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Free radicals produced through biochemical processes cause dangerous health problems due to their oxidative effect on 
cellular proteins and lipids. There is an urgent need for natural antioxidants to be used as therapeutic agents. Streptomyces 
are known as producers for antioxidants, in this study, two Streptomyces species were isolated from the rhizosphere soil of 
mangrove tree Avicennia marina (Forssk.) Vierh. The isolates were identified by conventional as well as molecular methods 
as Streptomyces atrovirens (MS5) and S. labedae (MR15). The ethyl acetate extracts of cell free production broth medium 
of the two isolates demonstrated potent biological activities against Gram positive and Gram negative bacteria and Candida 
albicans. Moreover, a radical scavenging activity in DPPH assay with significant inhibition percentage of 62 and 78%, 
respectively, was recorded. The IC50 values were 3000 and 241 µg/mL (P <0.05) for S.atrovirens (MS5) and S. labedae 
(MR15), respectively. Streptomyces atrovirens extract showed anticancer activity against hepatocellular carcinoma cells 
(HepG-2) and colon carcinoma cells (HCT-116) cell lines with 61 and 50.6%, respectively, while S. labedae (MR15) 
showed anticancer activity against all the tested cell lines with 92.9 and 85.89% against (HepG-2) and (HCT-116) compared 
to the control cells and showed selective cytotoxicity. LC-MS/MS analyses revealed the presence of compounds with known 
antioxidant and anticancer activities such as Gamma Aminobutyric acid (GABA) and Indole-3-carboxyaldehyde, linoleic 
acid and phenyl chromen-4-one derivative with various intensities. 
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Actinobacteria are considered the reservoir of many 
medically important bioactive compounds. The search 
for potent actinobacterial species can lead to the 
discovery of new therapeutic agents1,2. Bioactive 
compounds produced by actinobacteria have diverse 
clinical use as antibacterials, antifungals, antioxidants, 
antitumors, and antiparasitics3,4. Actinobacteria 
produce about 65% of the current used antibiotics, 
over 10,000 of them are produced by Streptomyces 
species1. 

Mangrove forests are rich ecosystem of bioactive 
metabolite producers due to their various properties of 
high salinity, strong winds, extreme tides, high 
temperature, anaerobic soils, and muddinesswhich 
induce the establishment of specific microbial 
community3,5,6. Avicennia marina (Forssk.) Vierh., 
commonly called grey or white mangrove, has a wide 
range of salinity tolerant microorganisms in their 
rhizospheric region that adapt to environmental 
fluctuations. The secondary metabolites of 

Streptomyces spp. play role in elimination of plant 
pathogens through antibiotic production and other 
volatile bioactive compound production8 
Streptomycetes from mangrove soil act as a source of 
antioxidant and anticancer compounds5 viz. melanin9, 
phenazine10 and other agents11. Doxorubicin produced 
from Streptomyces7 is used as chemotherapeutic agent 
against various lymphoma; epirubicin exhibits 
anticancer activity against breast cancer, ovarian 
cancer, lung cancer and leukemia12. Indolocarbazoles 
and streptocarbazoles A and B isolated from 
mangrove soil Streptomyces sp. have also 
demonstrated antitumor properties13. 

Synthetic antioxidants used for medication such as 
butylated hydroxytoluene(BHT) and propyl gallate 
(PG)9 have side effects; short term exposure to BHT 
has a toxic effect on the liver; high level exposure to 
PG has a minor systemic toxicity and low amounts 
can be absorbed by skin14. On the other hand, 
Streptomyces spp. Are known as a rich resource of 
bioactive compounds. Hence, in this study, we 
investigated the antioxidant and anticancer potential 
of actinobacterial isolates Streptomyces species from 
Egyptian mangrove.  
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Materials and Methods 
 

Soil samples 
Six soil samples were collected from the 

rhizosphere area of grey or white mangrove trees 
Avicennia marina, 35 km south of MarsaAlam City, 
Egypt (24ο43ˋN, 35ο 9ˋE). These trees,  2-3 m in 
height, are located at the coast line of Wadi El Gemal. 
Soil samples were collected in sterile plastic bags, 
mixed, air dried, ground with mortar and pestle, and 
sieved. The dry soil were packed in clean plastic bags 
and kept at 20ºC. 

Isolation of actinobacteria 
Soil sample were heated at 60ºC for one hour, 10 g 

of heat treated soil was mixed with 100 mL sterilized 
distilled water, Ten-fold dilutions of soil sample were 
prepared. Three different isolation media used for 
selective isolation of actinobacterial isolates 
excluding other microbial species were RASS agar15, 
starch nitrate agar (ISP4)16, M1 agar medium17. The 
isolates were maintained on the same isolated 
medium, cultures, stored in 20% v/v glycerol at 
20°C. Actinobacterial isolates were screened for 
their antimicrobial activity using disc agar diffusion 
method according to Kirby–Bauer test18]. Each isolate 
was sub-cultured on three different media have 
enriched components to optimize the growth 
conditions forantimicrobial agents;starch casein agar 
(SC)19, oatmeal agar media (ISP3)20, and glycerol 
asparagine (ISP5)21. Three discs were cut from each 
plate and put onto Muller Hinton plates inoculated 
with 100 µL of 106CFU mL-1 of five different tested 
microorganisms Staphylococcus aureus, 
Pseudomonas aeruginosa, Escherichia coli, Bacillus 
cereus and Candida albicans. The tested 
microorganisms were clinical isolates donated by 
Microbiology Department research laboratory, Ain 
Shams University. The plates were incubated at 37°C 
for 24 h and 30°C for Candida albicans. Three 
independent replicates were carried out; inhibition 
zone around each disc was measured in mm. The 
potent isolates were detected according to the best 
antagonistic activity. 

