
Background 
Actinobacteria are gram-positive and aerobic bacteria 
with a high C + G content in their genome. They are 
important producers of natural bioactive metabolites, 
such as antibiotics, anticancer compounds, antifungal 
compounds, enzymes, immunosuppressants, and 
metabolites with broad industrial applications (1,2). In 
recent years, Actinobacteria have received greater attention 
for the isolation and identification of new antimicrobial 
and anticancer compounds due to the increased resistance 
of microorganisms to drugs against antibiotics placed 
on the market, as well as many side effects of existing 
chemotherapeutic drugs (3-5).

The Actinomycetaceae family, as the main source 
of antimicrobial agents, is one of the most important 
members of the Actinobacteria class (6). They are adapted 

to a variety of aquatic, terrestrial, and aerial environments. 
Their density and types in these habitats are affected by 
environmental factors such as temperature, nutrients, 
and pH. However, the soil is known as the main habitat 
of these bacteria. On the other hand, the abundance of 
Actinobacteria in the soil has made them have a high 
yield in interaction with plants (7,8). Besides, marine 
environments are also known to be the most important 
habitats for these bacteria. Therefore, in recent years, they 
have received a lot of attention due to the production of 
biological metabolites (9). Based on past studies, the 
researchers have found that different environments can 
be habitats for different species of Actinobacteria that 
have not yet been identified but can be rich sources of 
bioactive components (10). In recent years, the discovery 
of new bioactive compounds from various soil bacteria has 
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Abstract
Background: Actinobacteria are widespread and live in a variety of habitats. Today, these bacteria are 
very important due to the production of various secondary metabolites with different biological activities. 
The present study aimed to isolate strains of Actinobacteria from different habitats (the Persian Gulf, 
Gandom Beryan area in the Lut Desert, and some plant roots). The anticancer and antimicrobial activities 
of secondary metabolites of these isolates were also investigated.
Methods: Samples were taken from water of the Persian Gulf, soil of Gandom Beryan area in the Lut 
Desert, and plant roots. For isolation of Actinobacteria, samples were cultured in ISP2, ISP4, AIA, Gauze, 
M1, ISP3, and GYP media. Bacterial strains were identified based on the colony and bacterial morphology 
and confirmed using the specific primers for Actinobacteria. The anticancer and antimicrobial activities of 
crude metabolite extracts and supernatant of the isolates were evaluated on MCF-7 and Staphylococcus 
aureus PTCC 112 and Pseudomonas aeruginosa PTCC 1214 strains. 
Results: The results showed that the supernatants of 7 isolates (ga31, ez, sa, mar2, rz, ga33, and ga5) 
and the metabolite extracts of 4 strains (ga31, ga5, rz, and ez) had anticancer activity. Overall, ga31 was 
the best strain with anticancer activity of more than 75%. When evaluating the antimicrobial activity of 
bacterial secondary metabolites, we found that only two strains (ga31 and ga5) had antimicrobial activity 
against S. aureus PTCC 1112.
Conclusions: In general, strain ga31, which has high anticancer and antimicrobial activities, could be a 
good candidate for new trials in the pharmaceutical industry.
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decreased, and this may be due to the effect of saturation 
and the non-isolation of new strains. Therefore, isolating 
and identifying different bacterial strains (including 
Actinobacteria) from different habitats may increase the 
chances of new metabolites being discovered. For this 
reason, scientists recommend that isolating these bacteria 
from unusual environments with specific environmental 
conditions, such as marine and desert ecosystems, could be 
a way to discover new strains and novel valuable chemical 
compounds (3,11). 

Consequently, in this study, we attempted to isolate 
various strains of Actinobacteria from different ecosystems 
(the Persian Gulf, Gandom Beryan area in the Lut Desert, 
and plant roots) and investigate the biological activities of 
their metabolites, including anticancer and antimicrobial 
activities.

