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Silver oxide Nanoparticles (SO-NP) exhibit excellent light absorbing, semi conducting properties and hence are 

employed in a wide range of applications such as catalyst, biosensors, and in fuel cells. Green synthesis of nanoparticles 

using different microorganisms is widely accepted since this method is in expensive and eco-friendly. Nanoparticles 

synthesized by this route are smaller in size, highly stable, show high reactivity and stability. In this context, 

biofabrication of Silver Oxide Nanoparticles (SO-NP) by autolysate of Pseudomonas mendocina PM1 has been evaluated. 

Synthesis of SO-NP was observed, when autolysate of P. mendocina PM1 was incubated with 0.5 mM AgNO3 in dark for 

24 h. Synthesis of SO-NP was confirmed by UV-Vis analysis. SO-NP was further confirmed by Transmission Electron 

Microscopy (TEM) and X-ray Diffraction (XRD) which confirmed presence of SO-NP. XRD revealed that SO-NP were of 

the type Ag3O4. FTIR analysis indicated that peptides were involved in the reduction and stability of SO-NP. SO-NP’s 

showed potent anti-microbial/ anti-biofilm activity against common pathogenic/non-pathogenic bacteria. This is the first 

report of synthesis of SO-NP by P. mendocina PM1. 

Keywords: Acalypha indica, Glycine max, Pseudomonas aeruginosa, Pseudomonas mendocina PM1, Rhodobacter 
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Metallic silver has been considered as a therapeutic 

agent since ages. Silver has been employed in control of 

a wide variety of ailments such as wound healing, burns, 

mental illness, and epilepsy1. Silver is also considered as 

a potent antibacterial and antifungal agent and is widely 

used for the control of various pathogenic fungi and 

bacteria. Major drawback of silver ions is that they tend 

to precipitate easily and hence cannot be employed as 

antimicrobial agent2. Recently, with emergence of nano 

technology, use of silver nanoparticles instead of 

metallic silver has been conceived as a healthier 

alternative due to its small size and ease of handling3. 

Nanoparticles are defined as solid particles having 

size ranging from 1-100 nm. These particles may 

exist as such or in form of a suspension4. Among 

different classes of nanoparticles available, Metallic 

Nanoparticles most commonly Silver Nanoparticles 

(SNP’s) due to their small size, large surface area and 

high reactivity has led to its widespread use in various 

nanotechnology-based products5. Synthesis of SNP’s is 

usually achieved by reduction of concerned metal salts 

by employing chemical methods such as application 

of strong reducing agents such as sodium borohydride6, 

and hydrazine7, physical methods involving radiation 

based reduction of silver ions by either γ-rays8, 

microwave9 or ultrasound10. Most of these processes are 

either costly and also not ecofriendly11. Often, chemicals 

employed in synthesis are difficult to separate therefore 

nanoparticles synthesized by this route cannot be 

employed in biological systems12. Therefore, green 

synthesis of SNP’s by employing various 

bacterial/fungal strains and plant extracts has been 

proposed13,14. These methods are cheap, efficient and do 

not have adverse effects on environment. There are 

many reports of biomimetic synthesis of SNP’ using 

various plant extracts, viz. Tea15, Cinnamon 

zeylanicum16, Azadirachta indica17, Glycine max18, 
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Acalypha indica19. Synthesis of SNP’s by employing 

plant extracts is a fast process, wherein, the synthesis is 

achieved within few hours after addition of silver nitrate. 

A major drawback of this process is that the size of 

nanoparticles is usually large (50-200 nm), they are 

unstable and show aggregation/anisotropy due to high 

concentration of reducing agents17. Another route of 

green synthesis of SNP’s is through bacterial and fungal 

strains where SNP’s are synthesized either inside the cell 

(intracellular) or outside the cell (extra cellular)20. SNP’s 

have been synthesized from different bacterial/fungal 

strains, such as Bacillus cereus21, Escherichia coli14, 

Staphylococcus aureus22, Fusarium oxysporum11, 

Aspergillus niger12,23. Extracellular synthesis of 

nanoparticles by employing autolysate of bacterial/ 

fungal cell is considered as a preferable method since the 

synthesis occurs by autolysate in absence of cells and 

there is no need for separation of SNP’s from bacterial 

and fungal biomass24. Reports have shown that SNP’s 

synthesized from this route are smaller in size and show 

reduced aggregation since concentration of reducing 

agents in autolysates are usually lower as compared  

to plant extracts. Literature survey suggests that size  

of nanoparticles is the major factor that governs  

its reactivity. Generally, small sized nanoparticles  

(1-20 nm) are better suited for antimicrobial purposes5. 

Silver Oxide Nanoparticles (SO-NP) belong to the class 

of SNP, and are basically metal oxides where silver exist 

in multivalent state such as Ag2O, AgO, Ag3O4 and 

Ag2O3
25. SO-NP’s exhibits excellent semiconductor 

properties. Photo activation of silver oxides lead to 

surface enhanced Raman Scattering (SERS) and hence, 

these are widely used in application such as nano-

electronics, biological devices such as biosensors, etc26. 