Identification and phylogenetic analysis of potent isolates 
The selected potent isolates were cultivated on four 

different media to characterize the different cultural 
aspects based on the colour of aerial and substrate 
mycelium, texture and detection of soluble pigments16 
on starch nitrate agar (ISP4)16, starch casein agar 
(SC)19, glycerol asparagine agar (ISP5)21 and oatmeal 
agar (ISP3)20. The plates were incubated for 7 days at 

30°C. The culture characteristics of aerial and 
substrate mycelia were recorded as well as pigment 
production. Scanning electron microscopy was carried 
out using electron microscope (JSM 1500 LV, Japan) 
at the regional center for mycology and biotechnology 
in Al Azahr University. Physiological characteristics 
such as optimum growth temperature, pH and NaCl 
tolerance, starch hydrolysis, proteolytic activity, H2S 
production, catalase production and melanin pigment 
production were carried out according to Williams et 
al.22,23. 

Identification for the selected isolates was 
carried out by amplification of partial 16S rRNA 
gene.DNA was extracted using colony PCR 
method24. PCR was performed in a total volume 
of 50 μL. Each reaction mixture contained the 
following: 25 µl of master mix (ThermoScientific), 2 
µL of 10 µM of each primer-PA (5'-
AGAGTTTGATCCTGGCTCAG-3') and 517R (5'-
ATTACCGCGGCTGCTGG-3' (Thermoscientific)25, 
3 µL of 20 ng DNA template. PCR protocol was as 
follows: initial denaturation at 94°C for 5 min then 35 
cycles of 40 s each at 94°C, 55°C, and at 72°C and a 
final step of 10 min at 72°C. PCR products were 
analyzed by 1% agarose gel electrophoresis using 
TAE buffer, agarose gel was examined under UV 
transillumination. Qiagen extraction kit was used to 
purify the PCR products before DNA sequencing. The 
nucleotide sequence was assembled using BioEdit 
V7.0.5. Multiple alignments were carried out using 
Clustal W and Neighbor-joining phylogenetic tree 
was constructed using Phylip version 4.0. 
Evolutionary distances for the neighbor-joining 
algorithm were computed using Kimura’s two-
parameter model26. Nucleotide sequences were 
submitted in GenBank. 

Extraction of bioactive compounds 
Potent actinobacterial isolates that showed the 

highest antimicrobial activity were inoculated in 
starch casein broth and incubated at 28°C in a rotary 
shaker at 160 rpm for 7 days. After incubation period, 
the cultures were filtered through Whatman filter 
paper No.1. The cell free filtrates were extracted by 
ethyl acetate at a ratio of 1:1 then the organic ethyl 
acetate layer was collected and evaporated in rotary 
evaporator then stored at 4ºC27. 

Screening for antimicrobial activity of cell free extracts 
The antimicrobial activity of the selected 

actinobacterial ethyl acetate extracts was carried out 
by agar well diffusion method against five test 
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microorganisms. Aliquots of 100 µL of adjusted 
microbial inoculum (0.5 McFarland) was inoculated 
onto the surface of Mueller-Hinton agar plates then 
wells were made using sterile cork borer (8 mm) and 
inhibition zones were measured in mm. Two fold 
dilutions of the crude ethyl acetate extracts of the 
selected isolates was made using 10% DMSO, 100 µL 
was inoculated in each well. The plates were 
incubated at 37°C for 24 h and 30°C for Candida 
albicans28. Three replicates were made for each 
experiment; the diameter of inhibition zone was 
measured in mm for determination of MIC. 

Free radical scavenging activity 
Ethyl acetate extracts were tested for their free 

radical scavenging activity by DPPH assay. Each 
extract was dissolved in 10 mL methanol and 
different concentrations (50, 100, 500, 1000, 2000 and 
5000 µg/mL) were prepared. Ascorbic acid was used 
as a standard where different concentrations of 
ascorbic acid (50, 100, 200, 400, 800, 1000, 2000 and 
5000 µg/mL) were prepared. From each concentration 
(extract or standard), 2 mL were added to 2 mL of 
0.002% freshly prepared methanolic DPPH  
and the reaction was incubated at  25ᵒC  for 30 min 
in dark, the DPPH solution with methanol only was 
used as a control. The OD was measured using 
spectrophotometer (UNIC 7200) at 515 nm, where 
the experiment was carried out in triplicates 
and methanol was used as a blank29,30. The percentage 
of radical scavenging was measured by the following 
formula : 
% Radical scavenging activity = [(control OD – 
sample OD) / control OD] × 100. 

Determination of cytotoxicity using MTT assay 
Four human cancer cell lines were used: HepG-2 

(Hepatocellular carcinoma cells), MCF7 (Breast 
carcinoma cells), A-549 (Lung carcinoma cells) and 
HCT-116 (colon carcinoma cells), in addition to 
control cells MRC-5 (Normal human lung fibroblast 
cells). Cell lines were maintained in RPMI (Roswell 
Park Memorial Institute) -1640 (Gibco) supplemented 
with 10% fetal bovine serum and 1X antibiotic-
antimycotic (Gibco) at 37ºC humidified incubator 
containing 5% CO2 and 95% air and seeded into a 
sterile flat bottom 96-well plate at a density of 5×104 
cells/well and allowed to adhere overnight. Twenty 
microliter of each ethyl acetate extract with 0.5% 
(v/v) DMSO was added into each well with final 
concentration ranging from 3.9-500 µg/mL. DMSO 
was used as negative control. The Cells were further 

incubated with the extract for 24 h before performing 
MTT assay. About 10 µL of 12 mM MTT stock 
solution were added to 100 µL of fresh culture 
RPMI 1640 medium without phenol red in 
each well including the untreated controls. The 
96-well plates were then incubated at 37°C and 5%
CO2 for 4 h. Aliquots of 85 µL of the media was
removed from the wells, and 50 µL of DMSO was
added to each well, mixed thoroughly and incubated
at 37°C for 10 min31. Then, the optical density was
measured at 590 nm with the microplate reader
(SunRise, TECAN, Inc., USA) to determine the
number of viable cells. The percentage of viability
was calculated as (sample OD/control OD) × 100%.
The concentration required to cause toxic effects in
50% of intact cells (IC50) was estimated from graphic
plots of the dose response curve for each
concentration using Graphpad Prism 8.

