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ABSTRACT

INTRODUCTION

Among the genera of actinomycetes,
the genus Streptomyces is represented in
nature by the largest number of species and
varieties, which differ greatly in their morpho-
logical, physiological and biochemical activi-
ties. Interestingly, the majority of the anti-
biotic-producing actinomycetes are found
among these species, which led to a growing
economic importance for this group of orga-
nisms (Taddei et al., 2006).

Streptomycetes exist mainly as spores
in their natural habitat, soil, and form vegeta-
tive mycelia under favorable growth con-
ditions. They constitute the largest actinomy-
cete group in a number of soils (Srinivasan et
al.,, 1991). Also, they are nonfastidious orga-
nisms, which are able to degrade complex
biological compounds like cellulose, lignin
and chitin, and are satisfied with an inorganic
nitrogen source (Anderson et al., 1998).

However, Streptomyces species are
widely recognized as industrially important
microorganisms because of their ability to
produce many kinds of novel secondary
metabolites, such as antibiotics, herbicides,
insecticides and enzymes (Srinivasan ef al.,
1991; Anderson et al., 1998 and Hapwood,
2006). Thus, approximately 10,000 antibiotics
have been 1dennﬁed, and almost half of them
are generated by streptomycetes (Demain,
1999 and Lazzarini ef al., 2000). A variety of
bioactivities is associated with secondary
metabolites generated by  streptomycetes,
including antibacterial, antifungal, antiviral,
antitumor and enzyme inhibitory activities
(Wu et al., 2007).

Thus, streptomycetes are renowned
for production of array industrially important
metabolites, therefore, the isolation, identifica-
tion and characterization processes of Strepfo-
myces isolates are stil very important in
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search for new strains and/or novel meta-
bolites with economic interest in diverse
fields. In Egypt, numerous researches were
performed on these bacteria in diverse
branches of agriculture (Zaki er al, 1993,
Mohamed, 1998; Mohamed et al., 2000 and
2001 and Mahfous and Mohamed, 2002).
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Therefore, the aim of the present
study is to describe the cultural, morpho-
logical and physiological characters as well as
the antagonistic activity, in addition to, the
classification of three different streptomycete
isolates from local soils.

MATERIALS AND METHODS

Sampling;

Soil samples were collected from
different locations at Sharkia Governorate. A
total number of 45 soil samples was collected
from Fakous, Abo-Kibeer and Sathia soils. At
each location, 15 samples were randomly
taken from different sites and kept indivi-
dually in a sterile bag. Samples were kept at
4°C in the laboratory until isolation. A soil
sample from each location was used for soil
analysis (Table 1).

Isolation and purification of actinomycete
isolates:

Soil samples were air-dried for three
days and then ground in a mortar using pestle.
Isolation of actinomycetes was performed by
serial dilutions and spread plate technique.

One gram soil was suspended in 9 ml of
sterile double distilled water. Aliquots were
spread op the plates containing starch casein
agar (Berman ef al., 1994) and incubated at
28°C for 7 to 14 days. A total number of 45
actinomycetes isolates was taken as one
isolate from each soil sample.

The cultural characteristics of these
isolates were tested on the basis of obser-
vation, made after 7, 14 and 21 days of
incubation on Czapek-dox agar, nutrient agar
and Intemational Streptomyces Project (ISP)
media as described by Shirling and Gottlieb
(1966). Only three Streptomyces isolates were
selected and purified according to their color
of acrial mycelium . These sclected isolates
were designated as ASH1, ASH2 and ASH3.

