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Aarthi et al.: Augmenting Bioactive Metabolite Synthesis from Streptomyces Species

Actinomycetes were isolated from the sediment samples collected from Pichavaram Mangrove forest in 
Thandavarayan Sholagan Pet, Chidambaram Taluk, Cuddalore district, Tamilnadu, South India. The 
actinomycetes were screened for antibacterial (bioactive metabolite) production against Gram positive and 
Gram negative bacterial organisms. Molecular characterization was performed through 16S rRNA gene 
amplification to identify the actinomycetes. Standardization of media was done by designing the media at 
various pH, incubation temperature and sodium chloride concentration and incubation time. It is concluded 
that four actinomycetes were able to synthesis bioactive metabolite and two actinomycetes (PMA2 and PMA6) 
were characterized at molecular level as Streptomyces species. They grow better at pH 7.0 and the optimum 
temperature was found to be 34-37°. PMA2 tolerates up to 5 % sodium chloride concentration, whereas 
PMA6 tolerates up to 7.5 %. Minimum 7 d of incubation time is necessary for the growth of actinomycetes 
and concurrently, the antibacterials were peaked from 8th d. 	

Key words: Streptomyces, sodium chloride concentration, pH, temperature, incubation time, bioactive 
metabolite

Now-a-days bacterial infections have been 
considerably increased causing several lethal 
diseases and epidemics.  The bacterial diseases 
include tuberculosis, plague, typhus, typhoid fever, 
diphtheria, pneumonia, dysentery and cholera. 
Inappropriate and repetitive utilization of antibiotics 
is the major cause for the bacterial resistance. 
Bacteria turn out to be resistant to synthetic drugs 
by devastation or inactivation of the drug, prevention 
of the penetration of the drug in to the target site 
inside the microbe and modification of drug target 
sites[1]. The pattern of powerful advanced drugs 
received great significance in recent years because 
of the progressive development of drug resistant 
bacteria and fungi. They cause several diseases to 
humans and plants might lead to lesser availability 
of food products and diminishment of economy. 
So, it becomes crucial to produce effective and 
strong drugs for the eradication of pathogens[2]. 
The antibiotic discovery led to a breakthrough in 

medical field to effectively control the infection 
causing microbes.  The evolution of pathogenic 
resistance towards antibiotics kept many lives at risk 
by dropping the success rate of modern medicine.  
It is determined that resistance to antibiotics lead 
to increased mortality rate and the treatment cost[3]. 
The natural products have minimal amount of side 
effects than the synthetic products. Hence, the 
demand for the natural product is increasing and 
may lead to over exploitation of natural resources. 
The search is going on for the novel products to be 
used as antioxidant, antiseptic, anti-inflammatory, 
emollient, anti keratolytic, antiseborrheic activity 
and antibacterial[4]. Traditionally, several microbes 
and plants are utilized to exhibit several biological 
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functions include hypotensive, antidiabetic and 
antibacterial activities[5]. The earth plane has 70 
% of marine environment and the ocean is rich in 
unexplored potential sources for countless drugs 
and secondary metabolites[6]. The ocean is believed 
to be highest resource of powerful compounds and 
symbolize a considerable number of microbes which 
are producing the drugs[7]. Numerous actinomycetes 
are scattered in the aquatic environments like oceans, 
rivers and seas. They reside in sponges, marine 
sediments, sea sands and water[8]. The actinomycetes 
are imperative group of microbes taking part as the 
natural antibiotic producers. They are renowned 
for their broad range of biological activities such 
as antiviral, antibacterial, antiparasitic, antifungal, 
antitumor, immunosuppressive, immunostimulatory, 
enzyme inhibitory and herbicidal properties[9]. 
Marine actinomycetes encompass the ability to 
produce a mixture of secondary metabolites even at 
excessive salinity, stress and high temperature[6]. 
Mangrove ecosystem is the principal manufacturer 
of biological diversity and microorganisms are 
renowned to be wealthy sources of bioactive 
compounds. Mangrove actinobacteria are the 
promising sources for biologically active compounds 
as the ecological network of mangrove is completely 
diverse from the terrestrial environment. They 
produce an array of antibiotic, anticancer compounds 
and enzyme inhibitors. Mangrove actinobacteria are 
proficient to produce a set of enzymes which are 
highly stable even at higher temperature and alkaline 
environment[10]. An universal guideline used for the 
investigation of the moral and ethical value on the 
effects of operational parameters of a process by 
changing the value of only one factor at each time 
and recording the influence of that value on the final 
response[11]. The aim of the study includes improving 
the capability of bioactive metabolite synthesis by 
Streptomyces species by several physio-chemical 
parameters like pH, Temperature, Incubation time 
and sodium chloride concentration.

