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Actinomycetes are a source of a broad variety of secondary metabolites with diverse biological activities, such as 

antifungi, antibiotics and antitumorals; many of which have been developed for clinical use. In this study, 34 

actinomycetes from untouched soils were isolated from Alborz Province-Iran. Evaluation of antifungal and 

antibacterial activities of these isolates, demonstrated the capability of the isolates to inhibit the growth of fungi and 

bacteria using agar well diffusion method. Moreover, the ethyl acetate and ethanol extracts of an isolate were also 

tested against Staphylococcus aureus (MRSA) and their inhibited zones were measured. Among the studied isolates 

53% were active against at least one of the seven tested pathogens and 32% of actinomycetes were active against 

tested pathogenic fungi. Some of the actinomycetal isolates had shown strong antifungal and antibacterial activity 

which promises a good source of novel antimicrobial agents. As a case, isolate act-3 was selected for its high 

antimicrobial activity against MRSA. These results suggested that actinomycetes from Alborz province have a good 

potential for the production of biologically active compounds. 
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Introduction 

Microbial Natural Products (MNPs) are increasingly 

required for diverse industrial applications. One of the 

main targets is focused on the discovery of new 

antimicrobial compound, to face antibiotic resistant 

pathogens (1-2). Infections caused by fungi and 

multidrug-resistant (MDR) bacteria continue to be a 

worldwide problem. Currently society faces a rapidly 

growing resistance among pathogens that cause 

infection in the nosocomial environment (3-4). One of 

the most relevant multidrug resistant bacteria is 

methicillin-resistant Staphylococcus aureus (MRSA) 

(5-6). As a result, there is a continuous demand to 

discover new antifungal and antibacterial compounds. 

Despite all efforts to synthesis chemically, natural 

environments are still the best source of novel 

compounds (7). Therefore it is crucial that new groups 

of microbes are pursued as sources of novel antifungal 

and antibacterial compounds (8). The actinomycetes 

are a diverse family of filamentous bacteria that 

produce two-thirds of the antibiotics in clinical use 

(9). Among the actinomycetes, Streptomycetes are 
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particularly antimicrobial producers and are aerobic, 

Gram positive bacteria comprising a group of 

branching microorganism (10-11). Many studies have 

been conducted in the search for novel actinomycetes 

(12-15).  

Actinomycetes are present in various ecological 

habitats such as soil, water, lake, sewage and marine 

environment (5, 12, 16). Although soils have been 

screened by the pharmaceutical industry for about 50 

years, only a small fraction of the surface of the earth 

has been screened, and only a small fraction of 

actinomycetes taxa has been identified (17).  

The soils of Alborz province in Iran have rarely 

been explored for microbial metabolites. Hence, there 

is an immense possibility to identify new 

actinomycetes to discover novel bioactive compounds. 

In line with our previous investigations on 

biodiversity of actinomycetes in Alborz province and 

their natural products, we chose various geographical 

points Western to former study sites (18). After 

antimicrobial tests and selection of the best anti 

MRSA producer strain, its polarity is determined by 

two different solvent extractions. Finally the 16s 

rDNA gene for this strain is sequenced and its 

phylogenetic placement is studied. 

Materials and methods 

Soil sampling  

A total of eight samples were collected from soil 

depth of 5-15 cm in Karaj city, Alborz province, Iran 

(location: 35°48' N, 51°00' E) during spring in May 

2015. In our previous work (18) we had collected the 

samples from western part of Alborz province 5 to 15 

cm depth, without any sorting. The samples were 

stored in sterilized 500-ml plastic zip-lock bags and 

transported to the laboratory (≤ 1 h) and stored 

overnight at 4°C until use. 