Liquid chromatography mass spectrometry (LC-MS/MS) 
analysis 

To characterize the bioactive compounds, LC-
MS/MS analysis was conducted. An Exionl C Sciex, 
Triple TOF 5600+ Sciex Mass Spectrometer was 
used. Mass spectrometer operating in electrospray 
ionization (ESI) positive mode with Analyst TF 1.7.1 
system was applied. 

The setting for electrospray ionization voltage was 
set to 4500 kV. Mass range for MS/MS scan was 
adjusted from 5x105 to 1x107 Da. Columns were a 
PhenomenexSynergi Fusion RP (3.5 µm, 2.1×50 mm 
internal column diameter), 3 µL particle size, 
Phenomenex, CA, USA) was used to obtain 
separation. The mobile phase was made up of DI-
Water contains 0.1% formic acid (solvent A) and 
acetonitrile100% (solvent B). The compounds were 
separated with the following linear-programmed 
solvent gradient: 0 min (10% B), 21 min (90% B), 25 
min (90% B) then equilibrating back to 10% B for 3 
min. The flow rate for the column was set at 0.3 
mL/min while the column temperature was set at 
40C and injection volume at 25 µL. Peak view 2.2 
software was used for identification of the 
compounds.  

Statistical analysis  
Data of antimicrobial activity were expressed as 

mean ± standard deviation (SD) of three independent 
replicates. Differences were considered significant 
when p value was less than 0.05. All statistical tests 
were performed using SPSS for Windows version 
18.0 (SPSS, USA). 
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Results and Discussion  
 

Isolation of actinobacterial species 
Isolation of actinobacteria from six soil samples 

from MarsaAlam coast line were carried out using 
three isolation media RASS agar, starch nitrate agar 
(ISP4), M1 agar medium. Thirty isolates were 
recovered from the plates; the isolates were 
checked and grouped according to their culture 
characteristics.  

Antimicrobial activity of the potent isolates 
The isolates were investigated for production of 

antimicrobial agents using disc diffusion method. 
Only 11 (36.6%) exhibited potential activity against 
the tested microorganisms. Isolates showed the best 
antimicrobial activity on starch casein agar media 
(SC). Isolate MS5 showed antimicrobial activity 
against Escherichia coli, Bacillus cereus and Candida 
albicans with inhibition zones 15, 19 and 15 mm, 
respectively while MR15 showed antimicrobial 
activity against Staphylococcus aureus and Candida 
albicans with inhibition zones 2.5 and 13 mm, 
respectively. The two isolates were selected for 
further investigation. 

Identification of selected isolates MS5 and MR15  
Phenotypic characteristics of the isolates MS5 and 

MR15 such as the gross morphology and cultural 
characteristics were investigated. MS5 isolate showed 
gray, yellow and white aerial mycelium while MR15 
isolate showed gray, yellow, buff and brown colours. 
The substrate mycelium of MS5 isolate had yellow 
colour while substrate mycelium of MR15 isolate had 
gray, brown and yellow colours. Growth on different 
media and scanning electron microscopy revealed that 
MS5 has long spiral spore chains with heavy spins on 
spore surface, while MR15 has spiral spore chains 
with spiny spore surfaceas shown in Fig. 1. 
Physiological characteristics showed the ability of the 
two isolates to produce the melanin and to hydrolyze 
the starch and casein. Optimum growth temperature 
for the two isolates as at 37ºC, the two isolates had a 
tolerance to NaCl up to 2% and a PH tolerance 

up to 9. The characterization of the two isolates is 
summarized in Table 1. The phenotypic results of 
MS5 and MR15 showed that they were belonging to 
Streptomyces species. 

Nucleotide sequences of partial 16S rRNA gene of 
isolates MS5, MR15 were compared with related 
sequences on the data base (ncbi.nlm.nih.gov/blast). 
Isolate MS5 was similar to Streptomyces atrovirens 
with blast identity 99%, while isolate MR15 was 99% 
identical to S. labedae. Nucleotide sequences were 
submitted in GenBank under accession numbers 
MK156172, MK156170 for isolates MS5 and MR15, 
respectively. Neighbor-joining phylogenetic tree 
revealed the close relatedness between isolate MS5 
and S. atrovirens with bootstrap value 58 while MR15 
grouped with S. labedae with boot strap value 80 as 
shown in Fig. 2. 

Antimicrobial activity of cell free ethyl acetate extracts 
The selected potent isolates were inoculated in 

starch casein broth as a production media that 
showed the best antagonistic activity against 

Fig. 1 — Growth of isolates (A) MS5; and (B) MR15 on four
culture agar media: (i) Starch nitrate, (ii) glycerol asparagine, (iii)
starch casein, and (iv) Oatmeal; Scanning electron micrograph of
isolates spore chain of (v) MS5, 3500X, and (vi) MR15, ×7500X. 

Table 1 — Antimicrobial activity of the actinobacterial isolates that grown on three different media against five tested 
microorganisms using Kirby-Bauer method: diameter of inhibition zone in (mm). 

