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Abstract 
 

The aim of this study is to establish the taxonomic position of the halotolerant 

bacterium ESM2-25 GTF strain isolated from the extreme environment of El-Mellah 

lagoon water, which is situated in the city of El-Kala in the northeast of Algeria and 

to study its phenotypic characteristics, antibacterial activity against several 

pathogenic bacteria, and hydrolytic enzymes production. The novel bacterium 

ESM2-25 GTF strain was isolated from water samples by the dilution agar plating 

method using the starch-casein medium, screened in vitro for its hydrolytic enzymes 

production and antibacterial activity. The phenotypic and molecular characteristics 

show that the strain ESM2-25 GTF belongs to the genus Streptomyces. However,  

the comparison of the morphological and physiological characteristics of the strain 

ESM2-25 GTF with those of the nearest species showed significant differences. This 

strain showed an antibacterial activity against Bacillus subtilis subsp. spizizenii CIP 

106094, Escherichia coli ATCC 29522, Enterococcus faecalis ATCC 29212, 

Staphylococcus aureus ATCC 29213 and S. aureus MRSA ATCC 43300, while it is 

not active against Pseudomonas aeruginosa ATCC 27853. Furthermore, the strain 

ECM2-25 GTF was able to produce different hydrolytic enzymes such as lipase, 

protease, amylase, catalase, and gelatinase, which have applications in the field of 

food and industry. The interesting antibacterial activity of the strain ESM2-25 GTF 

against pathogenic bacteria and hydrolytic enzymes production indicate the 

importance of the exploitation of marine actinomycetes for biotechnological 

applications and the discovery of new antibacterial molecules and could encourage 

further research on the bioactive molecules secreted by this strain. 
 
© University of SS. Cyril and Methodius in Trnava

 
Introduction 
 

Late blowing is the major cause of spoilage in hard 

Microbial resistance to antibiotics increased with 

the COVID-19 pandemic, as although physical 

distancing played a positive role in decreasing 

transmission, it was countered by the overuse of 

broad-spectrum antibiotics to treat patients infected 

with SARS-CoV-2 (severe acute respiratory 

syndrome coronavirus 2) (Rodríguez-Baño et al. 
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2020; Lai et al. 2021; Ukuhor 2021). There is also 

the problem of the toxicity of certain drugs for the 

environment and human health (Rowan et al. 2016; 

Hasani et al. 2020; Han et al. 2021). These factors 

represent a significant public health risk that 

requires active research into new, less toxic, 

naturally occurring antimicrobial molecules, 

especially as all efforts have currently been 

directed towards research into the COVID 19 

pandemic (Marston et al. 2016; Rodríguez-Baño et 

al. 2020). 

Actinomycetes are Gram positive filamentous 

bacteria forming a mycelium and with a high 

percentage of G + C (Lechevalier and Lechevalier 

1967; Mazza et al. 2003). Based on their ability to 

produce antibiotics, the enzymes and other 

bioactive substances of actinomycetes are 

considered the most useful and beneficial bioactive 

molecules producing living organisms for humanity 

(Benedict 1953; Cai 2009; Mitousis et al. 2020). In 

fact, these microorganisms produce 45 % of the 

bioactive molecules (Berdy 2005). 

Among the actinomycetes, the genus Streptomyces 

is the most important producer of bioactive 

molecules (Kieser et al. 2000; Hopwood 2007a; 

Kovácsová et al. 2017; Mahasneh et al. 2021) 

including antibacterial agents such as tetracyclines, 

antifungal agents such as amphotericin B, 

ancticancer drugs exemplified by adriamycin, the 

immunosuppressant tacrolimus, enzymes such as 

amylase, lipase, protease, cellulase, and chitinase 

(Miyadoh 1993; Hopwood 2007b; Suthindhiran 

and Kannabiran 2009; Kumar et al. 2020). 

Streptomyces species have been reported to 

produce nearly 80 % of the antibiotics known 

currently (Miyadoh 1993; Kieser et al. 2000). 

As in the case of the antibiotics produced by 

Streptomyces, the extracellular enzymes produced 

from them could also be used instead of toxic 

products that are being used in various industries 

and affecting human health and the environment 

(Kumar et al. 2020). 

Scientists are also faced with a decline in the 

discovery of new bioactive molecules, due to the 

depletion of resources caused by the 

overexploitation of the natural environment 

(Demain and Sanchez 2009). 

The exploration of new and extreme environments 

that were previously unexplored would allow the 

discovery of new bioactive molecules. Among 

these unexplored and extreme environments, the 

El-Mellah lagoon located in the north-east of 

Algeria as a part of the El-Kala National Park, 

illustrates a good example of wetlands in the 

Mediterranean region. This brackish water lagoon 

is registered on the Ramsar list of wetlands of 

international importance to be protected 

(Boumezbeur and Bouteldji 2005). 

The aim of the present work is to describe the 

phenotypic and molecular characteristics, as well as 

the antibacterial activity and hydrolytic enzymes 

production of a new marine bacterial isolate from 

the water of El-Mellah lagoon. 

 

Experimental 
 

Isolation of the actinomycete strain 

 

Water samples were collected from El-Mellah 

Lagoon of El Kala (Fig. 1) (northeast of Algeria; 

latitude 8°20’E, longitude 36°54’N), kept at 4 °C 

and transferred immediately to the laboratory. 

Strain ECM2-25 GTF was isolated using the 

dilution method after 14 days of incubation at  

28 °C from water samples on starch-casein agar 

medium (10 g starch; 0.3 g casein; 2 g K2HPO4; 2 g 

KNO3; 0.02 g CaCO3; 0.01 g FeSO4·7H2O; 0.05 g 

MgSO4·7 H2O; 20 g agar; 1,000 mL distilled water; 

pH 7.2) (Williams and Cross 1971) on Petri plates 

without any antibacterial agents.  