Isolation of soil actinomycetes 

All the soil samples were subjected to pre-heat 

treatment prior to serial dilution. The treatment was 

performed by incubating the soil samples at 100°C for 

one hour (15). One gram of soil sample was mixed in 

10 ml of 0.9% sodium chloride solution, and mixed 

thoroughly in a shaker for 30 min at 150 rpm. The 

suspension was serially diluted up to 10-8 dilution. An 

amount of 0.1 ml of the 10-4, 10−6, and 10-8 dilutions 

was spread plated on ISP-2 agar plates and incubated 

at 28°C for 7 days (7). Nystatin (50 mg/ ml) and 

nalidixic acid (10 mg/ml) were added for the 

inhibition of fungi and bacteria, respectively, during 

initial selection. After the incubation period, the plates 

were examined for the presence of actinomycetes 

colony. The suspected colonies were picked up and 

purified on ISP-2 media until pure cultures were 

obtained. The isolates were maintained on plates for 

short-term storage, and long-term strain collections 

were set up in medium supplemented with 30 % 

glycerol at −20°C (18). 

 

Morphological characterization 

Actinomycetes colonies were recognized on the basis 

of morphological characteristics by light microscopy 

according to the recommendations of International 

Streptomyces Project (ISP) (19). 

 

Indicator microorganisms  

Methicillin resistant Staphylococcus aureus ATCC 

33591, Klebsiella pneumoniae ATCC 10031, 

Escherichia coli ATCC 29998, Serratia marcescens  

ATCC 13880, Pseudomonas aeruginosa ATCC 9027, 

Aspergillus niger ATCC 16404 and Candida albicans 

ATCC 10231 were used as indicator strains. They 

were obtained from Persian Type Culture Collection 

(PTCC). 

 

Preparation of inoculum 

Bacterial inoculums were prepared by growing cells 

in Nutreint Broth (N.B.) for 24 h at 37°C. These cell 

suspensions were diluted with sterile N.B. to provide 

initial cell counts of about 10-4 CFU/ml. Aspergillus 

niger was grown on Sabouraud Dextrose Agar (SDA) 

slants at 28°C for 10 days. The spores were collected. 

Yeast was grown on Sabouraud Dextrose Broth 

(SDB) at 28°C for 48 h; size of inoculums was 106 

CFU/ml (1, 20). 

Screening for antimicrobial activity by modified 

spektra-plak method 

Antimicrobial assays were conducted using the 

modified spektra-plak method (18). For Antibacterial 

https://www.google.com/search?es_sm=93&q=Staphylococcus+aureus+ATCC+25923,+Klebsiella+pneumoniae+10031,+Enterococcus+faecalis+ATCC+29737,+Aspergillus+niger+ATCC+???+and+S.+aureus+methicillin+resistance+(MRSA)+ATCC+33591&spell=1&sa=X&ved=0CBoQvwUoAGoVChMI1pT1rv_NxwIV6CnbCh0gZADe
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and anti-candidal assay, Mueller Hinton Agar (MHA) 

plates were inoculated with actinomycetes cultures by 

a small circle of actinomycete isolates in the center of 

the petri dish and incubated at 28◦C for 4 days. The 

inoculums were cultured with swab in MHA around 

cultured actinomycetes.  

For antifungal assay, Starch-casein agar plates 

were inoculated by actinomycete isolates around the 

plate and A. niger in the center at the same time. 

Antagonism was detected by formation of inhibition 

zone and measured by the determination of the size of 

the inhibition zone.  

 

Secondary screening for actinomycete antimicrobial 

activity 

Actinomycetes were inoculated in ISP-2 medium and 

incubated at 28°C, 220 rpm for 5 d. Cells were 

harvested by centrifugation at 4000 rpm for 10 

minutes and the supernatant was collected into a fresh 

tube, filterated by nitrocellulose filter paper (0.4 µm) 

and tested for antimicrobial activity by the agar well 

diffusion method (21). The test pathogenic microbes 

were inoculated on MHA plate and wells of 6 mm 

diameter were prepared. In each of the plates, wells 

were filled with 100μl of clear supernatant of 

actinomycetes and the plates were incubated at 37°C 

for 48 h. All experiments were performed in 

triplicates. 

 

Extraction of antimicrobial metabolites 

The total culture filtrate of selected actinomycete 

isolate act-3 (650 ml) was used for solvent extraction 

with ethyl acetate and ethanol equally. The ratio of 

filtrate and solvent (1:1 v/v) was taken in a separating 

funnel and shaken vigorously. The organic layer was 

collected and the solvent was evaporated using 

vacuum rotary evaporator. MRSA as a test organism 

was used to test antimicrobial activity of the extract as 

was explained above. The solvents were included in 

the assays as negative controls. The plates were 

incubated for 24 h at 37°C.  

