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Isolation, determination and evaluation of antifungal activity of some Iranian

actinomycetes against three plant pathogenic fungi
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Abstract
270 actinomycetes were isolated from soils of various regions of Iran including
Khuzestan, Esfahan, Gilan, Hormozgan, Mazandaran, Tehran and Azarbayejane Gharbi
provinces using special media. Inhibition effects of their extracellular broth were assessed
against Fusarium oxyosporum, Aspergillus niger, Alternaria alternata by top agar layer
method. 28 isolates showed antifungal activity against at least one of the fungi tested with
more than 20mm diameter of inhibition zone and 5 isolates had more than 30mm diameter of
inhibition zone. Isolate #35 demonstrated 10%-42% growth inhibition against all of the fungi
tested and selected for further investigations. The effect of 3 seeding and 5 fermentation
media on production of antifungal compound by this strain was assessed by cylinder diffusion
assay method. The results showed that culture filtrate obtained from seeding medium 2 and
Hicky-Tresner fermentation medium had maximum inhibition activity against three tested
fungi. So, these media are proposed as suitable media for growth of the strain (inoculum
preparation) and production of antifungal agent, respectively. Studies on molecular,
morphological and biochemical characteristic of this isolate and 16S rDNA gene nucleotide
analysis showed that isolate #35 had maximum similarity to Streptomyces cuspidosporus
DSM41425. But significant differences in morphological and biochemical characteristics
between this species and isolate #35 showed that further investigations are needed for
determination of its species.
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Seeding 1 Seeding 2 Seeding 3
Malt extract 10.0 Peptone 10.0 Soya meal 40.0
Yeast extract 4.0 Malt extract 10.0  Glucose 5.0
Glucose 4.0 Glycerol 10.0 Glycerol 10.0
pH7 pH7 (NHy),S0,42.5

(NH,4),HPO, 0.6
CaCO; 8.0
pH7
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Table 4- Biochemical Characteristics of isolate 35

w81y YD b s a1, T b s
Strain 35 Characteristics Strain 35 Characteristics
BTN et dand L0 oUls
Carbon utilization Degradation ability
+ Xylose + Casein
+ Fructose + Starch
+ Galactose = Adenine
+ Rhamnose - Urea
+ Sucrose + DNA
+ Maltose - Pectin
+ Lactose + Tween 80
+ Rafinose + Tween 85
+ Arabinose e & e
Nitrogen utilization
+ Sorbitol + Valin
+ Mannose + Sodium nitrate
+ Gluconate + Argenine
+ Pyrovate + Histidine
+ Citrate + Threonine
+ Propionate + Asparagine
+ Acetate + Phenylalanine
+ Lactate + Cycstein
- Oxalate + Methionine
+ Inoline + Proline
+ Inositol + Tyrosine
+ Adonitol + Tryptophane
+ Esculin s el
Enzyme activity
+ Salicin - Nitrate reduction
+ Ribose

A%



cSal sl g1 goldas o Bas Cdld ool g plelid (glulder tely deses 5 (sl

o —3. Indonesiensis (AJ391835)

S. melanosporofaciens (AJ391837)
91 LS. sporoclivatus (AJ781369)

67

27 | S. sporocinereus (AJ781368)
;‘4 S. rimosus (AB045883)

47 I_|7—S. somaliensis (AJO0O7399

LS. libani (AJ781351)

81— kasugaensis (AB024442)

3. cattleya (AB045870)

B

r S. cuspidosporus (AY589505)

50 Tenla
00 i 15014

I
0

57_[5, thioluteus (AJ781360)

S. morookaensis (AJ781349)

43
— S. parvisporogenes (AJ781348)

_I—S. sapporonensis (AJ781378)
98 IS kashimirensis (AJ781337)

i
0.005
i 53 e Ll 5T o Sk Connd e 158 IDNA ol S 5,005 ¥ K3
Bootstrap (g S 4 ges Lo )3 jfvlm; oleddl faa js edd S5 osldel idas e OIS | Streptomyces
sl 5 gas Vorw )
Fig. 3- Dendrogram of phylogenetic position of isolate 35 and related Streptomyces species.