Tested micro-
organsims 

Staphylococcus 
aureus 

Escherichia 
coli 

Bacillus 
cereus 

Pseudomonas 
aeruginosa 

Candida 
albicans 

Isolate 
code 

Starch 
casein 

Glycerol 
asparagin 

Oat 
meal 

Starch 
casein 

Glycerol 
asparagin 

Oat 
meal 

Starch 
casein 

Glycerol 
asparagin 

Oat 
meal 

Starch 
casein 

Glycerol 
asparagin 

Oat 
meal 

Starch 
casein 

Glycerol 
asparagin 

Oat 
meal 

MR15 
25± 
1.2 

-
14±
0.4

- - - - - - - - -
13±
1.2

10± 
0.8 

- 

MS5 - -l -
15±
1.6

15± 
1.2 

-
19±
0.8

20± 
1.2 

15 
±1.6 

- - -
15±
0.8

15± 
1.6 

-
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the tested microorganisms in primary scanning as 
shown in Table 2. Ethyl acetate extracts of 
Streptomyces atrovirens (MS5) and S. labedae 
(MR15) showed antimicrobial activities against four 
of the test microorganisms, and S. atrovirens (MS5) 
showed antibacterial activity against three 
microorganisms, E. coli with MIC value 3 mg/mL, 
B. cereus with MIC value 5 mg/mL and C. albicans
with MIC value 10 mg/mL while the ethyl
acetate extract of S. labedae (MR15) showed
antimicrobial activity against Staphylococcus aureus
with MIC at 500 µg/mL and against C albicans
with MIC at 500 µg/mL.

Radical scavenging activity using DPPH assay 
DPPH assay is reliable widely used assay to detect 

the antioxidant activity through discolouration of 
DPPH molecules from purple colour into yellow 
coloured diphenylpicrylhydrazine. In this study, the 
colour change of DPPH molecules indicate to the 
antioxidant activity of the ethyl acetate extracts of the 
Streptomyces atrovirens and S. labedae. 

The ethyl acetate crude extract of the S. atrovirens 
(MS5) and S. labedae (MR15) showed the highest 
inhibition of DPPH free radicals activity at 5 and 2 
mg/mL with radical scavenging activity  by  62  and  

Table 2 — Cultural and biochemical characteristics of the two 
selected isolates S. atrovirens (MS5) and S. labedae (MR15) 

MR15 MS5 
Tested 

character 
Culture 
media 

gray gray Aerial mycelium 
Starch 
nitrate 
agar  

gray yellow Substrate mycelium 
powder powder Texture  

none none Soluble pigment 
Yellowish gray yellow Aerial mycelium Glycerol 

aspara-
gines 
agar  

brown yellow Substrate mycelium 
Leathery leathery Texture 
brown none Soluble pigment 
Buff White Aerial mycelium 

Oatmeal 
agar  

brown yellow Substrate mycelium 
leathery Powder Texture 

none none Soluble pigment 
gray gray Aerial mycelium 

Starch 
casein 
agar  

yellow Yellow to brown Substrate mycelium 
powder powder Texture 

none none Soluble pigment 
Temperature 

Bio-
chemical 
reactions 

+++ +++ 30 
++ ++ 37 
- - 50 
- - 55 

NaCl tolerance 
++ ++ 0.5% 
+++ 1% 
+++ 1.5% 
+ + 2% 

PH tolerance 
- - 4 

+++ +++ 7 
+++ 8 
+ + 9 
+ + Melanin production 
+ + Casein hydrolysis 
± ± Catalase test 
+ + Starch hydrolysis 
- - H2S production 

78%, respectively (P <0.05), compared with the 
reference compound ascorbic acid which had 
scavenging activity of 85% at the same concentration. 
IC50 values were 3000 and 241 µg/mL (P <0.05) for 
S. atrovirens and S. labedae, respectively as shown in
Fig. 3.

The radical scavenging activity percentage of 
S. labedae (MR15) and S. atrovirens (MS5) was
about Ten- and five-folds, respectively higher than the
scavenging activity percentage reported by Tan et al.
exerted by Streptomyces MUM256 at the same
concentration at (4, 5 mg/mL), respectively4. The
percentages of the radical scavenging activity
of S. atrovirens (MS5) were close also to that
exerted by Streptomyces sp. strain MUSC 14 while
S. labedae (MR15) had 1.2 fold higher radical

Fig. 2 — Neighbor-joining phylogenetic tree based on 16S rRNA
sequences of the two isolates MS5 and MR15 and other related
taxa. [Bootstrap values> 50% based on 1000 re-sampled datasets
are shown at branch nodes. Scale Bar, 10% substitutions per site] 
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scavenging activity percentage than exerted by 
Streptomyces sp. strain MUSC 1432.These results 
indicated to presence of potential compounds 
with antioxidant activity in the ethyl acetate extract of 
the S. atrovirens (MS5) and S. labedae (MR15). 

Antioxidants have the ability to scavenge the free 
radicals, and hence these molecules have potential to 
inhibit the signaling pathways that are essential for 
the remaining cancer cells33. These results 
demonstrate that the ethyl acetate extracts of 
Streptomyces atrovirens (MS5) and S. labedae 
(MR15) had antimicrobial activity against various 
microorganisms and radical scavenging activity with 
significant inhibition percentage. 

