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Abstract
Ten sediment samples were gathered from several geographical locations around mangrove habitat, 
Red Sea coast, Egypt, during summer 2019. Actinobacteria are widespread in most mangrove soil 
samples. The average actinomycetes counts in sediment samples were ranged from 4 to 15 CFUg-1, 
also physico-chemical characters for soil samples were determined. Statistical analysis was applied 
to assess if the geographical location and physico-chemical characters influenced the communities 
of actinomycetes. A total of 10 actinomycetes were isolated and characterized physiologically and 
biochemically. The antimicrobial activities of different actinomycetes isolates were assessed. Isolate M3 
was chosen as the most promising isolate with broad antagonistic activity against Bacillus subtilis AtCC 
6633, Escherichia coli ATCC 19404, Staphylococcus aureus ATCC6538, Pseudomonas aeruginosa AtCC 
9027, and Candida albicans ATCC 10231 with inhibition zones ranged from 12.0 ± 0.9 to 20.0 ± 1.9 mm. 
Genotypic characterization of isolate M3 was made using 16S rDNA sequence analysis and identified as 
Streptomyces mutabilis M3 with accession number MT483919.  This strain exhibited anticancer activity 
against breast cancer cell line (Mcf7), liver cancer cell line (HepG2) and colon cancer cell line (HCT116) 
and the IC50 values were 324.77, 333.71 and 354.46, respectively. Streptomyces mutabilis M3 Mt483919 
had high bio-flocculating activity for seawater treatment, and the recovery of the samples ranged 
between 71.97 and 76.05%. The crude extract of Streptomyces mutabilis MT483919 M3 was analyzed 
by Fourier transform infrared spectrum (FT-IR) and Gas chromatography-mass spectrometry (GC-MS).
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INTRoDUCTIoN
 Mangrove is a fertile and underexploited 
ecosystem with unlimited diversity of microbes 
for the detection of new and chemically diverse 
antimicrobial compounds1. Mangrove swamps 
are found in the world’s tropical areas which are 
sheltered from wave action and are usually highly 
sedimented. The forest of mangroves is a fringing 
population of shallow sandy or muddy areas, 
extending from the highest mark to the intertidal 
and subtidal regions2. Mangrove ecosystems 
are often inadequately explored but provide 
good resources to isolate novel actinomycetes3. 
Mangroves occur along the Red Sea coast and 
Sinai Peninsula in Egypt. At Gonah, about 25 km 
north of Hurghada, is the northernmost locality 
of mangroves along the Red Sea continental 
coast. From Hurghada to the Sudanese frontier, 
mangroves are prominent in protected bays, 
lagoons, beaches, dry wadis mouth and lacunae 
filled with sediments4. It is understood that climate 
fluctuations such as changes in salinity and tidal 
gradient are continuously encountered in the 
mangrove habitats. Forests of mangrove are home 
to numerous animals and plants5. Rather, these 
unexpected changes in the environment could be 
the motive force for the establishment of diversity 
of microbes and the variation in metabolic 
pathways that could create certain inimitable 
microbial properties6. Therore, the study of 
mangrove actinomycetes can offer a better view 
of discovering unique isolates, which lead to the 

discovery of respected antimicrobial compounds7,8. 
Scientistis are still studying the community 
diversity in phylum actinomycetes from diverse 
nations and environments, due to their ecological 
significance and biotechnological benefits9. 
Recent studies show that marine actinomycetes 
isolated from Red Sea mangrove forests can be a 
appreciated source for antibacterial, antioxidants 
and anticancer agents. The target of this study was 
to evaluate biodiversity and elucidate mangrove 
actinomycetes bioactivity along the mangrove area 
17 km south of the Egyptian Red Sea coast town 
of Safaga city, and investigate the characterization 
of Streptomyces mutabilis M3 isolated from 
mangrove habitats and their antimicrobial and 
bio-loculation activities.

MAteRiAls ANd MethOds
Gathering of Mangrove Soil Samples
 Ten soil samples were gathered from the 
selected sites in mangrove location during summer 
2019. The mangrove area situated 17 km south 
of Safaga city on the western side of the Red Sea 
coast at the intersection of latitude 26°36΄53˝–
26°37΄07˝N and longitudes 34°00΄46˝–34°00΄27˝E 
(Fig. 1). The samples locations and information are 
itemized in Table 1. The collected samples have 
been filled into sterilized packets and transported 
to the laboratory as soon as possible. All the 
mangrove forest areas studied are characterized 
by a single community dominated by Avicennia 
marina10.

