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Fifty-two actinomycetes strains were isolated from soil samples collected from an arid field in Algeria. 
The isolates were assessed for antagonistic activity against human pathogenic bacteria and fungi. 
During the initial screening, 63% of the strains showed antimicrobial activity. Among the strains tested, 
MBA07 showed strong antimicrobial activity. The active metabolite was extracted with ethyl acetate and 
tested against microbial pathogens using the disc diffusion method. The crude extract was purified using 
column chromatography and assessed for antimicrobial activity. Fraction MOK1 showed good activity 
against Listeria monocytogenes (28 µg/mL) and MRSA (Methicilin Resistant Staphylococcus aureus (30 
µg/mL). Based on morphological, physiological, biochemical, cultural characteristics, this strain was 
identified as Streptomyces sp. The separation by thin layer chromatography (TLC) directed us to the 
choice of the suitable solvent system; it is Acetonitril-Water (9: 1). The MBA07 strain tasks bio 
autography obtained by TLC shows that only one task is active against Staphylococcus aureus. GC-MS 
analysis of active compounds allows us to approach the chemical family of the bioactive molecule. The 
retention times obtained and the masse spectrum peak corresponds to a number of chemical 
substances such as antibacterial phenazine. 
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INTRODUCTION 
Considering the increasing resistance of 
pathogènes to antibiotics, research has intensified 
in order to discover new bioactive molecules. 
Among these pathogenic microorganisms, fungi 
and yeasts cause serious diseases that affect 
humans. Mycoses have increased dramatically 
during the last decade. Bacterial infections pose 
also clinical problems, since many works in the 
world and in Algeria have reported the emergence 
of new bacterial strains resistant to multiple 
antibiotics, including some cephalosporins of third 
and fourth generation (Messai et al, 2008 ; 

Sekhsokh et al, 2008 ; Kumarasamy  et al, 2010). 
Because of still perceptible deficiencies, which are 
observed during the treatment of fungal and 
bacterial diseases, and considering the resistance 
of microorganisms to antibiotics, the current works 
are oriented toward the search for new bioactive 
molecules. Among the molecules with anti 
microbial activity, the range of the antifungal 
compounds is much more limited than those of 
the antibacterial compounds (Billaud, 2007). This 
is why new non-toxic antifungal molecules should 
be sought. Actinomycetes are Gram-positive 
bacteria with a percentage of guanine—cytosine 
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higher than 55%, and most of them produce 
mycelia. They are particularly interesting due to 
their capacity to produce secondary metabolites 
with diverse chemical structures (Valan arasu et 
al, 2008). They are especially known for the 
production of anti bacterial and antifungal 
antibiotics. It has been estimated that about two-
third of the natural antibiotics have been isolated 
from actinomycetes (Solanki & Kahanna, 2008). 
The genus Streptomyces is known as the 
producer of the largest number of antibiotics. It 
produces about 80% of the antibiotics secreted by 
actinomycetes (Betina, 1973 ; Baltz, 2007). 
Our work is registred in research of actinomycetes 
which are the most promising actors for the 
production of metabolites with antimicrobial 
activity. 

 

MATERIALS AND METHODS 

Isolation of actinomycetes from soil samples 
Soil samples were collected in El Bayadh, 

Algeria (Elevation: 1301 meters, Latitude: 
33°24'0.01", Longitude: 0°43'59.99"). Using a 
large sterile spatula, the first five centimeters of 
the surface layer of the soil are isolated, then with 
a small sterile spatula in the layer subjacent 
(between 5 and 15 cm of depth) 100–150 g of soil 
were collected and deposited on a sterile 
aluminum sheet. The large remains are isolated 
(stones, roots, etc.) and approximately 50 g are 
placed in a sterile flask and transported as quickly 
as possible to the laboratory (Pochon & Tardieux, 
1962). The soil samples were air dried for 1 week 
at room temperature. Isolation and enumeration of 
actinomycetes were performed by serial dilution 
and spread plate technique. One gram of soil was 
suspended in 9 mL of sterile double distilled 
water. The dilution was carried out up to 10

–5
 

dilutions. Aliquots (0.1 mL) of 10
-2

, 10
-3

, 10
-4

, and 
10

-5
 were spread on the starch casein agar. To 

minimize the fungal and bacterial growth, 
actidione 20 mg/L, and nalidixic acid100 mg/L 
were added. The plates were incubated at 30°C 
for10 days. Based on the colony morphology, the 
actinomycetes colony were selected and purified 
on International Streptomyces Project 2 (ISP2) 
medium.  

