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Abstract       The aim of this study was to apply the barcoding method, namely 
sequencing of the 16S rRNA gene for identification of the actinomycetes isolated 
from soil. It is known that the morphological identification of actinomycete species 
is difficult due to the very close traits; therefore the molecular analysis was 
performed. The actinomycetes were isolated from four soil samples and the 
strains were purified. The extracted DNA was amplified with the primers specific 
for 16S rRNA gene and the amplification products were sequenced. The results 
were compared with the NCBI (National Center for Biotechnology Information) 
data bases and the following species were identify with a high accuracy: 
Streptomyces nigrescens Streptomyces virginiae, synonymous with Streptomyces 
cinnamonensis Streptomyces chartreusis Streptomyces albidoflava synonymous 
with Streptomyces canescens, Streptomyces sampsonii, 
Streptomyces champavati. It was turned out the possibility of identifying with high 
accuracy the actinomycetes species present in the analyzed soil samples based 
on molecular investigations.   
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Actinomycetes can be defined as prokaryotic 

or unicellular organisms, which have a gram-positive 
cell wall. The morphology of actinomycetes is similar 
to fungi, because it produces a filamentous, dense, 
branched and raised colony over the substrate. Most 
characteristics of actinomycetes are common to 
bacteria rather than fungi. Therefore, actinomycetes are 
placed in the group of bacteria, a group that includes 
members such as Mycobacterium, Corynebacterium, 
Streptomyces and Actinomyces, etc. The diameter of 
the filaments of actinomycetes is much smaller (1-2 
µm) than the filaments of fungi that vary between 
5µm-10µm. The filamentous forms of Actinomycetes 
are aerobic and can produce spores alone or in chains. 
Its colony appears as a powdery mass and is pigmented 
by the formation of aerial spores [2, 3, 7, 13]. 

Actinomycetes are of particular importance 
due to the production of bioactive secondary 
metabolites that include antibiotics, antitumor agents, 
immunosuppressive agents and enzymes. These 
metabolites are known to possess antibacterial, 
antifungal, antioxidant, neuritogenic, anti-cancer, anti-
algal, anti-malarial and anti-inflammatory abilities. 

More than a thousand secondary metabolites 
of actinomycetes were already discovered. Most of 
these compounds are produced by different species of 
the genus Streptomyces. In fact, about 60% of the new 
insecticides and herbicides reported in the last years 
were originated from Streptomyces. It is also estimated 
that up to three-quarters of all streptomycete species 
are capable of producing antibiotics. Actinomycetes 
produce a variety of antibiotics with various chemical 
structures, such as polyketides, β -lactams, and 

peptides, in addition to a variety of other secondary 
metabolites that have antifungal, antitumor, and 
immunosuppressive activities [1, 5, 6, 11]. 

The taxonomy of actinomycetes was 
previously based on morphology, which is inadequate 
to differentiate between different species of several 
genera. The use of phylogenetic and molecular 
evolutionary approaches has greatly helped the 
classification methods. Some organisms that are 
misplaced in an inappropriate group are now properly 
classified due to the advent of molecular techniques. 
Phylogenies and species identification are now 
commonly obtained from 16S rRNA and the use of 
polymerase chain reactions (PCR) for sequence 
analysis [10]. 

The 16S rRNA gene, which encodes the small 
subunit of prokaryotic ribosomal RNA, is most often 
used for sequencing in bacterial taxonomic and 
phylogenetic studies. This gene is present in almost all 
bacteria, usually as part of a multigene family or as an 
operon, it has not undergone many changes in its 
function over time and the size of the gene is about 
1500 bp, suitable for bioinformatics studies. 

The aim of the study was to isolate 
actinomycetes from the soil and to verify whether the 
bacterial-specific method, namely the sequencing of 
the 16S rRNA gene can be used successfully to identify 
the species. 

 
Material and Method 
 
Biological material 
Four soil samples, collected from different location 
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Bacterial isolation 
For bacterial isolation the “plate culture 

method” was applied. For each soil variant 4 serial 
dilutions were prepared by suspending the soil in 
sterile sodium pyrophosphate solution in a 
concentration of 0.1%. 
 

 
 

The most advanced dilution (10-4) of each 
variant was inoculated on Gause medium using 
"technique of inoculum dissemination on the surface of 
the medium" [4].. 

Actinomycete colonies appeared after 5-7 
days of incubation at 28º. The emergence of microbial 
colonies was followed by quantitative determinations 
of actinomycetes and their transplantation on specific 
media, in order to obtain pure microbial cultures and 
the study of the taxonomic distribution of this bacterial 
group [16, 17]. 

 
DNA extraction 
 Previously isolated actinomycete samples 
were inoculated into liquid growth medium and 
maintained at 28ºC for 5 days. The cultures were then 
centrifuged to collect bacterial cells. After removal of 
the culture medium, the bacterial cells were maintained 
at -20°C for one hour after which they were ground to 
destroy the cell walls. Then, for DNA extraction, all 

the steps recommended by the manufacturer of the 
Isolate II Genomic DNA kit (Bioline) were followed.  
 
DNA amplification and sequencing [9] 

For 16S rRNA gene amplification specific 
primers F27 and R1492 were used. The amplification 
mixture and program were in accordance with the 
literature data. 

