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1. Introduction  

Due to its wider applications in the field of sensors, 

biolabeling and development of novel 

antimicrobial agents in the synthesis of silver 

nanoparticles is an emerging area of research in 

the nanotechnology [1]. Researchers show a 

great deal of interest towards the biosynthesis of 

metallic nanoparticles involving various 

microorganisms [2], [3], [4], [5], [6], [7] and [8]. 

Intracellular synthesis of nanoparticles by bacteria, 

fungi and yeast is highly expensive as compared 

to extracellular synthesis [9], [10] and [11].  

Development of strains with reduced susceptibility 

to antibiotics is continuously increasing today at 

an alarming rate and has become a serious 

health problem [12] and [13]. Environmental 

microorganisms, such as bacteria, molds, yeasts 

and viruses were often pathogenic and cause 

severe infections in human beings hence there is a 

need to search and develop a new antimicrobial 

agents from natural and inorganic substances 

[14]. Silver ions possess broad spectrum 

antimicrobial property and are particularly useful 

in polymicrobial colonization which is associated 

with biomaterial related infections [15]. 

Nanoparticles exhibit new properties compared 
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to larger particles of the bulk material and these 

novel properties are derived due to the specific 

characteristics variation of the particles such as 

size, distribution and morphology [16]. 

Nanoparticles possess a higher surface area-to-

volume ratio with decrease in the size of the 

particles [17], [18] and [19]. The important criterion 

in the silver nanoparticle biosynthesis is size 

control. Among Metal nanoparticles, silver 

nanoparticles are recognized as high inhibitory 

agent against microbes with broad range of 

target sites both intracellular as well as an 

extracellular at low concentrations and with no 

side effects [20]. 

In the present investigation, attempts were made 

for the synthesis of silver nanoparticles using the 

bacterium B. subtilis (MTCC 441). In the present 

study synthesis and formation of silver 

nanoparticles was confirmed by UV–vis 

spectrophotometer, size and potential was 

determined using Zetasizer, morphology by TEM 

(Transmission electron microscopy) and 

understanding of protein–silver nanoparticles 

interaction by employing Fourier transform infrared 

spectroscopy (FTIR). From the literature survey it is 

noticed that no study was reported using this 

bacterial strain for synthesizing silver nanoparticles. 

In this paper the synthesis of silver nanoparticles is 

reported by simultaneous reduction of aqueous 

Ag+ with the culture broth of B. subtilis (MTCC 

441). Further the biologically synthesized silver 

nanoparticle was subjected to antimicrobial 

efficacy studies and it is observed that, the 

synthesized silver nanoparticle revealed high 

activity against tested pathogens. 

 

2. Materials and methods 

2.1. Synthesis of silver nanoparticles 

The bacterium B. subtilis (MTCC 441) was grown in 

a freshly prepared, sterilized nutrient broth and 

incubated at 37oC for 24 h. After the incubation 

time the culture was centrifuged at 12,000 rpm 

and the supernatant was used for the synthesis of 

Ag-NPs. B. subtilis (MTCC 441) culture supernatant 

was separately added to the reaction vessels 

containing silver nitrate solution (1 mM) and 

incubated at room temperature until the color 

changes were observed. 

 

2.2. Characterization of silver nanoparticles 

2.2.1. UV–vis spectrophotometer 

The reduction of pure silver ions was monitored 

with the help of UV-vis spectra and the 

absorbance was recorded at 200-800 nm range 

using UV-vis spectrophotometer (Lamda-25; 

PerkinElmer). 

2.2.2. Zetasizer 

The size and potential of silver nanoparticles were 

characterized by Zetasizer (Malvern Zetasizer 

Nano-ZS, Malvern Instruments, and UK).  

2.2.3. TEM 

Transmission Electron Microscopy (JEM 2100F, 

JEOL, The Japan) was used to determine the 

shape and size range. 

2.2.4. FTIR 

The FTIR spectrum of the sample was obtained 

using a FTIR spectrophotometer (Perkin Elmer, 

USA). 

2.3. Assay for antimicrobial activity of silver 

nanoparticles  

The antimicrobial efficacy of silver nanoparticles 

was evaluated against S. aureus, P. aeruginosa, E. 

coli, and C. albicans employing agar well diffusion 

method. Approximately 107 colony-forming units of 

each microorganism were inoculated on Muller 

Hinton agar (MHA) plates and 50 µL of silver 

nanoparticles were added into each well using a 
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sterile cork borer. The bacteria inoculated plates 

were incubated at 37 °C for 24 h and yeast 

inoculated plates were incubated at room 

temperature for 2 days. After incubation period, 

the zone of inhibition was observed and 

tabulated. 

 

3. Results and discussion 

The B. subtilis (MTCC 441) cell filtrate present in 

reaction vessels got converted to brown color 

from transparent color after treatment with silver 

nitrate solution (1mM). The brown color 

appearance indicates the formation of silver 

nanoparticles [21] and [22]. 