 

Fig. 1. Geographical localization of El-Mellah Lagoon 

(36◦54’N, 8◦20’E) (Bensaâd-Bendjedid et al. 2018). 
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Identification of the actinomycete strain 

 

Morphological studies 

 

The observation of the micro-morphology of the 

strain ESM2-25 GTF was carried out using  

a scanning electron microscope PHILLIPS XL30 

ESEM-EFEI (Europe NanoPort, Eindhoven, 

Netherlands). The strain used for observation has 

been cultured for 14 days at 28 °C on ISP2 medium 

(4.0 g yeast extract; 10 g Bacto-malt extract; 4.0 g 

glucose; 1,000 mL distilled water; 20 g agar; pH 

7.2) (Boudjella et al. 2006; Morakchi et al. 2009; 

Alliouch-Kerboua et al. 2015). 

 

Cultural and physiological characteristics 

 

Cultural characteristics of strain ESM2-25GTF were 

characterized following the guidelines of the 

International Streptomyces Project (ISP) (Shirling 

and Gottlieb 1966; Mohamed et al. 2013). These 

characteristics were observed on the medium ISP2 

after 21 days of incubation at 28 °C. Colors were 

determined according to ISCCNBS color charts 

(Kenneth and Judd 1976). The growth in the 

presence of NaCl was evaluated according to 

Larpent and Larpent Gourgaud (1997). The 

production of melanoid pigments was observed on 

ISP7 agar medium (15 g glycerol; 0.5 g L-tyrosine; 

1 g L-asparagine; 0.5 g K2HPO4; 0.5 g 

MgSO4·7H2O; 0.5 g NaCl; 0.01 g FeSO4·7H2O; 1 

mL standard saline solution; 18 g agar; 1,000 mL 

distilled water; pH 7.2) as described by Shirling 

and Gottlieb (1966). 

Genomic DNA extraction 

 

DNA extraction was performed directly on 

actinomycete colonies. The strain was inoculated 

on the blood horse agar medium and incubated at 

28 °C for 14 days. A bacterial suspension (200 µL) 

was prepared with sterile ultrapure water for the 

ESM2-25 GTF strain. After homogenization, the 

mixture was centrifuged, and the DNA was 

recovered (supernatant) (Bonnet et al. 2011; 

Alliouch-Kerboua et al. 2015). 

 

Amplification and 16S rRNA gene analysis 

 

For the sequencing of 16S rDNA first, the 

amplification of the 16S gene was conducted using 

the Kit Phusion Finnzymes HF Buffer (Finnzymes, 

Keilaranta, Finland) and two universal primers, 

536F 5’-CAG-CAG-CCG-CGG-TAA-TAC-3’and 

rp2-5’ACG-GCT-ACC-TTG-TTA-CTT-3’. The 

reaction mixture contains for a final volume of 50 

mL: PCR buffer 1 (10 mM TrisHCl, 20 µL KCl),  

4 µL of 5HF buffer, 0.4 µL of dNTP, 1 µL of 

each primer, 0.2 µL of Taq polymerase, 2 µL of 

DNA and 12.4 µL of QSP water to give a final 

volume of 20 µL. The amplification of the 16S 

RNA gene is performed in an “AB Applied 

Biosystem 2720 Thermal Cycler” (Life 

Technologies, Carlsbad, USA) with the following 

profile: an initial denaturation step at 98 °C for 30 s 

(98 °C for 30 s instead of 95 °C for 10 s, this 

increase corresponds to heat shock), followed by 35 

cycles of amplification at 98 °C for 30 s, 54 °C for 

30 s and 72 °C for 30 s. At the end of the cycles, a 

final step is to hold the reaction mixture at 72 °C 

for 10 min, which is then cooled to 4 °C (La Scola 

and Raoult 1998). The resulting amplifiers are 

detected by agarose gel electrophoresis and 

visualized under ultraviolet (UV) after addition of 

ethidium bromide.  

 

Phylogenetic analysis 

 

The 16S rRNA sequence was determined by  

a 3130x/Genetic Analyser (Applied Biosystems, 

Hitachi, Japan), with the same primers used. The 

16S rRNA sequences obtained were compared with 

sequences deposited in the GenBank genomic bank 

using the "BLAST NCBI" program available on the 

website: https://blast.ncbi.nlm.nih.gov/Blast.cgi. 

The phylogenetic tree was constructed via the 

maximum likelihood algorithm using the software 

MEGA version 5.2.2. (Tamura et al. 2011). The 

rRNA gene sequence of the strain ESM25-GTF 

was aligned using MUSCLE software with 

nucleotide sequences of representatives of the 

genus Streptomyces obtained from Genbank 

database (Edgar 2004). The evolutionary distance 

matrices were made as described by Kimura 

(1980). The tree topology of the maximum  

likelihood data was evaluated by bootstrap analysis 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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with 1000 re-samplings (Felsenstein 1981;  

Felsenstein 1985). Finally, the nucleotide sequence 

of the strain of the actinomycete was deposited in 

GenBank (EMBL) under the accession number 

OK384567. 

 

Screening of extracellular enzymes production 

 

For the detection of extracellular enzymes, the 

assays were performed on agar plates after 

incubation at 28 °C for 7 – 14 days. The starting 

culture used for enzyme screening was obtained by 

growing the Streptomyces sp. ESM2-25 GTF 

isolate on agar plates on ISP2 medium after 

incubation at 28 °C for 7 days. All experiments 

were conducted according to the standard protocols 

described below. 

 

Protease activity 

 

Proteolytic activity of the isolate Streptomyces sp. 

ESM2-25 GTF was determined in skim milk based 

medium: (10 g skim milk; 3.6 g agar; 110 mL 

distilled water; pH 7.5). Clear zones around the 

growth after 14 days indicated protease activity 

(Gordon et al. 1974). 

 

Amylase activity 

 

Amylase activity was tested on a starch based 

medium: (10 g soluble starch; 100 mL nutrient 

agar; pH 7.5). The starch hydrolysis was observed 

by flooding plates with Iodine-potassium iodide 

solution (Lugol’s iodine solution) (1.0 g iodine;  

5.0 g potassium iodide; 330 mL distilled water) and 

a clear zone around the colony showing hydrolysis 

of starch (Gordon et Smith 1953). 

