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ABSTRACT

Sixty-six of rare actinomycetes were isolated from samples of soil, fresh water and decayed plants collected
from different Egyptian localities. They were recovered on humic-vitamen B agar medium using dilution,
several antibiotics as selective agents and mild heat techniques. They assessed for their antimicrobial activity
using diffusion assay methods against seven Gram-positive bacteria, seven Gram-negative bacteria, two yeasts
and two filamentous fungi. Among the 66 isolates, 35 (53%) strains showed an activity against some of the test

organisms.

The polyphasic identification of the active isolates revealed that they are commonly

Micromonospora (23 isolate, 65.71%), less commonly Actinoplanes (11 isolates, 31.43%) and rarely

Dactylosporangium (1 strain, 2.86%) genera.

Keywords: Antimicrobial activity, decayed plants, rare actinomycetes, soil, water.

INTRODUCTION

Screening of microorganisms for the production of novel
antibiotics has been intensively pursued for many years
by scientists. Actinomycetes have the capability to
synthesise many different biologically active secondary
metabolites such as antibiotics, herbicides, pesticides,
anti-parasitic and enzymes like cellulase and xylanase
(Waksman, 1961; Lacey, 1973; Ouhdouch et al., 2001,
Saadoun and Gharaibeh, 2003; Rifaat et al., 2007).

The term rare actinomycete was introduced by many
workers to denote actinomycetes less frequently found in
soil. Several genera of rare actinomycetes such as
Actinomadura, Actinoplanes, Amycolatopsis, Dactylo-
sporangium, Microbispora and Micromonospora have
been described from which many enzymes and antibiotics
have been discovered (Hacene et al., 1994; Lazzarini et
al., 2000; Ouhdouch et al., 2001; Mazza et al., 2003).

The present investigation carried out for isolation of rare
actinomycetes from Egyptian habitats as well as the
determination of antagonistic spectra of whole isolates.
The active rare actinomycetes isolates were also
identified.

MATERIALS AND METHODS

1- Samples and bacterial strain isolation

Five cultivated rhizosphere soil samples from Qalubiya
(S.Q), Sharkiya (S.S), Ismaelliya (S.I), Dakahliya (S.D)
and Gharbiya (S.G); 5 fresh water samples from River
Nile at Cairo (W.C1 & W.C2), Giza (W.G1 & W.G2) and
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El-Fayoum (W.F) as well as 5 different decayed plant
samples from papyrus of the Gold Island (D.P1 & D.P2),
Ward El-Neel at Sharkiya (D.W1 & D.W2) and maize at
Kalubiya (D.M) were collected under aseptic conditions.

Bacterial strains were isolated from the soil samples by
dilution techniques on humic-vitamin B agar medium
which was recommended for isolation of rare
actinomycetes (Hayakawa and Nonomura, 1984). For
water samples, mild heat was applied for pre-treatment
steps to reduce the dominance of fast growing
actinomycetes and to facilitate the recovery of slow
growing and relatively less competitive types (Cross,
1981). 0.2 ml of the pre-treatment sample was spread on
the same previous medium. In case of decayed plant
samples, small pieces of approximately 3 cm’ are cut out
and each piece transferred to a 100 ml conical flask
containing 25 ml of sterile water. After 2 min. of agitation
on rotary shaker, 0.1 ml of the leaf washing liquid was
spread on the surface of the previous agar medium.

The antifungal cycloheximide (50 pg/ml) was used to
inhibit the development of invasive fungi. Also, one of
the following antibacterial agents was added to the
isolation media: cycloserine, gentamycin and strepto-
mycin (10 pg/ml). These antibiotics were chosen on the
basis of good results obtained previously during the
selective isolation of rare actinomycetes (Sabaon et al.,
1998). The plates were incubated at 30°C for 3-4 weak
and all colonies were examined directly by light
microscopy to detect the rare actinomycetes isolates.

2- Antimicrobial assay

For determining the antimicrobial spectrum of the isolated
rare actinomycetes, the diffusion assay method was used
Bauer et al., 1966). Inhibition zones were measured after
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Table 1. Initial screening of rare actinomycetes strains.