Microbial organisms 
The following Gram-positive and Gram-

negative bacteria used for the experiment were 
graciously provided by the Pasteur Institute of 
Algiers and fungi from Laboratoire de recherche 
des sources végétales et la sécurité alimentaire 

des zones semi-arides de la sud oust algérienne 
université de Béchar (Algeria). Gram positive: 
Staphylococcus aureus ATCC 25923, Listeria 
monocytogenes ATCC15313, Bacillus subtilis 
ATCC10876, Enterococcus faecalis ATCC 51299 
and methicillin-resistant S. aureus(MRSA). Gram-
negative: Salmonella typhimurium ATCC13311, 
Eschirichia coli ATCC25921 and Pseudomonas 
aeruginosa  ATCC 27853, Fungi: Candida 
albicans ATCC 10231, Aspergellus flavus ND7, 
Aspergillus niger, Fusarium oxysporium, Rhizopus 
stolonifer and Alternaria alternata. Bacterial and 
fungal inocula were prepared by growing cells in 
Mueller Hinton broth (MHB) for24 hours at 37°C. 

 

Antibacterial activity 
Actinomycetes isolates were grown on 

Bennett’s and GLM agar plates for 7 days at 28 
°C (Lee & Hwang, 2002). Agar cylinders (3 mm in 
diameter) were then taken with hollow punch and 
deposited on the surface of the Mueller–Hinton 
media (Merck), which had previously been seeded 
with each test bacteria. Plates were kept at 4 °C 
for 4 h, then incubated at 37 °C for 18–24 h. 
Inhibition diameters were then measured (Lemriss 
et al, 2003). 

Detection of antifungal activity 
Antifungal activity of actinomycetes isolates 

was estimated by the agar cylinders method 
against filamentous fungi obtained from the fungi 
collection of the Mycology Unit of the Pasteur 
Institute. The activity was tested in casitone 
medium (Merck) [Bactocasitone 9 g l

–1
, yeast 

extract 5 g l
–1

 , sodium citrate 10 g l–1,glucose 20 
g l

–1
, di-sodium hydrogen phosphate 3.34 g l

–1
, 

potassium di-hydrogenphosphate 0.54 g l
–1

 and 
agar 18 g l

–1
] (Kitoni et al, 2005). Inhibition 

diameters were measured after 24 h of incubation 
at 28 °C for yeasts and after48 h for filamentous 
fungi. 

Physiological, biochemical and cultural 
characteristics of active strain  

Morphological, biochemical and cultural 
characteristics of the isolated strain was studied 
as described in Bergey’s manual. Carbo-hydrate 
utilization was determined by growth on carbon 
utilization medium supplemented with 1% carbon 
sources at 30◦C. Temperature range for growth 
was determined on actinomycete isolation agar by 
growing at different temperatures (5, 25, 28, 37 
and 45◦C). Hydrolysis of starch was evaluated on 
starch agar media.Reduction of nitrate was 
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determined and all cultural characteristics were 
recorded after six days of incubation (Shirling & 
Gottlieb,1966). 

Production, extraction and purification of 
secondary metabolite  

Based on the zone of inhibition in primary 
screening, isolate designated as MBA07 that have 
potential antimicrobial activity was selected for 
fermentation and extraction. The production of 
bioactive compounds was conducted in ISP-2 
broth. One hundred and twenty-five milliliter of 
broth was prepared in a 250 ml capacity 
Erlenmeyer flask and sterilized. Four percent 
mother inoculum (2 days old culture) was 
introduced into the sterile broth. The flask was 
incubated at 28 °C at 150 rpm for 7 days. After the 
incubation period, the broth was filtered using 
Whatman N°1 filter paper. The culture filtrate was 
then separated by centrifugation at 3000 rpm for 
15 min. 

The culture filtrate (800 ml) was extracted 
twice with ethyl acetate and the pooled solvent 
extracts were evaporated to dryness under 
reduced pressure to yield a crude residue. The 
purification of the antimicrobial compound was 
carried by using silica gel column (2.5×25) 
chromatography. Silica gel of 100-200 mm particle 
size was used for packing the column. Methanol 
and acetate ethyl (6:4, v/v) were used as an 
eluting solvent. 5 g of crude extract to be 
fractioned was dissolved in 50 ml of methanol and 
passed through the silica gel column keeping the 
flow rate at 0.2 ml/min; twenty-five fractions were 
collected (5 ml each) and tested for their 
antimicrobial activities (Aouiche et al, 2012). 