Fig. 1. The study area and sampling site
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Physico-chemical characteristics for samples
 Physical parameters such as temperature, 
pH and salinity were examined for the soil 
samples using the 556 Handheld Multiparameter 
Instrument. Chemical characteristics such as 
dissolved oxygen12, dissolved nitrate13, dissolved 
nitrite, dissolved phosphate and dissolved 
ammonia14 were also measured using standard 
methods.
Isolation and purification of actinomycetes
 The initial treatment of mangrove soil 
samples was based on the 60°C dry wet method 
in a combination of seawater (1: 1 v/v) for 15 
minutes to reduce the number of unicellular 
bacteria 15. Soil suspension up to 1 ml was 
inoculated in Starch Casein Agar (SCA) medium 
(g/l: Starch, 10; Casein, 0.3; KNO3, 2; K2HPO4, 
2; MgSO4.7H2O, 0.05; FeSO4.7H2O, 0.01; CaCO3, 
0.02; Agar, 20) supplemented by nalidixic acid (20 
mg/l), cycloheximide (50 mg/l), and potassium 
dichromate (50 mg/l) to prevent the growth 
of Gram-negative bacteria and fungi 1. After 
incubation at 32°C for 7-30 days. Colony Forming 
Unit (CFU) was estimated, colonies were selected 
up and streaked on SCA medium. Pure cultures 
have been maintained on SCA agar slants at 4°C 
for numerous weeks and have also been well-
maintained in suspensions (20 %, v / v) of glycerol 
at −80°C.
Characterization of actinomycetes isolates
 Out of 65 actinomycetes isolates, 10 
isolates were selected based on their color 
variability and pigmentation on starch casein 
agar medium and incubation 7-14 days at 32°C. 
Morphology of colonies of the isolates was 

detected regarding color of substrate and aerial 
mycelia in addition to branching according to16. 
Cultural characteristics (growth, aerial and 
substratum mycelium coloration, soluble pigment 
formation) have been tested in seven different 
media including Yeast extract malt extract agar17, 
Inorganic salts starch agar 18, Czapex Dox agar19, 
Krassilnikov agar20, Oat meal agar21 and Starch 
nitrate agar22.
Biochemical characterization
 Biochemical tests generally used are 
hydrolysis of starch, casein, urea and gelatin. In 
addition to indole production test, methyl red 
test, Voges-prauskauer test, nitrate reduction, 
H2S production, catalase, oxidase and gelatin 
liquefaction tests23

Physiological characterization
 Physiological characterization, such as 
optimum pH (5-9), temperature (15-50°C) and 
salinity (NaCl 0-13%) were also tested. Use of 
carbon sources such as sucrose, fructose, glucose, 
starch, dextrose and maltose. Also some sources 
of nitrogen such as L-tyrosine and L-arginine were 
tested24.
Fermentation
 The chosen actinomycetes isolates were 
then cultured on soluble Starch Casein media 
with pH of (7.5). The selected actinomycetes 
were inoculated in the prepared medium and 
retained at room temperature for 4–7 days in a 
rotary shaker. The cultures were then centrifuged 
for 15 min at 8000 rpm, and the supernatant was 
obtained for extra studies25.
Antimicrobial activity
 The bacterial pathogens used in the 

Table 1. Locations and Information of soil samples

Sample  Location The characteristic of soil Sampling depth
number   under surface (cm)