 

Gelatinase hydrolysis 

 

Gelatin hydrolysis was screened using gelatin-

based agar: (10g gelatin; 1g yeast extract; 20g agar; 

1,000 mL distilled water; pH 7.2). After 7 days, 

plates were flooded with the following solution:  

15 g HgCl2; 20 mL concentrated HCl; 100 mL 

distilled water. Gelatinase hydrolysis was observed 

when clear zones appeared around colonies 

(Gordon and Smith 1953). 

 

Lipolytic activity 

 

Lipolytic activity was detected on Tween 80 based 

medium: (10 mL Tween 80; 1g NaNO 3; 5 g yeast 

extract; 50 mL salt solution; 0.1 g CaCl2·H2O; 18g 

agar; 1,000 mL distilled water; pH 7.2). After 14 

days a turbid or good-visible halo around the 

colonies indicated lipolysis (Sierra 1957). 

Hemolytic activity 

 

Hemolytic activity was tested using Columbia agar: 

(17 g polypeptone; 3 g pancreatic peptone; 3 g 

yeast extract; 1 g cornstarch; 5 g NaCl; 13.5 g agar; 

1,000 mL distilled water; 100 mL horse blood; pH 

7.3). After 7 days, a clear zone around the colonies 

showed hemolytic activity (Larpent and Larpent 

Gourgaud 1997). 

 

Antibacterial activity 

 

The antibacterial activity of the strain ESM2-25 

GTF was studied by the cross-streak agar plate 

method. A longitudinal streak of the actinomycete 

strain was streaked on ISP2 medium. After 

incubation at 28 °C for 7 days, the tested strains 

(Escherichia coli ATCC 29522, Pseudomonas 

aeruginosa ATCC 27853, Staphylococcus aureus 

MRSA ATCC 43300, Enterococcus faecalis ATCC 

29212, Bacillus subtilis subsp. spizizenii CIP 

106094, Staphylococcus aureus ATCC 29213) 

were inoculated in streaks crossing the 

actinomycete, then the plates were re-incubated at 

28 °C for 24 h. Antibacterial activity was evaluated 

by measuring the diameter of inhibition zone on 

both sides of the streak (Boudjella et al. 2006). 

Results  
 

Identification of the strain ESM2-25 GTF 

 

Cultural and morphological characteristics of the 

strain 

 

The scanning electron micrograph of the strain 

ESM2-25GTF (Fig. 2B) showed long chains of  
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spores formed on aerial hyphae. These chains were 

straight to flexuous (Rectiflexibles) and spiral 

(Spirales). The spores had the smooth surface and 

an ovoid shape. No sclerotia, sporangia or 

flagellated spores were observed, and no 

fragmentation of substrate mycelium was formed. 

The cultural characteristics (Fig. 2A) showed  

a whitish gray aerial mycelium with good growth 

on ISP2 medium. The colony was elevated and 

spreading. 

The morphological and cultural characteristics of 

strain ESM2-25 GTF were compared with those of 

known species of actinomycetes described in the in 

Bergey’s manual of systematic bacteriology 

(Whitman et al. 2012), and they strongly suggested 

that strain ESM2-25 GTF belong to genus 

Streptomyces. 

 

        

 
Fig. 2. Colonies of Streptomyces sp. ESM2-25 GTF grown on 

ISP2 solid medium at 28 °C after 14 days of incubation (A). 

Scanning electron micrographs of the chains of spores of 

Streptomyces sp. ESM2-25GTF in ISP2 solid medium at  

28 °C after 14 days of incubation (B). 

Physiological characteristics of the isolated strain 

 

Physiological characteristics listed in Table 1 

showed that isolate ESM2-25 GTF is not able to 

assimilate citrate. The isolated strain can grow with 

0 %, 4 %, 7 %, 10 %, and 13 % of NaCl. The 

catalase and oxidase reaction were positive. In 

addition, this strain produces a light yellow 

melanoid pigment on the ISP7 medium. 

 
Table 1. Physiological characteristics and extracellular 

enzymes production by the strain ESM2-25GTF (+: Growth 

or positive reaction of the test strain, -: no growth or negative 

reaction, ±: moderate growth).  

Characteristics                                                     Strain ESM2-25GTF 

Carbon utilization 

Citrate                                                                   

Extracellular enzymes 

Starch                                                                   

Casein                                                                                                       

Tween 80                                                             

Gelatin                                                                

Hemolysis                                                           

Tolerance to NaCl: 

0 %                                                                      

4 %                                                                      

7 %                                                                      

10 %                                                                    

13 %                                                                    

Catalase                                                              

Oxidase                                                              

Melanoid pigment production 

Tyrosine agar (ISP7)                                         

 

- 

 

+ 

+ 

+ 

+ 

+s 

 

+ 

± 

± 

± 

- 

+ 

+ 

 

+ Light yelow 

 
Phylogenetic analysis  

 
The alignment of the isolate ESM2-25 GTF 16S 

rRNA gene sequence (922 bp) with the 16S rRNA 

retrieved from the Genbank database has given 98 

% similarity with Streptomyces pluricolorescens 

NRRL B-2121T and 99 % similarity with 

Streptomyces cinereorectus NBRC 15395T. The 

maximum likelihood tree shows the relationship 

between ESM2-25 GTF, Streptomyces 

pluricolorescens NRRL B-2121T, Streptomyces 

cinereorectus NBRC 15395T and other 

representatives Streptomyces. The position of 

ESM2-25 GTF in the maximum likelihood 

phylogenetic tree is shown in Fig. 3. The strain of 

actinomycete was deposited in GenBank under the 

accession number OK384567. 

A 

B

1

1

1 
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Fig. 3. Maximum likelihood tree based on 16S rRNA sequences showing relationship between Streptomyces sp. ESM2-25 

GTF and related sequences obtained from "NCBI Blast". Bootstrap = 1,000. The scale bar indicates 0.1 substitution per site.  

 

Extracellular enzymes production  

 

Extracellular enzymes production listed in Table 1 

showed that isolate ESM2-25 GTF degrades starch, 

casein, Tween 80 and Gelatin. This strain also 

shows a hemolytic activity. 