MATERIALS AND METHODS

Sample collection:

The sediment samples were collected from the 
Pichavaram Mangrove forest in Thandavarayan 
Sholagan Pet, Chidambaram Taluk, Cuddalore 
district, Tamilnadu, South India. The geological 
position is 11.41° N latitude, 79.79° E longitude and 
at an altitude of above+5.25 M MSL[12].

Screening for bioactive metabolite production:

The samples were inoculated in to Starch Casein 
Agar medium incorporated with cycloheximide (25 
μg/ml) and nalidixic acid (25 μg/ml). The dishes 
were incubated for 7 d at 30°. The actinomycetes 
were tested against Gram-positive and Gram-
negative bacteria for the screening of antibacterial 
(bioactive metabolite) synthesis. The bacterial 
organisms used in this study were Microbial Type 
Culture Collection (MTCC) and Gene bank cultures, 
they include Bacillus subtilis (B. subtilis), Bacillus 
megaterium (B. megaterium), Bacillus cereus, 
Staphylococcus aureus, Staphylococcus epidermidis, 
Escherichia coli, Salmonella typhi (S. typhi), 
Salmonella typhimurium, Pseudomonas aeruginosa 
and Klebsiella pneumonia[12].

Molecular characterization:

The total genetic content was pulled out from the 
actinomycetes PMA2 and PMA6 and amplified by 
the 16S rRNA universal primers (785F and 907R). 
The amplified products were sequenced, compared 
the sequence with BLASTn tool and analyzed the 
phylogenetic tree through MEGA-X[13].

Standardization of media: 

Effect of pH: The medium was standardized for 
the better growth of actinomycetes. The medium 
was prepared at different ranges of pH, temperature 
and different concentrations of Sodium Chloride. 
Different pH ranges like 6.0, 6.5, 7.0, 7.5 and 8.0 
were set and adjusted the pH of the medium either 
by adding 0.1 N HCl or 0.1 N NaOH. A loopful of 
actinomycete broth was inoculated in the medium 
and incubated at 37°[14].
Effect of temperature: Nutrient media was prepared, 
adjusted the pH range in to 7.0 and inoculated with 
the actinomycetes. Different ranges of temperature 
were set like 30°, 32°, 34°, 37° and 40°. The cultures 
were incubated at different temperature ranges for 7 
d[15].
Effect of salinity: Different salt concentrated 
(0 %, 1 %, 2.5 %, 5 %, 7.5 %, 10 %, 12.5 % and 
15 %) medium were prepared, streaked with the 
actinomycetes and incubated to investigate the salt 
forbearance capability of the actinomycetes[15].
Effect of incubation time for the growth and 
bioactive metabolite production: The actinomycete 
PMA2 and PMA6 were inoculated in to nutrient broth 
and incubated up to 15 d. The growth was absorbed 
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at 600 nm spectrophotometrically. Parallelly, st d, 
4th d, 8th d and 12th d culture was extracted with 50 
% ethylacetate. Finally, the antibacterial assay was 
performed against B. megaterium (MTCC 2949) and 
S. typhi (MTCC 3216)[16,17]. The result was observed, 
it has produced the zone of inhibitions and the 
results have been recorded. All the experiments were 
repeated thrice.