1  26°36΄53˝ N-34°00΄49˝ E Rhizosphere soil of Avicennia marina 5
2 26°36΄54˝ N-34°00΄46˝ E Rhizosphere soil of Avicennia marina 5 
3  26°36΄55˝ N-34°00΄45˝ E Rhizosphere soil of Avicennia marina 10
4  26°36΄56˝ N-34°00΄43˝ E Muddy soil 5 
5  26°36΄57˝ N-34°00΄42˝ E Muddy soil 10
6  26°36΄58˝ N-34°00΄40˝ E Sandy soil 10
7  26°37΄01˝ N-34°00΄35˝ E Sandy soil  10
8  26°37΄04˝ N-34°00΄30˝ E Rhizosphere soil of Avicennia marina 10
9  26°37΄05˝ N-34°00΄30˝ E Muddy soil 10
10  26°37΄06˝ N-34°00΄30˝ E Muddy soil 10
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present study were Staphylococcus aureus 
ATCC6538,  Baci l lus  subt i l i s  ATCC 6633, 
Pseudomonas aeruginosa ATCC 9027, Salmonella 
typhimurium ATCC 14028, Escherichia coli ATCC 
19404 and Candida albicans ATCC 10231. The 
pathogenic strains were kindly gained from The 
National Institute of Oceanography and Fisheries 
(NIOF), Egypt. The antibacterial activities of the 
actinomycetes’ supernatant was evaluated using 
well cut diffusion technique. The pathogens were 
inoculated by using sterilized cotton swabs on 
Mueller Hinton agar. Next, wells were bored using 
a well-borer sterilized micro tip and 100 µl of crude 
extracts were added into the wells. The plates 
were incubated overnight at 37°C. Duplicate was 
prepared for each set. After incubation, positive 
result was taken as the radius in (mm) of clear 
inhibition zone around each well26.
Solvent extraction
 The bioactive metabolites (s) in the crude 
extract was extracted using ethyl acetate. The 
extraction was done by mixing 1:1 ratio of the 
crude extract and the solvent in separate funnel 
and was vigorously shaken for 1h then left to stand 
for 24 h. Further extraction of the organic layer was 
done for additional studies27.
Molecular identification of actinomycetes
 Genomic DNA of  representat ive 
selected actinomycetes isolate were extracted 
using Gene Jet genomic DNA purification Kit 
(Fermenats) using the manufacturer’s protocol. 
The 16S rRNA gene PCR amplification was 
performed using the following primers: 27F: (5’ 
AGAGTTTGATCCTGGCTCTCAG–3’) and 1492R 
(5’GGTTACCTTGTTACGACTT–3’)28. The final 
volume of PCR reactions was 50 μl consisting of 
200 ng DNA templates, 25 μl Maxima Hot Start 
PCR Master Mix (2Xs) and 0,4 μM primers under 
the following conditions: initial 94° denaturation 
for 5 minutes followed by 30 s at 94°C cycles for 
30s, 60s at 55°C and 4 minutes extension phase 
at 72°C and 10 minutes extension point. PCR 
reactions were conducted in a 50 μl final volume. 
The amplification products were confirmed 
using 1% agarose gel and sent to GATC Biotech 
Company, German for purification and sequencing. 
The GenBank BLASTn search tool (http://www.
ncbi.mlm.nih.gov) was used to analyze the 
partial nucleotide selected isolate sequences. 
This supported the isolate closest phylogenetic 

neighbors. The GenBank submitted the following 
accessionMT483919number to partial 16S rRNA 
gene sequence of actinomycetes isolated. The 
Sequence was then aligned by the software 
Clustal W, and the phylogenetic tree by molecular 
Evolutionary genetic analysis (MEGA version 
6.0) was extracted from a neighboring joining 
algorithm.
Anticancer activity
 The cytotoxic effect of Streptomyces 
mutabilis M3. extract on breast cancer cell line 
(Mcf7), liver cancer cell line (HepG2) and colon 
cancer cell line (HCT116)- was investigated 
us ing  3 - (4 ,5 -d imethy l th iazo l -2 -y l ) -2 ,5 -
diphenyltetrazolium bromide (MTT). Cells were 
grown in 96-well plate at density of 1x 105cell/ml 
and incubated for 24 h at 37 °C to form monolayer 
sheets. The growth medium was decanted and 
the cells were washed twice and 0.1 mL of RPMI 
containing different concentration (31.25 to 
1000 ϻg/ ml) of the extract was inoculated in 
each well. Control wells were treated with the 
medium containing the solvent (DMSO) without 
sample. After incubation at 37 °C with 5% CO2 for 
72 h, 20 ϻL of MTT solution (5mg/ml in PBS) was 
added to each well, mixed thoroughly and further 
incubated for 1-5 h. the medium was removed 
and Formazan was dissolved in 100 ϻl of DMSO. 
The amount of MTT-formazan was determined 
at 570 nm absorbance with 650 nm as reference 
wavelength29-31.
Bio-flocculation activity
 A protocol of Kurane32 is used to study 
the bio-flocculating activity, Briefly, 2 ml of the 
culture broth, 5 ml of CaCl2(1%, w/v), and 93 ml 
of kaolin (5 gl-1 distilled water) suspension were 
added in a 200- ml beaker and stirred at 180 r 
min−1 for 1.5 min and at 80 r min−1 for 3 min with a 
vortex mixer (QL- 861, Shanghai Jingmi Instrument 
Co., Ltd., China) and then kept still for 10 min. A 
sample was withdrawn (1cm below the surface 
of clay suspension) to measure optical densities 
(OD). A control experiment without bio-flocculant 
was carried prepared. The bio-flocculation activity 
was determined relying on OD for the suspension 
of clay using spectrophotometer at 550 nm. The 
flocculating efficiency was calculated using the 
following equation: Bio-flocculation activity = (B-
A)/B×100. Where; A and B are ODs of the culture 
sample and the control, respectively.
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Fourier transform infrared (FT-IR) spectral 
analysis
 Functional groups of the extracted 
compound was determined using FT- IR 
spectrometer in the scan range of 450 to 4000 
cm−1. AV500 FT-NMR spectrometer was used for 
H1NMR analysis to recognize the functional groups 
exist in the compound33.
Gas chromatography-mass spectrometry (GC-MS) 
analysis
 The GC-MS (Jeol GCMATE II GC-MS) 
analysis was carried out and the device is attached 
to a component of the mass spectrum (MS) system 
and Agilent Technologies 6890 NGC system for 
gas chromatography.HP5 (50 m to 0.25 mm) of 
GC column was used. For a period of 20 minutes 
the temperature of the column was maintained 
at 100°C, 3 min was maintained at 235°C and the 
injector temperature was 240°C. The results of 
the MS analysis match the library and identify the 
closest match34.