Cytotoxicity assay 
The ethyl acetate extract of Streptomyces 

atrovirens(MS5) showed cytotoxic activity by 61% 
and 50.6% (P <0.05) against HepG-2 and HCT-116 

cell lines, respectively, at concentration of 500 µg/mL 
compared to the reference MRC-5 cells with 
minimum cytotoxic activity percentage by 
21.74±1.72% (P <0.05),The cytotoxic effect of ethyl 
acetate extract of Streptomyces atrovirens(MS5) on 
HepG-2 cell line and HCT-116 cell was more than the 
control cells by 2.8 ad 2.3 fold stronger cytotoxic 
effect (P <0.05) at the highest used concentration 
500 µg/mL. This cytotoxic effect ratio indicates to the 
selective cytotoxicity to cancerous cells at the highest 
used concentration (500 µg/mL). IC50 values of the 
MS5 extract against HepG-2 cell line and HCT-116 
cell line were 392±9.4 and 494±16.7 µg/mL, 
respectively (P <0.05), while IC50 in control cells 
(MRC-7) was >500 µg/mL as shown in Fig. (4A). 

The ethyl acetate extract of S. labedae (MR15) 
showed cytotoxic activity by 92.9 and 85.89% against 
HepG-2 and HCT-116 cell lines, respectively. The 
MR15 extract showed a selective cytotoxic effect 
against all types of the cell lines used with minimal 
cytotoxic effect on MRC-5 with 26.63±3.49% 
(P <0.05) inhibition percentage up to 62.5 µg/mL. 
HepG-2 cancer cell line was the most sensitive to 
MR15 EA extract with IC50 = 25.8±0.90 µg/mL 
(P <0.05) followed by A549 cancer cell line with IC50 
= 27.1±1.56 µg/mL (P <0.05) followed by MCF-7 
cell line with IC50 = 59.8±2.68 µg/ml (P <0.05) then 
HCT-116 cancer cell line with 60.5±2.71 µg/mL 
(P <0.05) and Selective cytotoxic index values at the 
IC50 concentration against HepG-2, A549, MCF-7 and 
HCT-116 were 4.5, 4.2, 1.92 and 1.9, respectively, as 
shown in Fig. 4. The hepatocellular carcinoma cells 
(HePG-2) were the most sensitive cells against the 
ethyl acetate extract treatment of S. atrovirens (MS5) 
and S. labedae (MR15). Selective index (SI) is the 
ratio expresses the level of cytotoxic effect selectivity 
of the sample extracts, and calculated as follows: 
CC50 in normal cells/IC50 in tumor cells. Higher (SI) 
values indicate high selective cytotoxicity4. These 
results were similar to previous studies by Ahmed et 
al.34 These results are in line with the results of the 
study on Streptomyces strain MUM256 that reported a 
five-fold higher IC50 value against HCT-116 cancer 
cell line showing S. labedae (MR15) against the same 
cancer cell line4. S. labedae (MR15) had IC50 values 
against the tested cancer cell lines that were also 
in a line with reported about Streptomyces 
bingchenggensis ULS1435. Streptomyces labedae 
(MR15) have showed a high cytotoxic effect against 
cancer cell lines in addition to a high selective index 

Fig. 3 — Radical scavenging activity percentage exerted by EA
acetate extract of potent isolates (A) Streptomyces atrovirens
MS5; and (B) S. labedae MR15 compared to ascorbic acid using
DPPH assay. 
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values >1 that demonstrate high selective cytotoxicity. 
Streptomyces atrovirens (MS5) and S. labedae 
(MR15)showed a cytotoxic effect against the tested 
cancer cell lines with IC50 values ranges from 25.8 to 
494 µg/mL and showed different levels of selective 
cytotoxicity.  

The morphological changes were observed using 
inverted phase-contrast microscopy. The control 
MRC-5, HepG2, (treated only with DMSO) showed 
the normal morphology of cobblestone-like 
appearance with strong cell-cell adhesion, 
monotonous spindle-shaped cells containing single 
round nuclei with flattened cytoplasm, and epithelioid 

amnion cells that grow in a closely apposed 
monolayer, respectively. However, MRC-5, HepG2 
cells treated with the streptomycetes extract showed 
shrinkages, dispersing, and irregularity in shape and 
complete detachments of cells from the surface and 
loss of cytoplasmic vacuole as shown at Fig. 5. These 
observed morphological changes indicate to the effect 
of the S. labedae (MR15) against HepG2 cell line 
compared to MRC-5 cells at different concentrations.  

Liquid Chromatography-Mass Spectrophotometry (LC-MS/MS) 
analysis 

Liquid chromatography-Mass Spectrophotometry 
data revealed the detection of high intensities of 
Gamma Aminobutyric acid (GABA), Indole-3-
carboxyaldehyde and DL-Pipecolinic acid in ethyl 
acetate extract of S. atrovirens (MS5), while high 
intensities of 4-hydroxy-3-(3-methyl-2-butenyl) 
acetophenone, linoleic acid and phenyl chromene-4-
dervitative in the ethyl acetate extract of S. labedae 
(MR15) (Table 3). Previous results reported the 
bioactivity of the identified compounds; the γ-

Fig. 4 — Inhibition percentage of growth of control cells
(MRC-5) and four cancer cell lines (HepG-2, A-549, HCT-116
and MCF-7) exerted by ethyl extract of (A) Streptomyces
atrovirens MS5; and (B) S. labedaeMR15. 

