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Abstract 

The potentiality of 36 strains of actinomycetes species 
isolated from fertile clay soils in Egypt for the production 
of antimicrobial substances against a variety of test orga
nisms was investigated. Most of the isolated organisms 
inhibited gram positive, gram negative and acid fast 
bacteria as well as yeasts and filamentous fungi. Nine 
isolates showed antagonistic activities against the French 
bean-wilt fungus Fusarium oxysporum f.sp. phaseoli, and 19 
isolates antagonized the bacterial-wilt pathogen of banana 
Pseudomonas solanacearum in vitro. The most active isola
tes against the preceding pathogens were identified as 
Streptomyces corchorusii and S. spiroverticillatus. These 
were subjected to UV-irradiation treatment in order to 
induce mutants with increased antagonistic activities. Ele
ven mutants were obtained from S. corchorusii and mutant 
M 155 was the most active against the Fusarium-wilt 
pathogen on agar medium (diameter of inhibition zone was 
15 mm after 10 days compared with 9 mm for the wild
type). All five mutants obtained from S. spiroverticillatus 
were inhibitory to P. solanacearum; mutant M281 was the 
most potent in liquid medium (diameter of inhibition zone 
was 24 rom after 2 days compared with 12 mm for the 
wild-type by the paper disc method). 

Different concentrations of the ingredients of starch
nitrate medium stimulated by nearly 2-fold the inhibitory 
effects of MISS and M281 as compared with their wild 
types. Under such conditions, S. corchorusii MISS lysed 
completely the mycelium of F oxysporum f. sp. phaseoli 
after 10 days. 
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Introduction 

The production of antimicrobial substances by soil 
micro-organisms has been reported by many investi
gators (Broadbent et al. 1971; Brock and Brock 1978; 
Pelczar et al. 1988). A great deal of attention has been 
focused on the production of active antimicrobial 
substances from the genus Streptomyces (Hussein et 
al. 1977; Paul and Banerjee 1983; Achenback et al. 
1988; Cheng et al. 1989). Actinomycetes have also 
been reported to antagonize many phytopathogenic 
micro-organisms in vitro (Broadbent et al. 1971; Sirry 
et al. 1981; Sharma and Sinha 1982; Vucetic et al. 
1987). 

Many trials have been done to increase the anti
microbial potential of actinomycetes through appli
cation of mutation regimes (Hopwood 1973; Blu
mauerova et al. 1974; Daum and Lemak 1979; Ali 
et al. 1980; Kralovcova et al. 1984; Williams 1990), 
or by manipulation of culture conditions (Salama et 
al. 1981; Sirry et al. 1981). 

Today, mutation in the narrow sense, involves 
molecular alterations within a gene. In the broad 
sense, any change within the structure or in the 
number of chromosomes may be considered as 
mutation. It involves the genetic material, the DNA 
or the RNA. It happens in mutants which may be 
mutant gene, mutant cells, mutant organelles, or 
mutant individuals. Mutation may affect any mor
phological, physiological or behavioral character of 
the species (Redei 1982). At the molecular level, there 
are several ways in which changes in the purine-
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pyrimidine base sequence of a gene can occur, resulting 
in mutation. Accordingly, there are two types of 
mutations: point and frame shift mutations. The first 
occurs as a result of the substitution of one nucleotide 
for another in the specific nucleotide sequences of a 
gene. The latter results from an addition or loss of one 
or more nucleotides in a gene and are termed insertion 
or deletion mutations, respectively. This results in a 
shift of the reading frame (Pelczar et al. 1988). 

There have been few studies on the conditions used for 
mutagenesis in streptomycetes: mutation from prototro
phy to auxotrophy as a generalized forward mutation 
and reverse mutation of chemical and physical muta
gens. For Streptomyces, some reversion test was used to 
increase or decrease the antibiotic yield. By this test, 
three mutagenic procedures for actinomycetes have 
been found to be as effective as any so far devised for 
other micro-organisms. Two of these: N-methyl
N-nitro-N-nitrosoguanidine (NTG) and near UV -light 
in the presence of 8-methoxypsoralen are suitable for 
streptomycetes; the third is heat (Hopwood 1973). 

UV -irradiation treatment causes the formation of 
dimers by cross-linking between adjacent pyrimidine 
residues, especially thymine, in DNA. These cross
linked residues disrupt the normal process of replica
tion by preventing the various polymerases from 
functioning (Pelczar et al. 1988). 