Materials and Methods
Sampling and Isolation of Actinobacteria
Actinobacteria strains were isolated from soil, water, and 
plant roots. Samples were collected from three sources 
(water of Persian Gulf, the soil of Gandom Beryan area in 
the Lut Desert, and plant roots) in sterile bottles and jars 
and were taken to the laboratory immediately. To isolate 
different strains of Actinobacteria, first, the samples were 
placed in the water bath at 55°C for 60 minutes. Then, 
serial dilutions (10-1 -10-4) were prepared and 100 µL of 
each dilution was cultured on agar media (ISP2, ISP4, AIA, 
Gauze, M1, ISP3, and GYP) (3). Nalidixic acid (10 μg/
mL) and nystatin (50 μg/mL) were added to each culture 
medium to avoid bacterial and fungal contamination 
(12). After inoculation, the plates were incubated for 21 
days at 28°C. Then, the powdery colonies were chosen for 
future investigation. The isolated strains were stored in a 
culture medium containing glycerol (20%, v/v) at -20°C 
for subsequent experiments.

Identification of Isolated Bacteria
Initial identification of Actinobacteria was performed by 
morphological studies. Colony and bacterial morphology 
were investigated by light microscopy after 21 days 
at 28°C at magnifications of 100× (Zeiss Stemi 508) 
and 1000× (Olympus Microscope CX43), respectively. 
Then, the identification of the isolated strains was done 
by molecular tests. Finally, the isolates were examined 
through biochemical tests (including Voges-Proskauer 
and Methyl red, citrate, urease, ornithine, lysine, indole, 
nitrate, arginine, phenylalanine-deamination, triple sugar 
iron agar, starch hydrolysis, and carbon source utilization) 
(13,14).

For final approval, the molecular study was done using the 
class-specific primer (Sm6F: (5 ́-GGTGGCGAAGGCGGA-
3)́, Sm5R (5-́GAACTGAGACCGGCTTTTTGA-3)́, and S-C-
Act-235-a-S-20: F (5́- CGCGGCCTATCAGCTTGTTG-3́), 
S-C-Act-878-a-A-19: R (5 ́CCGTACTCCCCAGGCGGGG-
3́) (15). Genomic DNA was extracted using bacterial DNA 
isolation kit (DENA Zist Asia, Iran) according to the 

manufacturer’s instructions. Polymerase chain reaction 
(PCR) program consisted of an initial denaturation at 
94°C for 3 minutes, 35 cycles of denaturation at 94°C 
for 1 minute, annealing at 55°C for 1 minute, extension 
at 72°C for 1 minute, and final extension at 72°C for 10 
minutes (16). The PCR product was purified using a PCR 
purification kit (Thermo Scientific) and was checked by 
1% agarose gel. The 600-640 bp bands indicated that the 
isolated strains belonged to the Actinobacteria phylum.

Finally, the 16s rRNA sequence of the selected 
primer was determined by universal primer (PA: 
F (5 ́ AGAGTTTGATCCTGGCTCAG-3), PH: R 
(5́-AAGGAGGTGATCCAGCCGCA-3́) (17). The PCR 
program was carried out according to the above-mentioned 
method. The PCR product was purified by AccuPrep® PCR 
Purification gel (Bioneer, South Korea) according to the 
manufacturer’s instructions. Then, DNA sequencing was 
performed by the South Korean company Bioneer. The 
sequence data of 16S rRNA were then utilized for BLAST 
(http://www.ncbi.nlm.nih.gov/BLAST/) analysis and the 
maximum likelihood phylogenetic tree was constructed 
using the Molecular Evolutionary Genetics Analysis 
software version 4.0 (18). 

Preparation of Crude Metabolites Extracts for bioactivity 
Assessment
For the assessment of the bioactivity of the isolated 
Actinobacteria, each strain was inoculated in 200 mL of 
proprietary medium, incubated at 37°C with 140 rpm for 
8 days, and then centrifuged at 10000 rpm for 10 minutes 
at 30°C (5). The supernatant was collected and filtered 
with a 0.22 µm filter. Finally, for the extraction of bacterial 
metabolites, the supernatant was mixed with an equal 
amount (1:1 V/V) of ethyl acetate (Merck, Germany) and 
shaken vigorously for 10 minutes. Then, the organic phase 
was extracted. The extracts were then dried by rotary 
evaporation and maintained at -20°C (19,20). 