Sample No. Origin Number Qf actinomycetes Number of active
isolates actinomycetes
S.Q Soil of Qalubiya 8 5
S.S Soil of Sharkiya 5 3
S.I Soil of Ismaelliya 4 4
S.D Soil of Dakahliya 4 2
S.G Soil of Gharbiya 5 2
W.C1 Fresh water from Cairo 4 2
W.C2 Fresh water from Cairo 4 2
W.G3 Fresh water from Giza 3 1
W.G4 Fresh water from Giza 5 3
W.F Fresh water from El-Fayoum 2 0
D.P1 Decayed plant of Papyrus 8 5
D.P2 Decayed plant of Papyrus 4 2
D.W1 Decayed plant of Ward El-Neel 3 3
D.wW2 Decayed plant of Ward El-Neel 4 1
D.M Decayed plant of Maize 3 0
Total 66 35

incubation at 30° C for 24 hours for bacteria and yeast and
48 hours for filamentous fungi.

The used target organisms were: (i) Gram-positive
bacteria as Staphylococcus aureus, Streptococcus
thermophilus, Streptococcus pneumoniae, Micrococcus
luteus, Enterococcus faecalis, Bacillus cereus and
Bacillus subtilis, (ii) Gram-negative bacteria as
Escherichia coli, Pseudomonas aeruginosae, Klebsiella
pneumonia, Proteus sp., Shigella dysenteriae, Serratia
marcescens and Acinetobacter calcoaceticus, (iii) yeast as
Candida albicans and Saccharomyces cerevisiae and (iv)
fungi as Aspergillus niger and Mucor racemosus.

3- Morphological and cultural characteristics of the
isolates
Morphological and cultural characteristics of isolated rare
actinomycetes were examined according to the method
described by Shiriling and Gottleib (1966) and Holt et al.
(1994).

4- Chemotaxonomical analysis

Isolates were grown on yeast -malt extract broth for seven
days at 30° C. Mycelia were harvested by centrifugation
and washed by distilled water. These were used for
chemical analysis of diaminopimelic acid (DAP) isomer
and whole cell sugars according to the method of
Hasegawa et al. (1983).

RESULTS AND DISCUSSION

1. Isolation of rare actinomycetes

Rare actinomycetes are present in small quantity in the
various habitats and cannot be isolated by the current
methods used in microbiology. Their selection must pass
through elimination of other microorganisms which
obstruct the growth of actinomycetes. Actinomycetes/
microorganisms ratio of a sample increases by (i) the use
of certain sources of carbon and nitrogen making the
cultures media less favourable to the growth of bacteria
(Hayakawa and Nonomura, 1984; Cavalla and Eberlin,
1994), (ii) by the use of antibiotic substances which
inhibit the development of bacteria and fungi (Larpent
and Larpent-Gouragand, 1990) and (iii) by physical pre-
treatment such as mild heat (Cross, 1981).

In the present work, results presented in Table 1 reveal a
considerable variation of the numbers of rare
actinomycetes strains isolated from each sample on the
selective medium. Among the 66 isolated strains of rare
actinomycetes, 26 were isolated from soil sample
(39.5%), 18 from water sample (27%) and 22 from
decayed plants (33.5%). The presence of a high number
of rare actinomycetes in the soil and decayed plants is in
agreement with the bibliographical data which let appear
the soil as the principle reservoir of actinomycetes
(Lemriss et al., 2003).



Rifaat and El-Sayed 375
Table 2. Antimicrobial activity of isolated rare actinomycetes.
samle | ot | oo | o | es | oo | Bacills | Basilus | Escherichia | PUTONS
No. aureus thermophilus | pneumoniae luteus faecalis cereus subilis coli aeruginosae
S.Ql - - - - - - - + ++
5.Q2 - - - - - - - + ++
S.Q3 - - - - - - - +H +H+
S.Q6 - - - - - - - +H +H+
5.Q8 - - - - - - - +H+ e
S.82 - - - - - - - + +
S.S3 ++ + + - + + + + +++
S.54 ++ + + - + + + + Tt
S.I1 ++ + + - + + + + ++
S.12 ++ + + - + + + + ++
S.I3 - - - - - - - + -+
S.14 - - - - - - - ++ +H+
S.D1 - - - - - - - H —
S.D3 - - - - - - - NN N
S.G3 - - - - - - - +++ +++
S.G5 - - - - i . i + -
W.C1.2 - - - - - - - +++ +++
W.C1.3 ++ + + - + + + + ++
W.C2.1 - - - - - - - ++ ++
W.C2.2 + + + . + + + N N
W.G1 ++ + + - + + + + ++
W.G2.1 - - - - i . . N it
W.G2.2 - - - - - - - +++ ++
W.G2.5 - . . - } . i — -
D.PLI - - - - - - - ++ +
D.P1.2 - . - - i . . — -
D.P1.4 - + + - + + T+ T+ _
D.P1.6 - . - - . j . N it
D.P1.7 - - - - B . . + .
D.P23 - + + B, + T + N j
D.P2.4 - - . - B, . i . i
D.WI.1 - + + } + + - N i
D.W1.2 - + + - + + ++ ++ -
D.W1.3 - - . - - . . . v
D.W2.4 ++ ++ + ++ + + + ottt o+

