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Abstract
The main objective of this investigation was to characterize a collection of actinomycetes strains isolated from unexplored 
polluted ecosystems and to evaluate their antimicrobial potential in order to discover interesting bioactive compounds. Based 
on morphological and culture characters, 32 different strains were isolated: 20 strains from compost heap, seven strains 
from manure, and five strains from waste water. As expected, the genus Streptomyces was the most prevalent followed by 
the genus Micromonospora. Analysis of the antimicrobial activities of the isolated strains showed that those from compost 
heap were more efficient against the tested microorganisms (Candida albicans, Methicillin-resistant Staphylococcus aureus, 
Staphylococcus aureus, Acinetobacter baumannii, Pseudomonas aeruginosa, and Escherichia coli). Several bioactive com-
pounds were identified by liquid chromatography (LC) combined with mass spectrometry (MS) and then analyzed  by both 
MEDINA’s database, which contains the most common secondary metabolites, and Dictionary of Natural Products Chap-
man & Hall. Many interesting well-known and unknown biomolecules were identified. Quinomycin A and Daidzein were 
the most fascinating compounds isolated, respectively, by Streptomyces sp. WW2 and Streptomyces sp. WW4. The most 
active strain was identified based on 16S rDNA’s sequences and it seems to be a new strain. The crude extract of the strain 
CH12 was analyzed and the UV absorption spectra and mass spectra (MS) of the main active compound were reported. It’s 
an interesting compound (possible purpuromycin) with the molecular formula C26H18O13.

Introduction

Actinomycetes are filamentous Gram-positive bacteria hav-
ing a high coefficient of Chargaff (60–70%) [1]. In general, 
they are strict aerobic bacteria but some are facultative or 
obligatory anaerobic, heterotrophic, and/or chemosynthetic, 
but mostly chemo-heterotrophic able to use a wide variety of 
nutritional sources, including various complex polysaccha-
rides [2]. Actinomycetes are able to produce several bioac-
tive secondary metabolites including antibacterial, antifun-
gal, and antiparasitic agents, and so on. [3]. Actinobacteria 
are ubiquitous colonizing different ecological niches such 
as soil, aquatic environments, and even extreme ecosystems 
with high temperature, pressure, salt content, and/or hostile 
pH [4].

The existence and role of actinomycetes in the polluted 
sites become increasingly studied.

The biological treatment by composting is a big business 
based on the potential of some microorganisms. It involves 
converting organic waste material into a stable and valuable 
product which is called compost [5]. Actinomycetes are part 
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of these microorganisms widely involved in the process of 
degradation of organic matter [6].

In addition, the wastewater treatment by soil infiltration 
and percolation has long been used as a simple and inexpen-
sive way of wastewater management worldwide [7]. It has 
recently been demonstrated that the antagonistic activities of 
actinomycetes could contribute significantly to the mecha-
nisms of elimination of microbes in wastewater treatment 
plants [8].

The majority of the strains isolated from such ecosys-
tems are actinomycetes belonged to the genus Streptomyces 
(ex. Streptomyces violaceorubidus). These isolates showed 
a broad spectrum of activity against a variety of pathogenic 
microorganisms (yeasts (ex. Candida albicans), Gram-neg-
ative bacteria (ex. Salmonella spp.),and Gram-positive (ex. 
Staphylococcus aureus)). These results indicate the potential 
involvement of antagonistic actinomycetes in the elimination 
of pathogens [3].

With the aim of discovering promising bioactive com-
pounds from actinomycetes strains, we examined such rarely 
unexplored ecosystem. Furthermore, these actives actinomy-
cetes can be used for a variety of bioremediation purposes 
including biotransformation, biodegradation, and so on.

Material and Methods

Sample Collection

Three different polluted sites, by organics and inorgan-
ics waste, are studied. In fact, strains are isolated from the 
following:

•	 Compost heap (CH): located near the sebkha of Monastir, 
35°45'N 010°46'E.

•	 Manure (MN): Sheep manure used for plant fertilization.
•	 Waste water (WW): from the National Sanitation Utility 

(ONAS) in Monastir, Tunisia

A weight of one gram of each solid sample was air-dried 
and incubated at 28 °C for seven days in an atmosphere satu-
rated with moisture [9].