Thin-layer chromatography combined with 
bioautography 

Thin-layer chromatography (TLC) was 
combined with bio-autography in order to detect 
bioactive molecules against S. aureus. Samples 
were spotted on 20 cm × 20 cm silica gel plates 
(Si60,Merck Art. 5735, Kiessel gel 60F254), which 
were developed Methanol and acetate ethyl (6:4, 
v/v) and then air-dried overnight at 37°C to 
remove solvents. Two plates were prepared for 
each fractionation experiment. The first plate was 
used to localize the bioactive compounds based 
on their retention factor (Rf) (Mendham et 
al.,2006). These compounds were visualized by 
spraying sulfuric vannilin (vanillin/concentrated 
H2SO4/ethanol 3:3:100, w/v/v). The second plate 
was placed on the surface of the Mueller–Hinton 
media (Merck), which had previously been seeded 

with S. aureus and incubated for 24 h at 37°C. 
The clear areas revealing the inhibition of S. 
aureus growth indicate the location of antifungal 
compounds, which were correlated to their Rf on 
the reference TLC plates.  

Determination of minimum inhibitory 
concentrations 

Minimum inhibitory concentrations (MICs) of 
pure bioactive compounds were performed using 
conventional agar dilution method on the ten 
target microorganisms cited above. These latter 
were inoculated onto Mueller Hinton medium for 
bacteria and Sabouraud medium for yeasts and 
filamentous fungi, containing different 
concentrations of active compounds (10, 20, 30, 
50, 75 and 100 µg/mL). After a growth period of 
24—48 h at 37°C for bacteria and 48—72 h at 28 
°C for fungi, the plates were examined for growth 
and the lowest antibiotic concentration that 
inhibited the growth of each organism was 
determined. Mueller Hinton and Sabouraud media 
without active compounds and inoculated with 
target microorganisms was used as a control 
treatment. 
 

RESULTS  

Isolation and Preliminary screening 
Soil samples were collected from El Bayedh 

Algeria. One gram of soil sample was dried and 
taken for isolation of actinomycetes. The 
suspected 52 actinomycetes were isolated and 
inoculated on the ISP-2 medium for purification. 
And the pure colonies were maintained in the ISP-
2 slant at 4°C. The isolated cultures were 
designated as MBA01, 2, 3…. and 52. All the 52 
cultures were screened against bacteria and 
fungi. The method used for the screening of 
antibacterial and antifungal activity was the agar 
plug method. The isolated strains were seeded 
over the entire surface of ISP 2 medium Petri 
dishes. As soon as the organisme developed, 
agar discs were cut out by the cork borer (6 mm 
diameter) and transferred to the surface of 
Mueller–Hinton medium for the bacteria and YMA 
and casitone media for the fungi. Mediums agar 
plates are seeded with the test organisms. During 
the initial screening, 63% of the strains showed 
antagonistic activity. The antimicrobial compound 
produced by MBA07 inhibited the growth of both 
bacteria and fungi. Based on the preliminary 
screening results, MBA07 was taken to study the 
extraction and evaluation of its antimicrobial 
property. The crude extract of MBA07 was tested 
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against bacteria and fungi.  

 Morphological and biochemical 
characteristics of retained strain 

The cultural, morphological and biochemical 
characteristics of the MBA07 strain are detailed in 
Table 1. It produced a small colony, white to 
grayish, round, powdery, without pigmentation on 
Gauss agar medium. Its growth was excellent on 
ISP2 and ISP4 but moderate on ISP3 and ISP5. It 
was a Gram positive, non-motile, with aerial 
branched and none fragmented mycelium of white 
color on ISP2. Spores hyphae are spiral chain (S) 
of 3—10; substrate mycelium is moderate yellow 
without soluble pigmentation. The strain produced 
a light yellow orange melanoïd pigment after four 
days of culture on ISP7. Physiological proprieties 
are also detailed in the Table 1. 