Statistical analysis
 S i g n i f i c a n t  a n a l y s i s ,  c a n o n i c a l 
correspondence analysis (CCA) was determined 
using XLSTAT, 2014 to find the association between 
three sets of variables in 1000 permutations and 
a 5% significance level. Actinomycetes count was 
the first variable, distribution of sites was the 
second variable and physico-chemical parameters 
were the third variable. Principle coordinate 
analysis (PCO) was determined by XLSTAT, 2014 
for distributing the correlated sites according to 
actinomycetes communities and physico-chemical 
parameters35.

RESULTS AND DISCUSSIoN 
Distribution of marine actinomycetes in mangrove 
soil samples
 The average actinomycetes counts (CFU 
g-1) were estimated during the summer of 2019 in 
soil samples from mangrove area, Red Sea coast, 
Egypt (Fig. 2). In general, the sample number 

Fig. 2. Actinomycetes viable counts (CFU g-1) of mangrove soil samples during summer 2019

Table 2. Physicochemical characters of soil samples collected from mangrove area during Summer 2019

    Physical-chemical parameters

Sample Temp. pH Salinity DO NO3 NO2 NH4 PO4
number (°C)  (‰)  (mgl-1) (µM) (µM)  (µM) (µM)

1 32.1 8.75 42.1 6.3 0.5 0.02 3.06 0.05
2 32.2 8.71 42.1 6.5 0.3 0.08 2.73 0.04
3 32.3 8.81 42.0 6.5 0.3 0.07 2.84 0.04
4 32.1 8.69 42.2 6.8 0.4 0.07 2.87 0.05
5 32.4 8.77 42.0 6.5 0.3 0.08 2.88 0.04
6 32.4 8.78 42.2 6.6 0.5 0.09 2.67 0.08
7 32.5 8.72 42.1 6.4 0.4 0.04 2.94 0.04
8 32.3 8.78 42.0 6.5 0.9 0.08 3.09 0.08
9 32.1 8.69 42.1 6.5 0.5 0.06 2.99 0.04
10 32.2 8.73 42.2 6.1 0.7 0.09 3.13 0.05
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2 showed higher counts of actinomycetes (15 
CFU g-1), whereas the lowest counts (4 CFU g-1) 
reported in sample number 6. Actinobacteria are 
widespread in all mangrove environments1,36,37. 
Several previous studies reports the occurrences 
of actinomycetes in different mangrove habitats 
from various geographical locations around the 
world38. Previous study showed 85 actinobacterial 
isolates from 60 sediment samples collected from 
mangrove rhizosphere on the Egyptian Red Sea 
coast39.
Physicochemical characters of soil samples
 The variations in environmental factors 
(temperature, pH, salinity, dissolved oxygen, 
dissolved nitrate, dissolved nitrite, dissolved 
phosphate and dissolved ammonia) of soil samples 
lead to variations in marine actinomycetes density 
(Table 2). Isik40 and his team, reported that, 
actinomycetes present in any sample would be 

significantly influenced by geographical location 
and environmental factors.
Canonical correspondence analysis and principle 
coordinate analysis
 Influence of physico-chemical parameters 
on actinomycetes community was assessed using 
Canonical correspondence analysis (CCA). The 
community of actinomycetes achieved 88.26% 
similarity with physico-chemical parameters 
and stations origin diversity. Based on Fig. (3-
A), actinomycetes communities influenced by 
pH, temperature, nitrate, nitrite and dissolved 
oxygen. At the station level, samples 1, 3, 4 and 
7 are positively stimulated by pH. Samples 5, 
8 and 9 were positively stimulated by nitrate. 
Samples 2 and 6 were positively stimulated by 
temperature, salinity, phosphate and dissolved 
oxygen. Actinomycetes are act as neutrophils 
in marine ecosystem, so pH is very important 

