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Abstract 
Soil Actinomycetes, particularly (Streptomyces spp.), are valuable tools in biotechnology by providing special genes 
in development of transgenic plants resistant to phytopathogens. Actinomycetes microflora of the Iranian soils has 
not been very well explored in searching for biofungicides or use of their antifungal genes for genetic engineering of 
crops. In our survey, among 156 soil inhabitant Actinomycete isolates, strain 101 revealed strong antagonistic and 
chitinolytic activities. Antifungal activity of this strain against (Alternaria solani, Alternaria alternata, Fusarium 
solani) and four phytopathogenic isolates (Pistachio, Cotton, Olive and Potato) of (Verticillium dahliae) was assayed. 
Strain 101 was able to growth on chitin minimal medium agar and utilized chitin as sole source of carbon and 
nitrogen and was physiologically identified as a new strain of (Streptomyces plicatus) from Kerman, Iran. It was 
propagated in fed-batch-cultures and active crude was prepared upon which some biological characterizations 
performed. The active metabolite (s) was polar, soluble in H2O and methanol but insoluble in non polar solvents. 
Antifungal activity composed of two types, mycelial inhibition, inhibition of microsclerotia and melanin biosynthesis. 
Thermal inactivation points of active phases were 70°C and 90°C. Antifungal (chitinase) gene from (S. plicatus) was 
evaluated a useful candidate for development of recombinant DNAs in genetic engineering of agriculturally 
important crop plants for increased tolerance against phytopathogenic fungi. 
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Introduction 
     In the recent decades, development of transgenic plants and biological control of plant 
diseases has received high attention. Actinomycetes are one of the most attractive sources of 
different kinds of metabolites such as enzymes, which degrade the fungal cell wall directly. 
Their ability to parasitize and degrade spores of fungal plant pathogens is well established 
(El-Tarabily et al., 1997 and Kieser et al., 2000). (Alternaria solani Sorauer, Fusarium solani 
(Mart.) Sacc., Verticillium dahliae Klebahn and Geotricum candidum Link ex Pers.) are 
cosmopolitan phytopathogens causing severe diseases in wide range of plant species (Snowdon, 
1991 and Pegg and Brady, 2002). Some workers have reported biological control of 
phytopathogenic fungi by (Streptomyces spp.) (Dong et al., 1998). A commercial biocontrol 
agent 'Rhizovit®' basis on spores of (Streptomyces rimosus) HR071 is formulated in Germany. It 
is a phytoprotectant biofungicide and can be used to control several seed-borne and soil-borne 
fungal pathogens. It is capable to control Fusarium, Verticillium, Pythium and Rhizoctonia both 
in vitro and in vivo (Marten et al., 2001). Expression of cloned genes in transgenic plants has 
provided evidence in plant defense (Kong et al., 2001). At the present research, in search for 
new agro-bioproducts and potential gene resources, Actinomycetes microflora of the Kerman 
province soils were investigated. In vitro studies and biological characterization of 
(Streptomyces plicatus) strain 101, as a new strain from Iran, were performed. 
Materials and Methods 
Culture Media: Casein glycerol (or starch) agar (CGA) was used for isolation, identification and 
supporting Actinomycetes strains which composed of: glycerol or soluble starch, casein and 
minerals as described by Kuster and Williams (1964). In submerged cultures, (for production of 
active crude extracts), agar and glycerol were excluded and soluble starch was replaced (CG 
medium). Chitin minimal agar medium is used for detection of chitinase activity of those 
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Actinomycetes strains that are capable to degrade chitin which composed of: Chitin (colloidal), 
4 gr; KH2PO4, 0.3 gr; K2HPO4, 0.7 gr; MgSO4.7H2O, 0.5 gr; FeSO4.7H2O, 0.01 gr; 
ZnSO4.7H2O, 0.001 gr; MnCl2.4H2O, 0.001 gr; Agar, 18 gr in 1 L distilled water and pH was 
adjusted 8.0 to 8.5 (Hsu and Lockwood, 1975). All fungal isolates were maintained on potato 
dextrose agar (PDA) (Difco), 39 gr PDA/L of distilled H2O (pH 7.2).  
Soil Sampling and Screening Procedures: These procedures were performed as used by Aghighi 
(2004). 