 

Antibacterial activity 

 

The activity of the strain ESM2-25GTF is shown in 

Table 2.  

 
Table 2. Antibacterial activity of ESM2-25GTF strain on 

ISP2 solid medium. The diameters of the inhibition zones of 

target microorganisms are shown in millimetres (mm). 

Target microorganisms                                      Inhibition 

zone 

diameter 

[mm] 

Bacillus subtilis subsp. spizizenii CIP 106094                 

Escherichia coli ATCC 29522                                

Enterococcus faecalis ATCC 29212                       

Staphylococcus aureus ATCC 29213                     

Staphylococcus aureus MRSA ATCC 43300          

Pseudomonas aeruginosa ATCC 27853                 

41 

35 

34 

18 

3 

0 

 

The strain exhibited a strong antibacterial activity 

against Bacillus subtilis subsp. spizizenii CIP 

106094, Escherichia coli ATCC 29522 and 

Enterococcus faecalis ATCC 29212, moderate 

activity against Staphylococcus aureus ATCC 

29213, and low activity against S. aureus MRSA 

ATCC 43300. It has no activity against 

Pseudomonas aeruginosa ATCC 27853. 

 

Discussion 
 

Today, microbial resistance constitutes major 

public health problems, expressed both at the 

hospital level by nosocomial infections, and at the 

community level (Boucher et al. 2009). The causes 

of this microbial resistance are multiple and 

various, such as the frequency of the mutations, the 

number and the type of mutations required for the 

expression of the resistance, the spectrum of 

activity, the concentration of the drug, and also the 

antimicrobial abuse that promotes the transfer of 

resistance through vertical and horizontal transfer 

mechanisms (Levy 2000). The COVID 19 

6 



Nova Biotechnol Chim (2023) 22(1): e1429 

2 

pandemic and coronavirus infections have 

increased the problem of microbial resistance due 

to the prescription of broad-spectrum antibiotics for 

coinfections (Rawson et al. 2020). Indeed, several 

microbes have been found in coinfections with 

coronavirus such as: Escherichia coli, 

Pseudomonas aeruginosa, multi-resistant 

Staphylococcus aureus MRSA, Enterococcus spp. 

which correspond to the strains chosen for testing 

the antibacterial activity of the strain ESM2-25 

GTF (Rawson et al. 2020). 
Despite their ability to heal, some medications, 

including antibiotics, are still harmful to health, 

because of their toxicity (Demain and Sanchez 

2009). 

Currently, microbial enzymes are replacing 

chemical catalysts in manufacturing of chemicals, 

food, leather, and pharmaceutical industries. 

Moreover, due to the quick doubling time of 

microbes with special features compared to plants 

and animals, the microbial fermentation process 

may possibly meet the current market demand for 

the industrial enzyme (Kumar and Takagi 1999; 

Hames-Kocabas and Uzel 2007; Sathya and 

Ushadevi 2014).  

There is also the problem of decreasing the 

discovery of new bioactive molecules, and the 

continuing and persistent demand for new 

biological sources of industrial enzymes that are 

competitive on the market compared to the non-

biological products, particularly in terms of cost 

and convenience of use, especially antibiotics and 

enzymes due to resource depletion, caused by 

overexploitation of normal environments (Botella 

2009; Demain and Sanchez 2009). 

Scientists are faced with the challenges of 

discovering new antibiotics and new sources of 

enzymes from underused or untapped environments 

such as extreme environments (Davies-

Bolorunduro et al. 2021).  

Many new antibiotics such as dithiolopyrrolones, 

mzabimycins, Mutactimycin PR, and 7-deoxy-8-O-

methyltetrangomycin have been reported from 

extremophilic actinomycetes isolated from Algeria 

(Lamari et al. 2002; Zitouni et al. 2004; Hadj 

Rabia-Boukhalfa et al. 2017; Corral et al. 2019; 

Tata et al. 2019). 

The extreme environment chosen for our study is 

El-Mellah lagoon, which by its rich flora and fauna 

offers an ecosystem whose biodiversity makes it 

suitable for the development of new molecules of 

biotechnological interest. However, one of the most 

important characteristics of El-Mellah lagoon is its 

membership of the marine domain, because of the 

existence of a channel linking it to the 

Mediterranean Sea. It has been established that 

actinomycetes inhabit marine environments, 

including the species of Streptomyces, have the 

ability to produce different bioactive molecules 

from those produced in the terrestrial environment, 

including antibiotics and enzymes, which are of 

great interest to the scientific community (Ramesh 

et al. 2009; Manivasagan et al. 2013; Sathya and 

Ushadevi 2014). 

El-Mellah lagoon is a brackish water lagoon with 

salinity ranging from 34.8 to 25.4 mg.L-1 

depending on the season (Chaoui et al. 2006). This 

makes it an extreme environment containing an 

extremophile microflora including actinomycetes 

offering the opportunity for the discovery of new 

bioactive molecules of therapeutic interest. Several 

recent studies have highlighted the existence of 

marine Streptomyces producing bioactive 

molecules (Gebreyohannes et al. 2013; Alliouch-

Kerboua et al. 2015). 

Many new halotolerant and halophile 

actinomycetes have been reported from different 

Algerian ecological niches. Among the halotolerant 

actinomycetes there is Streptomyces sp. SY BS5 

isolated from an arid region in south of Algeria 

(Souagui et al. 2015), Nocardiopsis sp. HR-4 

isolated from the salt-lake soil named Sebkha of 

Ain (Djinni et al. 2019) and Melghirimyces 

algeriensis sp. nov. isolated from soil of an 

Algerian salt lake (Addou et al. 2013). For 

halophilic actinomycetes we can mention 

Actinopolyspora mzabensis sp.nov. isolated from a 

Saharan soil sample collected from the Mzab 

region of Algerian Sahara (Meklat et al. 2013), 

Actinoalloteichus hoggarensis sp. nov. isolated 

from Tamanrasset an arid area in the south of 

Algeria (Hoggar) (Boudjelal et al. 2015) and 

Actinopolyspora biskrensis sp. nov. isolated from a 

Saharan soil from Biskra from northeast of Algeria 

(Saker et al. 2015). 