DNA extraction, 16S rDNA amplification and 

phylogenetic analysis 

The isolate act-3 was grown for 4 days at 28°C with 

agitation in 100 ml flasks containing 10 ml of ISP-2 

medium. Biomass was harvested by centrifugation at 

4000 rpm for 10 min and washed twice with 0.9% 

sodium chloride. About 200 mg of pellet was used for 

DNA extraction as described by Kieser et al. (22). The 

16S rDNA was amplified using PCR with Taq DNA 

polymerase and primers 9F (5´ 

AAGAGTTTGATCATGGCTCAG 3´) and 1542R (5´ 

AGGAGGTGATCCAACCGCA 3´). The reaction 

mix (25 μl) contained 1μl of genomic DNA, 25 μl of 

Taq Master Mix (2X), 0.4 mm of each primer and 4% 

DMSO. The reaction was started with an initial 

denaturation at 96 ⁰C for 300 second followed by 30 

cycles of denaturation at 96 ⁰C for 30 second, annealing 

at 54.5 ⁰C for 30 second and extension at 72 ⁰C for 90 

second, with a final extension at 72 ⁰C for 300 second. 

The PCR products were analyzed by agarose gel 

electrophoresis and submitted for purification and 

sequencing to Macrogen Inc. (Seoul, Korea).  

The identification of phylogenetic neighbors and the 

calculation of pairwise 16S rDNA sequence similarities 

were achieved using the eztaxon server 

(http://www.ezbiocloud.net/eztaxon). Sequences were 

aligned using CLUSTAL X software (version 2.0, 

Conway Institute, USA), and a phylogenetic tree was 

constructed by the neighbor-joining method using 

MEGA software (version 5.0, Biodesign Institute, USA). 

The bootstrap was calculated from 1,000 replicates to 

assess the reliable level to the nodes of the tree.  

Results 

Screening and morphology 

A total of 34 actinobacterial isolates were isolated 

from eight soil sediment samples obtained from four 

different sites including near woody plant’s root, near 

other plant’s root and two different depths of soil (5 

and 15 cm), located in Karaj, Alborz province, Iran. 

They were inoculated on the ISP-2 medium 

supplemented with Nystatin and nalidixic acid for 

purification. The isolated cultures were designated as 

act-1 to act-34. All the 34 cultures were studied for 

culture characteristics based on colonial morphology, 

ability to form aerial hyphae and substrate mycelia 

(Table 1). Most of the isolates were slow growing, 

aerobic, glabrous or chalky, folded and with aerial and 

substrate mycelia of different colors of white, yellow, 

brown, orange and pink with an earthy odor.  
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Out of 34 isolates, the majority (n = 13, 38.2%) 

were isolated from woody root, followed by other 

roots (n =10, 29.4%), 5 cm depth of soil (n = 6, 

17.6%) and 15 cm depth of soil (n = 5, 14.7%). 

 

Antimicrobial test 

They also screened primarily against bacteria and 

fungi (Fig. 1). Among 34 isolates, 4 (11.8 %) isolates 

showed inhibition against P. aeruginosa, 9 (26.5%) 

against MRSA, 2 (5.9 %) isolates against E. coli and 

one (3%) isolate against K. pneumonia and Se. 

marcescens. Out of 34 isolates, merely 32 % isolates 

displayed potential antifungal activity in preliminary 

screening. The maximum antifungal activity was 

exhibited by 6 isolates against C. albicans (23.1 %), 5 

isolates showed activity against A. niger (19 %). This 

result revealed that the Actinobacteria associated with 

the soils of Alborz Province possess the potential 

ability to produce diversely reactive secondary 

metabolites against pathogens. Isolates act-1, act-3, 

act-6 and act-8 exhibited the highest and broad 

spectrum of antimicrobial activities and are 

considered as the most promising isolates for further 

attention. Act-6 showed activity against MRSA (34 

mm), C. albicans (16 mm), K. pneumoniae (24 mm) 

and P. aeroginosa (18 mm), antimicrobial activity of 

act-3 was also found to be high against MRSA (24 

mm), act-1 showed high antimicrobial activity against 

MRSA (22 mm) and C. albicans (21 mm), and act-8 

had acute activities against P. aeruginosa (25 mm), 

MRSA (20 mm) and A. niger (22 mm) (Figs. 2, 3). 