Statistical analysis:

The test was performed in triplicates and one way 
Analysis of Variance (ANOVA) was accomplished 
to find out the standard deviation by R-open source 
software, result shows the p value as p<0.05 and it is 
considered statistically as the level of significance[15].

RESULTS AND DISCUSSION

Totally 13 actinomycetes were isolated and tested 
for antibacterial (bioactive metabolite) production. 
Among 13 actinomycetes isolated, only four 
actinomycetes (31 %) were positive for antibacterial 
synthesis. The result of screening the antibacterial 

(bioactive metabolite) synthesis of actinomycetes 
against the bacterial organisms was shown in Table  
1. Fig. 1 shows the pie diagram of the antibacterial 
(bioactive metabolite) synthesis by the actinomycetes 
from the sediments of Pichavaram mangrove forest.  
Two better bioactive metabolite synthesizing 
actinomycetes (PMA2 and PMA6) were selected, 
amplified the 16S rRNA genes and produced the 
fragment size around 1600 basepairs. The sequences 
were analyzed through BLASTn tool and phylogenetic 
tree construction. PMA2 has best sequence similarity 
with Streptomyces rubrolavendulae strain MJM4426 
and PMA6 is highly similar with Streptomyces 
alfalfae (S. alfalfae) strain ACCC40021. Hence, 
the actinomycetes were identified and submitted 
the sequences as Streptomyces rubrolavendulae 
strain BAP2 and S. alfalfae VBMA6 and accession 
numbers were attained as MH183395 and MH183396 
respectively. Fig. 2 shows the phylogenetic 
relationship of PMA2 with Streptomyces 
rubrolavendulae strain MJM4426 and fig. 3 shows 
phylogenetic tree of PMA6 with S. alfalfae strain 
ACCC40021.

Bacterial Organisms

Gram +ve organisms Gram -ve organisms

B. 
subtilis

B. 
megaterium

B. 
cereus

S. 
aureus

S. 
epidermidis

E. 
coli

P. 
aeruginosa

S. 
typhi

S. 
typhimurium

K. 
pneumonia

PMA1 - - - - - - - - - -

PMA2 + ++ + + + + + + + -

PMA3 - - - - - - - - - -

PMA4 - - - - - - - - - -

PMA5 - - - - - - - - - -

PMA6 - ++ - /+ ++ + - - ++ ++ -

PMA7 - - - - - - - - - -

PMA8 - - - - - - - - - -

PMA9 - + + ++ + - + + + -

PMA10 - - - - - - - - - -

PMA11 - - - - - - - - - -

PMA12 - - - - - - - - -

PMA13 - - - - + - - - - -

Note: (++): Strong activity; (+): Mild activity and (-): Activity not detected 

TABLE 1: SCREENING THE ANTIBACTERIAL (BIOACTIVE METABOLITE) SYNTHESIS OF ACTINOMYCETES 
AGAINST THE BACTERIAL ORGANISMS
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Fig. 1: Pie diagram of the anti-bacterial (bioactive metabolite) synthesis by the Actinomycetes from the sediments of Pichavaram 
mangrove forest; (  ): No. of Actinomycetes possess antibacterial activity and (  ): No. of Actinomycetes do not possess antibac-
terial activity

Fig. 2: Phylogenetic relationship of PMA2 with Streptomyces rubrolavendulae strain MJM4426
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Fig. 3: Phylogenetic tree of PMA6 with S. alfalfae strain ACCC40021

The actinomycetes PMA2 and PMA6 were grown in 
the medium with all pH ranges, but pH 6.0 shows 
minimal growth of PMA2, the growth increased in 
pH 6.5 and pH 7.0. Later, the growth diminishes in 
the pH 7.5 and 8.0. Better growth of the actinomycete 
PMA2 was observed in pH 7.0. PMA6 grown in pH 
6.0 very minimally, the growth increased in the pH 
6.5 and 7.0. The growth has been reduced in pH 
7.5 and slightly increased in pH 8.0. PMA6 was 
grown well in pH 7.0. From this result, it has been 
concluded that pH 7.0 is the optimum pH for the 
growth the actinomycetes PMA2 and PMA6. Fig. 4 
shows the images of effect of pH for the better growth 
of actinomycetes and Table 2 displays the result of 
effect of pH for the better growth of actinomycetes. 