Classification of Active Strains: Identification procedures were kindly done by Saadoun et al. at 
Dept. of Biological sciences, University of Science and Technology, Irbid, Jordan. Strain 101 
was characterized morphologically and physiologically following the direction mentioned in the 
methods manual of international cooperative project for description and deposition of cultures 
of Streptomyces (ISP) (Shirling and Gottlieb, 1966). 
Antifungal Bioassays: Antifungal activity of this strain against (A. solani, A. alternata and F. 
solani) and four phytopathogenic isolates (Pistachio, Cotton, Olive and Potato) of (V. dahliae) 
were assayed as used by Aghighi (2004). 
Solubility Studies of Active Crude in Organic Solvents: To evaluate the relative polarity of the 
active principle (s) present in the crude, 2 ml of each of H2O, methanol, DMSO (dimethyl 
sulfoxide) : Methanol (1:1, v/v), chloroform, dichloromethane, and hexane were added to 20 mg 
pulverized-crude samples separately and vortexed for 20 min. Each sample was then centrifuged 
at 3000 rpm for 15 min. Supernatants and pellets were separated, dried under reduced air at 
50°C and assayed at concentration of 10 mg/ml by Agar diffusion-method. 
Effect of Heat on Bioactivity: To monitor the effect of temperature on bioactivity, small aliquots 
(10 mg/ml) of soluble crude were exposed to each of 30, 40, 50, 60, 70, 80 and 90°C for 10 min 
and cooled on ice afterwards. Bioactivity of treated samples was evaluated using well diffusion 
method. Control included incubation of an untreated sample at 26°C.  
Postulation on Chitinolytic Activity: To detect chitinolytic activity of the active strain, pure and 
fresh culture was aseptically touched with a needle and spores transferred into chitin (colloidal) 
minimal agar medium as described by Shahidi Bonjar and Aghighi (2005). Samples were 
incubated at 29°C and analyzed 5-10 days afterwards. Colloidal chitin was prepared from crab 
shells as described by Aghighi (2004). 
Results 
Classification of Actinomycete: (Streptomyces plicatus) strain 101 was identified and reported as 
a new record from Iran. 
Antifungal Bioassays: Antifungal activity of (S. plicatus) strain 101 was well revealed against (A. 
solani, A. alternata and F. solani) and four phytopathogenic isolates (Pistachio, Cotton, Olive 
and Potato) of (V. dahliae). 
Solubility of Active Crude in Organic Solvents: The results show that the active principle (s) has a 
polar nature since activity is recoverable only in H2O and methanol but not in chloroform, 
dichloromethane and hexane. 
Effect of heat on bioactivity: Thermal inactivation point of active crude of (S. plicatus) was 70°C 
for chitinase and 90°C for microsclerostatic activities respectively. 
Determination of Chitinolytic Activity: Strain 101 was able to growth on chitin minimal medium 
agar and utilized chitin as sole source of carbon and nitrogen. This criterion was revealed by 
production of clear zone around the growing colony. The zone is indicative of chitin utilization 
by chitinase production while turbid areas represent intact chitin with no chitinolytic activity 
(Fig. 1). 
Discussion 
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Genetic engineering provides an opportunity to protect plants from fungal diseases and to 
reduce the use of synthetic fungicides. The genes for antifungal metabolites can be engineered 
into plants to increase the resistance of crop plants to fungal attack, decreasing the use of 
environmentally unfriendly fungicides. The major factor limiting the application of this 
technology is the identification and isolation of useful genes that code for antifungal 
metabolites. The main objective in our study was to identify biologically active Streptomyces 
isolates capable for providing genes for further development of resistant plants against several 
important plant pathogens. Preliminary data in this paper describes the presence of potential 
antifungal gene (s) in (Streptomyces plicatus) strain101 against four phytopathogens. Results of 
these findings may form the avenue for production of resistant transgenic-plants with 
recombinant DNAs having antifungal genes cloned from biologically active (Streptomyces 
spp.). Expression of cloned chitinase genes in transgenic plants has provided evidence of their 
role in plant defense. Conclusively, the antifungal-metabolite gene from (S. plicatus) strain 101 
would be a useful candidate for genetic engineering of agriculturally important crop plants for 
increased tolerance against wide range of phytopathogens. 
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Fig. 1. Chitinolytic activity of Streptomyces plicatus strain 101 on chitin 
minimal medium agar. The clear zone (ring) around the growing colony 
represents chitinase activity. 
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