Wastewater sampling was done according to the Rodier's 
method, using a ballasted plunger at which is fixed a sterile 
polyethylene flask [10]. Water collected is introduced into 
sterile glass flasks of 250 ml and transported in an icebox 
at the laboratory [11]. The analyses are carried out on fresh 
samples.

Actinomycetes were isolated by serial dilution method 
[12]. Stock solution was prepared by diluting 1 g of sediment 
in 9 ml of sterile saline water and shaken well by using vor-
tex mixer. From the stock solution, 1 ml was used to prepare 
the final volume of ten serial dilutions (10–1–10–5) by serial 

dilution method. Finally, 0.1 ml of suspension from each 
dilution was used to spread in three replicates over the sur-
face of Glucose-Yeast Extract-Agar (GYEA) medium [13]. 
The media supplemented with cycloheximide (50 µg/ml) to 
prevent fungal contamination.

The plates were and incubated at 28 °C for 7–14 days 
and observed periodically for the growth of actinomycetes 
[12]. Isolated colonies were picked and restreaked several 
times in order to obtain pure cultures. The obtained isolates 
were stored at – 80 °C in agar blocks submerged in 20% of 
glycerol, or liquid cultures supplemented with 10% glycerol.

A total number of 32 actinomycetes were isolated: 20 
strains from compost, seven from manure, and five strains 
from waste water. These strains were examined for colony 
and micromorphological criteria. Pigmentation, colonial ele-
vation, consistency, and opacity were studied. The morpho-
logical features of spores, sporangia, and aerial and substrate 
mycelium were observed and recorded. Actinomycetes were 
recognized on the basis of these morphological criteria [14].

Antimicrobial Screening

Several culture media were applied in order to test antimi-
crobial activities of the isolated actinomycetes [15]. The 
designed media and their composition are as follows (per 
one liter of distilled water): GCM (glucose 5 g, peptone of 
soya 20 g, MOPS 10.5 g, yeast extract 1.5 g, CaCl2 0.34 mM, 
pH 6.8). GHSA (MgSO4*7H2O 0.6 g, glucose 10 g, soya 
flour 10 g, yeast extract 0.5 g, MOPS (morpholinopropane-
sulfonic acid) 21 g, CaCl2 20 mM, trace element solution 
2 ml, pH 6.8) (trace element solution as described in Kieser 
et al.) [16]. FPY-12 culture medium contains 20 g fructose, 
10 g glucose, 10 g maltose, 5 g bacto peptone, 5 g amicase, 
1 ml trace elements (For 100 ml: 100 mg Cl2Mn.4H2O, 
100 mg Cl2Zn,100 mg Cl2Fe.4H2O, 50 mg NaI, pH 7.0). 
DEF-15: 40 g sucrose, 2 g ClNH4, 2 g SO4Na2, 1 g K2HPO4, 
1 g Cl2Mg.6H2O, 1 g ClNa, 1 ml trace elements, pH 7.0 
and add 2 g Co3Ca after autoclave. DEF-15S has the same 
composition as DEF-15 medium with some modifications 
which are the amount of sucrose (5 g) and the addition of 
soluble potato starch (20 g), which are used to promote slow-
growing actinomycetes. KHC: 20 g dextrin from corn type 
I, 10 g beta cyclo dextrin, 20 g tomato paste, 10 g primary 
yeast, 5 mg CaCl2.6H2O, pH 7.2. FR23: 5 g glucose, 30 g 
soluble starch from potato, 20 g cane molasses, 20 g phar-
mamedia (cottonseed flour), pH 7.0. GPA medium contains 
45 g glucose, 10 g peptonized milk, 1.5 g ardamina, pH 7. 
R358: 10 g starch from potato, 4 g bacto yeast extract, 2 g 
bacto peptone, 5 ml FeSO4.7, 5 ml KBr, pH 7.0. APM-9: 
50 g glucose, 12 g soluble starch from potato, 30 g soy flour, 
2 mg COCl2.6H2O, 7 g CO3Ca (added after adjusting pH), 
pH 7.0, used for the slow-growing actinomycetes strains.
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Microfermentation and Organic Extraction