Table (1): Mechanical, physical and chemical analysis of soil samples in different locations

of Sharkia Governorate.
Tﬁeﬂ"y's;‘:" Properties Fakous Abo-Kibeer Salhia
Sand% 3838 70.8 89.0
Mechanical Sit% 5.60 7.60 5.70
analysis Clay% 55.6 216 5.10
Type of soil Clay Sandy-clay loam Sandy

pH 8.00 8.01 - 1.75
Physical analysis E.C. dsm’ 6.40 8.80 420
O.M% 1.82 152 133

Cations
Ca" 10.7 114 27.1
1\4&*: 115 13.8 15.3
. Na 435 7.7 20.1
(i::l“;':i;" K 0.54 0.36 031

Anions
HCOy 3.00 3.1 2.80
Cl 326 8.0 433
SO, 30.6 32 18.1
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Morphological characteristics

Visual observation of both morpho-
logical and microscopic characteristics using
light and electron microscopy (Tresner ef al.,
1961) and Gram-stain reaction were perfor-
med for each of these three chosen isolates.
All the morphological characters observed on
media described by Shirling and Gottlieb
(1966) were used for classification and diffe-
rentiation as follows: the color of aerial myce-
lium, color of substrate mycelium, production
of melanoid pigments and spore chain mor-
phology. Spore chain type for each isolate was
determined according to Pridham and Tresner
(1974). Spore ornamentation was observed by
electron microscopy (Tresner et al., 1961).

Physiological characteristics

The key given by Pridham and
Tresner (1974) for identification of Streptomy-
ces isolates was followed. Physiological
characteristics were determined after growth
at 2842°C for the recommended incubation
periods. All the carbon-sources for carbon-
utilization tests were filter-sterilized and tested
at the concentrations recommended by
Shirling and Gottlieb (1966). Also, sensmwty
to streptomycin antibiotic (4 pug ml') in the
medium was tested.

Salt tolerance

The ability of the Streptomyces isola-
tes to grow at different gradient salt con-
centrations ranged from nomal salt con-
centration of the medium (0.05%) increased to

3,5,7,9,10,14, 16 and 18 % salt (NaCl) was
tested using starch nitrate agar medium
(Waksman and Lechevalier, 1961). The
method described by Saleh ef al. (1990) was
adopted for determination of salt-tolerance .
The inoculated plates were incubated at
2842°C up to 15 days and monitored for
growth of the isolates.

Antagonistic activity

The antimicrobial activities of the
threc applied isolates (ASH1, ASH2 and
ASH3) were examined using the agar
diffusion method (Wu, 1984). The tested
microorganisms represented fungi, i.e., Fusa-
rium oxysporum f. sp. Lycopersci-123, Rhizo-
ctonia solani, Alternaria solani and Helmin-
thosporium  gramenium-133; yeasts, 1e,
Candida albicans CAIM-352 and C. fropica-
lis CAIM-2 and bactena, i.e., Bacillus cereus-
1283, B. megaterium-1066, B. mycoides-1084,
B. subtilis-1007; G-ve rods, i.e., Escherichia
coli-1319 and G +ve cocci, ie., Staphylo-
coccus aureus coagulase +ve. These orga-
nisms were kindly provided by Cairo
MIRCEN, Faculty of Agriculture, Ain Shams
University. The bacterial strains were grown
on nutrient agar medium, yeast on peptone
glucose agar medium (Jacobs and Gerstein,
1960) and fungi on potato glucose agar
medium (Waksman and Lechevalier, 1961).
The antimicrobial activity was determined by
measuring the diameter of inhibition zones (in
mm). Uninoculated starch nitrate broth was
used as a control.

RESULTS AND DISCUSSION

Results in Table (2) and Figure (1)
indicated that the Streptomyces isolate ASH1
belonged to the red color series group (Fig. 1-
A). The substrate mycelium produced bluish
pigment on the standard media used. Aerial
spore chains belonged to section RA and the
spores were characterized by smooth surface
without any omnamentation. Melanoid pigment
was detected on the standard media. This
isolate (ASH1) was characterized by good
growth on Czapek's agar medium.

The physiological characteristics sho-
wed that this isolate (ASHI) was able to
utilize all tosted sugars including D-glucose,
D-xylose, L-arabinose, L-thamnose, D-fruc-

tose, raffinose, D-mannitol and i-inositol
except sucrose as a sole carbon source for
growth . Also, this isolate showed antibacterial
activities (Table 5). The sensitivity to strepto-
mycin (4 ug mi"') and the NaCl tolerance were
not detected.