The study of macro-morphological characteristics 

showed that this isolate belongs to the series of 

gray, this color is specific to bacteria of the genus 
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Streptomyces (Tresner and Backus 1963). The 

micro-morphological characterization showed that 

the isolate exhibits smooth spores, and spiral type 

and straight to flexuous that are typical of the genus 

Streptomyces (Dietz and Mathews 1971). 

Physiologically, the isolated strain was 

metabolically active. This activity was manifested 

by various degradation activities. However, given 

the brackish character of El-Mellah lagoon and its 

impact on its microbial microflora, among the most 

important physiological characteristics in our study 

and which inevitably influences all the other 

physiological characteristics, it is "the tolerance to 

the different concentrations of NaCl". For this 

reason, our first interest was focused on this 

character. In fact, by testing different NaCl 

concentrations, it was found that our isolate 

tolerates NaCl concentrations up to 10 %, with 

optimum growth at 0 % NaCl concentration, 

making it halotolerant.  

The isolate showed the ability to produce different 

extracellular hydrolytic enzymes such as protease, 

amylase, lipase, and gelatinase. Several studies 

have demonstrated production of these enzymes by 

marine halotolerant Streptomyces (Suthindhiran 

and Kannabiran 2009; Sathya and Ushadevi 2014; 

Tatar et al. 2014; Ashraf et al. 2021). The 

hemolytic activity of Streptomyces sp. ESM2-

25GTF suggests that this isolate could be clinically 

more important and must be investigated further for 

the cytotoxic and anticancer properties. 

Suthindhiran and Kannabiran (2009) also 

demonstrated the hemolytic activity of a 

moderately halophilic Streptomyces sp. 

The isolated strain is able to produce melanoid 

pigment like halotolerant Streptomyces reported in 

many other studies (Sonya et al. 2005; Mohamed et 

al. 2013).  

Based on morphological and physiological 

characteristics, a first preliminary identification of 

the genus Streptomyces could be made (Shirling 

and Gottlieb 1966; Whitman et al. 2012). 

Nevertheless, it is only by realizing the 

phylogenetic characterization that this observation 

has been confirmed. The genus Streptomyces is the 

most abundant in nature, especially in soil, and its 

number is increasing (Lucas et al. 2013). They also 

inhabit other terrestrial and aquatic niches 

(Hopwood 2007a). The phylogenetic analysis was 

based on the 16S gene sequencing, which is 

characterized by its high stability (Woese 1987). 

Therefore, it is the most accurate and adapted 

molecular chronometer for this type of study 

(Stackebrandt et al. 2002). Indeed, the bacteria 

belonging to the genus Streptomyces, have the 

notoriety of being very unstable genetically. The 

characters most affected by this phenomenon are 

aerial mycelium formation, spore production, 

antibiotic production and/or resistance, and the 

formation of extracellular enzymes, such as 

tyrosinase involved in pigmentation (Leblond et al. 

1990). These mutations are mainly due to 

chromosomal deletions and amplification of DNA 

(Leblond et al. 1990). For this reason, the 16S 

rRNA gene sequence of the isolate ESM2-25 GTF 

(922 bp) was amplified by PCR, sequenced, and 

submitted to GenBank. The maximum likelihood 

tree (Fig. 3) showed that Streptomyces sp. ESM2-

25GTF (Genbank accession number OK384567) 

forms a separate line in the phylogenetic tree, it is 

closest to Streptomyces cinereorectus NBRC 

15395T with a bootstrap value of 99 %, and to 

Streptomyces pluricolorescens NRRL B-2121T 

with a bootstrap value of 98 %. Contrary to our 

strain, Streptomyces cinereorectus species NBRC 

15395T and Streptomyces pluricolorescens species 

NRRL B-2121T do not produce melanoid pigment. 

In addition, Streptomyces pluricolorescens species 

NRRL B-2121T aerial mycelium was yellow or red 

color series and the substrate mycelium was grayed 

yellow to yellow brown. Moreover, Streptomyces 

cinereorectus species NBRC 15395T had short 

spore chains with up to 10 spores per chain. By 

relying on these results, the strain Streptomyces sp. 

ESM2-25 GTF could be a new species however, 

the DNA-DNA hybridization analysis is necessary 

to confirm this result. 

 

Conclusion  
 

Based on the results, the ESM2-25 GTF strain 

showed an antibacterial activity against pathogenic 

bacteria: Bacillus subtilis subsp. spizizenii CIP 

106094, Escherichia coli ATCC 29522 

Enterococcus faecalis ATCC 29212, 

Staphylococcus aureus ATCC 29213, S. aureus 

MRSA ATCC 43300, but it is not active against 

Pseudomonas aeruginosa ATCC 27853. Our data 
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also shows that the ESM2-25 GTF strain was able 

to produce various hydrolytic enzymes such as 

protease, amylase, lipase, and gelatinase. These 

promising results indicate the importance of the 

exploitation of marine actinomycetes for the 

discovery of new bioactive molecules, using 

cultural methods such as antibacterial molecules 

which are a tool for controlling bacterial infections, 

and extracellular enzymes with potential 

applications in the fields of biotechnology and 

industry. Further investigations to extract, purify, 

and characterise the bioactive molecules are 

currently in progress.  

 

Acknowledgments 
 
This study was partially funded by the Department of 

Biochemistry, Faculty of Sciences, University of Badji 

Mokhtar of Annaba. The authors would like to thank the head 

of the Department of Biochemistry; Branes Zidane for its 

collaboration and all facilities provided. Sincere thanks to 

technicians Priscilla Jardot and Sonia Bouchard from the 

Faculty of Medicine of Marseille - France for their invaluable 

help in the molecular identification of Streptomyces sp. 

ESM2-25 GTF. Also, thank for Aline Bonnotte, Jeannine 

Lherminier and Yves Waché of the INRA Microscopy Center 

/ University of France Burgundy, DimaCell Platform, 

UMR1347 Agroecology, BP 86510, F-21000 Dijon, France 

for their assistance in carrying out electron microscopy. 