The present investigation was designed to explore 
the potential of some actinomycetes species for the 
production of antimicrobial compounds, in vitro, 
effective in inhibiting the Fusarium-wilt of French bean 
caused by F. oxysporum f.sp. phaseoli. The most 
effective antagonistic strains against the bacterial-wilt 
of banana caused by Pseudomonas solanacearum have 
been also sought. Improvement of the antimicrobial 
potency of the most active species through application 
of a mutation regime (UV-irradiation) and optimiza
tion of culture conditions, have also been tried. Such 
studies are believed to be important in the biocontrol 
endeavours of these pathogens in vivo. 

Materials and methods 

Pathogenic fungi and culture conditions. The pathoge
nic strain of Fusarium oxysporum Schl. f.sp. phaseoli 
Kendrick & Snyder which causes wilt of French bean, 
was obtained from the Agricultural Research Center, 
Alexandria, Egypt. This was maintained as single 
spore isolates on sarcina agar (Gibriel et al. 1987). 
The strain of pathogenic bacterium Pseudomonas 
solanacearum E. F. Smith which causes wilt of banana 
(Pathak 1980), was obtained from the Microbiologi
cal Resources Center (MIRCEN), Faculty of Agri
culture, Ain-Shams University, Egypt and maintain-
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ed on modified nutrient agar which contained per 
liter: 5 g peptone, 3 g meat extract, 4 g glucose, 20 g 
agar; pH 7. 

Test micro-organisms. These included the gram positi
ve bacteria Bacillus subtilis, B. megaterium, B. cereus, 
Streptomyces sp., Corynebacterium xerosis; the gram 
negative bacterium Escherichia coli and the acid fast 
bacterium Mycobacterium rhodochrous. Saccharomy
ces cerevisiae and Candida utilis represented the 
yeasts and Fusarium solani and Trichoderma koningi 
the filamentous fungi. Bacteria were maintained on 
Difco nutrient agar; yeasts on the universal medium 
(Gibriel et al. 1987); filamentous fungi on Czapek
Dox agar; Streptomyces sp. on starch-nitrate agar 
(Waksman and Lechevalier 1961). 

Isolation and purification of actinomycetes. Soil sam
ples collected from various fertile clay soils were used 
for isolating the different actinomycetes species on 
starch-nitrate agar in plates stored at 30°C for 7 days. 
Colonies were checked for purity by repeated subcul
turing and the pure colonies selected were maintained 
on slants of the same medium (Waksman and Leche
valier 1961) and stored at 5°C. 

Screening of the isolated organisms for antimicrobial 
activities. The antimicrobial spectrum of the isolated 
actinomycetes species was determined against the test 
microorganisms and the pathogenic strains F. oxy
sporum f.sp. phaseoli and P. solanacearum by the 
streak method (EI-Shafey et al. 1985), the paper disc 
and the cut plug methods (Pridham et at. 1956). 

Characterization and identification of the most active 
strains. The most active actinomycetes species were 
characterized according to the criteria described by 
Williams et al. (1983). The morphological charac
teristics including colour of aerial and substrate 
mycelia, colour of soluble pigments, spore chain 
morphology and spore surface ornamentation (using 
light and transmission electron microscope model 
Jem CX-lOO, Oken Shojico Ltd, Japan), were deter
mined after 7, 14 and 21 days on oatmeal agar, in
organic salts-starch agar (Kuster 1959), yeast extract
malt extract agar (Pridham et al. 1957), and glycerol
asparagine agar (Pridham and Lyons 1961). 

Diaminopimellic acid (DAP) resulting from cell 
wall hydrolysis was assayed according to Becker et al. 
(1964). Melanin production was assayed after 4 days 
on peptone-iron-agar (Tresner and Danga 1958). 
Utilization of carbon and nitrogen sources was 
assessed by incubating cultures for 21 days in basal 
media described by Pridham and Gottlieb (1948) and 
Williams et al. (1983), respectively. Degradation of 
starch, allantoin, arbutin and xanthine was investi
gated. Production ofH2S, growth inhibition, thermal 



stability at 45°C were examined on yeast extract-malt 
extract agar after 14 days. Resistance to the antibiotic 
rifampicin and antibiosis against Aspergillus niger 
and Bacillus subtilis were studied as described by 
Goodfellow and Orchard (1974). The keys of Kuster 
(1972), Nonomura (1974) and Szabo et al. (1975) 
were followed. Bergey's Manual of Systematic Bacte
riology (Williams et al. 1987) was also consulted. 