Both PMA2 and PMA6 were grown in the medium 
with different temperature ranges. Decreased rate 
of growth was observed for both the actinomycetes 
PMA2 and PMA6 at temperature 30°. PMA2 
and PMA6 grown moderately at 32° and better 
growth were recorded at 34° and 37° for both the 
actinomycetes. At 40°, the growth reduced greatly 
for PMA2 and moderate growth was recorded for 
PMA6. Since, the best growth was observed at 34° 

and 37°, this temperature range is found optimum for 
the growth the actinomycetes PMA2 and PMA6. Fig. 
5 shows the effect of Temperature on the growth of 
the actinomycetes PMA2 and PMA6. The result has 
been displayed in Table 3.

The actinomycete PMA2 shows increased growth 
at 1 % NaCl, moderate growth at 0 % NaCl, 2.5 % 
NaCl and 5.0 % NaCl concentrations. Decreased 
growth rate of PMA2 was recorded at 7.5 % NaCl 
concentration. The growth was not detected at 10 %, 
12.5 % and 15 % NaCl concentrations. PMA6 grows 
well in 0 % NaCl, 1 % NaCl, 2.5 % NaCl, 5.0 % 
NaCl and up to 7.5 % NaCl concentrations. There 
were no growth occurred for PMA6 at 10 %, 12.5 % 
and 15 % NaCl concentrations. Both actinomycetes 
could tolerate the absence of salt, PMA2 tolerates up 
to 5 % salt concentration and PMA6 tolerates up to 
7.5 % salt concentration. Fig. 6 illustrates the effect 
of salinity on the growth of actinomycetes. The result 
has been depicted in Table 4. 

The actinomycete PMA2 and PMA6 were inoculated 
in to nutrient broth and incubated up to 15 d. The growth 
was absorbed at 600 nm spectrophotometrically. The 
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Fig. 4: Effect of pH on the growth of Actinomycetes PMA2 and PMA6; a: Growth at pH 6.0; b: Growth at pH 6.5; c: Growth at pH 
7.0; d: Growth at pH 7.5 and e: Growth at pH 8.0

Fig. 5: Effect of Temperature on the growth of Actinomycetes PMA2 and PMA6; a: Growth at 30°; b: Growth at 32°; c: Growth at 
34°; d: Growth at 37° and e: Growth at 40°

S No Actinomycete pH 6.0 pH 6.5 pH 7.0 pH 7.5 pH 8.0

1 PMA2 + + +++ + +

2 PMA6 + + +++ + ++

Note: +: Low growth; ++: moderate growth and +++: better growth

TABLE 2: EFFECT OF PH ON THE GROWTH OF ACTINOMYCETES PMA2 AND PMA6

S No Actinomycete 30° 32° 34° 37° 40°

1. PMA2 + ++ +++ +++ +

2. PMA6 + ++ +++ +++ ++

TABLE 3: EFFECT OF TEMPERATURE ON THE GROWTH OF ACTINOMYCETES PMA2 AND PMA6
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Fig. 6: Effect of Salinity on the growth of Actinomycetes PMA2 and PMA6; a: Growth at 0 %; b: Growth at 1 %; c: Growth at 
2.5 %; d: Growth at 5 %; e: Growth at 7.5 %; f: Growth at 10 %; g: Growth at 12.5 % and h: Growth at 15 % salt concentration

S No Actinomycete 0 % 1 % 2.50 % 5 % 7.50 % 10 % 12.50 % 15 %

1   PMA2 ++ +++ ++ ++ + - - -

2 PMA6 +++ +++ +++ +++ +++ - - -

Note: (-): No growth; (+): Minimal growth; (++): Moderate growth and (+++): Maximal growth