 

Conflict of Interests 
 
The authors declare that they have no conflict of interest. 

 

References 
 
Addou AN, Schumann P, Spröer C, Bouanane-Darenfed A, 

Amarouche-Yala S, Hacene H, Cayol J-L, Fardeau, ML 

(2013) Melghirimyces thermohalophilus sp. nov., a 

thermoactinomycete isolated from an Algerian salt 

lake. Int. J. Syst. Evol. Microbiol. 63: 1717-1722. 

Alliouch-Kerboua C, Kirane DG, La Scola B (2015) Activité 

antimicrobienne d’une Actinomycetale isolée d’une lagune 

en Algérie. Ann. Biol. Clin. 73: 176-180. 

Ashraf N, Bechthold A, Anwar MA, Ghauri MA, Anjum MS, 

Khan AN, Akhtar K, Khaliq S (2021) Production of a 

broad spectrum streptothricin like antibiotic from 

halotolerant Streptomyces fimbriatus isolate G1 associated 

with marine sediments. Folia Microbiol. 66: 639-649. 

Benedict RG (1953) Antibiotics produced by actinomycetes. 

Bot. Rev. 19: 229-320. 

Bensaâd-Bendjedid L, Belhaoues S, Kerdoussi A, Djebbari N, 

Tahri M, Bensouilah M (2018) Age structure, growth and 

shell form Cerastoderma glaucum (Bivalvia: Cardiidae) 

from El Mellah lagoon, Algeria. Aquac. Aquar. Conserv. 

Legis. 11: 894-904.  

Berdy J (2005) Bioactive microbial metabolites. J. Antibiot. 

B. 58: 1-26.   

Bonnet E, Flecher X, Paratte S, Argenson JN, Raoult D, 

Fournier PE (2011) Actinomadura meyerae osteitis 

following wound contamination with hay in a woman in 

France: A case report. J. Med. Case. Rep. 5: 5-8.  

Botella L (2009) Caractérisation et utilisation de l'activité 

méthylmalonyl-CoA mutase chez Corynebacterium 

glutamicum. Doctoral Thesis, University of Toulouse, 

France. 

Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, 

Rice LB, Scheld M, Spellberg B, Bartlett J (2009) Bad 

bugs, No drugs : No ESKAPE ! An update from the 

infectious diseases society of America. Clin. Infect. Dis. 

48: 1-12.  

Boudjelal F, Zitouni A, Bouras N, Schumann P, Spröer C, 

Sabaou N, Klenk HP (2015) Actinoalloteichus 

hoggarensis sp. nov., an actinomycete isolated from 

Saharan soil.  Int. J. Syst. Evol. Microbiol. 65: 2006-2010. 

Boudjella H, Bouti K, Zitouni A, Mathieu F, Lebrihi A, 

Sabaou N (2006) Taxonomy and chemical characterization 

of antibiotics of Streptosporangium Sg 10 isolated from a 

Saharan soil. Microbiol. Res. 161: 288-298.  

Boumezbeur A, Bouteldji A (2005) Fiche descriptive sur les 

zones humides Ramsar (FDR). Ministry of Agriculture 

and Rural Development Directorate General for Forests.  

Cai Y (2009) Classification and salt-tolerance of 

actinomycetes in the Qinghai Lake water and lakeside 

saline soil. J. Sustain. Dev. 2: 107-10.  

Chaoui L, Kara MH, Faure É, Quignard JP (2006) 

L’ichtyofaune de la lagune du Mellah (Algérie Nord-Est): 

Diversité, production et analyse des captures 

commerciales. Cybium 30: 123-132.  

Corral P, Amoozegar M A, Ventosa A (2019) Halophiles and 

their biomolecules: Recent advances and future 

applications in biomedicine. Mar. Drugs.18: 33. 

Davies-Bolorunduro OF, Osuolale O, Saibu S, Adeleye IA, 

Aminah NS (2021) Bioprospecting marine actinomycetes 

for antileishmanial drugs: current perspectives and future 

prospects. Heliyon 7: 1-12.  

Demain AL, Sanchez S (2009) Microbial drug discovery: 80 

Years of progress. J. Antibiot. 62: 5-16.  

Dietz A, Mathews J (1971) Classification of Streptomyces 

spore surfaces into five groups. Appl. Microbiol. 21: 527-

533.  

Djinni I, Defant A, Kecha M, Mancini I (2019) 

Actinobacteria derived from Algerian ecosystems as a 

prominent source of antimicrobial 

molecules. Antibiotics 8: 172. 

Edgar RC (2004) Muscle: a multiple sequence alignment 

method with reduced time and space complexity. BMC 

Bioinformatics 5: 113.  

Felsenstein J (1981) Evolutionary trees from DNA sequences: 

a maximum likelihood approach. J. Mol. Evol. 17: 368-

376.  

Felsenstein J (1985) Confidence limits on phylogenies: an 

approach using the bootstrap. Evolution 39: 783-791.  

9 



Nova Biotechnol Chim (2023) 22(1): e1429 

3 

Gebreyohannes G, Moges F, Sahile S, Raja N 

(2013) Isolation and characterization of potential antibiotic 

producing actinomycetes from water and sediments of 

Lake Tana, Ethiopia. Asian. Pac. J. Trop. Biomed. 3: 426-

435.  

Gordon RE, Barnett DA, Handerhan JE, Pang CHN (1974) 

Nocardia coeliaca, Nocardia autotrophica, and the 

Nocardin Strain. Int. J. Syst. Evol. Microbiol. 24: 54-63.  

Gordon RE, Smith MM (1953) Rapidly growing, acid fast 

bacteria. I. Species’ descriptions of Mycobacterium phlei 

Lehmann and Neumann and Mycobacterium smegmatis 

(Trevisan) Lehmann and Neumann. J. Bacteriol. 66: 41-

48.  

