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 Actinomycetes genus streptomyces is a gram positive bacteria that has a 

high content of guanine and cytosine, and also enzyme nitrate reductase 

in extracellular fluid. The formation of silver nanoparticles with 

actinomycetes is scientifically suggested through the involvement of the 

enzyme nitrate reductase modifying silver ions into silver nanoparticles. 

The aim of study is evaluate the potency of extracellular fluid of 

streptomyces strain SM 4 as a bioreductor in the synthesis of silver 

nanoparticles along with the antibacterial activity. The experiments had 

been conducted by mixing the extracellular fluid from 11 days 

fermentation of strain sm 4 with 1 mm silver nitrate solution. As the 

results, 11 days fermentation of extracellular fluid from strain SM 4. The 

silver nanoparticles products were observed with uv-vis 

spectrophotometry at a wavelength of 415 nm, absorbance of 1.039 with 

an estimated particle size of 35 to 50 nm. Furthermore, in term of 

antibacterial activity assay, silver nanoparticles inhibit the formation of 

on Escherichia coli and Staphylococcus aureus were 9.822 mm and 

8.956 mm, respectively. Streptomyces strain sm 4 can be used as a 

bioreductor in the synthesis of silver nanoparticles detected at a 

wavelength of 415 nm with an estimated size of 35-50 nm. The 

antibacterial activity of the silver nanoparticles formed can inhibit the 

growth of E.coli and S.aureus bacteria. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

The use of nanotechnology in the health sector has been widely used. One of them is silver nanoparticles 

which are the main choice as an antimicrobial agent [1]. Silver nanoparticles can also be used in the 

treatment of burns, stainless steel- based materials in the health sector, catheters, as well as in dental care 

[2]. Silver has antimicrobial properties through the mechanism of enzyme inactivation and decreases the 
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permeability of bacterial cell membranes [3]. Silver nanoparticles can be formed from the reduction of 

silver ions into silver metal using a reducing agent. Many methods can be used to synthesize silver 

nanoparticles, including physical, photochemical and chemical chemistry, but some of these methods 

require expensive costs, the use of solvents that are toxic and can pollute the environment [4]. According to 

[5] biologically, microbes can act as bioreductors in the synthesis of metal nanoparticles. Actinomycetes are 

a type of gram-positive bacteria with high guanine and cytosine content [6]. The bioreductor capability of 

Actinomycetes was reported by [7] who successfully synthesized silver nanoparticles detected at a 

wavelength of 410 nm from the Streptomyces rochei strain MHM13. In addition, [8] successfully 

synthesized silver nanoparticles using Actinomycetes as their reducing agent and showed a size of 10-20 

nm. [9] also synthesized silver nanoparticles using Actinomycetes strain Streptomyces sp. with a particle 

size of 5 nm. Actinomycetes Genus Steptomyces sp. has an α-NADH-dependent nitrate reductase enzyme 

in its extracellular fluid which is able to reduce Ag + ions to Ag [10]. According to [11], the formation of 

silver nanoparticles from Actinomycetes occurs through the activity of the nitrate reductase enzyme which 

causes the reduction of silver ions to silver metal enzymatically. Nanoparticle synthesis mediated by 

bacteria, fungi, or plant extracts can occur due to the availability of amino acids, proteins, or secondary 

metabolites that act as bioreductors in the synthesis of silver nanoparticles [12]. The antibacterial activity of 

silver nanoparticles has been reported by [13] in E. coli. The antibacterial activity of silver nanoparticles 

resulting from the reduction of secondary metabolites from actinomycetes has also been reported by [8] in 

the bacteria Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella pneumoniae, Proteus vulgaris and 

Escherichia coli. The antibacterial mechanism of silver nanoparticles by inhibiting cell proliferation of 

microorganisms through the interaction of enzymes, proteins, or DNA [14]. [15] had isolated the 

actinomycetes strain SM4 from rhizosfer Andrographis paniculata. Strain SM 4 had the highest similarity 

with Streptomyces griseorubiginosus and Streptomyces phaeopurpureus with a similarity level of 97%. The 

secondary metabolite from strain SM 4 had antbacterial activity at 2 mg concentration. 