 

Secondary screening 

As MRSA is considered to be one of the most 

important pathogenic bacteria, it was used as bioassay 

microorganism in this research. Four isolates 

including act-1, 3, 6 and 8 showed the most 

antibacterial activity against MRSA (Fig. 3). They 

were taken to study for secondary screening. Act-1 

and mostly act-3 were the best anti-MRSA metabolite 

producer. As it is shown in Figure 4, they had the 

highest antibacterial activity against MRSA (22 mm).  

 

 

 

Figure 1. Antimicrobial activity of 34 isolated actinomycetes against 

human pathogens. The tested pathogens were Staphylococcus aureus 

(MRSA), Klebsiella pneumoniae, Escherichia coli, Serratia marcescens, 

Pseudomonas aeruginosa, Aspergillus niger and Candida albicans. 

https://www.google.com/search?es_sm=93&q=Staphylococcus+aureus+ATCC+25923,+Klebsiella+pneumoniae+10031,+Enterococcus+faecalis+ATCC+29737,+Aspergillus+niger+ATCC+???+and+S.+aureus+methicillin+resistance+(MRSA)+ATCC+33591&spell=1&sa=X&ved=0CBoQvwUoAGoVChMI1pT1rv_NxwIV6CnbCh0gZADe


Ensieh Saifajahah lmhM mnh ihamahghel 

Progress in Biological Sciences / Vol. 6 (1) 2016 / 65-74 
 

69 

 

Figure 2. Primary screening of antibacterial activity for isolated 

actinomycetes against bacterial pathogens, using modified spektra-

plak method. 
 

 

 

 

Figure 3. Primary screening of antifungal activity for isolated 

actinomycetes against Aspergillus niger, using modified spektra-plak 

method. 
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Figure 4. Antimicrobial activity of act-1 (A), 3, 6 and 8 (B) crude extracts against MRSA grown on Muller 

Hinton Agar plates, using well-diffusion agar method. 

 

Extraction 
Based on the secondary screening results, act-3 was 

taken to study the extraction and evaluation of its 

antimicrobial property. The ethyl acetate and ethanol 

extracts of act-3 was tested against MRSA. The 

Inhibition zone of ethyl acetate and ethanol extracts 

were 18 and 22 mm (Fig. 5).  

 

           

Figure 5. Antimicrobial activity of act-3 ethyl acetate (A) and ethanolic (B) extracts against MRSA grown on Muller 

Hinton Agar plates, using well-diffusion agar method. 
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Bacterial identification and phylogenetic analysis  

Genomic DNA of the act-3 isolate was isolated and 

16S rDNA gene was PCR amplified with specific 

forward and reverse primers. Based on the 16S rDNA 

gene sequence, isolate act-3 shared the highest levels 

of sequence similarity (100%) with the species 

Streptomyces setonii NBRC 13085T (AB184300). 

DNA sequence was deposited in GenBank under 

accession number: KU161102. Phylogenetic trees 

based on the 16S rDNA sequences constructed with 

the NJ method (Fig. 6). 

 

Figure 6. Phylogenetic tree, based on the Neighbor joining algorithm, of the 16S rDNA sequences, showing the position of isolate 

act-3 and closely related species of the genus Streptomyces. Bootstrap values are indicated at branch-points. Mycobacterium 

llatzerense MG13T was used as the outgroup. Bar = 1% sequence divergence. 

 

Discussion 

Many researchers have isolated actinomycetes from 

different natural sources like soil (18, 23-24), 

sediments (25), marine areas (26-27), plants (28-29), 

termite guts (30) which are capable of producing new 

bioactive metabolits for the treatment of infections 

(31-32). 