Fig. 3. Statistical analysis of actinomycetes, sites and physico-chemical parameters; (A)Biplot of canonical 
correspondence analysis (ccA); (B) Biplot of principle coordinate analysis (PCoA).
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factor for enumeration, distribution and activity 
of these microorganisms41. In the present study, 
samples were alkaline in all the stations and this 
leading to increase the actinomycetes count. 
The dominant pH for growing actinomycetes is 
neutral pH 742. This is different in these studies 
which all actinomycetes pH ranged from 8-9 pH. 
Beside pH, temperature is second most important 
factor for microbial growth. Actinomycetes are 
mesophilic and growing in temperature range (25 
– 30°C). The range of temperature was relatively 
higher in the current study and the influence of 
temperature on distribution of the actinomycetes 
in the present study was observed. Similar results 
were reported by Abd-Elnaby et al.43. Nitrate and 
nitrite of different stations is different, and this 
influences the communities of actinomycetes. 
NO2 is relatively unsteady and can be quickly 
oxidized to NO3. Higher concentrations of NO2 can 
arise in the distribution system when chlorination 
is used, but the occurrence is always irregular. 
The concentration of NO3 and NO2 in different 
sites is relatively in acceptable range and they 
affected positively on growth of actinomycetes 
communities44. The increasing of water dissolved 
oxygen is indicator for microbial decomposition of 
organic matters. So, the recording of actinomycetes 
in samples is influenced by amount of organic 
matter45. This is clearly summarized by dissolved 
oxygen range in study area. The second statistical 
analysis (principle coordinate analysis) illustrated 
the correlation between samples and different 
parameters with actinomycetes count (Fig. 3-B). 
Samples 1, 5, 6, 7 and 9 were correlated by 

20%. The nature of soil in these sites is different, 
but they are similar in influencing by different 
variables. On the other hand, samples 3, 4, 8 and 
10 were correlated by 40%. Finally, sample 2 is not 
correlated with any other sites upon correlation 
of different parameters. This refers to the origin 
of parameters in this site.
Morphological, biochemical and physiological 
characterization 
 Of the total marine actinomycetes 
isolates obtained, ten actinobacterial isolates were 
selected and coded as (M1, M2, M3, M4, M5, M6, 
M7, M8, M9 and M10). They were selected on the 
basis of leathery powdery growth, color variability 
and pigmentation. Table 3 reported the cultures 
and characteristics of marine actinomycetes 
isolates. Aerial mass color of substrate mycelium 
was determined after 7 to 10 days. All marine 
actinomycetes isolates grown well on all tested 
media except three isolates (M6, M8 and M9) 
could not grow on starch agar and inorganic 
salts. The substrate mycelium of five isolates was 
yellow, three isolates had cream color and two 
isolates had Pink. Most of them had white or 
gray aerial mycelium. Two isolates produce beige 
diffusible pigments, only one produce violet and 
other one produce dark brown. All isolates grew 
at 25-30°C and the majority grew at 35°C, pH 
7-9. Starch, lactose, fructose, dextrose, glucose 
and sucrose were utilized by all strains as carbon 
sources, the majority utilized maltose. Most of 
them utilized l-arginine and l-tyrosine. All isolates 
produced catalase and the majority produced 
gelatinase. Indeed, characterization studies help 
to explain biological, ecological, physiological and 
biochemical characteristics. The characterization 
is as important as an analysis of the existence of 
these microbes 46. This is of utmost importance for 
understanding the basic physiology of the marine 
isolates of actinomycete to be biochemically and 
physiologically characterized47.
Antimicrobial activities
 Assessment of the antimicrobial activity 
of the cell-free supernatant of the selected ten 
marine actinomycetes isolates using the agar 
well diffusion method against tested pathogens 
was demonstrated as in Table 4. Significantly, 
the actinomycetes isolate M3 showed the 
highest inhibition zones 12.0 ± 0.9, 20.0 ± 0.7, Fig. 4. Inhibition zone diameter of isolate M3 supernatant 

against Pseudomonas aeruginosa ATCC 9027
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Table 3. Phenotypic characteristics of actinomycetes isolates