Assessment of Anticancer Activity of Crude Metabolite 
Extract and Supernatant
The anticancer activity of crude extract and supernatant 
of isolated strains was investigated on the MCF-7 cell line 
(from the Iranian Biological Resource Center) using the 
MTT method. MTT test was done based on the method 
used by Azman et al in 2017 (21). At first, the cancer cells 
at a density of 5×102 in 96 well microtiter plates were 
incubated in Dulbecco’s modification of Eagle’s medium 
(DMEM) supplemented with glucose, 10% fetal bovine 
serum, and antibiotics (20 μg/mL of Penicillin and 100 
μg/mL of Streptomycin) at 37°C in 5% carbon dioxide 
for 24 hours (22). Then, 20 µL of each bacterial sample 
(crude metabolite extract and supernatant) was added to 
each well separately (final concentration of 30 µg/mL) and 
incubated for 24 hours. After the incubation period, 20 μL 
of MTT solution was added to each of the wells and the 
plates were incubated for 4 hours in the darkness. After 
this time, the cell culture media were removed, and 100 
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μL of DMSO was added to each of the wells. The optical 
absorption was measured by Elisa reader (Lab biotech, 
USA) at the wavelength range of 490-690 nm and the 
following equation was used to calculate the percentage of 
cell viability:
Cell viability (%) = (Average Optical absorption for treated 
cells/ Average optical absorption of control cells) × 100

The control sample was treated with DMSO solvent 
(0.5%).

Assessment of the Antimicrobial Activity of Crude 
Metabolite Extract and Supernatant
The antimicrobial activity of crude bacterial extract and 
supernatant of the isolated strains was investigated against 
Staphylococcus aureus PTCC 1112 and Pseudomonas 
aeruginosa PTCC 1214 using the disk diffusion method 
(23). The bacterial pathogens were cultured in the Mueller 
Hinton Broth medium. Then, the 0.5 McFarland turbidity 
standard was prepared from each isolate and spread on 
Mueller Hinton agar medium. The sterile blank disc (6 
mm diameter) (Padtan Teb, Iran) containing 20 μL of the 
supernatant and crude bacterial extract (1 mg/mL) was 
placed on the culture medium. After incubation at 37°C 
for 24 hours, the inhibition zone (mm) was measured. 
Gentamycin disc (10 μg) and the blank disc with DMSO 
(5%) were used as the positive and negative control, 
respectively.

Determination of Minimum Inhibitory and Bactericidal 
Concentrations
Determination of the minimum inhibitory and bactericidal 
concentrations of crude extract and supernatant of 
isolated strains were conducted based on the method used 
by Weseler et al (24) with some modifications. The serial 
dilutions (1.95 µg/mL to 1 mg/mL) were prepared from 
each of the crude extracts and supernatant of bacteria, 
separately. Afterwards, 100 μL of each sample was added 
to the wells. Then, 20 μL of pathogenic bacteria (0.5 
McFarland turbidity) was also added and incubated at 37°C 
for 18-24 hours. Afterwards, the turbidity of each well was 
assessed. Finally, to determine the minimum inhibitory 
and bactericidal concentrations of bacterial products, 10 
μL of the first clear well was inoculated into the Mueller 
Hinton agar. After the incubation at 37°C for 24 hours, 
the growth or non-growth of pathogenic bacteria was 
investigated. MIC is defined as the lowest concentration 
of an antimicrobial that can inhibit the visible growth of a 
microorganism after incubation, while MBC is the lowest 
concentration of antibacterial agent required to kill a 
bacterium. 

The culture medium without bacterial products was 
used as the negative control.