Mutation treatment. Isolates of Streptomyces corcho
rusii (synonym S. olivaceoviridis) and S. spiroverticil
latus (allied S. violaceus) that proved to be the most 
active antagonists against F. oxysporum f.sp. phaseoli 
on solid medium and P. solan ace arum in liquid 
mediaum, respectively, were subjected to UV -irradia
tion treatment to induce mutants with increased 
inhibitory effects against the pathogenic micro-orga
nisms studied. 

Mutation was conducted as described by EI-Abyad 
et al. (1993 b). Spores of wild-type strains of either S. 
corchorusii or S. spiroverticillatus were produced by 
growing these strains on 100 ml of starch-nitrate agar 
(Waksman and Lechevalier 1961) in Erlenmeyer flasks 
for 10 days at 30°C. Spores and hyphal fragments were 
removed from the culture surface by shaking with glass 
beads in sterile distilled water. The suspension was 
filtered through cotton wool and Whatment No. 1 
paper, washed with distilled water and centrifuged at 
3000 g for 20 min and the resultant pellets were 
suspended in 0.05 M phosphate buffer (pH 7). 

Different concentrations of spore suspensions 
were exposed to the light of a 15 W UV lamp (Philips 
315 T8) at a distance of 10 cm for different time 
intervals ranging from 0 - 60 sec. All the suspension 
samples were stirred during exposure with a magnetic 
stirrer. Aliquots (0.1 ml each) of irradiated suspen
sion were plated on starch-nitrate agar and incubated 
at 30°C for 10 days. 

The streak and the paper disc methods were used to 
assess the potency of antagonistic mutants against F. 
oxysporum fsp. phaseoli. The diameters of inhibition 
zones were measured and the most active mutant was 
selected for further studies. In case of P. solanacea
rum, the paper disc and the cut plug methods were 
used. 

Effects of culture conditions on the antimicrobial acti
vity of the most active mutant. In these experiments, 
the optimum culture conditions for attaining maxi
mum inhibitory effect by M 155 of S. corchorusii, the 
most potant against F. oxysporum fsp. phaseoli, and 
by M 281 of S. spiroverticillatus, the most active 
against P. solanacearum, were investigated after 10 
and 2 days at 30°C, respectively. The effect of the 
composition of culture medium was studied by inocu
lating each of the wild-type and the mutant in 100 ml 

of 6 different media: 1) nutrient (Difco); 2) starch
nitrate (Waksman and Lechevalier 1961); 3) the 
medium described by El-Sayed et al. (1987); 4) the 
medium described by Okanishi and Gregory (1970); 
5) the medium described by Pridham and Gottlieb 
(1948); 6) glycerol-yeast extract medium (Tanida et 
al. 1979). All media were adjusted to initial pH of 7 
with either 1 M NaOH or 1 M HCI. The antagonistic 
activity (diameter of inhibition zone) ofM 155 against 
F. oxysporum fsp. phaseoli was assayed at 2-days 
intervals by the streak method, and ofM281 against 
P. solanacearum after 2 days by the paper disc 
method. 

The effect of initial pH value was studied using 
starch-nitrate medium adjusted to different reactions 
with either 1 M HCI or 1 M NaOH. For buffering the 
media, the following systems were utilized: citrate
phosphate for pH 4 and 5; phosphate for pH 6 and 7, 
and Tris-HCI for pH 8 and 9. The buffer system was 
added aseptically to the media after autoc1aving. The 
antimicrobial activity was assayed as previously 
described, and the final pH was recorded. 

The effect of different carbon sources was investi
gated by substituting starch in the starch-nitrate 
medium with 2 g 100 ml- 1 of either glucose, fructose, 
sucrose, lactose, arabinose, mannitol or glycerol. All 
media were adjusted to pH 7 before autoc1aving and 
inoculated media were incubated at 30°C. The effect 
of different concentrations of starch (0.5-4 g 
100 ml- 1

) was investigated. 
The effect of different nitrogen sources was investi

gated by substituting KN0 3 in the starch-nitrate 
medium with 0.2 g 100 ml- 1 of each of NaN03 

(inorganic source); NH4S04, NH4N0 3 , NH4Cl (am
monia source); peptone, L-proline, L-cystine, L
asparagine and glutamine (organic source). Produc
tion of antimicrobial substances in different concent
rations of KN0 3(0.05-0A g 100 ml- i

) was also 
studied. 