The DNA fragments obtained after 
amplification were visualized in the presence of 
ethidium bromide, by illumination on a UV 
transilluminator. The gel portions that contained the 
amplified fragments, of appropriate length, were cut 
from the gel. 

The DNA present in each gel fragment was 
purified using the Monarch DNA Gel Extraction Kit 
(BioLabs New England), following the manufacturer's 
instructions. The gel-purified DNA fragments were 
sent for sequencing to Macrogen, the Netherlands. 

 
Results and Discussions 
  

The 5 days cultures were used for DNA 
extraction, considering that the bacterial cells number 
was appropriate. 

Prior to PCR (Polymerase Chain Reaction) 
analysis, it was necessary to evaluate the concentration 
of DNA samples and their quality. The 
spectrophotometric method was used for this purpose. 
Thus, the absorbance of the samples at 260nm was 
measured, which allowed the determination of the 
amount of DNA, after which their quality was 
evaluated. It is known that a value of the OD 260/280 
ratio in the range 1.8-2 characterizes a DNA sample of 
appropriate quality. Also a value of 2-2.2 for the OD 
260/230 ratio shows the lack of inhibitors in the DNA 
samples (Table 1). 

Table 1 
Characterization of DNA samples in terms of concentration and quality 

Cod proba Concentrația (ng/µl) OD 260/280 OD 260/230 
1 117,4 1,89 1,81 
3 153,3 2,00 2,00 
6 85,37 1,90 2,02 

11 41,75 1,88 1,81 
 

The concentration of the samples varied 
between 153.3 ng/µl for sample 1 and 41.75 ng/µl for 
sample 4. The low concentration of DNA extracted 
from sample 4 was expected because the development 
of bacterial culture was slightly lower compared to the 
other samples. 

The quality of the DNA samples was 
adequate, so that their analysis by PCR amplification 
was possible. 

 
Amplification of the 16S ribosomal RNA gene 

The 16S rRNA gene encoding the small 
ribosomal subunit in prokaryotes was used to identify 

bacterial species. It is known that this gene has variable 
regions, which have a very high specificity, allowing 
the identification of species. Primers F27 and R1492 
were used for the analysis, which amplify a fragment 
with a length of approximately 1500bp. The 
amplification was performed in a total volume of 50µl, 
because it was necessary to obtain a larger amount of 
amplification products. 

Considering the length of the amplified 
fragment (1500bp) for separation a gel with a 
concentration of 1.5% was used (Figure 2). 
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Figure 2 Separation by agarose gel electrophoresis 

(1.5%) of amplification products 
 

The DNA bands with 1500bp length, 
visualized in the presence of ethidium bromide and UV 
radiation were purified using the Monarch DNA Gel 

Extraction Kit (BioLabs New England) and sequenced 
by Macrogen company, the Netherlands. 

 
Sequence analysis corresponding to the 16S rRNA 
gene 

Four samples were sequenced, whose 
morphological identification was more difficult, 
namely samples 1, 2 ,3 and 4. 

For example, the results of the sequencing of 
sample 1 are presented. 
The sequence of the 16S rRNA gene corresponding to 
sample 1, in the form in which it will be compared with 
the NCBI (National Center for Biotechnology 
Information) databases https://www.ncbi.nlm.nih.gov/ 
was presented below. 

 
 

 
Thus, sample 1 proved to be part of the species Streptomyces nigrescens, which is known as a bacterium 

isolated from the soil, which produces 5-alkyl-1,2,3,4-tetrahydroquinoline and the antibiotic foslactomycin A [15]. 
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The procedure was similar to the other 
analyzed samples, obtaining the following results. 

For sample 2, alignment with known 
sequences showed the similarities to the species 
Streptomyces virginiae, synonymous with 

Streptomyces cinnamonensis. It is known as a 
bacterium isolated from the soil, which mainly 
produces the antibiotics virginiamycin M and 
streptogramin type A [12]. 

 

 
 

In sample 3, identification based on comparison in the NCBI database showed belonging to the species 
Streptomyces chartreusis which produces a very wide range of secondary metabolites [8]. 
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Following the sequencing of sample 4, the 
similarity with several previously analyzed strains was 
identified, which belong to several species, such as 
Streptomyces canescens, Streptomyces albidoflava, 
Streptomyces sampsonii, Streptomyces champavati.  

Taxonomic studies have shown that all these 
names are synonymous with the approval of the name 
Streptomyces albidoflava [14]. The main metabolites 
produced by this species are dibutyl phthalate and 
streptotricine. 

 

 
  

 
Conclusions 
 

It was considered that due to the very close 
morphological traits the identification of actinomycete 
species is difficult. Therefore, molecular analysis is a 

method that, along with microbiological analysis 
allows the identification of bacterial species with great 
accuracy. The sequencing of the 16S rRNA gene 
allowed the identification of the following species. 

 
Sample 

code 
Molecular identification 

1 Streptomyces nigrescens 
2 Streptomyces virginiae, synonymous with Streptomyces cinnamonensis 
3 Streptomyces chartreusis 
4 Streptomyces albidoflava synonymous with Streptomyces canescens, Streptomyces sampsonii, 

Streptomyces champavati 
 

This research demonstrated the possibility of 
identifying with high accuracy the actinomycetes 
species present in the analyzed soil samples based on 
molecular investigations. 
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