Statistical Analysis
All experiments were performed with three repetitions. 
Data analysis was performed using one-way analysis of 
variance (ANOVA) in SPSS version 21.0 with a significance 

level of P ≤ 0.05.

Results
Isolation of Actinobacteria
Based on morphological and microscopic characteristics, 112 
Actinobacteria strains were identified in all studied sources 
(Figure 1), which were grown on six culture media (Table 1). 
The majority of isolated strains belonged to Gauze and ISP4. 
Molecular identification using the class-specific primers 
showed that the isolated strains belonged to Actinobacteria 
phylum, which was confirmed by the appearance of 600-640 
bp bands on the agarose gel (Figure 2). 

Biochemical tests exhibited 22 isolated strains with 
different biochemical properties (data not shown). In 
Table 2, some morphological properties of these isolates 

Figure 1. The Actinobacteria Strains Isolated from Seawater, Soil, and 
Plant Root samples. (A, B) Primary cultivation from different samples of 
seawater, plant roots, and soil, (C-L) Pure cultivation from isolated strains, 
(M-P) Morphology, and the gram reaction of isolated bacteria (magnification 
1000×).

Table 1. Actinobacteria Strains Isolated from Different Sources

Sample
Culture Media

SCA ISP2 ISP4 Gauze AIA GYP

Sea 2 3 1 1 1 2

Soil 10 12 21 27 17 12

Plant root - - 1 1 1 -

Total 12 15 23 29 19 14

Figure 2. (A) Observation of 600-640 bp bands marked with the black 
arrow. (B) DNA ladder 25 bp.
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were exhibited. 

Biological Assay of Crude Metabolite Extracts and 
Supernatant of the Isolated Strains
Anticancer Activity
The anti-cancer activity of crude extract and supernatant 
of the isolated strains was evaluated on the MCF-7 cell 
line (Figure 3) using MTT assay. The results showed that 
the supernatant of 19 isolates had an anticancer effect 
(Figure 4A). On the other hand, only the crude extract 
of 11 strains was able to inhibit MCF-7 cells growth 
(Figure 4B). According to the results, the supernatants 
showed higher anticancer activity than crude extracts. The 
highest growth inhibitory activity of bacterial supernatant 
belonged to ga31 (90.5%), followed by ez (82.3%), sa 
(76.9%), mar2 (70.2%), rz (65.7%), ga33 (56.5%), and 
ga5 (50.7%), respectively. Moreover, the highest growth 
inhibitory activity of crude extracts belonged to ga31 

(75.5%), followed by ga5 (46.1%), rz (40.4%), and ez (40%), 
respectively. Surprisingly, we found a significant difference 
in the anticancer activity between the crude extract and 
supernatant (P < 0.05). Overall, we found that ga31 had the 
highest anticancer activity in both supernatant and crude 
extract form.

Antibacterial Activity
The antibacterial activity of crude extract and 
supernatant of the isolated Actinobacteria strains was 
studied against two pathogenic bacteria, Pseudomonas 
aeruginosa PTCC 1214 and Staphylococcus aureus PTCC 
1112, by disk diffusion method. The results showed that 
only the bacterial products of ga31 and ga5 strains had 
antibacterial activity against Staphylococcus aureus PTCC 
1112 (Table 3).

According to the results, Actinobacteria products 
(the supernatant and the crude extract) had not only 

Table 2. Actinobacteria Strains Isolated FROM Seawater, Soil, and Plant Roots

Culture Media Pigment Substrate Mycelium Aerial Mycelium Source Name of the Strain