Fig. 5 — Effect of treatment of MRC-5 cells and HepG-2 cells with extract of Streptomyces labedae (MR15) at two different 
concentrations under microscope (40X): MRC-5 cells as: (A) control; (B and C) treated with 62.5 and 500 µg/mL of extract, respectively; 
HepG-2 cells as (D): control; (E and F) treated with 62.5 and 500 µg/mL of extract, respectively 

Table 3 — Bioactive compounds identified by LC MS/MS in ethyl
acetate extracts of the two isolatesS. atrovirens (MS5)  

and S. labedae (MR15) 

Isolates 
Chemical 

compounds  

Retention 
time 
(min) 

Mol. wt. 
Mol. 

formula 

MS5 
EA 

extract 

gamma-aminobutyric 
acid (GABA) 

0.54 104.07061 C4H9NO2 

DL-Pipecolic acid 1.68 130.08626 C6H11NO2 
Proline 2.94 116.1 C5H9NO2 

Indole-3-
carboxyaldehyde 

3.67 146.0594 C9H7NO 

MR 15 
EA 

extract 

4-methylumbelliferone 9.2 177.05462 C10H8O3

4-hydroxy-3-(3-methyl-
2-butenyl)

acetophenone 
14.54 205.0853 C13H16O2 

5-[4,5-dihydroxy-6-
(hydroxymethyl)-3-

(3,4,5-trihydroxyoxan-2-
yl)oxyoxan-2-yl]oxy-
7,8-dimethoxy-3-(4-

methoxyphenyl)chromen
-4-one

15.55 623.3035 C29H34O15 

Linoleic acid 19 281.247 C18H32O2 
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aminobutyric acid GABA has a major role in 
pharmaceutical industry due to its therapeutic 
role in  improvement proteins biosynthesis in 
brain36 and inhibition of cancer cells proliferation37 
and a major inhibitory neurotransmitter in mammalian 
brain38. Indoles with 3-carbon substitution are 
considered as a nucleus of many bioactive compounds 
and have a clinical importance as antimicrobials, 
antioxidants and antitumors39. Detection of these 
compounds with known bioactivity can relate the 
demonstrated antimicrobial activity of S. atrovirens 
(MS5) against three tested microorganisms of 
different groups G +ve, G ve and Candida albicans 
in addition to scavenging radical activity of 
DPPH molecules with inhibition percentage up to 
62% and antitumor activity against (HePG-2) and 
HCT-116 cell lines. 

Streptomyces labedae (MR15) produce DL-
pipecolic acid which is known as a precursor for 
rapamycin or polyrapamycin40. In addition, it 
produces4-hydroxy-3-(3-methyl-2-butenyl) 
acetophenone, which has antifungal activity against 
C. albicans in addition to the reported selective
cytotoxicity against breast carcinoma41,42, these
compounds could be the bioactive compounds that
responsible for the antifungal activity of S. labedae
(MR15) against the tested Candida albicans and the
demonstrated antitumor activity against the four
tested cancer cell lines

Phenyl derivatives of Chromen-4-one belong to 
isoflavones which are known as antioxidant, 
antimicrobial and anticancer. Linoleic acid (LA) can 
synthesize all dietary ω-6s. Studies reported that the 
high dose of LA can suppress the colon cancer 
proliferation43. Presence of acetophenone, Chromen-
4-one derivative compound and linoleic acid that have
known antimicrobial, antioxidant and antitumor 
activities give an indication that they could be 
the bioactive compounds responsible for the 
demonstrated antimicrobial, antioxidant and antitumor 
activities of S. labedae (MR15). 

Detection of these compounds is compatible with 
the reported diversity of chemical structure of 
bioactive compounds produced by actinobacteria 
including macrolides, lactones and recently 5,7-
dimethoxy-4-phenylcoumarin and 5,7-dimethoxy-4-p-
methoxylphenylcoumarin and rapamycin derivative44. 
Isolates have a wide range of bioactivity as 
antimicrobial, antioxidant and antitumor activities 
could be a nucleus for medical applications45,46. 

Conclusion 
This study demonstrate that the ethyl acetate 

extracts of Streptomyces atrovirens (MS5) and S. 
labedae (MR15) had antimicrobial activity against 
various microorganisms and radical scavenging 
activity with significant inhibition percentage.The 
ethyl acetate extracts of the two species showed 
antioxidant potential with radical scavenging activity 
of 62 and 78%, respectively as well as cytotoxic 
activity against cancer cell lines in comparison to 
the control cells. LC-MS/MS analyses confirmed 
the presence of some compounds with known 
antioxidant and anticancer activities such as Gamma 
Aminobutyric acid (GABA) and Indole-3-
carboxyaldehyde in the ethyl acetate extract of 
Streptomyces atrovirens (MS5), linoleic acid and 
phenyl chromen-4-one derivative in the ethyl 
acetate extract of Streptomyces labedae (MR15). 
According to these results the two isolates 
S. atrovirens (MS5) and S. labedae (MR15) could be
promising for therapeutic applications as antioxidant
and anticancer agents.

Conflict of interest 
Authors declare no competing interests. 

References 
1 Lee LH, Chan KG, Stach J, Wellington EMH & Goh BH, 

Editorial: The search for biological active agent(s) from 
actinobacteria. Front Microbiol, 9 (2018) 824. 

2 Subramani R &Sipkema D A, promising source of 
structurally diverse and unique novel natural products. Mar 
Drugs, 17 (2019) 249. 

3 Azman AS, Othman I, Velu SS, Chan KG & Lee LH, 
Mangrove rare actinobacteria: taxonomy, natural compound, 
and discovery of bioactivity. Front Microbiol, 6 (2015) 856. 

4 Tan LTH, Ser HL, Yin WF, Chan KG, Lee LH & Goh BH, 
Investigation of antioxidative and anticancer potentials of 
Streptomyces sp. MUM256 isolated from Malaysia 
mangrove soil. Front Microbiol, 6 (2015) 1316. 

5 Tan LT, Chan KG, Pusparajah P, Yin WF, Khan TM, Lee 
LH & Goh BH, Mangrove derived Streptomyces sp. 
MUM265 as a potential source of antioxidant and anticolon-
cancer agents. BMC Microbiol, 19 (2019) 38. https:// 
doi:10.1186/s12866-019-1409-7. 