Comparing the cultural, morpholo-
gical and physiological characteristics of the
Streptomyces spp. in Pridham and Tresner
(1974) with those of this isolate, it is very
likely to be a strain of S. melanogenes with
slight differences in the growth on Czapek's
agar medium and the color of substrate
mycelium,
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Table (2): Classification of streptomycete isolate ASH1

Character Isolate-ASH1 S. melanogenes
Color of aerial mycelium Red - Red
Spore-chain RA RA
Melanoid pigment + +
Spore surface SM SM
Growth on Czapek's medium Excellent ND
Color of substrate mycelium Bluish Red, bluish or bluish green
Diffusible pigments - ND
Utilization of carbon:
No carbon - +
D-Glucose + +
D-Xylose + +
L-Arabinose + +
L-Rhamnose + -
D-Fructose + +
Raffinose + +
D-Mannitol + +
i-Inositol + +
Sucrose - ) +
Antagonistic activity Antibacterial Antibacterial and antitumor
Sensitivity to streptomycin ND ND
NaCl tolerance ND ND
+: Growth. -: No growth. ND: Not determined. SM: Smooth.

*: Indoubt. RA: Spore chain in form of open loops, hooks or greatly extended coils of wide

Results presented in Table (3) and
Figure(1) clearly indicate that the charac-
teristics of Streptomyces isolate ASH2 belon-
ged to the violet color series (Fig. 1-B) and the
substrate mycelium produced violet pigment
on the standard medium used. Aerial spore
chains belonged to section RF and the spores
were characterized by smooth surface without
any omamentation. Also, melanoid pigment
was not detected on the standard media. This
isolate was characterized by moderate growth
on Czapek's agar medium.

The physiological characteristics of
this isolate (ASH2) proved its ability to utilize
all used sugars including D-glucose, L-
arabinose, L-rhamnose, D-fructose, raffinose
and i-inositol as carbon sucrose for growth,
But, the growth on D-xylose and D-mannitol
was not detected (Table 3). Moreover, this
isolate showed antibacterial and antifungal
activities. The sensitivity to streptomycin (4
ug ml') was observed. Also this strain had the
ability to grow at NaCl concentrations vp to
7.0%.

Comparing the cultural, morpholo-
gical and physiological characteristics of the
Streptomyces spp in Pridham and Tresner
(1974) with those of isolate ASH2, it is likely
to be a strain of S. violans with slight
differences in the sensitivity to streptomycin
and the ability to grow in the presence of NaCl
up to 7% in the growth medium .

Results of Streptomyces isolate ASH3
presented in Table (4) show that this isolate
has yellow color series (Fig. 1-C) and the
substrate mycelium produced a brownish
pigment. Also, this isolate had straight and
long spore chains, section RF, and the spore
characterized by smooth surface without any
omamentation. This isolate was also charac-
terized by moderate growth on Czapek's agar
medium, produced melanoid pigment and
utilized all sugars used as sole carbon sources,
except L-rhamnose. Also, this strain was
sensitive to streptomycin (4 ug mi') and able
to tolerate NaCl up to 7% in the growth
medium. In addition, the isolate showed anti-
bacterial and antifungal activities (Table 5).
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Figure (1):  Light (Upper) and electron mimsmp}' of three streptomycete isula'tes
belonging to red (A), violet (B) and vellow (C) series, respectively, showing
type of spore chains and spores surface, respectively.

Table (3): Classification of streptomveete isolate ASH2,

Character Isolate-ASH2 8. vislons
Coler of aerial mycelium Violet Violet
Spore-chain RE RF
Melanoid pigment - -
Spore surface SM SM
Growth on Czapek's medinm Moderate Good
Color of substrate mycelium Violat Violet
rﬂiﬁ'usibie pigments - +on some media
Utilization of carbon:
No carbon - -
D-Glucose + +
D-Xylose - ND
L-Arabinose ' ‘ + +
ﬂL-Rhamnose + +
| D-Fructose + _ +
lIRaffinose + +
{D-Mannitol 3 ND
i-Inositol + +
Sucrose * +
Antagonistic activity Antibacterial and antifingal | Antibacierial and antifungal
Sensitivity to streptemycin S ND
NaCl tolerance 0-7% ND