Numbers at nodes indicate percentages of bootstrap samplings, derived from 1000 re-samplings

2 S5 sLag S L YO alix VP TRNA 05 o5 iS5 JI 5 K358 3T

o 03 Sn i laas S L0 i cl 3 0l Y IS s Streptomyces g
AV/A aold= 0l V98 IDNA 05 s iS5 JI g 5T .ol ol osls LS Strepromyces
Lol asiis |y Streptomyces cuspidosporus DSM41425 & S L (g5 ¢1lS 55 wlis Ao s

DSM41425 a5 S L SCbehd Cos s jo |y glislis o op mi s aslis ol e

¢A



VAV Wbl (¥ ojlad VF Al 1 aLE slasslow 5 BT

r_,.:lm_:.a S, L aslas Sl B L Y0 wlie s e OLLS Streptomyces cuspidosporus
OL—‘&.J‘-}S};L;."l—"};"“—;b}°bf‘)".‘:’"“’&)6‘)\3&)64;"‘5["6‘))1‘”‘°3_}3j&‘}‘5
S5 Mge ol ol 555 5 i e et sl 4 a5 bl Ol s gl

F 45l Streptomyces o 3l Gl S Wl e (g8 G)GM

GL;A

AGATE, A. D.and J. V. BHAT, 1963. A method for the preferential isolation of
actinomycetes from soils, Antoine van Leeuwenhoek, 29: 297-304.

AGHIGHI, S., G. H. SHAHIDI BONJAR, R. RAWASHDEH, S. BATAYNEH and I
SAADOUN, 2004. First Report of Antifungal Spectra of Activity of Iranian
Actinomycetes Strains Against Alternaria solani, Alternaria alternate, Fusarium solani,
Phytophthora megasperma, Verticillium dahliae and Saccharomyces cerevisiae, Asian
Journal of Plant Sciences, 3: 463-471.

AMAL RAJ, A., R. RAGHUNATHAN, M. R. SRIDEVIKUMARIB and N. RAMANB,
2003. Synthesis, Antimicrobial and Antifungal Activity of a New Class of Spiro
Pyrrolidines, Bioorganic & Medicinal Chemistry, 11: 407-419.

BRESSAN, W. 2003. Biological control of maize seed pathogenic fungi by use of
actinomycetes, BioControl, 48: 233-240.

BROGLIE, K., I. CHET, M. HOLLIDAY, R. CRESSMAN, P. H. BIDDLE, G.
KNOWLTON, C. J. MAUVAIS and R. BROGLIE, 1991. Transgenic plants with
enhanced resistance to the fungal pathogen Rhizoctonia solani, Science, 254: 1194-119.

CAO, L., Z. QIU, X. DAL H. TAN, Y. LIN and S. ZHOUL, 2004. Isolation of Endophytic
Actinomycetes From Roots and Leaves of Banana (Musa Acuminata) Plants and Their
Activities Against Fusarium oxysporum. sp. Cubense, World Journal of Microbiology
and Biotechnology, 20: 501-504.

COOMBS, J. T. 2002. ScienceNow! The national science forum, 20-22 August.

St o Ser (655 555 g o8 LT oy ez aabls dige 5 gol sl s 0B WL Sl

Ol g5 VFIO0-FFO0 ey G sobs 0 g8 o820 cp sl oy s ol g3 odSCEDS (53 5 s S

£q



v Sl gacamle g8t 5l galun B Sl oL, g pleld (gilulde el ghesus g (el

(www.abc.net.au/science/news).

CRAWFORD, D. L., J. M. LYNCH, J. M. WHIPPS and M. A. OUSLEY, 1993. Isolation and
characterization of actinomycete antagonists of a fungal root pathogen. Applied and
Enviromental Microbiology, 59: 3899-3905.

EI-NAKEEB, M. A. and H. A. LECHEVALIER, 1963. Selective isolation of aerobic
actinomycetes, Applied Microbiology, 11: 75-77.

EL-TARABILY, K. A. S., G. E. J. HARDY, K. SIVASITHAMPARAM, A. M., HUSSEIN
and D. I. KURTBOKE, 1997. The potential for the biological control of cavity-spot
disease of carrots, caused by Pythium coloratum, by streptomycete and non-
streptomycete actinomycetes. New Phytologist, 137: 495-507.