6 Law JW, Chan KG, He YW, Khan T, Ab Mutalib NS, Goh 
BH & Lee LH. Diversity of Streptomyces spp. from 
mangrove forest of Sarawak (Malaysia) and screening of 
their antioxidant and cytotoxic activities. Sci Rep, 9 (2019) 
(1)-15262. doi:10.1038/s41598-019-51622-x 

7 Malla S, Niraula NP, Singh B, Liou K, & Sohng JK. 
Limitations in doxorubicin production from Streptomyces 
peucetius. Microbiol, Res. 165 (2010) 427–435. 

8 Jones SE & Elliot MA, Streptomyces exploration: 
competition, volatile communication and new bacterial 
behaviours. Trends Microbiol, 25(7) (2017) 522. 



ABDALLAH et al.: BIOLOGICAL ACTIVITIES OF STREPTOMYCES FROM AVICENNIA MARINA RHIZOSPHERE 89 

9 Tepe B, Sokmen M, Akpulat HA &Sokmen A, In 
vitroantioxidant activities of the methanol extracts of four 
Helichrysumspecies from Turkey. Food Chem. 90 (2005) 685. 

10 Lanigan RS &Yamarik TA, Final report on the safety 
assessment of BHT(1). Int J Toxicol, 21 (2002) 19. 

11 Riley PA, Melanin. Int J Biochem Cell Biol. 29 (1997) 1235. 
12 Abdel-Mageed WM, Milne BF, Wagner M, Schumacher M, 

Sandor P, Pathom-aree W Goodfellow M, Bull AT, 
Horikoshi K &Ebel R, Dermacozines: a new phenazine 
family from deep-sea dermacocci isolated from a mariana 
trench sediment. Org Biomol Chem, 8 (2010) 2352. 

13 Ser HL, Palanisamy UD, Yin WF, Abd Malek SN, 
Nurestri S, Chan KG Goh BH & Lee LH, Presence of 
antioxidative agent, Pyrrolo[1,2-a]pyrazine-1,4-dione, 
hexahydro-in newly isolated Streptomyces mangrove isoli sp. 
nov. Front Microbiol, 6 (2015) 854. 

14 Arcamone F, Cassinelli G, Fantini G, Grein A, Orezzi P & 
Pol C &Spalla C, Adriamycin, 14 Hydroxydaunomycin: a 
new antitumor antibiotic from Streptomyces peucetius var. 
caesius. Biotechnol Bioeng, 11 (1969) 1101. 

15  Fu P, Yang C, Wang Y, Liu P, Ma Y, Xu L, Su M, Hong K, 
& Zhu W, Streptocarbazoles A and B, two novel 
indolocarbazoles from the marine-derived actinomycetes 
strain Streptomyces sp. FMA Org Lett, 14 (2012) 2422. 

16 Herron PR &Wellington EM, New method for extraction of 
Streptomycete spores from soil and application to the study 
of lysogeny in sterile amended and nonsterile soil. Appl 
Environ Microbiol, 56 (1990) 1406. 

17 Shirling ET & Gottlieb D. Methods for characterization 
of Streptomyces species. Int J SystEvol Microbiol, 16) 
(1966) 313. 

18 Gontang EA, Fenical W & Jensen PR, Phylogenetic diversity 
of Gram-positive bacteria cultured from marine sediments. 
Appl Environ Microbiol, 73 (2007) 3272. 

19 Bauer AW, Kirby WM, Sherris JC & Turck M, Antibiotic 
susceptibility testing by a standardized single disk method. 
Am J Clin Pathol, 45 (1966) 4936. 

20 Kuster E, Williams ST, Selection of media for isolation of 
Streptomycetes. Nature, 22 (1964) 928. 

21 Kuster E, Outline of a comparative study of criteria used in 
characterization of the actinomycetes. Int Bull Bac Nomen 
Taxon, 9(1959) 98-104 

22 Pridham TG & Lyons J, Taxonomic study of strains labelled 
Streptomycesalbus. J Bacteriol, 81 (1961) 431. 

23 Williams ST, Goodfellow M, Wellington EMH, Vickers JC, 
Alderson G, Sneath PHA, Sackin MI & Mortimer  AM. A 
probability matrix for identification of some Streptomycetes. 
J Gen Microbiol, 129 (1983a) 1815. 

24  Williams ST, Goodfellow M, Alderson G, Wellington EMH, 
Sneath PHA, Sackin MJ, Numerical classification of 
Streptomyces and related genera. J Gen Microbiol, 129 
(1983b) 1743. 

25 Tsuchizaki N, Ishikawa J &Hotta K, Colony PCR for rapid 
detection of antibiotic resistance genes in MRSA and 
enterococci. J Antibiot, 53 (2000) 422. 

26 Heuer H, Krsek M, Baker P, Smalla K & Wellington EM, 
Analysis of actinomycete communities by specific 
amplification of genes encoding 16S rRNA and gel-
electrophoretic separation in denaturing gradients. Appl 
Environ Microbiol, 63 (1997) 3233. 

27 Kimura M, A simple method for estimating evolutionary 
rates of base substitutions through comparative studies of 
nucleotide sequences. J MolEvol, 16 (1980) 111. 

28 Alimuddin A, Widada J, Asmara W &Mustofa M, 
Antifungal production of a strain of actinomycetes spp. 
isolated from the rhizosphere of Cajuput Plant: selection and 
detection of exhibiting activity against tested fungi. Indones. 
J. Biotechnol, 16 (2011) 1.

29 Kekuda PTR, Shobha KS, Onkarappa R, Gautham SA 
&Raghavendra HL, Screening biological activities of a 
Streptomyces species isolated from soil of Agumbe, 
Karnataka, India. Int J Drug Dev Res, 4 (2012) 104. 