=l

+: Growth, - o. + Indoubt RF: Epores in straight (R) or flexous (F) chains.
SM: Smooth. S: Sensitive. ND; Mot determined.
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eptomycete isolate ASH3.
Isolate-ASH3
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8. alboflavus

Color of aerial mycelium Yellow Yellow
Spore-chain RF RF
Melanoid pigment + +
Spore surface SM SM
Growth on Czapek's medium Moderate Moderate
Color of substrate mycelium Brownish ND
Diffusible pigments - ND

[+ ]+ [+ ][+

[ +[+]+]0 |+ ]|+]+]

{Antagonistic activity _ Antibacterial and antifungal | Antibacterial and antifungal |
Sensitivity to streptomycin S S

NaCl — 0-7% ND__

+: Growth. -: No growth.  RF: Spores in straight (R) or flexous (F) chains

SM: Smooth. S: Sensitive. ND: Not determined.

Comparing the description proposed
by Pridham and Tresner (1974), the isolate
ASH3 was closely related to S alboflavus
with slight difference represents in the ability
to grow at zero to 7.0% NaCl concentrations.

The Streptomyces isolates were
subjected for a trial to identification using
International keys (Shirling and Gottlicb 1966
and Pridham and Tresner, 1974). From the
above mentioned keys, the Strepfomyces iso-
lates ASHI, ASH2 and ASH3 were found
closely related to S. melanogenes, S. violans
and S. alboulavus respectively. The three
Streptomyces  isolates produce antibiotics
which highly active against bacteria, fungi and
yeasts .In general, it is anticipated that the
isolation, characterization and the study of
actinomycetes can be useful in searching for
new antibiotic resources and the discovery of
novel species of actinomycetes (Asha Devi et
al., 2006).

Data presented in Table (5) revealed
the antagonoistic activities of ASH1, ASH2
and ASHS3 isolates against the test organisms.
In general, actinomycetes are universally

distributed and considered as the most impor-
tant sources of antibiotics (Saleh ef al., 1985
and Zaki et al,, 1993). The strain S. violans
ASH2 showed the most inhibitory activities
against the test organisms following S. albo-
Sflavus ASH3, as they were able to antagonize
11 and 8 out of 12 test organisms, respec-
tively. On the other hand, S. melanogenes
ASH! showed no antiagonistic activity
against all fungi and yeasts used in this study.

Activity against Staph. aureus was
not observed for S. violans ASH2, while S.
alboflavus ASH3 was not able to antagonize
B. subtilis-1007. H. gramenium-133, R. solani
and C. tropicalis CAIM-2 were not sensitive
to the antimicrobial substances produced by S.
alboflavus. These results are in agreement
with those obtained by Lim et al. (2000),
Rifaat and Kansoh (2004), Asha Devi et al.
(2006) and Wu et al. (2007). They empha-
sized the capability of Streptomyces strains for
producing numerous antibiotics that are highly
active against Gram-positive and Gram-nega-
tive bacteria, yeasts and fungi.
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It is concluded that searching for new
Streptomyces isolates from different soil types

led to sclecting best indigenous isolates with
antifungal and antibacterial abilities.

Table (5): Antimicrobial activities of Streptomyces strains against tested microorganisms.
: . Streptomyces strains
Test organisms ASHI i ASHZ i SIS

acteria:

B. cereus-1283 12¢% 13 14
B. megatherium-1066 12 16 14
B. mycoides-1084 14 14 14
B. subtilis-1007 11 14 0
B. coli 7 13 13
Staph. Aureus coagulase +ve 14 0 13
ungi:

A. solani 0 14 16
H. gramnenium-133 0 16 0
F. oxysporum {.sp. Lycopersci 0 14 14
R. solani 0 14 0
east:

C. albicans CAIM-35 0 13 14
C. tropicalis CAIM-2 0 13 0

* Zone of inhibition (mm).
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