow Beige Moderate
YH27A White Pale yellow Ivory Moderate
YH27B White Pale yellow Ivory Moderate
YH27C White Pale yellow Ivory Moderate

Inorganic salts-starch iron (ISP-4) medium

Color of aerial mycelium Color of reverse side of colony Color of soluble pigment
YH3 White Pale yellow Beige Moderate
YHS8 Grayish white Light olive brown Light gray Moderate
YH21 Yellowish white Yellowish white Light brown Moderate
YH24 White White Beige Moderate
YH27A White Yellowish white Ivory Moderate
YH27B White White Beige Moderate
YH27C Grayish white Light olive brown Light gray Heavy

Glycerol-asparagine (ISP-5) medium

Color of aerial mycelium Color of reverse side of colony Color of soluble pigment
YH3 Yellowish white Yellowish white Ivory Moderate
YHS8 White Yellowish gray Ivory Moderate
YH21 Yellowish white Yellowish white Ivory Moderate
YH24 Grayish white Reddish yellow Beige Moderate
YH27A White Pale yellow Ivory Moderate
YH27B Grayish white Grayish brown Ivory Moderate
YH27C Grayish white Grayish brown Ivory Moderate

study, we classified the isolated Streptomyces according to
their antifungal activity (diameter of inhibition zone) into
four categories of no (-), weak (+), moderate (++) or strong
(+++) activity. The size range of the inhibition zone of these
categories were, 0; 1 - < 4, 4 - < 8, > 8 mm, respectively.

According to these categories the Streptomyces isolate YH3
and YH27C had strong antifungal activity against Colleto-
trichum gossypii (Table 1 and Fig. 1), whereas, isolate YH27B
showed weak antifungal activity. On the other hand, isolate
YH27C had moderate activity against the other three tested
fungi. The observed antifungal activity of the tested isolates
may be due to production of chitinase or another antimi-
crobial agents such as secondary metabolites. In the earlier
studies, chitinases from Streptomyces showed activity against
fungi such as Aspergillus sp., Phycomyces blakesleeanus,
and Trichoderma reesei (Williams et al., 1983). Hoster et al.
(2005) reported chitinase activity against A. nidulans and
phytopathogens such as Botrytis cinerea, Fusarium culmo-
rum, Gulgnardia bidwellii, and Sclerotia sclerotiorum.

Morphological and cultural characteristics of Streptomyces
isolates

In general, the taxonomic classification and identification of
Streptomyces are based on morphological and biochemical
characterization. In the present study, some morphological
and cultural characteristics of the seven active isolates were
studied on four different ISP media (ISP-2, ISP-3, ISP-4,
and ISP-5). The color of the aerial mycelium, color of the
reverse side of the colony, color of soluble pigment and
growth density are summarized in Table 2. Generally, the
selected seven Streptomyces isolates grew on all tested media,
but at different growth densities. Most of the Streptomyces
isolates showed moderate growth on the four tested media.
The abundance and the color of the mycelium depended
on the medium composition and the age of the culture. It
was noted that the color differed significantly for all isolated
strains when ISP-2, ISP-4, or ISP-5 were used. However,
few differences were observed when ISP-3 medium was used.
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Table 3. Identification of antifungal-active Streptomyces isolates by partial sequencing of 16S rRNA gene

Isolate No. Database accession No. Similarity according to EMBL BLAST (%) Proposed identify
YH3 HE604197 100 S. tendae YH3
YHS8 HE604198 98 S. griseus YH8
YH21 HE604199 99 S. variabilis YH21
YH24 HE604200 99 S. endus YH24
YH27A HE604201 99 S. violaceusniger YH27A
YH27B HE604202 100 S. endus YH27B
YH27C HE604203 99 S. griseus YH27C

Analysis of 16S rRNA gene sequence of Streptomyces isolates

The molecular methods, such as 16S rRNA gene sequence
analysis, are more rapid and convenient than classical iden-
tification methods based on phenotypic characteristics,
thus the molecular methods represent an important and al-
ternative approach for identification of Streptomyces (Park
et al., 2006). The seven Streptomyces isolates obtained in the
present study were identified based on partial sequencing of
16S rDNA. The obtained nucleotide sequence data have been
deposited at the EMBL nucleotide sequence database under
accession nos. HE604197, HE604198, HE604199, HE604200,
HE604201, HE604202, and HE604203. According to the
EMBL BLAST, the similarity percentages ranged from 98 to
100% (Table 3). Based on the BLAST results, the isolate YHS
and YH27C belonged to the same species, Streptomyces gri-
seus, with similarity percentage 98 and 99%, respectively.
Also, the isolate YH24 and YH27B belonged to species
Streptomyces endus, with a similarity percentage of 99 and
100%, respectively (Table 3). Although the isolate YH24 and
YH27B belonged to the same species, the cultural character-
istics showed that there were differences between these two
isolates. For example, the studied cultural characteristics were