Character      Actinomycetes isolates

 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10

Growth on          
Yeast extract malt extract agar + + + + + + + + + +
Inorganic saltsstarch agar + + + + + - + - - +
Czapex Dox agar + + + + + + + + + +
Krassilnikov agar + + + + + + + + + +
Oat meal agar + + + + + + + + + +
Starch nitrate agar + + + + + + + + + +
Starch casein agar  + + + + + + + + + +
Substrate mycelium          
Yellow - - + + - - - + + +
Cream + - - - - + + - - -
Pink - + - - + - - - - -
Aerial mycelium          
White + + - - - - - + + +
Cream - - - - - - - - - -
Gray - - + + - + - - - -
Yellow  - - - - - - + - - -
Pink - - - - + - - - - -
Brown - - - - - - - - - -
Diffusible pigments          
Beige - - + - - - + - - -
Yellow - - - - - - - - - -
Violet - + - - - - - - - -
Dark brown - - - + - - - - - -
Growth at (°C)          
15-25 + + + + + + + + + +
30-35 + + - + + + + + - +
40-50 - - - - - - - - - -
Growth at pH          
5-6 - - - - + - - - - -
7-9 + + + + + + + + + +
Utilization of          
Starch  + + + + + + + + + +
Lactose + + + + + + + + + +
Fructose + + + + + + + + + +
Dextrose + + + + + + + + + +
Maltose - + - + + + + + - +
Glucose + + + + + + + + + +
Sucrose + + + + + + + + + +
L-arginine  + - + + - - + + - -
L-tyrosine + - + + + - + + + -
Growth in presence of NaCl (%)          
0-4 - - - - - + - - + -
7-10 + + + + + + + + + +
13 - - - - - - - - - -
Biochemical testes           
Casein hydrolysis + + + + + + + + + +
Urea hydrolysis + - + - - - - + - -
Gelatin hydrolysis + + + + - + - + - -
Indole production - - - - - - - - + -
Methyl red - - - - - - - - - -
Voges prauskauer - - - - - - - - - -
H2S production - - - - - - - - - -
Catalase production + + + + + + + + + +
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18.0 ± 0.9, 20.0 ± 1.9 and 12.0 ± 1.2 mm against 
Staphylococcus aureus ATCC6538, Bacillus subtilis 
ATCC 6633, Pseudomonas aeruginosa ATCC 9027, 
Escherichia coli ATCC 19404 and Candida albicans 
ATCC 10231, respectively (Fig. 4). Actinomycetes 
isolate M5 showed 14.0 ± 1.6, 12.0 ± 0.5, 16.0 ± 
1.2 and 20.0 ± 0.8 mm against Staphylococcus 
aureus ATCC6538, Pseudomonas aeruginosa 
ATCC 9027, Salmonella typhimurium ATCC 14028 
and Escherichia coli ATCC 19404, respectively. 
On the other hand, isolate M9 affected on three 
pathogens only, isolates M1, M2, M4, M6, and 

M8 affected on two microbial pathogens, finally 
isolates M7 and M10 affected on one pathogen. 
 Mangrove microorganisms, in particular 
actinobacteria, were reported to be capable of 
producing structurally unique bioactive natural 
products1,36. Previous study reported the presence 
of bioactive compounds (particularly antibiotics) 
in actinomycetes inhabiting the mangrove 
environment38,48. For examples, crude extracts of 
actinomycetes isolates (A5, A71 and A70) exhibited 
strong antimicrobial activity39 Streptomyces sp. 
isolate EGY2 showed highest antimicrobial and 

Fig. 5. Agarose gel electrophoreses of the amplified 16S 
rRNA gene of isolate M3.

Table 4. Antimicrobial activity of actinomycetes isolates against different pathogens

       Inhibition zone (mm)

Isolates S. aureus B. subtilis P. aeruginosa S. typhimurium E. coli C. albicans

M1 10.0 ± 1.2 0.0 0.0 0.0 8.0 ± 1.6 0.0
M2 16.0 ± 1.4 0.0 0.0 0.0 16.0 ± 1.6 0.0
M3 12.0 ± 0.9 20.0 ± 0.7 18.0 ± 0.9 0.0 20.0 ± 1.9 12.0 ± 1.2
M4 0.0 12.0 ± 0.8 0.0 16.0 ± 1.2 0.0 0.0
M5 14.0 ± 1.6 0.0 12.0 ± 0.5 16.0 ± 1.2 20.0 ± 0.8 0.0
M6 0.0 16.0 ± 1.7 0.0 0.0 12.0 ± 1.9 0.0
M7 10.0 ± 1.1 0.0 0.0 0.0 0.0 0.0
M8 0.0 0.0 10.0 ± 0.6 0.0 12.0 ± 2.1 0.0
M9 14.0 ± 1.4 0.0 12.0 ± 1.3 0.0 20.0 ± 0.5 0.0
M10 0.0 16.0 ± 2.1 0.0 0.0 0.0 0.0

cytotoxic activity against MDA-MB-231 breast 
cancer cell line49.
Molecular phylogeny of the selected isolate
 Based on the results obtained, isolate 
M3 has been selected for molecular phylogenetic 
analysis and identification using16S rDNA 
comparison sequence phylogenetic analysis in 
order to create phylogenetic and evolutionary 
organismal relations50. Agarose gel electrophoresis 
(Fig. 5) has been used to detect the produced 
amplicons from the isolate selected.
 The sequencing data utilizing this strategy 
(ABI 3730xl) was 1500 base pair, and it was aligned 
with other sequences of related actinomycetes 
on the database to determine its phylogenetic 
relationship to other actinomycetes. According 
to 16S rRNA gene sequence analysis of isolate 
M3 compared to Blast search computer-based 
program which provided the highest homology. 
The results showed that, the isolate under study 
was similar to Streptomyces mutabilis with 97% 
similarity percentage. The sequence of isolate 
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M3 was deposited in Gene-Bank as Streptomyces 
mutabilis M3 with accession number MT483919, 
and the phylogenetic tree was constructed as 
shown in (Fig. 6). The identification of Streptomyces 
sp. using 16S rRNA revealed that the marine 
soil samples are predominantly insulated. This 
result is in line with previous research, where 
Streptomyces sp. recovery was higher than the 
other actinobacterial genera with antimicrobial 
activity 51. Streptomyces mutabilis sp. MII. which 
was previously isolated from a sediment sample 
collected in the Red Sea at the Hurghada Coast 
has new bioactive compounds and showed good 
antimicrobial and anticancer activity52.