2. Antibiotic production

Among the rare actinomycetes isolates, only 35 (53%)
were active against at least one of the tested
microorganisms (Table 1). No active rare actinomycetes
were isolated from fresh water sample of El-Fayoum
(W.F) and sample from decayed plant of maize (D.M).
Lemriss et al. (2003) indicated that the isolation of
actinomycetes with antimicrobial activity is higher than
40% while Jiang and Xu (1996) mentioned that it is less

than 10%. Figure 1 showed the percentage of the active
strains of rare actinomycetes against the target test
organisms. The percentage of isolates showed anti Gram-
negative and anti yeast of 32.71%, while 23.37% showed
anti fungal activity. In addition, only 11.21% showed anti
Gram-positive  bacteria. Rare actinomycetes with
antibacterial and antifungal activities were 43.9 and
56.1% respectively.
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Table. 2. Cont.

Sample Klebsiella Proteus Shigella Serratia Acinetobacter | Candida | Saccharomyces | Aspergillus Mucor
No. pneumonia sp. dysenteriae | marcescens | calcoaceticus | albicans cerevisiae niger racemosus
S.Q1 ++ + + + ++ - + + +
S.Q2 ++ ++ - + + +
S.Q3 ++ ++ ++ ++ ++ - + + +
S.Q6 ++ ++ ++ ++ ++ - + + +
S.Q8 ++ ++ ++ ++ ++ - + + +
S.82 ++ + + + ++ - + + +
S.S3 +++ +++ + ++ ++ - + + +
S.S4 ++ + + ++ - + + +
S.11 + ++ + ++ + + + +
S.I2 ++ ++ + + - + + +
S.I3 ++ + + + ++ - + + +
S.14 ++ ++ ++ ++ ++ - + + +
S.DI ++ ++ ++ ++ ++ - + + +
S.D3 ++ ++ ++ ++ ++ - + + +
S.G3 ++ ++ ++ ++ ++ - + + +
S.G5 ++ + + + ++ - + + +
W.C1.2 ++ ++ ++ ++ ++ - + + +
W.C1.3 +++ +++ + ++ ++ - + + +
W.C2.1 ++ + ++ + ++ - + + +
W.C2.2 ++ +++ + ++ ++ - + + +
W.G1 -+ ++ ++ + + - + + +
W.G2.1 ++ ++ ++ ++ - + + +
W.G2.2 ++ + ++ ++ + - + + +
W.G2.5 + + + + ++ - + + +
D.P1.1 ++ + + + - - + - -
D.P1.2 + + + - - + - -
D.P1.4 + + ++ ++ - ++ - -
DP.1.6 ++ + + 4+ - - + _ _
DP.1.7 ++ + + T+ _ R . .
D.P2.3 + + + ++ ++ - ++ - _
D.P2.4 ++ + + - - - _
D.WI.1 + + + + + - + - -
D.W1.2 + + + ++ ++ - ++ - -
D.WL.3 + + + ++ - - - -
D.W2.4 + + + ++++ ++++ + + + +
The activity of the isolated strains against the tested  against Staphylococcus aureus, Streptococcus

organisms is illustrated in Table 2. All strains isolated
from soil, water together with the majority of decayed
plants reveal high to moderate activity towards
Escherichia coli, Pseudomonas aeruginosae, Klebsiella
pneumonia, Proteus sp., Shigella dysenteriae, Serratia
marcescens, Acinetobacter calcoaceticus and Saccharo-
myces cerevisiae. In addition, all strains isolated from soil
and water samples showing moderate activity towards
Aspergillus niger and Mucor racemosus. Some strains
from the different studied habitats are moderately active

thermophilus, Streptococcus pneumoniae, Micrococcus
luteus, Enterococcus faecalis, Bacillus cereus and
Bacillus subtilis. All isolates from the different samples
(except one from decayed plants) have no activity against
Micrococcus luteus and Candida albicans. The strain
isolated from the decayed plant of Ward El-Neel (sample
D.W24) is active all over the tested organisms and
showing strong activity towards Escherichia coli,
Pseudomonas aeruginosae, Serratia marcescens and
Acinetobacter calcoaceticus.
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Table. 3. Morphological and physiological characteristics of the active rare actinomycetes isolates.