S. variabilis AB184884
100

100 S. variabilis YH21- HE604199

S. tendae FJ532402
100

a9 S. tendae YH3 - HE604197 %
20 S. violaceusniger YH27A - HE604201
| [ S. antimycoticus HQ244448
100
ol S. endus YH27B - HE604202 %
70
S. endus YH24 - HE604200 %

— S. griseus YH8 - HE604198

100

S. griseus YH27C - HE604203

W|— S. griseus NR_042791

— S. mauvecolor JF915307

Fig. 2. Phylogenetic tree based on the partial sequences of 16S rDNA
gene comparisons of the Streptomyces strains isolated in this study (marked
with stars) and other known Streptomyces strains in the GenBank Database,
using the neighbor-joining method.

similar for these two isolates only on the ISP-4 medium,
whereas they were dissimilar on the other ISP media (Table 2).
Similar findings were recorded for the isolate YH8 and
YH27C.

The phylogenetic tree based on the partial sequences of the
16S rRNA gene showed that the Streptomyces isolates grouped
into two main clusters (Fig. 2). S. griseus YH8 and YH27C
belonged to the same cluster, whereas, the other five isolates
belonged to another cluster, which could be divided into
two sub-clusters. The first one included the isolate S. tendae
YH3 and S. variabilis YH21, whereas, the second included
S. endus YH24, S. violaceusniger YH27A, and S. endus YH27B
(Fig. 2). Because morphological characteristics of S. anti-
mycoticus were unavailable, we cannot compare it with the
cultural characteristics of S. violaceusnigi obtained in the
present study; however, these two strains belonged the same
branch in the same sub-cluster (Fig. 2).

Determination of chitinase activity

The chitinase activity of the seven Streptomyces isolates was
studied by determining the chitinase activity of each isolate
at intervals from 24 h to 120 h (Fig. 3). All tested strains
started production of chitinase after 24 h except the isolates
YH27B and YH27C. The optimal time for obtaining the
maximum chitinase activity differed according to the tested
isolate. For example, the maximum chitinase activity was re-
corded after 72 h for isolate YH21, YH24, and YH27A, and
96 h for isolate YH3, YHS8, YH27B, and YH27C (Table 4).
In previous studies, the optimal time for chitinase production
has also differed according to the tested strains. Narayana
and Vijayalakshmi (2009) found that chitinase production by
Streptomyces sp. ANU 6277 started after 24 h of incubation
and reached maximum levels after 60 h of cultivation, whereas
Kim and Ji (2001) found that Streptomyces griseus HUT6037
reached to the maximum level after 72 h of cultivation. In
the present study, the highest chitinase activity was recorded
for the isolate S. griseus YH27C and the lowest activity was
observed by the isolate S. tendae YH3. Statistically, there are
no significant differences (P<0.05 or P<0.01) among YHS,
YH21, YH27A, and YH27C. Therefore, the area under curve
of each diagram in Fig. 3 was calculated and presented in
Table 4. The area under the curve for each isolate indicates
the stability of chitinase activity during the experimental
period (120 h). According to the calculated area under curve,
the isolate S. variabilis YH21 had the highest stability, fol-
lowed by S. griseus YHS, S. endus YH24, S. griseus YH27C
and S. violaceeusniger YH 27A. The lowest stability of chiti-
nase activity was seen for S. endus YH27B.
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Fig. 3. Chitinolytic activity of seven tested
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Extracellular chitinolytic assay plates demonstrated that this is an adequate test, especially