EI-TARABILY, K. A., M. H. SOLIMAN, A. H. NASSAR, H. A. AI-HASSANI, K.
SIVASITHAMPARAM, F. MCKENNA and G. E. St J. HARDY, 2000. Biological
control of Sclerotinia minor using a chitinolytic bacterium and actinomycetes, Plant
Pathology, 49: 573-583.

FARELLY, V., F. A. RAINLEY and E. STACKEBRANDT, 1995. Effect of genome size and
rrn gene copy number on PCR amplification of 16S rRNA genes from a mixture of
bacterial species, Applied and Enviromental Microbiology, 61: 2798-2801.

FELSENSTEIN, J. 1985. Confidence limits on phylogenies: An approach using the bootstrap.
Evolution, 39:783-791.

FGUIRA, L. F. B,, S. FOTSO, R. B. AMEUR-MEHDI, L. MELLOULI and H. LAATSCH,
2005. Purification and structure elucidation of antifungal and antibacterial activities of
newly isolated Streptomyces sp. strain US80, Research in Microbiology, 156: 341-347.

FOURATI-BEN FGUIRA, L., S. FOTSO, R. BEN AMEUR-MEHDI, L. MELLOULI, and
H. LAATSCH, 2005. Purification and structure elucidation of antifungal and
antibacterial activities of newly isolated Streptomyces sp. strain US80, Research in
Microbiology, 156: 341-347.

FUKAGAWA, Y., T. SAWA, I. HOMMA, 1968. Studies on biosynthesis of kasugamycin. V.
Biosynthesis of the amidine group. Journal of Antibiotics, 21, 410-412.

HAMAKI, T., M. SUZUK]I, R. FUDOU, Y. JOJIMA, T. KAJIURA, A. TABUCHI, K. SEN
and H. SHIBAI, 2005. Isolation of novel bacteria and actinomycetes using soil extract
agar medium, Journal of Bioscience and Bioengineering, 99, 5: 485-492.

HAMEDI, J., F. MALEKZADEH and A. E. SAGHAFI-NIA, 2004. Enhancing of



VAV Wbl (¥ ojlad VF Al 1 aLE slasslow 5 BT

erythromycin production by Saccharopolyspora erythraea with common and uncommon
oils, Journal of Industrial Microbiology and Biotechnology, 10: 447-456.

HICKEY R. J., TRESNER H. D., 1952. A cobalt-containing medium for sporulation of
Streptomyces species, Journal of Bacteriology, 64: 891-892.

IWASA, T., E. HIGASHIDE, H. YAMAMOTO, and M. SHIBATA, 1971. Studies on
validamycins, new antibiotics. II. Production and biological properties of validamycins
A and B. Journal of Antibiotics 24: 107- 113.

IZNAGA, Y., M. LEMUS, L. GONZALEZ, L. GARMENDIA, L. NADAL and C. VALLIN,
2004. Antifungal activity of actinomycetes from Cuban soils, Phytotherapy Research, 18:
494-496.

KAWATO, N. and R. SHINOBU, 1959. On Streptomyces herbaricolor sp. nov., supplement:
a single technique for microscopical observation, Mem Osaka Univ Lib Arts Educ B 8,
114-119.

KIM, B. S., S. S. MOON, B. K. HWANG, 1999. Isolation, identification, and antifungal
activity of a macrolide antibiotic, oligomycin A, produced by Streptomyces libani,
Canadian Journal of Botany , 77: 850-858.

KIYOSHI, I. and R. J. SUHADOLNIK, 1976. The biosynthesis of natural and unnatural
polyoxins by Streptomyces cacaoi, Archives of Biochemistry and Biophysics, 173:
141-153.

KUMAR, S., K. TAMURA, M. NEI, 2004. Mega 3: integrated software for molecular
evolutionary genetics analysis and sequence alignment. Briefings in Bioinformatics, 5,
150-163.

KUSTER, E. and S. T. WILLIAMS, 1964. Selection of media for isolation of streptomycetes,
Nature, 202: 928.