Gauze - White White Seawater SA

GYP - White White Seawater Mar1

GYP Dark White White-Gray Seawater Mar2

ISP4 Black Yellow Red-Black Seawater R52

SCA - White White Seawater Man1

SCA - White White-Yellow Seawater Man2

ISP2 White-Yellow White White Seawater SS

ISP2 Green- Black Brown Green-Gray Seawater SG

ISP2 A little dark Yellow White-Gray Seawater Cod1

AIA - White White Seawater Cod2

Gauze - White White-pink Soil GA1

ISP4 - Violet White Soil GA2

SCA - A little Yellow White Soil GA3

ISP4 - White White-Pink Soil GA4

ISP4 Black White White-Yellow Soil GA5

Gauze Fire Brick White White Soil GA18

Gauze Pink White White Soil GA20

Gauze Dark green- Brown Dark White Soil GA31

Gauze Blue- Purple A little dark White Soil GA33

ISP2 Yellow Orange Orange Soil RZ

ISP4 Yellow Yellow White-Yellow Iris root EZ

Gauze - White White-Pink Echium Amoenum root EG

Figure 3. Anticancer Activity of Isolated Actinobacteria Strains on McF-7, (A) Control, (B) ez, (C) sa, and (D) ga31
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bacteriostatic but also bactericidal activity against S. 
aureus PTCC 1112 (Table 3). 

Identification of the Selected Strains
According to the results of biological tests, the ga31 strain 
had the highest anticancer and antimicrobial activities. 
Therefore, it was chosen for molecular identification. It 
was determined using the information obtained from 
the sequencing of the 16S rRNA gene. The results of 
the phylogenetic analysis of this strain by a maximum 
likelihood method in MEGA4 software show its 
evolutionary relationship with the Rubrobacteria class 
(Figure 5). 

Discussion
Actinobacteria are widespread in various ecosystems. These 
bacteria are important because of their ability to produce 
various secondary metabolites, including antibiotics, 
antifungals, anticancer, and immunosuppressive agents 
(5). Today, it is recommended that strains isolated from 
unusual and less studied habitats should be used to evaluate 
the bioactive and valuable compounds of these bacteria 
(25). Therefore, this study was conducted to investigate the 
biological potential of Actinobacteria isolated from various 
ecosystems of Iran, including the water of the Persian Gulf, 
the soil of the Gandom Beryan area in the Lut Desert, and 
the roots of some plants.

Figure 4. Anticancer Effect of Supernatant (A), and Crude Extract (B) of Isolated Actinobacteria Strains on MCF-7 Cancer Cell Line. DMSO solvent (0.5%) was 
used in the control sample.

Table 3. Antibacterial Activity of Supernatant and Crude Extract of Two Strains (ga31 and ga5) on Staphylococcus Aureus PTCC 1112

Test
Inhibition Zone (mm) MIC (µg/mL)

MBC (µg/mL)

Supernatant (Mean ± SD) Crude Extract (Mean ± SD) Supernatant Crude Extract Supernatant Crude Extract

Control* 13.5±0.02 13.5±0.02 12.5 12.5 50 50

ga31 14.8±0.08 16.3±0.19 15.6 7.8 62.5 31.25

ga5 14.5±0.20 15.2±0.18 15.6 15.6 31.25 31.25

*Control: Gentamicin (10 µg) as a positive control in the disk diffusion method.
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In this study, 112 Actinobacteria strains were isolated 
using morphological studies. Additionally, we investigated 
the strains by molecular tests using two specific primers 
of Actinobacteria (Sm6F, Sm5R) and (S-C-Act-235-a-S-20: 
F, S-C-Act-878-a-A-19: R) (26). The results confirmed 
that these isolated strains belonged to the Actinobacteria 
phylum. Accordingly, it was shown the wide distribution 
of different strains of Actinobacteria in ecosystems with 
different geographical conditions in this country. In the 
following, based on biochemical tests, 112 isolates were 
reduced to 22 strains whose anticancer and antimicrobial 
activities were examined. 