 
Table, 1: antimicrobial activity of MBA07 
obtained with agar cylinder   
 

Test organisms  Diameter of 
inhibition zone 

(mm) 

inBacillus subtilus 22±2.0 

Staphylococcus aureus  19±1.5 

Listeria monocytogenes  20±2.0 

MRSA 13±1.0 

Enterococcus faecalus  18±2.0 

Escherichia coli  16±2.0 

Salmonella Typhimirium 11±0.5 

Candida albicans 13±1.0 

Penicillium expansum 12±1.5 

Aspergillus flavus 20±2.0 

Fusarium graminearum 18±1.5 

Aspergillus ochraceus 19±2.0 

Aspergillus parasiticus 13±1.5 

 
The MBA07 strain assimilates the following 

carbon sources: D-mannitol, D-fructose, L-
rhamnose, galactose, D-xylose, and D-glucose. It 
showed a moderate growth for D-xylose, L-
arabinose, raffinose, mannose, sorbitol compared 
with D-glucose, but no growth on D-melibiose. It 
showed a good growth with alanine, guanine, 
glutamine, leucine and tryptophane nitrogen 
sources, a reduced growth with adenine and 
glycine, and no growth with aspartic acid and 
cysteine. The catalase, urease, and indol reaction 
were positive, but Simmons citrate was negative. 
AB19 produced amylase, protease, caseinase, 
 
 

 
Table 2 Morphological, physiological and 
biochemical characteristics of the  MBA07 

Characteristics  

Morphological characters 
ISP 1 
ISP 2 
ISP 3 
ISP 4 
ISP 5 
Diffusible pigment 
Melanoïd pigments 
ISP 6 
ISP 7 
2 days 
4 days 
 
 
Biochemical characters 
Gram reaction 
Catalase production 
Urea 
Indol reaction 
Resistance to phenol 0,1%(w/v) 
Amylase 
Protease 
Caseinase 
Tween 80 degradation 
Gelatin degradation 
Temperature of growth 
5°C 
25°C 
28°C 
37°C 
45°C 
Tolerance to NaCl 
Utilization of carbon source1% (w/v) 
Sucrose 
D-mannitol 
D-fructose 
L-arabinose 
L-rhamnose 
Raffinose 
Galactose 
D-melibiose 
Mannose 
Sorbitol 
D-xylose 
D-glucose 
Simmons citrate 
Utilization of nitrogen sources1% (w/v) 
Aspartic acid 
Adenine 
Alanine 
Guanine 
Cysteine 
Glutamine 
Glycine 
Leucine 
Tryptophan 

 
Yellow 
white 
Light 
gray 

Bluish 
gray 
Light 
gray 

White 
— 

Light 
Yellow 
Orange 

 
+ 
+ 
+ 
+ 
- 
+ 
+ 
+ 
- 
- 
+ 
- 
- 
+ 

++ 
+ 
± 

 
<4% 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
+ 
+ 
+ 
+ 
- 
- 
+ 
+ 
+ 
- 
+ 
+ 
+ 
+ 

 
and gelatinase, but failed to degrade tween 

80. The morphological and physiological 
proprieties compared with the Bergey’s Manual of 
Systematic Bacteriology strongly suggested that 
the strain ASB19 belongs to the genus 
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Streptomyces (Garrity et al, 2004).  

Fermentation, extraction and purification 
The fermentation process of the MBA07 was 

carried out for 120 h at 28 °C. After incubation 
period, the culture supernatant was separated by 
centrifugation at 5000 rpm for 15 min. the culture 
filtrate was extracted twice with ethyl acetate (1:2, 
v/v) and the organic layer was evaporated to 
dryness under reduced pressure to give yellow 
colored precipitate. 5 g of the precipitate in 50 ml 
of methanol was chromatographed on silica gel 
column using solvent system acetonitrile - water 
(9:1,v/v).  

Among all the fractions tested for antimicrobial 
activity, actives fraction were determinate as 
fraction 7 and 12. Further purification was carried 
out by silica gel column chromatography to 

remove minor impurities and unsolicited 
metabolites. A total of 12 minor fractions of 2 ml 
each were collected. All of them were subjected to 
TLC analysis and fractions with similar Rf (0.95) 
values were pooled together. Finally two major 
fractions were obtained mok1 (87 mg) and mok2 
(33 mg). Out of these tow fractions, fraction Mok1 
exhibited highest antimicrobial activity.  

Spectroscopic characteristics 
The UV-visible spectra in methanol showed 

characteristics absorption spectra at 215, 280 and 
380 nm. Among these strong UV absorption 
maxima was observed at 215 nm with a shoulder 
at 420 nm, thus suggesting a no polyene nature of 
the compound (Fig. 1). 
 