The extracellular chitinolytic activity of the examined isolates
was determined on colloidal chitin agar plates (Fig. 4). It was
clearly observed that all tested isolates had extracellular
chitinolyic enzymes except isolate YH27B, which did not
show a clear zone around the well. According to the diame-
ter of the clear zones, the isolate YH3 had the lowest activity
compared with the other tested isolates. Results of the ex-
tracellular chitinase activity test on the colloidal chitin agar

when iodine solution was used for visualizing the clear zone.
The diameter of the clear zone could be considered as a good
indicator for chitinase activity. There are many studies that
used this test for indicating chitinolytic activity (Shanmugaiah
et al., 2008; Narayana and Vijayalakshmi, 2009). Also, ex-
tracellular secretion of chitinase had been demonstrated
previously for 13 strains of Actinobacteria (Kawase et al.,
2004).
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Molecular screening of chiC-gene-containing Streptomyces

Plant family 19 chitinases are thought to be part of a defense
mechanism against fungal pathogens, and some plant chi-
tinases exhibit antifungal activity in vitro (Leah et al., 1991;
Collinge et al., 1993; Heitz et al., 1994). Since chitinases of
some Streptomyces species share significant sequence similarity
to plant family 19 chitinases in the catalytic domain, the
antifungal activity of ChiC was examined and a remarkable
ability of ChiC to inhibit hyphal extension of Trichoderma
reesei was demonstrated by Itoh et al. (2002).

The seven Streptomyces strains that showed antifungal ac-
tivity were screened for the presence of a chiC gene belonging
to the family 19 chitinases. A DNA fragment of 1.4 kb was
observed only for the isolates S. griseus YHS, S. violaceusniger
YH27A, and S. griseus YH27C (Fig. 5). The other isolates
did not show the target DNA fragment. The isolate YH27B
showed antifungal activity, although it did not show chiti-
nolyic activity. This means that the isolate TH27B produced
an antifungal agent such as an antibiotic. Kawase et al. (2006)
compared enzymatic properties of family 19 chitinases and
family 18 chitinases produced by Streptomyces coelicolor. The
four chitinases (Chil8bA, Chil8aC, Chil8aD, and Chil9F),

Fig. 4. Extracellular chitinolytic activity of the crude extract
(supernatant) on 0.5% colloidal chitin agar plates. The crude
extract (100 ul) was placed in the 9 mm wells and the plates
incubated at 30°C for 12 h. Plates were flooded with 1% iodine
solution for color development. Preparation of the crude ex-

yH27¢ § tract was described in detail in the Methods section.

YH24

YH27C Fig. 5. Agarose gel electrophoresis of PCR-amplified products
from several Streptomyces DNAs using two PCR-primers tar-
geting a region of the catalytic domain of family 19 chitinase
genes. PC, reference strain of S. griseus ATCC 12475 as a
positive control (fragment with 1.4 kb); NC, B. subtilis ATCC
6633 as a negative control; M, 1 kb leader DNA marker; YH3-
YH27C, seven Streptomyces isolates that showed an antago-
nistic effect against some pathogenic fungi.

whose genes are expressed at high levels in the presence of
chitin, were produced in Escherichia coli and purified. Their
results indicated that only Chil9F exhibited significant anti-
fungal activity. Chitinase C (chiC) from Streptomyces griseus
HUT6037, described in 1997, was the first family 19 chitinase
found in an organism other than higher plants (Watanabe
et al., 1999). In addition, the presence of genes similar to chiC
of S. griseus HUT6037 have been suggested in at least 13
strains of Actinobacteria (Kawase et al., 2004). In the present
study, the chiC gene was detected in two different strains of
S. griseus. We also detected this gene in the S. violaceusniger
strain YH27A. To our knowledge this is the first report on
the presence of this gene in S. violaceusniger.
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Table 4. Specific chitinase activity of seven Streptomyces isolates that showed antifungal activity

Isolate No. Proposed name MCA® (U/ug protein)® Optimal time for MCA (h) Area under curve (mm?)
YH3 S. tendae YH3 0.14%™ + 0.011 96 5.28
YHS8 S. griseus YH8 0.22%%+0.014 96 9.096
YH21 S. variabilis YH21 0.24"*+0.013 72 10.92
YH24 S. endus YH24 0.18%° +0.016 72 8.88
YH27A S. violaceusniger YH27A 0.20%" +0.014 72 8.16
YH27B S. endus YH27B 0.02% + 0.006 96 0.48
YH27C S. griseus YH27C 0.26"* +0.014 96 8.28

*MCA, Maximum Chitinolytic Activity.

®values with the same capital or small letters were not significantly different at probability levels of 0.05 or 0.01, respectively.
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