Isolated actinomycetes were pre-cultured in ATCC-2 liquid 
media (g l-1: 20 soluble starch from potato, 10.0 dextrose, 
5.0 NZ amine type E, 3.0 difco beef extract, 5.0 bacto pep-
tone, 5.0 bacto yeast extract, pH adjusted to 7.0 with NaOH 
prior to the addition of 1 g CaCO3). An aliquot of 0.8 µl from 
each culture was put in the wells of a master plate (MP). 
MPs were used to carry out microfermentations in 96-deep 
well plates designated by Duetz system assay) following 
the approach described by Duetz et al. The ten previously 
described media were inoculated with spores/mycelia, and 
incubated at 28ºC (120 rpm), during 7 days for Streptomy-
ces and Nocardia, and during 15 days for Micromonospora, 
Pseudonocardia, and the non-Streptomyces strains. Bacte-
rial broth was then subjected to an organic extraction with 
800 ml acetone and 80 µl of dimethylsulfoxyde (DMSO) per 
well. The extract was concentrated to dryness and used for 
the analysis of the antimicrobial activities.

Analysis of the Antimicrobial Activity

The antimicrobial activity was analyzed using the Kirby 
Bauer diffusion method [17].

Antimicrobial activity of the isolated actinomycetes was 
assessed, after organic extraction, using Tecan Aquarius 
Robot Spotlight. Clinically relevant pathogenic microorgan-
isms were targeted: Candida albicans, Methicillin-resistant 
Staphylococcus aureus (MRSA), Staphylococcus aureus 
ATCC6538P, Acinetobacter baumanniiATCC5973, Pseu-
domonas aeruginosa ATCC5919, and Escherichia coli ESS 
(Gram-negative bacteria are originally from A.L. Demain, 
Department of Biology, Massachusetts Institute of Technol-
ogy, Cambridge). Bacteria were grown on Luria–Bertani 
(LB) and brain–heart infusion (BHI) for Gram-negative 
and Gram-positive bacteria culture, respectively. Candida 
albicans was grown on Sabouraud agar medium. Bacteria 
were incubated at 37 °C for 24 h and Candida albicans at 
28 °C for 48 h.

Purification and Partial Characterization 
of the Antimicrobials Compounds

Cellular extracts showing the greatest antimicrobial activ-
ity in solid culture were dereplicated by LC–MS using an 
Agilent 1200 HPLC coupled with a Rapid Resolution Mass 
Spectrometer. The column used was charged with 1 µl of the 
vacuum-dried sample resuspended in 100 µl 50% DMSO. 
Mobile phase A contained 10% of acetonitrile, 90% of water 
and 1.3 mM of trifluoroacetic acid/ammonium formate, and 

B contained 90% of acetonitrile, 10% of water and 1.3 mM 
of trifluoroacetic acid/ammonium formate). Gradient 10% B 
increasing linearly to 100% B over 6 min, holding at 100% B 
for 25 min and then decreasing linearly to 10% B in 2 min. 
The flow rate was 0.3 ml/min and electrospray ionization 
(ESI) was adjusted to positive mode. Retention time and the 
mass of each component were compared to the high-resolu-
tion database at the MEDINA Foundation and the “Chapman 
& Hall Dictionary of Natural Products” [18]. The compound 
was considered identified if a match was found between the 
exact mass, molecular formula, and producing organism. 
Molecules were considered potential new compounds if they 
could not be identified using the Chapman & Hall database.

Identification of the Most Active Strain CH12

The strain was firstly identified on the basis of colony and 
microbiological criteria. Cultural characteristics of the iso-
lated strain were determined after 2 weeks of incubation 
at 28 °C on all tested media. The morphological features 
of surface ornamentation, spores, sporangia, and aerial and 
substrate mycelium were observed by light microscopy.

The molecular identification of the strain was also real-
ized. Genomic DNA was extracted as previously described 
[16]. The 16S rDNA was amplified on the basis of the PCR 
method using primers 27f (5′-AGA​GTT​TGA​TCC​TGG​CTC​
AG-3′) and 1492r (5′-GGT​TAC​CTT​GTT​ACG​ACT​T-3′) 
[19].