 

 
 

Figure 1: UV-Visible spectrum of the crude extract of streptomyces MBA07 
 

 

Minimum inhibitory concentration 
The purified compound showed broad 

spectrum of antimicrobial activity against selective 
Gram positive bacteria, Gram negative bacteria 
and fungi. The lowest MIC was recorded against 
B subtilis and L. monocytogenes (26µg/ml and 
28µg/ml respectably) and highest against Gram 
negative bacteria (57- 64µg/ml). The MIC of fungi 
was highest compared to the bacterial (74µg/ml) 
for C. albicans and (94µg/ml) for A. flavus (Table 
3). 
 
 
 
 

 
 
Table 3: Minimum inhibitory concentrations 
(MIC) of the purified bioactive metabolite 
isolated from Streptomyces sp. MBA07. 

Test organisms  MIC (µg/ml) 

B subtilis  
S aureus  
L. monocytogenes  
MRSA  
E faecalis 
E coli  
P aeruginosa  
S tyfimirium  
C albicans  
A flavus 

26 
40 
28 
41 
30 
58 
64 
57 
74 
94 
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Figure 2: GC spectrum of the the active compound of the methanol extract of ASB19.

GC-MS spectrum  
The partially purified second fraction 

subjected to GC-MS analysis shows major 
fragments 

at m/z 176.1. In simuler stady (Luo et al., 
2015) The fragment at m/z 179.06 corresponds to 
[M − H]+ of the phenazine ring (C12H8N2, MW = 
180.08) (Fig. 2). 

 
Discussion 

32 different types of actinomycetes were 
isolated from a natural poor field in Aïn el Orak, El 
Bayadh, Algeria. Isolation of actinomycetes has 
always been faced with difficulties in comparison 
to their competitors like other bacteria and fungi 
(Cavalla, et al, 1994). This may be due to their 
long incubation period. Use of selective media 
(Starch casein media) incorporated with 
antibiotics, actidione 20 mg/L, and nalidixic acid 
100 mg/L was crucial inhibiting contaminating 
microorganisms.  

After first screening, nearly 79% of isolated 
strains chow antimicrobial activity. In this study 
only the MBA07 strain was retained because of 

their strong ability to inhibit the majority of tested 
microorganisms. Based on the morphological, 
Physiological and biochemical characteristics, the 
purified isolates of actinomycetes belonged to 
Streptomyces sp. The MBA07 isolate produced 
metabolites and exhibited antimicrobial activities 
against a broad spectrum of bacteria. Similar 
results are obtained by Valan Arasu et al. (2009) 
who have reported in vitro antimicrobial activity of 
Streptomyces spp. ERI-3 isolated from Western 
ghats rock soil. Boudemagh et al. (2005) reported 
isolation and molecular identification of 
Actinomycete microflora of some Saharian soils of 
southeast Algeria and tested for their antifungal 
activity. Ethyl acetate extract of MBA07 
Streptomyces showed potent antibacterial and 
antifungal activities against tested microbes. 

Secondary metabolites production usually 
occurs during the stationary growth phase, we 
found that the antifungal compound production 
was highly correlated with the growth of the 
MBA07 strain. Similar results have already been 
reported in antimicrobial compound from marine 
Streptomyces coeruleorubidus BTSS-301 
(Kandula & Terli, 2013).   
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The UV-VIS spectra analysis of the crude 
extract, when compared to the characteristic 
maximum absorption of polyenes (Rabek, 1995), 
clearly indicated that absorption peaks of the 
crude extract were not of polyenic structure, which 
is not desirable in the screening of new antifungal 
molecules because of the known toxicity and low 
solubility of polyenes (Badji, 2005). 

According to the TLC results, the best solvent 
system for crude extract is Ethyl acetate-
methanol. Similar result are obtained by 
Boughachiche (2012) were the solvent system 
(ethyl acetate- Methanol) was the best system 
allowing a rapid migration of the bioactive 
molecules and it give good separation and 
therefore a good purification of the methanol 
extracts. 

The GPC spectrum of the active molecule 
remains very close to the antibacterial molecule 
dibutyl phthalate. The MIC of the purified 
compound revealed its broad spectrum of 
antimicrobial activity against Gram positive 
bacteria, Gram negative bacteria and fungi. 

 

CONCLUSION 
The GC spectrum of the active molecule 

remains very close to the antibacterial molecule 
phenazine. The MIC of the purified compound 
revealed its broad spectrum of antimicrobial 
activity against Gram positive bacteria, Gram 
negative bacteria and fungi. 
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