 

Until now, there has been no data that shows the ability of the bioreductor of extracellular isolate 

Actinomycetes SM 4 isolated from Rhizosfer Andrographis paniculata to reduce silver ions to silver 

nanoparticles and their antibacterial potential. Therefore, this study aims to test the ability of extracellular 

bioreductor isolates of Actinomycetes strain SM 4 to form silver nanoparticles and their antibacterial 

activity. 

 

2. METHOD 

 

2.1 Fermentation of Streptomyces Strain SM 4 

Strain SM 4 was made pre-cultured in Erlenmeyer flask containing SNB (Starch Nitrate Broth) and 

incubated for 3 days at room temperature. The pre-cultured was transferred 10 % into an Erlenmeyer 500 

mL containing 150 ml SNB medium. Fermentation was carried out at room temperature for 11 days at a 

shaking condition (150 rpm). After fermentation, microbial growth medium was centrifuge (4000 rpm) to 

separate biomass and supernatant. The supernatant to be used in the next test. 

 

2.2 Biosynthesis of Silver Nanoparticles 

100 mL AgNO3 1 mM solution is dispersed with 100 mL fermented liquid. This solution is then shaken 

using a rotary shaker at room temperature with conditions protected from light and a speed of 200 rpm. 

 

2.3 Characterization of Silver Nanoparticles by Using UV-VIS Photometric Spectra 

The result of nanoparticle biosynthesis were measured the wavelength and absorbance using a UV-Vis 

spectrophotometer, at a resolution of 1 nm with a range of λ 300 - 700 nm. 

https://www.teikyomedicaljournal.com/
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2.4 Antibacterial Activity Test 

20 mL Medium Nutrient Agar (NA) was poured into a petri dish and 0.1 mL suspended from the bacterial 

culture (1.5 X 10 ^ 8 CFU / mL). After the solid medium is inserted the disc paper containing: 

 

Code Information 

A Ampicillin 30 mcg (positive control) 

 
B 

Silver nanoparticles resulting from reduction of secondary 

metabolites Streptomyces Strain SM4 from rhizosfer Andrographis 

paniculata 

C AgNO3 Solution 

 

All petri dishes were incubated for 24 hours at 37OC, antibacterial activity was observed which was marked 

by the zone of bacterial growth inhibition around the disc paper and measurement of the center line of the 

inhibition area by using a calipers 

 

3. RESULT 

 

3.1 Streptomyces strain SM 4 

Actinomycetes SM 4 from rhizosphere Andrographis paniculata [15] was grown on SNA (Starch Nitrate 

Agar) medium and incubated at room temperature. The results showed the same colony appearance as the 

origin 

 

A                                                     B 

                     
Figure 1. Streptomyces strain SM 4 isolates grown on SNA medium and incubated for 5 days. A. Front 

View; B. Rear View 

 

3.2 Synthesis and Characterization of Silver Nanoparticles 

At this stage, the extracellular liquid from the fermentation of the Strain SM 4 was mixed with 1 mM silver 

nitrate solution. The formation of silver nanoparticles was observed up to day 18 and a positive result was 

indicated by the color change that occurred and confirmed using UV-VIS spectrophotometry 

 

    
a.                          b.                            c.                             d. 
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e.                            f.                               g. 

Figure 2. Silver nanoparticle biosynthesis a. Silver nitrate 1 mM, b. extracellular fluid, c. mixture of 

extracelluler with silver nitrate of day 0, d. mixture of day 1, e. mixture of the 2nd day, f. mixture of the 3rd 

day, g. mix of 18th day 

 

 
Figure 3. UV-VIS spectrophotometry results of silver nanoparticles from the reduction of Streptomyces 

Strain SM 4 

 

3.3 Antibacterial activity of silver nanoparticle 

The silver nanoparticles formed were then tested for antibacterial activity by the agar diffusion method. It 

was inhibit the growth of E.coli and S.aureus. 

 

https://www.teikyomedicaljournal.com/
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Figure 4. Antibacterial activity test of silver nanoparticles Day 3 

 

 
Figure 5 Antibacterial activity test of silver nanoparticles day 18 

 

4. DISCUSSION 

The Streptomyces Strain SM 4 showed the aeryal micelium with White color and substrate micelium with 

yellowwish color. This is in accordance with research conducted by Anandan [16] which states that aeryal 

micelium from Actinomycetes can be shaped like cotton, velvet, or flour with ring formations or concentric 

zones dissertation with white pigmentation. While the substrate of Actinomycetes can give white or almost 

colorless to yellow, brown, red, easy red, green, or black. 