In this research, actinomycetes were isolated, 

mainly from the untouched area of four different 

regions of Alborz province- Iran. Sampling was 

performed on different soil types like near plant’s root 

or different depth. The results indicate a dynamic 

population diversity of bacteria (Table 1). Most of the 

isolates were screened from rhizosphere. Similar 

results were obtained by other authors who showed 

that Actinomycetes are abundantly present in the 

rhizosphere due to their antagonistic and competitive 

characteristics toward other colonizers such as soil 

microorganisms. The importance of these species and 

their complex interactions with plants and other 

organisms from different rhizospheric soils has also 

been revealed (33). 

From 8 soil samples collected, 34 isolates of 

actinomycetes were isolated in ISP2 medium, which 

seems to be the most specific and sensitive medium 

for these bacteria, since it contains glycerol as a 

carbon source that most actinomycetes use. These 

results were anticipated because earlier studies have 

shown the importance of the ingredients of ISP2 under 

which the actinomycetes were cultivated (34). 

The isolated bacteria were tested for their capacity 

to produce antimicrobial metabolites with efficacy 

against Gram-positive and Gram-negative bacteria 

and fungi, and in particular antibiotics that inhibit 

growth of one or more of the tested common human 

pathogens. The observed antimicrobial activity 
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profiles of the actinomycetes confirmed the 

importance of screening for antibiotics against 

specific human pathogens, in addition to the search 

for novel antimicrobial agents. Gram-negative and 

positive pathogens are a major problem in the 

nosocomial environment (35) and therefore many 

screening works focus on searching novel antibiotics 

against these pathogens.  

We detected significant antimicrobial activity in 

isolated actinomycetes against Gram positive and 

Gram negative bacteria and also fungi. The most 

important aspect of our work was to establish novel 

bacterial sources for antibiotic discovery.  

The presence of antibiotic activity against tested 

bacterial and fungal pathogens guaranteed further 

study to search for potential antimicrobial compounds. 

For example isolate act-6 showed significant 

antibiotic activity against MRSA (34 mm).  

In our study, 9 of the 34 isolates that were 

identified as the antibiotic producers inhibited the 

Gram-positive MRSA and 6 inhibited C. albicans, 

whilst a significantly lower number of isolates 

inhibited the growth of Gram-negative pathogens. 

Similar results were reported in other antibacterial 

studies (18, 36) which might be due to the nature of 

outer membrane of Gram negative strains which does 

not permit antimicrobial agent penetration. 

Only four of the 34 antibiotic-producing isolates 

could inhibit the growth of P. aeruginosa, which is 

the major pathogen in cystic fibrosis lungs (37). In 

comparison, one of the 34 isolates inhibited growth of 

K. pneumoniae, which is also a very dangerous 

pathogen recently found in major outbreaks in 

hospitals.  

It is, therefore, particularly interesting to note that 

act-3 inhibited exclusively the growth of MRSA but 

not any of the other pathogens. It has been underlined 

that specific antimicrobial agents that act against a 

certain pathogen may have advantages over traditional 

broad-spectrum agents, whereby resistance 

development and side effects could potentially be 

reduced (38). Ethyl acetate and ethanol extracts of act-

3 showed high antibiotic activity against MRSA. 

Figure 6 showed that the yield of ethanol extract was 

higher than the yield of ethyl acetate extract. This 

difference could be attributed to the selectivity of 

extraction. Ethanol is a polar solvent known to extract 

a wide range of molecules including sugar, glycoside 

and weakly polar compounds. Whereas, ethyl acetate 

is an intermediary polar solvent that extracts 

preferentially more hydrophobic compounds like 

aglycone and long carbon chain ones. Furthermore, 

ethanol is considered as a low toxic solvent, thus its 

use is preferable to minimize impact on the 

environment (39). 

Act-6 presented the widest antibacterial spectrum, 

exhibiting inhibitory activity against several Gram-

positive and Gram-negative and fungi species such as 

MRSA, K. pneumonia and C. albicans. 

As screening of soil samples has not been 

performed extensively in Iran, we hope the isolates 

from this study may provide us with rare and novel 

industrial antibiotics or metabolites, which might be 

more effective than the existing ones, to cure diseases. 
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