Sample Diat%r'r:los- Diffusible Growth on Growth utilisation : Ir\;itt(; Me]l\);rg}lm
No. mycelial pigment Eﬁgf:st PoFato o Meli— Raffi- D_. L- Rha- c(;]:lr}(l)_l Int(()jl_ D-Ri- reduc- | tolerance
Pigment agar slice biose nose | Mannitol | mnose bose | 4 on (% wiv)
S.Q1 - Olive + - - - - - R - + _ 3
S.Q2 - Olive + - - - - - - - + - 3
S.Q3 - Green + - - - - - - - + R 3
S.Q6 - Olive + - - - - - - - + - 3
S.Q8 - Green + - - - - - - - + _ 3
S.S2 - Dark brown + - + + - - + - - - 15
S.83 Orange - + - + - + - - - + - 3
S.54 Orange - + - + - + - - - + - 3
S.11 Orange - + - + - + - - - + - 3
S.12 Orange - + - + - + - - - + - 3
S.13 - Dark brown + - + + - - + - - - 1.5
S.I4 - Brown + - + + - - + - - - 1.5
S.DI1 - Dark brown + - + + - - + - - - 1.5
S.D3 - Dark brown + - + + - - + - - - 1.5
S.G3 - Dark brown + - + + - - + - - - 1.5
S.G5 - Brown + - + + - - + - - - 1.5
W.C1.2 - Dark brown + - + + - - + - - - 1.5
W.C1.3 | Orange - + - + - + - - - + - 3
W.C2.1 - Dark brown + - + + - - + - - - 1.5
W.C2.2 | Orange - + - + - - - - - 3
W.G1 Orange - + - + - - - - + - 3
W.G2.1 - Dark brown + - + + - - + - - - 1.5
W.G2.2 - Dark brown + - + + - - + - - - 1.5
W.G2.5 - Dark brown + - + + - - + - - - 1.5
D.P1.1 Purple - + - - - - - R - 3
D.P1.2 Purple - + - - - - - - - 3
D.P1.4 | Orange Brown + - + + - - - - + - 15
D.P1.6 | Purple - + - - - - R - _ 3
D.P1.7 | Purple - + - - - - - R - 3
D.P2.3 | Orange Brown + - + + - - - - + - 1.5
D.P2.4 | Purple - + - - - - + - - - + 3
D.WI1.1 | Orange Brown + - - - - - - 15
D.W1.2 | Orange Brown + - - - - - + - 1.5
D.W1.3 | Purple - + - - - - - - - + 3
D.W2.4 - - + - + + + - - - - 3

3. Morphological characteristics

The morphological characteristics of the active strains are
presented in Table 3 from which the following criteria can
be indicated:

a. Half of the strains have no diagnostic mycelial
pigment, while the rest have orange or purple colour.

b. Fourteen strains have no diffusible pigment, while
the others have brown to dark brown and rarely olive
or green colours.

All isolates grow on the Czapek-sucrose agar and
none of them grow on potato slice.

The utilization with different carbon sources show
unlike patterns.

Approximately all isolates can not reduce nitrate.
Half of the isolates can tolerate the presence of NaCl
till 3%, while others tolerate till 1.5%.
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Table.4. Taxonomic groups of active rare actinomycetes isolates