MERRIMAN, P. R., R. D. PRICE, J. F., KOLLMORGEN, T. PIGGOTT and E. H. RIDGE,
1974. Effect of seed inoculation with Bacillus subtilis and Streptomyces griseus on the
growth of cereals and carrots, Australian Journal of Agricultural Research, 25: 219.

OKAMLI, Y. and K. HOTTA, 1988. Search and discovery of new antibiotics, p. 39, In M.
Goodfellow, S. T. Williams, and M. Mordarski (eds.), Actinomycetes in Biotechnology.
Academic Press, London.

READING, C. and M. COLE, 1977. Clavulanic acid: a B-lactam from Streptomyces
clavuligerus, Antimicrobial Agents and Chemotherapy, 11: 852-857.

0\



v Sl gacamle g8t 5l galun B Sl oL, g pleld (gilulde el ghesus g (el

SHIRLING, E. B. and D. GOTTLIEB, 1966. Methods for characterization of Streptomyces
species, International Journal of Systematic Bacteriology 16: 313- 340.

STANECK, J. L. and G. D. ROBERTS, 1974. Simplified approach to the identification of
aerobic actinomycetes by Thin-layer chromatography, Applied Microbiology, 28:
226-23.

SUZUKI, M. T. and S. J. GIOVANNI, 1996. Bias caused by template annealing in the
amplification of mixtures of 16S rRNA genes by PCR, Applied Environmental
Microbiology, 62: 625-630.

TAKEUCH]I, S., K. HIRAYAMA, K. UEDA, H. SAKAI, H. YONEHARA, 1958. Blasticidin
S, a new antibiotic, Journal of Antibiotics, 11: 1+5.

TANAKA, Y. T. and S. OMURA, 1993. Agroactive compounds of microbial origin, Annual
Review of Microbiology , 47: 57-87.

VALOIS, D., K. FAYAD, T. BARASUBIYE, M. GARON, C. DERY, R. BRZEZINSKI, and
C. BEAULIEU, 1996. Glucanolytic actinomycetes antagonistic to Phytophthora
fragariae var. rubi, the causal agent of raspberry root rot, Applied and Environmental
Microbiology, 62: 1630-1635.

WAKSMAN, S. A. 1957. Species concept among the actinomycetes with special reference to
the genus Streptornyces, Bacteriology Review, 21: 1-29.

WARD, D. M., R. WELLER, and M. M. BATESTON, 1990. 16S rRNA sequence reveals
numerous uncultured microorganisms in a natural community, Nature, 345: 63—-65.

WATVE, M. G., R. TICKOO, M. M. JOG and B. D. BHOLE, 2001. How many antibiotics
are produced by the genus Streptomyces? , Archives of Microbiology, 177: 86-90.

WILLIAMS, S. T., M. GOODFELLOW, G. ALDERSON, E. M. H. WELLINGTON, P. H.
A. SNEATH and M. J. SACKIN, 1983. Numerical classification of Streptomyces and
related taxa, Journal of General Microbiology, 129: 1743-1813.

WINK, J. 2002. The Actinomycetales, An order in the class of Actinobacteria important to the
pharmaceutical industry- Electronic manual, Aventis Pharma., Deutschland Gmbh.

YALLOP, C. A., C. EDWARDS, and S. T. WILLIAMS, 1997. Isolation and growth
physiology of novel Thermoactinomycetes, Journal of Applied Microbiology, 83:
685-692.

YOUSSEF, Y. A., K. A. EL-TARABILY and A. M. HUSSEIN, 2001. Plectosporium

tabacinum Root Rot Disease of White Lupine (Lupinus termis Forsk.) and its Biological

oy



VAV Wbl (¥ ojlad VF Al 1 aLE slasslow 5 BT

Control by Streptomyces Species, Journal of Phytopathology, 149: 29-33.

Address of the authers: Dr. J. HAMEDI and Eng. F. MOHAMMADIPANAH,
Microbial Biotechnology Laboratory, Department of Microbiology, School of Biology,
College of Science, University of Tehran, P. O. Box 14155-6455, Tehran, Iran.

oy



v Sl gacamle g8t 5l galun B Sl oL, g pleld (gilulde el ghesus g (el

0t