Hadj Rabia-Boukhalfa Y, Eveno Y, Karama S, Selama O, 

Lauga B, Duran R, Hacène H, Eparvier V (2017) Isolation, 

purification and chemical characterization of a new 

angucyclinone compound produced by a new halotolerant 

Nocardiopsis sp. HR-4 strain. World J. Microbiol. 

Biotechnol. 33: 1-10. 

Hameş-Kocabaş EE, Uzel A (2007) Alkaline protease 

production by an actinomycete MA1-1 isolated from 

marine sediments. Ann. Microbiol. 57: 71-75.  

Han Y, Ma Y, Yao S, Zhang J, Hu C (2021) In vivo and in 

silico evaluations of survival and cardiac developmental 

toxicity of quinolone antibiotics in zebrafish embryos 

(Danio rerio). Environ. Pollut. 277: 116779.  

Hasani K, Peyghami A, Moharrami A, Vosoughi M, Dargahi 

A (2020) The efficacy of sono-electro-Fenton process for 

removal of Cefixime antibiotic from aqueous solutions by 

response surface methodology (RSM) and evaluation of 

toxicity of effluent by microorganisms. Arab. J. Chem. 13: 

6122-6139.  

Hopwood DA (2007a) Streptomyces in Nature and Medicine: 

The Antibiotic Makers. Oxford University Press, USA. 

Hopwood DA (2007b) Therapeutic treasures from the 

deep.Nat. Chem. Biol. 3: 457-458.  

Kenneth LK, Judd DB (1976) Color universal language and 

dictionary of names. Washington D.C.: U.S. Government 

printing, Office A-10-A-18. 

Kieser T, Bibb MJ, Buttner MJ, Chater KF, Hopwood DA 

(2000) Practical Streptomyces Genetics. John Ines 

Foundation, Norwich Research Park, Colney, Norwich 

NR4, 7UH, England. 

Kimura MA (1980) Simple method for estimating 

evolutionary rates of base substitutions through 

comparative studies of nucleotide sequences. J. Mol. Evol. 

16: 111-120.  

Kovácsová S, Javoreková S, Medo J, Charousová I, Elbl J, 

Plošek L (2015) Characteristic of Streptomyces species 

with antimicrobial activity against selected 

phytopathogenic bacteria and fungi. J. Microbiol. 

Biotechnol. Food Sci. 5: 55-59.   

Kumar CG, Takagi H (1999) Microbial alkaline proteases: 

from a bioindustrial viewpoint. Biotechnol. Adv. 17: 561-

594. 

Kumar M, Kumar P, Das P, Solanki R, Kapur MK (2020). 

Potential applications of extracellular enzymes from 

Streptomyces spp. in various industries. Arch. Microbiol.  

202: 1597-1615.  

La Scola B, Raoult D (1998) Molecular identification of 

Gemella species from three patients with endocarditis. J. 

Clin. Microbiol. 36: 866-871.  

Lai CC, Chen SY, Ko WC, Hsueh PR (2021) Increased 

antimicrobial resistance during the COVID-19 pandemic. 

Int. J. Antimicrob. Agents. 57: 106324. 

Lamari L, Zitouni A, Boudjella H, Badji B, Sabaou N, 

Lebrihi A, Lefebvre G, Seguin E, Tillequin F (2002) New 

dithiolopyrrolone antibiotics from Saccharothrix sp. SA 

233 I. Taxonomy, fermentation, isolation and biological 

activities. J. Antibiot. 55: 696-701. 

Larpent JP, Larpent Gourgaud M (1997) Mémento Technique 

de Microbiologie. Lavoisier Tec & Doc. 

Leblond P, Demuyter P, Simonet JM, Decaris B (1990) 

Genetic instability and hypervariability in Streptomyces 

ambofaciens: towards an understanding of a mechanism of 

genome plasticity. Mol. Microbiol. 4: 707-714.  

Lechevalier HA, Lechevalier MP (1967) Biology of 

actinomycetes. Annu. Rev. Microbiol. 21: 71-100. 

Levy SB (2000) Antibiotic and antiseptic resistance: Impact 

on public health. Pediatr. Infect. Dis. J. 19: 120-122.  

Lucas X, Senger C, Erxleben A, Grüning BA, Döring K, 

Mosch J, Flemming S, Günther S (2013) Streptome DB: A 

resource for natural compounds isolated from 

Streptomyces species. Nucleic Acids Res. 41: 1130-1136.  

Mahasneh AA, Odat JD, Al-Joubori BM, Saadoun I (2021) 

Phenotypic and molecular analysis of dominant occurring 

antibiotic active-producing Streptomyces soil flora in 

Northern Jordan. Saudi. J. Biol. Sci. 28: 4500-4510.  

Manivasagan P, Venkatesan J, Sivakumar K, Kim SK (2013) 

Retracted: Marine actinobacterial metabolites: Current 

status and future perspectives. Microbiol. Res. 168: 311-

332.  

Marston HD, Dixon DM, Knisely JM, Palmore TN, Fauci AS 

(2016) Antimicrobial Resistance. JAMA 316: 1193-1204.  

Mazza P, Monciardini P, Cavaletti L, Sosio M, Donadio S 

(2003) Diversity of actinoplanes and related genera 

isolated from an Italian soil. Microb. Ecol. 45: 362-72.  

Meklat A, Bouras N, Zitouni A, Mathieu F, Lebrihi A, 

Schumann P, Sproer C, Klenk HP, Sabaou N (2013) 

Actinopolyspora mzabensis sp. nov., a halophilic 

actinomycete isolated from an Algerian Saharan soil. Int. 

J. Syst. Evol. Microbiol. 63:3787-3792. 

Mitousis L, Thoma Y, Musiol-Kroll EM (2020) An update on 

molecular tools for genetic engineering of actinomycetes-

the source of important antibiotics and other valuable 

compounds. Antibiotics 9: 494.  

Miyadoh S (1993) Research on antibiotic screening in Japan 

over the last decade: a producing microorganisms 

approach. Actinomycetol. 9: 100-106.    