Anticancer activity
 The cytotoxicity of Streptomyces 
mutabilis M3 MT483919 extract was evaluated 
toward different human cancer cell lines using 
MTT assay. Fig. 7 shows the cell viability of the 
different cancer cell lines after exposure to various 
concentrations of the extract for 72 h. The extract 
exhibited a significant reduction in the viability of 
Mcf7, HepG2 and HCT116 cancer cell lines and the 
IC50 (concentration that necessary to cause 50% 
reduction in cell viability were 324.77, 333.31 and 
354.46, respectively. In addition, Streptomyces 
mutabilis M3 extract altered the morphology 
of the viable cancer cell lines tested (Fig. 8). 

Fig. 6. Phylogenetic tree based on 16S rRNA sequences using neighbor joining method showing relationships 
between the selected M3 isolate isolated from mangrove habitat and their closely related type strains

Fig. 7. Cytotoxicity of Streptomyces mutabilis M3 MT483919 extract against breast cancer cell line (Mcf7), liver 
cancer cell line (HepG2) and colon cancer cell line (HCT116)
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Actinomycetes are rich source of unmatched 
anticancer compounds specially the Streptomyces 
because they possess different gene clusters 
responsible for the manufacture of polyketide 
and no ribosomal peptide synthases53,54. Many 
studies have confirmed the antitumor activity of 
different Streptomyces species55. The extract of 
Streptomyces mutabilis M3 reduced the viability 
of Mfc7, HepG2 and HCT116 cancer cell lines by 
more than 90% at concentration 1000 ϻg/ml. 
These results suggest that the strain produce 
secondary metabolites with anticancer activity 
and the purified components of the extract could 
be more promising in terms of activity and the 
effective concentration. 
Bio-flocculating activity
 Treatment of wastewater is a main 
research topic worldwide. Flocculation is regarded 
as amazing way for eliminating pollutants 
from wastewater as was previously reported56. 
Primarily Streptomyces mutabilis extract showed 
considerable bio- flocculating activity in kaolin 
clay treatment (Fig. 9) so that, it had remarkable 

efficiency when tested as a bio-flocculant producer 
for treatment of different seawater samples 
collected from different sites (Ebrahemia, Eastern 
Harbor and Quit-Bay) along Mediterranean Sea 
shores, Alexandria, Egypt. The results in Table 
5 explained that, Streptomyces mutabilis M3 
MT483919 has high bio flocculating activity and 
the recovery of the samples ranged between 71.97 
and 76.05 Similar results were reported by57 who 
reported the promising applications of the bio 
flocculant QZ-7 synthesized by a novel Bacillus 
salmalaya strain 139SI in wastewater treatment.
Chemical Composition analysis of crude extract
Fourier transform infrared (FT-IR) spectral analysis
 The FT-IR spectrum of antimicrobial 
substance produced by isolate M3 showed peaks 
at 3441.01 cm−1 ,2669.48 cm−1, 2067.69 cm−1, 
1635.64 cm−1, 1381.03 cm−1, 1118.71 cm−1 and 
617.22 cm−1 ,corresponding to the following 
functional groups such as alcohol (O-H), alkanes (C-
H), alkene (C=C), amine(N-H ), alcohol (O-H), amine 
(C-N) and halo compound (C-Br), respectively (Fig. 
10). 

Fig. 8. Morphology of Mfc7, HepG2 and HCt116 cancer cell lines after exposure to different concentrations (0-1000 
ϻg/mL) of Streptomyces mutabilis M3 MT483919 extract for 72 h
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 Similarly, salim and his team reported 
absorbance ranging from 3359.18 to 2927.10 
cm−1 for the isolate of actinomycetes FA9, 
corresponding to amine group58. A peak of 

3398 cm-1 characteristic of hydroxyl (O-H) and 3 
common vibration peaks between 2899 and 2977 
cm-1 characteristic of (C-H) symmetric (saturated) 
vibration of hydrocarbon was also recorded in 
previous study59.
GC-MS analysis
 The GC-MS study has been used to 
classify the bioactive components. A total of 16 
peaks are shown in the chromatogram GC-MS 
of the extract (Fig. 11). The GC-MS crude extract 
chromatogram identified 17 peaks at various times 
and retention times. They were found with the use 
of the NIST database (NIST 11 MS Server and MS 
Search System v.2.0 g).The active principles with 
their retention time (RT), molecular formula (MF), 
Molecular weight (MW) and concentration (%) 
are accessible in Table 6. The major compounds 
were Undecane, 2H-Pyran-3-ol,tetrahydro-2,2,6–
trimethyl–6-(4-methyl-3-cyclohexen-1-yl)-,[3S-