The optimum C: N ratio for the production of 
antimicrobial compounds by M155 and M281 was 
studied employing different starch: KN03 ratios: 
0:0,0.5:0.5,0.5:1,1:0.5 and 1:1 (w/w). 

Statistics. All measurements described in this study 
are the means of 3 replicates. The results obtained 
were evaluated by variance analysis, and the signifi
cance was determined at LSD levels of 1 and 5%. 

Results 

Characterization and antimicrobial spectrum of the 
isolated actinomycetes 
Thirty-six strains of actinomycetes species were iso
lated from fertile cultivated soils in Egypt on starch-
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nitrate agar. The strains were differentiated into 
seven groups on the basis of the colour of the aerial 
mycelium; grey (13 isolates), brown (11), white (5), 
yellow, red, blue (2 each) and green (1). The inten
sity of growth of these isolates on the test medium 
varied from scanty to moderate or heavy and the 
reverse-side of the colonies exhibited different co lou
ration (reddish-brown, yellowish-brown, grey, 
greyish-brown, and blue). Soluble pigments were 
rare. When the antimicrobial activities of these 
isolates were examined against the test micro-orga
nisms, it was found that the potentiality of these 
isolates varied according to the type of test organism; 
the diameter of inhibition zone ranged between 
5.5-49 mm. 

The capability of the isolated organisms to antago
nize the pathogenic microorganisms F oxysporum 
f.sp. phaseoli and P. solanacearum was tested by the 
streak method for the former species and the paper 
disc and cut plug methods for the latter. It was found 
that the diameter of inhibition zone increased with 
time and varied according to the antagonist. Nine 
isolates antagonized F oxysporum f.sp. phaseoli on 
solid agar medium with isolate No. 15 being the most 
potent (diameter of inhibition zone was 9 mm after 10 
days). No antagonistic activity againt F oxysporum 
f.sp. phaseoli was demonstrated by the paper disc 
method. However, 19 isolates antagonized P. solana
cearum in liquid medium; isolate No. 281 was the 
most potent (diameter of inhibition zone was 8.6 mm 
after 10 days). 

Identification of isolates No. 15 and 28 
These isolates were spore-formers with aerial mycelia 
containing L-DAP and glycine (Lechevalier and 
Lechevalier 1965). The inability of the vegetative 
mycelia to fragment into bacillary or coccoid forms 
and also the presence of sphorophores (Waksman 
and Lechevalier 1961) placed the isolated organisms 
in the family streptomycetaceae. The isolates were 
aerobic and gram positive. The absence of DL-DAP 
and the presence of L-DAP in their whole cell 
hydrolysates (Cummins and Harris 1958), produc
tion of pigments in the vegetative and substrate 
mycelia (Pridham and Tresner 1974), and production 
of antimicrobial agents, assigned these isolates to the 
genus Streptomyces. 

The characteristics of isolate No. 15 (Table 1, 
Fig. 1 a, b) showed that the isolate belongs to the grey 
colour series under section rectiflexibiles (RF). Spore 
chains are straight; spore surface is smooth with 
some irregularities. No distinct reverse-side pigments 
or soluble pigments were detected. The other physio
logical characteristics of is 01 at 15 was as described in 
Table 1. According to the identification keys and 
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published descriptions of grey Streptomyces spp., 
isolate 15 appeared to be a strain of S. corchorusii 
(synonym S. olivaceoviridis). 

Isolate 28 (Table 1, Fig. 2a, b) produced white or 
red aerial mass colour that fell under the section 
rectiflexibiles; the spores occurred in straight chains 
with smooth surface. Comparing with the known 
Streptomyces spp. belonging to the white or red 

Table 1. Physiological characteristics of the most potent 
Streptomyces spp. which antagonized Fusarium oxysporum 
f.sp. phaseoli (No. 15) and Pseudomonas solanacearum 
(No. 28) 

Test Reaction of Strain" 
No. 