Mohamed SH, Al-Saeedi TA, Sadik AS (2013) Halotolerant 

streptomycetes isolated from soil at Taif region, Kingdom 

of Saudi Arabia (KSA) I: Purification, salt tolerance range, 

biological and molecular identification. Afr. J. Biotechnol. 

12: 2565-2574. 

Morakchi H, Ayari A, Taok M, Kirane D (2009) 

Charachterization of Streptomyces Strain SLO 105 

isolated from lake Oubeira sediments in north-east of 

Algeria. Afr. J. Biotechnol. 8: 6332-6336. 

10 



Nova Biotechnol Chim (2023) 22(1): e1429 

2 

Ramesh S, Rajesh, M, Mathivanan N (2009) Characterization 

of a thermostable alkaline protease produced by marine 

Streptomyces fungicidicus MML1614. Bioprocess Biosyst. 

Eng. 32: 791-800.  

Rawson TM, Moore LS, Zhu, N, Ranganathan N, 

Skolimowska K, Gilchrist M, Satta G, Cooke G, Holmes 

A (2020) Bacterial and fungal coinfection in individuals 

with coronavirus: a rapid review to support COVID-19 

antimicrobial prescribing. Clin. Infect. Dis.71: 2459-2468.  

Rodríguez-Baño J, Rossolini GM, Schultsz C, Tacconelli E, 

Murthy S, Ohmagari N, Holmes A, Bachmannk T, 

Goossens H, Cantonm R, Robertso AP, Henriques-

Normark B, Clancy CJ, Huttner B, Fagerstedt P, Lahirit S, 

Kaushic C, Hoffman SJ, Warren M, Zoubiane G, Essacky 

S, Laxminarayan R, Plant L (2020) Antimicrobial 

resistance research in a post-pandemic world: Insights on 

antimicrobial resistance research in the COVID-19 

pandemic. J. Glob. Antimicrob. Resist. 25: 5-7.  

Rowan A, Dé Cabral DJ, Belenky P (2016) Bactericidal 

antibiotics induce programme metabolic toxicity. 

Microb. Cell. 3: 178-180.  

Saker R, Bouras N, Meklat A, Zitouni A, Schumann, P, 

Spröer C, Klenk HK, Sabaou N (2015) Actinopolyspora 

biskrensis sp. nov., a novel halophilic actinomycete 

isolated from Northern Sahara. Curr. Microbiol. 70: 423-

428. 

Sathya R, Ushadevi T (2014) Industrially important enzymes 

producing Streptomyces species from mangrove 

sediments. Int. J. Pharm. Pharm. Sci. 6: 233-237. 

Shirling ET, Gottlieb D (1966) Methods for characterization 

of Streptomyces species. Int. J. Syst. Bacteriol. 16: 313-

340.   

Sierra G (1957) A simple method for the detection of lipolytic 

activity of micro-organisms and some observations on the 

influence of the contact between cells and fatty substrates. 

Antonie van Leeuwenhoek. 23: 15-22.  

Sonya M, Saheh EA, Zaki MM (2005) Identification of eight 

halotolerant streptomycete isolates using a suggested 

numerical taxonomy. Arab. Univ. J. Agric. Sci. 13: 641-

668.  

Souagui Y, Tritsch D, Grosdemange-Billiard C, Kecha, M 

(2015) Optimization of antifungal production by an 

alkaliphilic and halotolerant actinomycete, Streptomyces 

sp. SY-BS5 using response surface methodology. J. 

Mycol. Med. 25: 108-115. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stackebrandt E, Frederiksen W, Garrity GM, Grimont PAD, 

Kampfer P, Maiden MCJ, Nesme X, Rossello-Mora R, 

Swings J, Truper HG, Vauterin L, Ward AC, Whitman 

WB (2002) Report of the ad hoc committee for the re-

evaluation of the species definition in bacteriology. Int. J. 

Syst. Evol. Microbiol. 52: 1043-1047.  

Suthindhiran K, Kannabiran K (2009) Hemolytic activity of 

Streptomyces VITSDK1 spp. isolated from marine 

sediments in Southern India.J. Mycol. Med. 19: 77-86.  

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar 

S (2011) MEGA5: Molecular evolutionary genetics 

analysis using maximum likelihood, evolutionary distance, 

and maximum parsimony methods. Mol. Biol. Evol. 28: 

2731-2739.  

Tata S, Aouiche A, Bijani C, Bouras N, Pont F, Mathieu F, 

Sabaou N (2019) Mzabimycins A and B, novel 

intracellular angucycline antibiotics produced by 

Streptomyces sp. PAL114 in synthetic medium containing 

L-tryptophan. Saudi Pharm. J. 27: 907-913. 

Tatar D, Guven K, Spröer C, Klenk  HP, Sahin N (2014) 

Streptomyces iconiensis sp. nov. and Streptomyces 

smyrnaeus sp. nov., two halotolerant actinomycetes 

isolated from a salt lake and saltern.Int. J. Syst. Evol. 

Microbiol. 64: 3126-3133.  

 Tresner HD, Backus EJ (1963) System of color wheels for 

streptomycete taxonomy. Appl. Environ. Microbiol. 11: 

335-338.  

Ukuhor HO 2021 The interrelationships between 

antimicrobial resistance, COVID-19, past, and future 

pandemics. J. Infect. Public. Health. 14: 53-60. 

Whitman W, Goodfellow M, Kämpfer P, Busse HJ, Trujillo 

M, Ludwig W, Suzuki KI (2012) Parte A. Bergey's 

Manual of Systematic Bacteriology: The Actinobacteria, 

2nd Ed., Springer, New York, p. 1466. 

Williams ST, Cross T (1971) Chapter XI 

actinomycetes. Methods Microbiol. 4:  295-334.  

Woese CR (1987) Bacterial evolution. Microbiol. Rev. 5: 

221.  

Zitouni A, Boudjella H, Mathieu F, Sabaou N, Lebrihi A 

(2004) Mutactimycin PR, a new anthracycline antibiotic 

from Saccharothrix sp. SA 103 I. Taxonomy, 

fermentation, isolation and biological activities. J. 

Antibiot. 57: 367-372. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

11 

http://link.springer.com/journal/10482