3.1. Characterization of silver nanoparticles by UV-

visible spectroscopy 

The above solution was subjected to optical 

measurements by UV-vis Spectrophotometer 

(Fig.1). A peak around 425 nm wavelength 

suggested the presence of silver nanoparticles in 

the solution. This is the specific wavelength which 

indicates synthesized silver nanoparticles [23]. The 

occurrence of peak at absorption intensity 

between 400-450 nm indicated the presence of 

surface plasmon, which reflected the presence of 

silver nanoparticles with size ranging from 2 nm to 

100 nm [24]. The absorbance peak reflects the size 

and shape of the silver nanoparticles formed [25] 

and [26].  

 

Fig.1. UV–VIS absorption spectrum of synthesized 

silver nanoparticles 

3.2. Characterization of silver nanoparticles by 

Zetasizer 

The size and potential of the synthesized silver 

nanoparticles were determined using Zetasizer 

[27]. It was observed that the biologically 

synthesized silver nanoparticles possessed size of 

232 nm and -21.8 mV potential (Fig.2 and Fig.3). 

 

Fig. 2: zeta size of synthesized silver nanoparticles 

from B. subtilis (MTCC 441) 

 

 
Fig.3: zeta potential of synthesized silver 

nanoparticles B. subtilis (MTCC 441) 

 

3.3. Characterization of silver nanoparticles by 

TEM 

The morphology and the size range of synthesized 

silver nanoparticles were detected using the cell-

free culture supernatants of the bacterial strains 

by employing TEM. The synthesized silver 

nanoparticles had a spherical shape and size 

ranging from 10–100 nm (Fig.4). The silver 

nanoparticles produced were more distinct and 

were scattered in their distribution [28]. 
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Fig.4: TEM micrograph showing synthesized silver 

nanoparticles of various size ranges 10–100 nm. 

 

3.4. Characterization of silver nanoparticles by FTIR 

The FTIR was used to identify possible interactions 

between the Ag salts and protein molecules, 

which could account for the reduction of silver 

ions and the stabilization of silver nanoparticles 

(Fig.5). The spectra revealed three bands at 

1384.38 cm−1, 3436.51 cm−1 and 2919.43 cm−1 for 

silver nanoparticles in solution. The presence of the 

amide linkages between amino acid residues in 

the polypeptides provides a well known signature 

in the infrared region of the electromagnetic 

spectrum. The bands at 1384.38 cm−1 correspond 

to C-N stretching vibration. The bands at 3436.51 

cm−1 and 2919.43 cm−1 were assigned to the 

stretching vibrations of primary and secondary 

amines. The overall observation thus confirmed 

the presence of protein in the samples of silver 

nanoparticles. It is well known that proteins can 

bind to the silver nanoparticles either through free 

amine groups or cysteine residues in the proteins 

[29]. FTIR spectroscopy thus revealed the possible 

stabilization of silver nanoparticles with proteins. 

 

Fig.5. FTIR spectrum showing peaks at 3436.51, 2919.43 and 1384.38 cm−1. 3.5. Antibacterial activity 

 

The antimicrobial efficacy of synthesized 

silver nanoparticles were investigated against 

various pathogenic organisms such as S .aureus, 

P. aeruginosa, E. coli, and C. albicans using agar 

well diffusion method. The diameter of inhibition 

zones (mm) around each well with silver 

nanoparticles solution and positive control is 

represented in (Table 1). The silver nanoparticles 

were found to posses high antimicrobial activity 

against C. albicans (19mm) and S. aureus 

(15mm) respectively and the lesser antimicrobial 

activity of silver nanoparticles was found against 

P. aeruginosa (9mm) and E. coli (5mm). The silver 

nanoparticles showed high antimicrobial 

property due to their large surface area, which 

makes better contact with microorganisms. The 
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nanoparticles get attached to the cell 

membrane and also penetrated inside the 

bacteria. The bacterial membrane is known for its 

sulfur-containing proteins, these might be the 

preferential sites for the silver nanoparticles to 

penetrate. On the other hand, nanoparticles 

found inside will also tend to react with other 

sulfur-containing proteins in the interior of the cell, 

as well as with phosphorus-containing 

compounds such as DNA. To conclude, the 

changes in morphology of bacterial membrane 

as well as the possible damage caused by the 

nanoparticles reacting with the DNA will affect 

the bacteria in cell processes such as the 

respiratory chain and cell division, finally causing 

cell death. Further nanoparticles might also 

release silver ions in the bacterial cells, which 

further enhance their bactericidal activity [30] 

and [31]. 

 

Table1: Inhibitory activities of synthesized silver 

nanoparticles 

S. No. Pathogens Zone of inhibition (mm) 

1. S .aureus 15 

2. P. aeruginosa 9 

3. E. coli 5 

4. C. albicans 19 

 

 

4. Conclusion 

In this study, attempts were made for the 

synthesis of silver nanoparticles from the microbe 

B. subtilis (MTCC 441) and approaches were also 

made to evaluate their antimicrobial potentials. 

In the present work, synthesis and formation of 

silver nanoparticles was confirmed through 

analytical tools like UV–vis spectrophotometer, 

Zetasizer, TEM and FTIR. The antimicrobial efficacy 

of synthesized silver nanoparticle was well 

demonstrated by the formation of a clear zone of 

inhibition against S. aureus,  P. aeruginosa, E. coli 

and C. albicans. Thus the biologically synthesized 

silver nanoparticles could find immense use in 

medical field particularly in the development of 

novel antimicrobial agents due to its 

antimicrobial potentials.  
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