15 28 

Melanin formation neg neg 
H2S formation pos pos 
Growth at 45 °C neg pos 
Utilization of carbon source 
D-Glucose +++ ++++ 
D-Xlose neg ++ 
L-Arabinose ++ ++ 
Fructose neg + 
Sucrose ++++ ++ 
a-Cellulose neg ++ 
D-Mannitol ++++ + 
Starch ++++ ++++ 
Raffinose ++++ + 
Control (C-free) neg neg 
Utilization of nitrogen source 
Asparagine +++ neg 
Potassium nitrate ++++ ++++ 
Sodium nitrite neg neg 
Peptone + +++ 
Ammonium phosphate neg neg 
Ammonium sulphate ++ neg 
Ammonium nitrate neg neg 
Sodium nitrate ++++ neg 
Control (N-free) neg neg 
Degradation ability 
Starch ++++ + 
Allantoin neg neg 
Arbutin + + 
Xanthine + + 
Tolerance of inhibitiors 
Sodium azide neg neg 
Sodium chloride neg neg 
Phenol neg neg 
Antibiosis 
Aspergillus niger neg neg 
Bacillus subtilis pos pos 
Rifampicin resistance Resistant Sensitive 

a + + + +, heavy growth; + + +, good growth; + +, 
moderate growth; +, scanty growth; neg, negative reac-
tion; pos, positive reaction. 



series, isolate 28 was identified as S. spiroverticillatus 
allied S. violaceus. 

Raising potent mutants of S. corchorusii and S. 
spiroverticillatus using UV-irradiation 
It was found that the percentage survival decreas
ed with increasing the time of exposure to UV -irra
diation and it was greater for S. spiroverticilla
tus than for S. corchorusii. The aerial mycelia 
of S. corchorusii mutants exhibited different colou
ration (greyish-white, greenish-white and greyish
blue), while the wild-type was mouse grey. The 
colour of the reverse-side of mutants colonies 
was yellowish-grey, pale brown, greyish-blue, red
dish-brown, yellowish-green while that of the wild
type was dirty grey. Similarly, the aerial mycelium 

a 
Fig. 1 a. Spore chains of Streptomyces corchorusii as seen 
by the light microscope (x 400) from 7-day-old culture 
grown on inorganic salts-starch agar at 30 oe. 

b 

Fig. 1 b. Spore view of Streptomyces corchorusii as seen by 
the transmission electron microscope model JEM eX-lOO 
( x 20,000) from lO-day-old culture grown on starch-nitrate 
agar at 30 oe. 

a 
Fig. 2 a. Spore chains of streptomyces spiroverticillatus as 
seen by the light microscope (x 400) from 7-day-old culture 
grown on inorganic salts-starch agar at 30 oe. 

Fig. 2 b. Spore view of Streptomyces spiroverticillatus as 
seen by the transmission electron microscope model JEM 
eX-lOO (x 20,000) from lO-day-old culture grown on 
starch-nitrate agar at 30 oe. 

of the wild-type strain of S. spiroverticillatus was 
white-red in colour whereas its mutants were paler. 
The reverse-side colour of mutants colonies varied 
from yellow to brown and that of the wild-type 
strain was yellowish-brown. Seven out of the eleven 
mutants of S. corchorusii exhibited antimicrobial 
activities against F. oxysporum f.sp. phaseoli by 
the streak method and mutant 155 was the most 
effective (Fig. 3 a). All the five mutants obtained 
from S. spiroverticillatus inhibited the growth of 
P. solanacearum by the paper disc method; mutant 
281 was the most potent (Fig. 3 b). The antagonistic 
activity of S. corchorusii mutants was also examined 
against P. solanacearum using the cut plug and 
the paper disc assay methods but negative results 
were obtained. 
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Effects of culture conditions on the antimicrobial 
activity of mutants M 155 and 281 

Culture medium 

The antimicrobial activity of S. corchorusii M 155 
varied with the variation in composition of the 
culture medium and the length of the incubation 
period and was greater than the wild-type in all the 
treatments (Table 2). Starch-nitrate was the most 
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(b) 

Fig. 3 a. Diameters of inhibition zones 
(mm) produced by Streptomyces corcho
rusii mutants and wild-type (w) against 
Fusarium oxysporum f.sp. phaseoli at dif
ferent time intervals (days) by the streak 
method on starch-nitrate agar at 30°C. 