TABLE 4: EFFECT OF SALINITY ON THE GROWTH OF ACTINOMYCETES PMA2 AND PMA6

growth phase started immediately after inoculation. 
But up to 6 d, there were no better growth for both 
the actinomycetes. It indicates that the first 6 d are 
considered to be lag phase for PMA2 and PMA6. 
After that, rapid growth occurred up to 11 d and it 
is the exponential phase for both the actinomycetes. 
After 11th d, PMA 2 and PMA6 enter in to stationary 
phase. Fig. 7 shows the graphical representation 
of the effect of incubation time on the growth of 
actinomycetes PMA2 and PMA6. 

The actinomycete PMA2 and PMA6 were inoculated 
in to nutrient broth and incubated up to 15 d. 1st d, 
4th d, 8th d and 12th d culture was extracted with 50 
% ethylacetate. Finally, the antibacterial assay was 
performed against B. megaterium (MTCC 2949) 
and S. typhi (MTCC 3216). Fig. 8 showed the 
effect of incubation time for antibacterial (bioactive 
metabolite) production by the actinomycetes PMA2 
and PMA6 on B. megaterium and S. typhi.On the 
1st d, PMA2 and PMA6 were not producing the 
antibacterials (bioactive metabolite) and they started 
to produce them from the 4th d for both the cultures. 
Actinomycete PMA2 produced zone of inhibitions 
from d 4, the diamenter of the zones were measured 
as 1.8±0.21 mm, 2.7±0.24 mm and 2.7±0.12 mm 

and Actinomycete PMA6 produced 1.6±0.29 mm, 
2.4±0.12 mm and 2.5±0.37 mm diameter of zone 
of inhibitions on 4th d, 8th d and 12th d respectively 
against B. megaterium. Fig. 9 showed the graphical 
representation of effect of incubation time for 
antibacterial (bioactive metabolite) production by the 
actinomycetes PMA2 and PMA6 on B. megaterium.

Diameter of the zone of inhibition was recorded 
against S. typhi, Actinomycete PMA2 produced 
1.5±0.29 mm, 2.4±0.21 mm and 2.1±0.45 mm zone 
of inhibitions and PMA6 produced 1.3±0.34 mm, 
1.3±0.62 mm and 1.8±0.47 mm zone of inhibitions 
on 4th d, 8th d and 12th d respectively. The production 
of antibacterials (bioactive metabolite) was at the 
peak on 8th d for both the actinomycetes PMA2 and 
PMA6. Fig. 10 showed the graphical representation of 
effect of incubation time for antibacterial (bioactive 
metabolite) production by the actinomycetes PMA2 
and PMA6 against S. typhi.

The actinomycetes synthesis of bioactive metabolite 
was confirmed in screening method, among 13 
actinomycetes isolated, only four actinomycetes 
were capable of producing bioactive metabolites 
against the tested bacterial organisms and the 
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Fig. 7: Effect of incubation time on the growth of Actinomycetes PMA2 and PMA6; (  ): PMA2 and (  ): PMA6

Fig. 8: Effect of incubation time for anti-bacterial (bioactive metabolite) production by the Actinomycetes PMA2 and PMA6 against 
B. megaterium and S. typhi; a: 1st d; b: 4th d; c: 8th d and d: 12th d