Sample No. Locality Identified rare actinomycetes
S.01 Soil of Qalubiya Micromonospora olivasterospora
S.Q2 Soil of Qalubiya Micromonospora olivasterospora
S.Q3 Soil of Qalubiya Micromonospora olivasterospora
S.Q6 Soil of Qalubiya Micromonospora olivasterospora
S.Q8 Soil of Qalubiya Micromonospora olivasterospora
S.S2 Soil of Sharkiya Micromonospora purpurea
S.S3 Soil of Sharkiya Actinoplanes tecichomyceticus
S.84 Soil of Sharkiya Actinoplanes tecichomyceticus
Sl Soil of Ismaelliya Actinoplanes tecichomyceticus
SI2 Soil of Ismaelliya Actinoplanes tecichomyceticus
SI3 Soil of Ismaelliya Micromonospora purpurea
SI4 Soil of Ismaelliya Micromonospora purpurea
S.D1 Soil of Dakahliya Micromonospora purpurea
S.D3 Soil of Dakahliya Micromonospora purpurea
S.G3 Soil of Gharbiya Micromonospora purpurea
S.G5 Soil of Gharbiya Micromonospora purpurea
W.C1.2 Fresh water from Cairo Micromonospora purpurea
W.C1.3 Fresh water from Cairo Actinoplanes tecichomyceticus
W.C2.1 Fresh water from Cairo Micromonospora purpurea
W.C22 Fresh water from Cairo Actinoplanes tecichomyceticus
W.G1 Fresh water from Giza Actinoplanes tecichomyceticus
W.G2.1 Fresh water from Giza Micromonospora purpurea
W.G2.2 Fresh water from Giza Micromonospora purpurea
W.G2.5 Fresh water from Giza Micromonospora purpurea
DPIL.1 Decayed plant of Papyrus Micromonospora echinospora
D.Pl1.2 Decayed plant of Papyrus Micromonospora echinospora
D.Pl.4 Decayed plant of Papyrus Actinoplanes capillaceus
D.PL.6 Decayed plant of Papyrus Micromonospora echinospora
D.P17 Decayed plant of Papyrus Micromonospora echinospora
D.P2.3 Decayed plant of Papyrus Actinoplanes capillaceus
D.P2.4 Decayed plant of Papyrus Micromonospora echinospora
D.WI.1 Decayed plant of Ward El-Neel Actinoplanes capillaceus
D.W12 Decayed plant of Ward El-Neel Actinoplanes capillaceus
D.W1.3 Decayed plant of Ward El-Neel Micromonospora echinospora
D.W2.4 Decayed plant of Ward El-Neel Dactylosporangium aurantiacum

4. Chemotaxonomical analysis

All of the studied isolates showed meso DAP in their cell
wall as well as xylose and arabinose as a characteristic
sugars in cell hydrolysates.

5. Identification of rare actinomycetes isolates

Results obtained after the polyphasic identification of
isolated rare actinomycetes are presented in Table 4 from
which, it is clear that the active actinomycetes belong
generally to Micromonospora (65.7%), less commonly

Actinoplanes (31.3%) and rarely to Dactylosporangium
(3%) genera.

The soil isolates revealed the presence of three different
phena. The first was identified as Micromonospora
olivasterospora, while the second belongs to
Micromonospora purpurea. The third phena was
identified as Actinoplanes teichomyceticeus. In addition,
rare actinomycetes in water samples are commonly
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Micromonospora purpurea followed by Actinoplanes
teichomyceticeus.

Several workers emphasised that Micromonospora
olivasterospora, = Micromonospora  purpurea  and
Actinoplanes teichomyceticeus showed antimicrobial
activity (e. g. Bardone et al, 1978; Wagman and
Weinstein, 1980; Borghi et al., 1984; Lazzarini et al.,
2000).

In the case of decayed plants samples, the dominant group
(6 strains) were identified as Micromonospora
echinospora, followed by the presence of Actinoplanes
capillaceus (4 isolates). These species reported as
potential producers of new antibiotic (Lazzarini et al.,
2000). One strain could be identified as
Dactylosporangium aurantiacum.

Anti Gram-positive
bacteria 11.21%

Anti fungi
23.37%
Anti Gram-negative bacteria
3271%
Anti yeast
32.71%
Fig. 1. Percentage of the active strains of rare

actinomycetes against the target organisms.

CONCLUSIONS

In the course of screening for new antibiotics, sixty six
rare actinomycetes strains were isolated from different
Egyptian habitats using humic-vitamin B agar medium.
Antibiotic production of the isolates has been tested
against Gram-positive, Gram-negative, yeast and fungi.
Thirty five isolates showed activity against the tested
organisms. Approximately all the isolates were active
against Gram-negative bacteria. Isolates from soil and
fresh water samples were active towards fungi and one
tested yeast. The isolates showed different pattern of
activity against Gram-positive bacteria. The taxonomic
study revealed that the active isolates belonging to
Micromonospora, Actinoplanes and Dactylosporangium
genera. Screening of rare actinomycetes will hopefully
generate new leads.

REFERENCES

Bardone, MR., Paternoster, M. and Coronelli, C. 1978.
Teichomycins, new antibiotics from Actinoplanes
teichomyceticus nov. sp. II. Extraction and chemical
characterization. Journal of Antibiotic. 31: 170-177.