Fig.3b. Diameters of inhibition zones 
(mm) produced by Streptomyces spiro
verticillatus mutants and wild type (w) 
against Pseudomonas solanacearum at 
different time intervals (days) for the 
paper disc assay method and after 10 days 
for the cut plug method on starch-nitrate 
agar at 30°C. 

favourable medium for the maximum production of 
inhibitory substance (s) as the diameter of inhibition 
zone produced was 15 mm after 10 days (9 mm for 
the wild-type). The mycelium of F. oxysporum f.sp. 
phaseoli started to lyse on this medium after 6 days 
and completely disappeared after 10 days. 

Starch-nitrate medium was also the most favourable 
for the optimum antimicrobial activity of S. spiroverti
cillatus M 281 against P. solanacearum (Table 2). 



Table 2. Effects of different culture media on the diameter of inhibition zone (mm) 
produced by wild (w) and mutant MISS of Streptomyces corchorusii against Fusarium 
oxysporum f.sp. phaseoli at different time intervals (days) by the streak method, and by 
wild and mutant M 281 of S. spiroverticillatus against Pseudomonas solanacearum after 2 d 
by the paper disc method. Incubation temperature was 30 °C 

Medium" S. corchorusii S. spiroverticillatus 
Diameter of inhibition zone (mm) after Diameter of inhibition 

2d 6d 10d 
zone (mm) after 2d 

W MISS W MISS W MISS W M281 

1 38 48 8 19 0 0 6 12 
2 39 34 11 21 9 15 12 24 
3 26 45 10 20 7 13 8 14 
4 31 45 2 5 0 0 ndb ndb 

5 34 43 2 5 0 0 ndb 12 
6 30 45 6 12 0 0 ndb 13 

LSD 5% 2.9 2.1 0.6 1.6 0.2 0.6 0.2 2 
1% 3.8 3.2 1.1 2.4 0.3 0.9 0.5 2.8 

" 1) nutrient (Difco); 2) starch-nitrate (Waksman and Lechevalier 1961); 3) the medium 
described by El-Sayed et al. (1987); 4) the medium described by Okanishi and Gregory 
(1970); 5) the medium described by Pridham and Gottlieb (1948); 6) glycerol-yeast 
extract (Tanida et al. 1979). 
b nd, no clear zone around the paper disc was detected. 

Table 3. Effect of varying the carbon source on the diameter of inhibition zone (mm) 
produced by wild (w) and mutant M 155 of Streptomyces corchorusii against Fusarium 
oxysporum f.sp. phaseoli at different time intervals (days) by the streak method, and by 
wild and mutant M 281 of S. spiroverticillatus against Pseudomonas solanacearum after 2 d 
by the paper disc method. Incubation temperature was 30 °C 

Carbon S. corchorusii S. spiroverticillatus 
source Diameter of inhibition zone (mm) after Diameter of inhibition 

2d 6d lOd 
zone (mm) after 2d 

W M155 W M155 W M155 W M281 

Carbon-free 
(control) nga nga ng" ng" ng" ng" ndb 14 
D-Glucose 40 40 10 13 0 0 3 12 
Fructose 37 40 8 13 0 0 ndb ndb 

L-Arabinose 38 40 0 0 0 0 4 14 
Sucrose 40 37 6 10 2 10 5 12 
Lactose 38 40 0 0 0 0 5 12 
Glycerol 38 40 19 14 0 0 4 9 
D-Mannitol 40 37 20 14 9 14 6 13 
Starch 36 37 10 19 9 15 12 24 
LSD 5% 2.8 0.6 1.3 1.4 0.1 1.9 0.8 1.7 

1% 3.9 0.9 1.8 2 0.3 2.1 1.2 2.3 

a ng, neither pathogen nor antagonist grew; b nd, no clear zone around the paper 
disc was detected. 

pH value 

It was found that high acidity or alkalinity affected 
adversely the antimicrobial activities of wild and 
mutants M155 and M281 of S. corchorusii and S. 

spiroverticillatus, respectively, whereas pH values 
around neutrality were the most favourable for 
attaining maximum activities by these strains with 
the mutants being more productive than their pa
rents. 
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Carbon source 

Starch was the most favourable for supporting 
growth and stimulating production of antimicrobial 
compounds by either S. corchorusii M 155 or S. 
spiroverticillatus M 281 as compared with their wild
types (Table 3). The best concentration was found to 
be 2 g 100 ml- 1 for the former mutant, and 1.5 g 
100 ml- 1 for the latter. 