Phylogenetic and molecular evolutionary analyses were 
conducted using software included in MEGA version 6.0 
package. Tree topologies were evaluated by bootstrap analy-
sis based on 1000 resamplings of the neighbor-joining data-
set [19].

Statistical Analysis

Statistical analysis was performed using the Statview 4.57 
software (Abacus Concepts Inc., Berkeley, CA, USA). Data 
were subjected to three-way analysis of variance (ANOVA) 
in order to evaluate the effect of actinomycetes strains, cul-
ture media, and marker microorganisms on antimicrobial 
activities. Data correspond to the average and the standard 
deviation (SD) from three independent measures and val-
ues were considered significant when P ≤ 0.05 (For revue, 
Trabelsi I, 2016).

The Accession Number

Sequence has been deposited in the DNA Data Bank of 
Japan (DDBJ) (https://​www.​ddbj.​nig.​ac.​jp/​index-e.​html) 
with accession number LC720405.

https://www.ddbj.nig.ac.jp/index-e.html
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Results and Discussion

Microbiological Analysis

As indicated above, a total of 32 actinomycetes strains were 
isolated from the three different samples: 20 strains from 
compost heap, seven strains from manure, and five strains 
from waste water.

Based on phenotypic characteristics macro and micro-
scopic analysis, 4 different genera were described: Strep-
tomyces (22 isolates), Micromonospora (6 isolates), Pseu-
donocardia (2 isolates), and Nocardia (1 isolates). Only one 
strain, named non-Streptomyces, could not be classified on 
the basis of the phenotypic characters.

These results prove the abundance of the actinomycetes in 
the composting sites as reported previously by Tiquia et al. 
[20]. In fact, the actinomycetes became numerous during the 
cooling stage of composting and represent the more impor-
tant fraction with respect to fungi and other bacteria [5]. 
Moreover, the genus Streptomyces showed a notable domi-
nance in all the sampling sites and especially in compost. It 
seems to be the most important actinobacteria in ecological 
function [21]

Pre‑analysis of the Antimicrobial Activity

Only five strains from the 20 isolated from the compost 
heap are inoffensive against all tested microorganisms. An 
interesting strain called CH12 showed a high antimicrobial 
potential against all tested pathogens especially against 
Gram-negative bacteria. However, actinomycetes strains 
isolated from manure have limited antibacterial activities 
and absence of antifungal ones. Likewise, most strains iso-
lated from waste water showed only antibacterial potential 
against Gram-positive and Gram-negative tested bacteria.

Growth of actinomycetes in liquid media is very impor-
tant for the production of secondary metabolites. GHSA 
media seems to be the most adequate to the growth of actin-
omycetes strains. Several authors showed the influence of 
the medium composition on the production of antimicrobial 
molecules [15, 22].

ANOVA reported in Tables 1 revealed that antimicrobial 
activity varied significantly (at P ≤ 0.01) depending on the 
producing actinomycetes strains, the culture media , and the 
microorganisms test. A significant interaction (at P ≤ 0.01) 
between these factors was also detected.

Table 1   antimicrobial activity of organic extracts from liquid culture. Only strains and culture media with notable positive antimicrobial activi-
ties are shown

Substrate Strains Best Media Best Halo of inhibition in mm Identification

MRSA Staph. aureus Acenito Pseudo E. coli Candida

Compost heap (CH) CH1 GHSA 9 7 – – 20 – Streptomyces
CH2 GCM 7 – – – 7 – Streptomyces
CH4 FPY-12 – – – – – 15 Streptomyces
CH6 GCM – – – – 7 – Micromonosporaceae
CH7 FPY-12 7 7 – – 7 – Streptomyces
CH8 GPA 7 – – – 7 – Streptomyces
CH9 GCM – – – – 7 – Micromonosporaceae
CH10 FPY-12 7 8 – – – – Streptomyces
CH11 GHSA – – – – – 6 Pseudonocardiaceae
CH12 GHSA 15 14 19 7 11 6 Streptomyces
CH13 GCM – – – – 8 – Micromonosporaceae
CH14 GPA – – – – 8 12 Streptomyces
CH15 DEF-15 14 10 – – 7 – Streptomyces
CH17 FPY-12 – – – – – 12 Streptomyces
CH18 GCM 10 12 – – 10 – Pseudonocardiaceae