Bauer, AW., Kirby, WM., Sherries, JC. and Turk, M.
1966. Antibiotic susceptibility testing by standard single
disk method. American Journal of Clinical Pathology. 45:
493-496.

Borghi, A., Coronelli, C., Faniuolo, L., Allievi, G.,
Pallanza, R. and Gallo, GG. 1984. Teichomycins, new
antibiotics from Actinoplanes teichomyceticus nov. sp.
IV. Separation and characterization of the components of
teichomycin (teicoplanin). Journal of Antibiotic. 37: 615-
620.

Cavalla, M. and Eberlin, T. 1994. Isolement des
streptomycetes du sol. L operon. 19: 13-17.

Cross, T. 1981. Aquatic actinomycetes: A critical survey
of the occurrence, growth and role of actinomycetes in
aquatic habitats. Journal of Applied Bacteriology. 50:
397-423.

Hacene, H., Sabaou, N., Cavaletti, 1., Sosio, M. and
Donadis, S. 1994. Diversity of Actinoplanes and related
genera isolated from an Italian soil. Microbial Ecology.
45:362-372.

Hasegawa, T., Takizawa, M. and Tanida, S. 1983. A rapid
analysis for chemical grouping of aerobic actinomycetes.
Journal of Genetic and Applied Microbiology. 29: 319.

Hayakawa, M. and Nonomura, H. 1984. Humic acid-
vitamin agar, a new medium for the selective isolation of
soil actinomycetes. Journal of Fermentation Technology.
65: 501-509.

Holt, JG., Williams, ST. and Sharp, ME. 1994. In:
Bergey’s Manual of Determinative Bacteriology. The
Williams and Wilkins Com., Baltimore, London.

Jiang, CL. and Xu, LH. 1996. Diversity of aquatic
actinomycetes in lakes of the middle plateau, Yunnan,
China. Applied Environmental Microbiology. 62: 249-
253.

Lacey, J. 1973. Actinomycetales: characteristics and
practical importance. (eds. Sykes, G. and Skinner, F.) The
society for applied bacteriology symposium series.
Academic Press London. New York, USA.

Larpent, JP. and Larpent-Gouragand, M. 1990. Memento
technique de microbiologie. Technique et documentation
lavoisier.

Lazzarini, A., Cavaletti, L., Toppo, G. and Marinelli, F.
2000. Rare genera of actinomycetes as potential producers
of new antibiotics. Antonie van Leeuwenhoek. 78: 399-
405.

Lemriss, S., Laurent, F., Couble, A., Casoli, F., Lancelin,
JM. and Saintpierre-Bonaccio, D. 2003. Screening of
nonpolyenic antifungal metabolites produced by clinical
isolates of actinomycetes. Canadian Journal of
Microbiology. 49: 669-674.



380 Canadian Journal of Pure and Applied Sciences

Mazza, P., Monciardini, P., Cavaletti, L., Sosio, M. and
Donadio, S. 2003. Diversity of Actinoplanes and related
genera isolated from an Italian soil. Microbial Ecology.
45:362-372.

Ouhdouch, Y., Barakate, M. and Finance, C. 2001.
Actinomycetes of Moroccan habitats: Isolation and
screening for antifungal activities. European Journal of
Biology. 37: 69-74.

Rifaat, HM., El-Sayed, OH., Hassanein, SM. and Selim,
MSM. 2007. Protease activity of some mesophilic
streptomycetes isolated from Egyptian habitats. Journal of
Culture Collections. 5: 16-24.

Saadoun, I. and Gharaibeh, R. 2003. The Streptomyces
flora of Badia region of Jordan and its potential as a
source of antibiotics active against antibiotic-resistance
bacteria. Journal of Arid Environment. 53: 365-371.

Sabaon, N., Boudjella, H., Bennadjj, A., Mostefaoui, A.,
Zitouni, L., Lamari, H., Bennadji, G., Lefebvre, G. and
Germain, P. 1998. Les sols des oasis du Sahara Algerian,
source d'actinomycetes rares producteurs d'antibiotiques.
Secheresse. 9: 147-153.

Shiriling, EB. and Gottleib, D. 1966. Methods for
characterisation of Streptomyces species. International
Journal of Systematic Bacteriology. 16: 313.

Wagman, GH. and MJ. Weinstein. 1980. Antibiotics from
Micromonospora. Annual Review of Microbiology. 34:
537-557.

Waksman, SA. 1961. The actinomycetes. Classification,
identification and description of genera and species. The
Williams and Wilkins Co., Baltimore. 1: 1-363.