 

Streptomyces Strain SM 4 was fermentation for 11 days to obtain supernatant as an extracellular fluid. In 

extracellular fluid there is an NADH dependent nitrate reductase enzyme which can act as a bioreductor in 

reducing silver nanoparticles [10]. Illustration The process of forming nanoparticles is as follows 
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                                       Ag
+                                                      

Ag 

                                                   e-     -OH+ 

The reaction of the formation of silver nanoparticles involves hydroxyl groups and electron donors so that 

the reduction of silver ions to silver metal occurs. Determination of fermentation days is based on observing 

the growth of Sterptomyces Strain SM 4 From the growth of the colony it can be seen that growth occurs by 

following the growth phases which include the adaptation phase, accelerated growth phase, logarithmic 

phase, slowed growth phase, stationary phase, death phase, until the logarithmic death phase. At the 

adaptation stage, microorganisms will adapt to the new environment by releasing various growth enzymes 

such as the NADH dependent nitrate reductase enzyme. The sample at the 11th day fermentation process is 

the type of sample characteristics chosen because it shows the growth of microorganisms very rapidly and 

two times more than initially so that at this stage the enzyme NADH depent nitrate reductase is very 

optimum and ready to be used as a bioreducor in the synthesis of silver nanoparticles. 

 

Characterization of silver nanoparticles was carried out using UV-VIS spectrophotometry. Metal 

nanoparticles have unique properties that can be read at wavelengths of 400-500 nm. The phenomenon that 

will occur is Surface Plasmon Resonance (SPR) which is the oscillation of electrons which will be excited 

on silver nanoparticles due to the presence of light. The resulting excitation energy will then be read on a 

UV-VIS spectrophotometer as the maximum wavelength. The maximum wavelength is a marker of particle 

size, while the absorbance can indicate the number of silver nanoparticles that are formed qualitatively [12]. 

 

The results of the characterization of silver nanoparticles can be seen in Figure 3. From the picture it can be 

seen that the formation of nanoparticles begins on the 3rd day with a wavelength of 346 nm, absorbance of 

0.914 AU and continues to increase until the 18th day with a wavelength of 415 nm, absorbance of 1.039 

AU According to [19], the wavelength of 415 nm shows a range of particle sizes of 35 to 50 nm. The 

antibacterial activity of silver nanoparticles showed a diameter of inhibition against bacteria E. coli (gram 

negative) and S.aureus (gram positive) with moderate antibacterial activity which can be seen in figur 4 and 

5 Antibacterial power criteria according to David and Stout [17], grouped into, 5 mm diameter inhibition 

zone or less is categorized as weak, 5-10 mm inhibition zone is categorized as medium, 10-20 mm 

inhibition zone is categorized as strong and 20 mm inhibition zone is categorized as strong very strong. 

Based on these criteria, the antibacterial power of silver nanoparticles H3 and H18 in Eschercia coli and 

Staphylococcus aureus bacteria is included in the medium category. 

 

According to Salman [18], the antibacterial activity of silver nitrate and silver nanoparticles has been 

proven to have an effect on the bacteria Eschercia coli and Staphylococcus aureus, but differ in their 

mechanism of action. The antibacterial mechanism of silver nanoparticles occurs through the mechanism of 

DNA destruction of bacterial cells because nanoparticles have a very large surface area so that greater 

contact with microorganisms. While in silver nitrate occurs due to the interaction of silver ions that are able 

to penetrate bacterial cells and cause cell death [3]. The antibacterial test results of silver and silver nitrate 

nanoparticles showed that results that were not significantly different could be caused by the concentration 

of silver nitrate used, the higher the concentration of silver nitrate, the higher the antibacterial activity [18]. 

 

5. CONCLUSION 

Streptomyces Strain SM 4 can be used as a bioreductor in the synthesis of silver nanoparticles detected at a 

wavelength of 415 nm with an estimated size of 35-50 nm. the antibacterial activity of the silver 

nanoparticles formed can inhibit the growth of E.coli and S.aureus bacteria. 

https://www.teikyomedicaljournal.com/
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