30 Kim JK, Noh JH, Lee S, Choi JS, Suh H, Chung HY, Song 
YO & ChoiWC. The first total synthesis of 2, 3, 6-tribromo-
4, 5-dihydroxybenzyl methyl ether (TDB) and its antioxidant 
activity, Bull Korean Chem Soc 23(5) (2002) 661–662. 

31 DholakiyaRN, Kumar R, Mishra A, Mody KH & Jha B, 
Antibacterial and Antioxidant Activities of Novel 
Actinobacteria Strain Isolated from Gulf of Khambhat, 
Gujarat. Front Microbiol, 8 (2017) 2420. 

32 Mosmann T, Rapid colorimetric assay for cellular growth 
and survival: application to proliferation and cytotoxicity 
assays. J Immunol Methods, 65 (1983) 55. 

33 Kemung HM, Tan LT, Chan KG, Ser HL, Law JWFL, 
 lee LH & Goh BH. Antioxidant Activities of Streptomyces 
sp. strain MUSC 14 from Mangrove Forest Soil in Malaysia. 
Biomed Res Int, 2020 (2020). doi:10.1155/2020/6402607. 

34 Chen HM, Wu YC, Chia YC, Chang FR, Hsu HK & 
Hsieh YC, Chen CC & Yuan SS, Gallic acid, a major 
component of Toonasinensis leaf extracts, contains a ROS-
mediated anti-cancer activity in human prostate cancer cells. 
Cancer Lett, 286 (2009) 161. 

35 Ahmad MS, El-Gendy AO, Ahmed RR, Hassan HM, 
El-Kabbany HM &Merdash AG. Exploring the 
Antimicrobial and Antitumor Potentials of Streptomyces sp. 
AGM12-1 Isolated from Egyptian Soil. Front Microbiol, 8 
(2017) 438. 

36 Olabisi Flora Davies-Bolorunduro, Isaac Adeyemi Adeleye, 
Moshood Olushola Akinleye & Peng George Wang, 
Anticancer potential of metabolic compounds from 
marine actinomycetes isolated from Lagos Lagoon sediment. 
J Pharm Anal, 9 (2019) 201. https://doi.org/ 
10.1016/j.jpha.2019.03.004.  

37 Cho YR, Chang JY & Chang HC, Production of gamma 
aminobutyric acid (GABA) by Lactobacillus buchneri 
isolated from kimchi and its neuroprotective effect on 
neuronal cells. J Microbiol Biotechnol, 17 (2007) 104. 

38 Park KB & Oh SH, Production of yogurt with enhanced 
levels of gamma-aminobutyric acid and valuable nutrients 
using lactic acid bacteria and germinated soybean extract. 
Biores Technol, 98 (2007) 1675. 

39 Das D & Goyal A. Antioxidant activity and γ-aminobutyric 
acid (GABA) producing ability of probiotic Lactobacillus 
plantarum DM5 isolated from Marcha of Sikkim. LWT-Food 
Sci Technol, 61 (2015) 263. 

40 Martins P, Jesus J, Santos S, Raposo LR, Roma-Rodrigues C 
& Baptista PV&  Fernandes AR. Heterocyclic anticancer 
compounds: recent advances and the paradigm shift towards 
the use of nanomedicine’s Tool Box. Molecules, 20 (2015) 
16852. 



INDIAN J EXP BIOL, FEBRUARY 2022 90 

41 Cheng YR, Fang A & Demain AL, Effect of amino acids on 
rapamycin biosynthesis by Streptomyces hygroscopicus. Appl 
Microbiol Biotechnol, 43 (1995) 1096. 

42 Echiburú-chau C, Alfaro-lira S, Brown N, Salas CO, 
Cuellar M, Santander J, Ogalde JP &Rothhammer F, The 
selective cytotoxicity elicited by phytochemical extract from 
Senecio graveolens (Asteraceae) on breast cancer cells is 
enhanced by hypoxia. Int J Oncol, 44 (2014) 1357. 

43 Soberón JR, Lizarraga EF &Sgariglia MA Carrasco Juárez 
MB, Sampietro DA, Ben Altabef A, Catalán CA &Vattuone 
MA, Antifungal activity of 4-hydroxy-3-(3-methyl-2-
butenyl) acetophenone against Candida albicans: evidence 
for the antifungal mode of action. Antonie Van Leeuwenhoek, 
108 (2015) 1047. 

44 Dommels YE, Haring MM, Keestra NG, Alink GM, van 
Bladeren PJ & van Ommen B, The role of cyclooxygenase in 

n-6 and n-3 polyunsaturated fatty acid mediated effects on
cell proliferation, PGE2 synthesis and cytotoxicity in human
colorectal carcinoma cell lines. Carcinogenesis, 24 (2003)
385.

45 Abdel-Razek AS, El-Naggar ME, Allam A, Morsy OM, 
Othman SI, Microbial Natural Products in Drug Discovery. 
Processes, 8 (2020) 470. https://doi.org/10.3390/pr8040470. 

46 Siddharth S&Vittal RR. Evaluation of Antimicrobial, 
Enzyme Inhibitory, Antioxidant and Cytotoxic Activities of 
Partially Purified Volatile Metabolites of Marine 
Streptomyces sp. S2A. Microorganisms, 6 (2018) 72. 

47  Law JW, Ser H, Ab Mutalib N. Saokew S, Duangiai A, 
 Khan TM, Chan KG, Goh BH, & Lee LH. Streptomyces 
monashensis sp. nov., a novel mangrove soil actinobacterium 
from East Malaysia with antioxidative potential. Sci Rep, 9 
3056 (2020).https://doi.org/10.1038/s41598-019-39592-6. 