Nitrogen source 

The antimicrobial activity of wild and mutants M 155 
and M 281 was markedly influenced by the nature of 
nitrogen source included in the culture medium 
(Table 4). However, KN0 3 at a concentration of 
2 gl- 1 was found to be the most suitable for support
ing growth and stimulating antimicrobial activity of 
the two mutants compared with their parents. 

Table 4. Effect of varying the nitrogen source on the diameter ofinhibition zone (mm) produced by wild (w) and mutant 
M 155 of Streptomyces corchorusii against Fusarium oxysporum f.sp. phaseoli at different time intervals (days) by the streak 
method, and by wild and mutant M 281 of S. spiroverticillatus against Pseudomonas solanacearum after 2 d by the paper 
disc method. Incubation temperature was 30 DC 

Nitrogen source S. corchorusii S. spiroverticillatus 
Diameter of inhibition zone (mm) after Diameter of inhibition 

2d 6d lOd 
zone (mm) after 2d 

W M155 W M155 W M155 W M281 

Nitrogen free 
(control) 45 45 20 14 4 12 6 11 
Potassium nitrate 40 34 11 22 9 15 12 24 
Sodium nitrate 38 42 19 16 5 8 nda nd" 
Ammonium chloride 43 42 13 17 4 11 6 12 
Ammonium nitrate 45 45 9 15 3 11 5 10 
Ammonium sulphate 43 38 7 12 4 10 nd" nda 

L-cystine 40 38 9 15 5 9 4 11 
L-Proline 41 40 8 14 3 11 7 13 
L-Asparagine 45 40 9 13 4 8 8 12 
Glutamine 45 42 8 13 3 7 6 12 
Peptone 45 36 12 17 4 11 9 12 
LSD 5% 2.8 2.4 1.2 1.3 0.8 1.3 0.3 3.8 

1% 4.1 3.5 2.4 1.9 1.4 1.9 0.5 5.2 

" nd, no clear zone around the paper disc was detected. 

Table 5. Effect of varying the C: N ratio (starch: KN03, w/w) on the diameter 
of inhibition zone (mm) produced by wild (w) and mutant M 155 of Streptomyces 
corchorusii against Fusarium oxysporum f.sp. phaseoli at different time intervals (days) by 
the streak method, and by wild and mutant M 281 of S. spiroverticillatus against 
Pseudomonas solanacearum after 2 d by the paper disc method. Incubation temperature 
was 30 DC 

C :N S. corchorusii S. spiroverticillatus 
ratio Diameter of inhibition zone (mm) after Diameter of inhibition 

2d 6d lOd 
zone (mm) after 2d 

W M155 W M155 W M155 W M281 

0:0 ng" ng" ng" ng" ng" ng" 9 11 
0.5:0.5 45 42 10 14 0 0 9 14 
0.5: 1 4.2 38 9 13 5 8 14 21 
1:0.5 43 38 11 14 3 7 16 22 
1:1 45 38 12 18 4 16 10 34 
LSD 5% 0.1 1.9 1 1.1 1.1 1.3 1.2 2 

1% 0.2 2.9 1.8 1.7 2.2 2.1 2.4 2.8 

" ng, neither pathogen nor antagonist grew. 
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C:N ratio 

As shown in Table 5, the antimicrobial activity of S. 
corchorusii M 155 against F. oxysporum f.sp. phaseoli 
significantly differed in the different incubation pe
riods and C: N ratios studied. A C: N ratio of 1: 1 was 
the most favourable for increasing the antagonistic 
activities of mutants 155 and 281 more than their 
parents. 

Discussion 

It is recognized that the genus Streptomyces includes 
many species that effectively antagonize many plant 
pathogenic fungi in vitro (Tahvonen 1982; Hayashida 
et al. 1988; EI-Abyad et al. 1993 a). In this investiga
tion, screening soil actinomycetes for antimicrobial 
activities revealed that Streptomyces corchorusii ef
fectively antagonized the Fusarium-wilt pathogen of 
French bean F. oxysporum f.sp. phaseoli on solid agar 
medium, and that S. spiroverticillatus was the most 
active antagonist against the bacterial-wilt pathogen 
of banana Pseudomonas solanacearum in liquid medi
um. Shomura (1979) isolated Streptomyces spp. that 
produced their antimicrobial substances on solid but 
not in liquid media. The present investigation appear
ed to be the first reporting on the inhibition of the 
French bean fungal pathogen by S. corchorusii. 