Manure (MN) MN1 GHSA 13 10 – – – – Streptomyces
MN2 GPA 8 10 – – 12 – Streptomyces

Waste Water (WW) WW2 GHSA 15 12 – – 7 – Streptomyces
WW3 FR23 – – – 7 – – Micromonosporaceae
WW4 FR23 13 12 16 7 8 – Streptomyces
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Purification and Partial Characterization 
of Bioactive Molecules

As detailed in methods, cellular extracts from liquid culture 
were subjected to chemical dereplication orderly. Several 
bioactive molecules were identified, on the basis of MEDI-
NA’s database and the dictionary of natural products Chap-
man and Hall, such as quinomycin A produced by Strepto-
myces sp WW2 and daidzein produced by Streptomyces sp. 
WW4, both isolated from waste water.

Quinomycin A is a cyclic octadepsipeptide of the qui-
noxaline family, produced by various strains of Streptomy-
cetes. It is a potent inhibitor of DNA transcription showing 
great antitumour and antibiotic activities, especially against 
methicillin-resistant Staphylococus aureus. Liu et al. pre-
sented, in 2008, the first report on the insecticidal properties 
of antibiotic quinomycin A [23].

Daidzein is an isoflavone which has interesting bio-
logical activities (antioxidants, antimicrobials, free radical 

scavengers, metal chelators, and antibacterial agents). Thus, 
the isolation and synthesis of isoflavones have become fre-
quent research issues [24].

Many detected compounds do not match with any known 
bioactive molecules present in MEDINA’s database, which 
contains the most common secondary metabolites. These 
compounds can be subject of others assays to search for new 
antibiotics.

The strain CH12 showed the most remarkable activity 
among all studied strains. The analysis of the crude extract 
showed an interesting compound with the molecular for-
mula C26H18O13 (Fig. 1). It has been identified as possible 
purpuromycin.

Purpuromycin was isolated for the first time from Actin-
oplanes [25]. It’s an hydroxy derivative of r-rubromycin, 
an antibiotic isolated from Streptomyces. Even though the 
two antibiotics are chemically similar, they present a dif-
ferent biological activity. Rubromycins in fact are recog-
nized to be effective only on Gram-positive bacteria while 

Fig. 1   UV and MS spectra of an interesting compound C26H18O13 isolated from the crude extract of the strain CH12 and not identified in the 
C&H database
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purpuromycin shows good activity also on Gram-negative 
bacteria and fungi. This can explain the intensive antimicro-
bial activity of the CH12 strain.

Molecular Identification of the CH12 Strain

Phylogenetic analysis using the 16S rDNA sequence shows 
that isolate CH12 seems to be a new actinomycetes strain. 
The similarity level has reached 98% with many Strepto-
myces strains as Streptomyces djakartensis strain TTIO5.3, 
Streptomyces plicatus strain B4-7, and Streptomyces rochei 
strain MML2604. In fact, much higher 16S rDNA similari-
ties have been found between Streptomyces sp. DS9 and 
Streptomyces strains grouped in a cluster supported by sig-
nificant bootstrap values (100%) (Fig. 2).

Conclusion

Environmental pollution is becoming a major problem. 
Bioremediation, which involves the use of living organ-
isms or their products, is becoming increasingly applied. 

Actinobacteria have proven to be an effective tool to perform 
this procedure. Indeed, actinomycetes, which are affected 
by extreme pollution conditions, are capable of producing 
a wide range of active biomolecules that can be used in dif-
ferent fields.

During this study, strains of actinomycetes were isolated 
from various polluted sites. The results obtained prove the 
high potential of this relatively unexplored environment in 
the screening of new secondary metabolites produced by 
putative novel actinomycetes strains. Further studies are 
required to exploit these strains in bioremediation processes.
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