As a result, we found that the supernatants of 7 
isolated strains (ga31, ez, sa, mar2, rz, ga33, and ga5) 
had anticancer activity against the MCF-7 cell line. They 
inhibited the growth of the cancer cells by more than 50%. 
However, crude extracts of only 4 strains (ga31, ga5, rz, 
and ez) had anti-cancer activity. Based on morphological 
studies, the MCF-7 cell line became rounder and smaller 
cells after treatment with crude extracts of strains ez, 
sa, and ga31 (27). However, a significant difference in 

the anti-cancer activity was observed between crude 
extract and the supernatant of strains examined. It seems 
that this difference may be due to the dose-dependent 
activity of compounds produced (28) or the presence 
of compounds such as enzymes in the supernatant that 
have an anticancer effect but are not present in the crude 
extract. Nevertheless, among all the isolated strains, 
only the ga31 strain showed the maximum anti-cancer 
effect on the MCF-7 cells. Its supernatant and metabolite 
extract could inhibit the cancer cells by 90.5% and 75.5%, 
respectively. According to some evidence, different strains 
of Actinobacteria that were isolated from different sources 
had anticancer activity. They are able to inhibit the growth 
of various cancer cells. Azman et al reported that of the 
three novel rare actinobacteria strains isolated from 
mangrove soils at Tanjung Lumpur, Peninsular Malaysia, 
crude extract of two strains had anti-cancer effects against 
human cervical carcinoma cell line (Ca Ski). Ser HL et al in 
a study examined the anti-cancer effect of the Streptomyces 
pluripotens MUSC 137 strain isolated from mangrove soil. 
The results showed that MCF-7 cells were most susceptible 

Figure 5. The Phylogenetic Tree of ga31 Strain. The numbers at the nodes indicate the levels of bootstrap support based on 1000 resampled data sets. 
Escherichia coli Strain NBRC 102203 was used as an out-group.
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to the extract with the lowest IC50 (61.33 ± 17.10 μg/
mL), followed by HCT-116 and A549. Additionally, the 
results obtained from this study show the potential for the 
production of anti-cancer compounds by isolated strains 
(21, 29-31).

Based on studies, living in diverse ecological conditions 
and Interaction with the environment and other organisms 
is a very important factor, because it can cause the chemical 
diversity of metabolites by this group of bacteria (6).

On the other hand, we found that of all isolated strains, 
only two strains (ga31 and ga5) had antimicrobial action 
against Staphylococcus aureus. However, they had no 
antimicrobial effect on Pseudomonas aeruginosa. The 
results obtained from the antimicrobial performance of 
these two strains are consistent with the results of previous 
studies. In a study, Rateb et al isolated and identified 3 new 
compounds from a Streptomyces strain. They observed 
that all three compounds had strong antibacterial activity 
against Gram-positive bacteria, but weak activity against 
Gram-negative bacteria. In the study conducted by Ding 
et al, of 53 actinomycetes strains isolated from desert 
ecosystems located in the northeast of Qinghai-Tibet 
Plateau, 26 strains were chosen for further studies, and 
according to the results, the metabolites produced mainly 
inhibited Gram-positive strains. According to reports, 
Actinobacteria isolated from desert environments have a 
better antimicrobial effect against gram-positive bacteria 
(32-35). It appears that the cell wall of Gram-negative 
bacteria has a key role in this function (32).

In general, according to the results obtained in this 
study, ga31 strain had both anti-cancer and antimicrobial 
effects. This strain belongs to the Actinobacteria phylum, 
isolated from the soil sample of Gandom Beryan area in 
the Lut Desert. The Lut Desert is one of the main deserts 
of the Iranian plateau and the twenty-fifth largest desert 
in the world. On the other hand, this region (Gandom 
Beryan) is known as the hottest place on earth (reaching 
a temperature of 70.7°C in summer). Therefore, the ga31 
strain could be a good candidate for future studies to purify 
and evaluate new metabolites, and it is suggested that the 
performance of these compounds should be evaluated in 
in vivo studies.

Conclusions
Actinobacteria are very important producers of bioactive 
secondary metabolites. Our findings revealed that the 
products of isolated strains have biological effects and 
extreme ecosystems can be a source for the discovery of 
new bioactive compounds. Therefore, further research can 
be done to purify these compounds and use them in future 
studies.
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