Application ofUV mutation regime resulted in the 
production of mutants M155 and M281 of S. 
corchorusii and S. spiroverticillatus, respectively, with 
increased antagonistic activities against the pathoge
nic micro-organisms tested as compared with the 
wild-types. UV -irradiation treatment increased pro
duction of mithramycin by S. atroolivaceus (Blu
mauerova et al. 1974) and was ineffective in increas
ing productivity of monensin by S. cinnamonensis 
(Kralovcova et al. 1984). This controversy suggest 
variations in response to UV -irradiation by the 
different species and strains. 

Many factors have been reported to significantly 
affect production of antibiotics by Streptomyces spp. 
including: incubation temperature (James and Ed
wards 1989); composition of the fermentation medi
um (Ichimura et al. 1978); pH (Vyas et al. 1990); in
cubation period (Kondo et al. 1988). Thus, attempts 
were made to assess the optimum culture conditions 
for maximum productivity of antimicrobial com
pounds by M 155 and M281. Results of this investiga
tion showed that starch-nitrate was the most favour
able medium for both mutants. The lysis of mycelium 
of F. oxysporum f.sp. phaseoli by the inhibitory 
compound (s) of M 155 on this medium, suggest that 
the metabolites produced by this mutant are acidic 
or lytic in nature as reported for many other micro-

organisms (Ridout et al. 1986; Ordentlich et al. 
1988). However, further investigations are needed 
to assign the exact nature of these metabolites. 

Salama et al. (1980) reported that starch-nitrate 
medium significantly stimulated the autimicrobial 
activity and pigment production by the blue-pigment
ed S. griseolazureus. The preferability of neutral pH 
values for the production of antimicrobial com
pounds by wild and mutant strains of S. corchorusii 
and S. spiroverticillatus agrees with the findings of 
EI-Gammal (1977b) for the production of cinnamy
cin by S. cinnamoneus, and of Mostafa et al. (1968) 
for the production of tetracycline by S. aureofaciens. 

The type and concentration of carbon and nitrogen 
sources in the fermentation medium of the antibiotic
producing streptomycetes species may have signifi
cant role in orienting the secondary metabolic path
ways (Singh and Gurusiddaiah 1984; Hamilton et al. 
1986; Bascaran et al. 1989 a, band 1990). Results 
of this investigation showed that starch at the 
concentrations of 2 and 1.5 g 100 ml- 1 favoured 
maximum production of inhibitory compounds by 
mutants M 155 and M281, respectively. D-mannitol 
came next to starch in stimulating productivity of 
these compounds by M 155. Mannitol is one of the 
most fermentable carbon sources by streptomycetes 
for both growth and antibiotic production (Kreig 
and Holt 1989). Various carbon sources have been 
recommended to stimulate biosynthesis of antibiotics 
by Streptomyces spp. Mostafa et al. (1968) showed 
that maximum production of tetracycline by S. 
aureofaciens was in presence of 8 -10% sucrose. On 
the other hand, EI-Gammal (1977 a, b) found that the 
best carbon source for optimum biosynthesis of 
cinnamycin by S. cinnamoneus was lactose at 1 % 
concentration whereas starch was the best to support 
the highest neomycin yield by S. fradiae. 

Our results showed that the antimicrobial activity 
of M 155 and M 281 was markedly affected by the 
type and concentration of nitrogen source. Potas
sium nitrate at 2 g 1- 1 was the best for the antimicro
bial activity of the two mutants. The same conclusion 
was reached by other workers for the production of 
antibiotics by different Streptomyces spp. (El-Gam
mal 1977b; Nairn et al. 1979). On the other hand, 
soybean meal and phenylalanine were recommended 
for the production of antibiotics by S. cinnamoneus 
(EI-GammaI1977 a). A well balanced C:N ratio (1: 1, 
w/w) favoured the antagonistic activity ofM 155 and 
M281. 

In conclusion, this investigation stressed the signi
ficance ofUV-irradiation and optimization of cultu
re conditions in improving the antimicrobial activi
ties of S. corchorusii and S. spiroverticillatus against 
the plant pathogenic micro-organisms F. oxysporum 
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f.sp. phaseoli and Pseudomonas solanacearum in vitro. 
This may hopefully be invested in the biological 
control of these pathogens in vivo. 
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