Fig. 9: Effect of incubation time for antibacterial (bioactive metabolite) production by the Actinomycetes PMA2 and PMA6 against 
B. megaterium; (  ): PMA2 and (  ): PMA6
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rest of the nine actinomycetes were incapable to 
synthesize them. Eight actinomycetes were isolated, 
amid them only one was not capable of exhibiting 
antibacterial property and other seven actinomycetes 
deserve that property[18]. Only 21 % of actinomycetes 
were synthesizing antibacterial compound out 
of 33 actinomycetes against fish pathogens[19]. 
Phylogenetic analysis revealed the organisms belong 
to Streptomyces rubrolavendulae and S. alfalfae. It is 
reported that the isolate NLKPB45 at molecular level 
and it was related closely with Streptomyces species[20].
It is valuable to discriminate the effect of physical 
and chemical factors on the growth and production of 
biologically active metabolite[17]. Nutrient media was 
prepared at different pH ranges like 6.0, 6.5, 7.0, 7.5 
and 8.0 growth of both the actinomycetes PMA2 and 
PMA6 occurred in all pH ranges but peaked at pH 
7.0. Hence, it is concluded that pH 7.0 is the optimum 
pH for the growth of actinomycetes. Concerning the 
forbearance of pH, there was higher rate of growth 
occurred for Streptomyces strains with pH 4.0, 7.0 
and 8.0. Though, Saccharothrix strain only grew at 
pH 7.0 and 8.0[21].The optimum temperature for the 
growth of actinomycetes was experimentally proved 
to be 34°-37°. Starch Casein Broth was inoculated 
with Streptomyces bellus and incubated at various 
temperature ranges like 30°, 35°, 40° and 45° for the 
production of pigment. The optimum temperature 
was 40° for the growth and production. It was also 
recorded as pH 6-8 was optimum for the growth 
and production of pigment[22]. The stability of the 

antifungal proficient Streptomyces strain KX852460 
against Rhizoctonia solani AG-3 strain KX852461 
was examined for the control of target spot disease 
in tobacco plant leaf.  At 60-90° the activity was 
observed better and pH 5.0-8.0 displayed highest 
activity. The temperature and pH ranges beyond these 
levels were not favourable for antifungal efficiency[23].
The actinomycete PMA2 tolerates sodium chloride 
concentration up to 5.0 %. But it grows well at 1 % 
concentration of sodium chloride. The actinomycete 
PMA6 tolerates and grows well up to 7.5 % of sodium 
chloride concentration. Streptomyces species named 
KDT32 was grown at the pH range of 6-12 and 0-7 
% Sodium chloride concentration. Similarly, another 
Streptomyces species named KGT32 was able to 
grow at pH 5-12 and 0-9 % NaCl concentration. 
Both species were able to produce catalase enzyme 
and antimicrobial (antibacterial and antifungal) 
compounds[24]. Optimization of the media components 
of Streptomyces species AS11 was performed for 
the synthesis of bioactive secondary metabolites by 
diverse factors like sodium chloride concentration 
(2-6 %), pH (5.0-8.0) and temperature (20-50°). It 
is observed that, 4.5 % sodium chloride provided 
the better growth of Streptomyces species. It also 
recorded optimum pH and temperature in the range 
of 7.5 and 38° respectively for the better synthesis 
of bioactive compound[25].The actinomycetes PMA2 
and PMA6 enter in to exponential phase at 7th d. Up 
to 6 d, they need of adaptation period. It has been 
concluded that the production of antibacterials was 

Fig. 10: Effect of incubation time for antimicrobial (bioactive metabolite) production by the Actinomycetes PMA2 and PMA6 
against S. typhi; (  ): PMA2 and (  ): PMA6
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minimal on d 4 and peaked at 8th d for both the 
actinomycetes PMA2 and PMA6. The production 
of enzyme Penicillin acylase which involves in the 
biosynthesis of Amoxicillin antibiotic was analyzed 
in B. subtilis. Two isolates B. subtilis (B1 and B2) 
strains grown at pH ranges 7 and 8, no growth was 
found at pH 9 and 10. It was also confirmed that 
Penicillin acylase production was maximum at 
pH 7 and 48 h of incubation period. The optimum 
temperature for the production of penicillin acylase 
was found to be at 45°[26].  The growth and production 
of antimicrobial metabolites were tartaned at various 
ranges of pH (pH 6.5, 7.0, 7.5 and 8.0), Temperature 
(20, 25, 30 and 40°) and incubation periods (4, 
5, 6, 7, 8, 9 and 10 d). The maximal growth and 
production of antimicrobial metabolite was observed 
from 7 d at neutral pH. 30° was considered to be the 
optimum temperature for the maximum production 
of antimicrobial metabolites[27].
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