Table 5. Bio-flocculant activity of Streptomyces mutabilis M3 MT483919 extract for seawater treatment

           OD at 550 nm

Sea water sample Before treatment (Control) After treatment Bio-floculating activity %
 
Ebrahemia 1.645 0.394 76.05
Eastern Harbor 1.795 0.434 75.82
Quit-Bay 1.905 0.534 71.97

Fig. 9. Bio-flocculant activity by Streptomyces mutabilis 
M3 MT483919 extract. The sample after treatment (A) 
and before treatment (control) (B)

Fig. 10. FT-IR of crude extract of Streptomyces mutabilis M3 MT483919
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Table 6. Components detected in Streptomyces mutabilis M3 MT483919 crude extract

No R T Value Compound Mol.  Molecular Peak
 (In Min.)   Formula  Weight area (%)

1 5.74 Diisopropylamine C6H15N 101 3.10
2 8.81 Undecane C11H24 156 30.68
3 14.19 Ethanol, 2-(diethylamino) C6H15NO 117 1.92
4 15.50 Acetone, 1-[4-  C13H19NO2 221 3.98
  (dimethylaminoethoxy)phenyl]-   
5 18.30 1,2-Benzenedicarboxylic acid,  C10H10O4 194 7.42
  dimethyl ester   
6 19.58 Benzoic acid, 3-methyl-2- C14H24O3S2 296 2.73
  trimethylsilyloxy-, trimethylsilyl   
7 23.08 Bisabolol oxide B C15H26O2 238 2.23
8 23.56 9,12-octadecadienoic acid C27H54O4Si2 498 2.48
9 23.71 Z,Z,Z-1,4,6,9-Nonadecatetraene C19H32 260 1.26
10 25.09 2H-Pyran-3-ol, tetrahydro-2,2,6- C15H26O2 238 11.48
  trimethyl-6-(4-methyl-3-cyclohexen-   
  1-yl)-, [3S-[3alpha,6alpha(R)]]-   
11 27.02 9,12,15-octadecatrienoic a C27H52O4Si2 496 2.06
12 28.89 Hexadecanoic acid, methyl C17H34O2 270 7.52
13 32.10 11,14-Octadecadienoic acid, methyl  C19H34O2 294 6.70
  ester   
14 32.22 9-Octadecenoic acid (Z)-, methyl ester C19H36O2 296 10.86
15 32.71 Cyclopropanebutanoic acid C25H42O2 374 1.46
16 39.75 1-Monolinoleoylglycerol  C27H54O4Si2 498 2.67
  trimethylsilyl ether   

Fig. 11. GC-MS chromatogram and structure formulas of compounds of the bioactive compounds extracted from 
Streptomyces mutabilis M3 MT483919

[3alpha,-6alpha (R)]]and 9-Octadecenoic acid 
(Z)- methyl ester with Peak area percentage 30.68, 
11.48 and 10.86 %, respectively.
 Many of the compounds found have shown 
interesting biological activities60. Antibacterial 
activity is reported to be caused by hexadecanoic 
acid, octadecanic acid and tetradecanoic acid61. 
Octadecanoic acid collected from neem extract 

was examined against Salmonella sp., S. aureus 
and E. coli) and showed good inhibition activity 
against S. aureus than E. coli and Salmonella 
spp.62. Selvin and his team observed hexadecanoic 
acid and hexadecanoic acid methyl ester from 
actinomycetes isolate Nocardiopsisda ssonvillei 
MAD08 by using GC–MS analysis63. The basic 
components of GC-MS from Cytosoriacompressa 
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are the fatty acids (hexadecanoic and octadecanoic 
acid) and fatty acid esters (hexadecanoic 
hydroxy ester and hexadecanic acids)64. A novel 
Streptomyces isolate Chy 2-3 isolated from chyulu 
National Park produced bioactive metabolites was 
identified as Octadecanoic acid that has antifungal, 
antitumor and antibacterial activity65.

CoNCLUSIoN 
 In conclusion, reasonable numbers of 
actinomycetes isolates were successfully isolated 
from mangrove collected from 17 km south of the 
Egyptian Red Sea coast town of Safaga. Some of 
the isolates investigated showed wide range of 
antimicrobial activity against the tested indicator 
pathogenic bacteria. Future research including 
study of valuable biotechnological applications of 
the extracted active metabolites will be conducted.
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