Recent reports have demonstrated that SO-NP’s exhibit 

anti-microbial properties27. SO-NP’s are generally 

prepared by chemical/ electrochemical techniques28. 

Recently, green synthesis of SO-NP’s using extracts of 

different bacterial and fungal strains have been 

proposed26,27,29. In this investigation, green synthesis of 

SO-NP’s by a strain of Pseudomonas mendocina PM1 

has been presented. This bacterium was isolated from a 

detergent contaminated pond situated in Varanasi city, 

India30. P. mendocina is an environmental bacterium 

which has been implicated in bioremediation of different 

xenobiotic compounds, such as Toluene31, and Sodium 

Dodecyl Sulfate (SDS)30. Its role in synthesis of 

nanoparticles especially SO-NP’s has not been 

evaluated. This study concentrates on synthesis  

of SO-NP by employing autolysate of P. mendocina. 

SO-NP’s were characterized by UV-Vis spectroscopy, 

Transmission Electron Microscopy (TEM), X-ray 

Diffraction (XRD) analysis. The mechanism behind  

SO-NP formation was evaluated by FTIR analysis.  

SO-NP synthesized by this method showed excellent 

anti-microbial activity against common pathogenic 

bacteria. Further, SO-NP also inhibited biofilm 

formation in Bacillus subtilis MTCC 441. 
 

Materials and Methods 

Strains, Culture medium and growth conditions 

Pseudomonas mendocina strain PM1 (Genbank 

Accession No. HM627520) was isolated from a 

detergent contaminated pond situated at a place called 

Pisach Mochan in Varanasi city, India30. This strain 

was employed for synthesis of SO-NP’s. Bacillus 

subtilis MTCC 441, and Staphylococcus aeurus 

MTCC 737 were obtained from IMTECH 

Chandigarh, India. For synthesis of SO-NP’s, strain 

PM1 was grown in LB medium, which contained 

the following (g/L): tryptone; 10.0, yeast extract; 

5.0; NaCl, 10.0; pH-7.0. A single colony of strain 

PM1 was inoculated in 500 mL LB medium and 

incubated at 120 rpm at 30°C in a rotatory shaker. 

After growth, cells were separated by centrifugation 

at 10,000 rpm for 15 min. The cell pellet was 

washed thrice with 50 mL MQ water and final cell 

pellet was used for synthesis of SO-NP’s. 
 

Synthesis of SO-NP’s 

In this study, extracellular or autolysate mediated 

synthesis of SO-NP’s was performed. For preparation 

of autolysate, 2 g (fresh weight) cell biomass  

was suspended in 100 mL MQ water and incubated at 

120 rpm at 30°C for 48 h. After incubation, the 

suspension was centrifuged at 10,000 rpm for 15 min. 

The supernatant was filtered through Whatman filter 

paper no. 1. The autolysate was mixed with 100 mL  

1 mM silver nitrate solution and incubated in dark at 

120 rpm at 30°C. At regular time intervals, 2 mL 

solution was withdrawn and synthesis of SO-NP’s was 

monitored by UV-Vis spectroscopy using Shimadzu 

UV-Vis spectrophotometer (UV-1800). Autolysate 

mixed with equal volume of MQ water, was employed 

as a positive control. 
 

Characterization of SO-NP’s 

The particle size and distribution of SO-NP’s was 

determined by TEM analysis. For TEM analysis, a  

drop of autolysate containing SO-NP’s was employed. 

TEM was performed using Morgagni 268D  

(Fei Electron Optics). The presence of SO-NP’s was 
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further confirmed by XRD analysis. The autolysate 

containing silver nitrate was evaporated at 60°C in a hot 

air oven. The dried mass was scrapped with the help of a 

needle and resulting fine powder was used for XRD 

analysis. Ethanol washed, completely dried powder of 

SO-NPs was used for the X-ray diffraction analysis 

(XRD). The spectra were recorded in Rigaku Miniflex II 

X-ray diffractometer (Rigaku Co., Ltd., Japan) operated 

at 30 kV, 15 mA. The diffraction was recorded at 2θ 

angles from 20 to 80. 
 

FTIR analysis of autolysate and SO-NP’s 

To study the mechanism behind synthesis of SO-NP 

by strain PM1, FTIR analysis of autolysate and 

autolysate containing silver nitrate was performed. 

Autolysate and autolysate containing 0.5 mM silver 

nitrate (10 mL each) was evaporated to dryness at 60°C 

in a hot air oven. The resulting dry mass was used for 

FTIR analysis. The powder of dried autolysate and  

SO-NP’s was mixed with potassium bromide (1:100) 

and FTIR spectra were recorded in a Perkin Elmer 

infrared spectrophotometer (Perkin Elmer Inc., 

Waltham, MA, USA). 
 

Microbial toxicity of SO-NP’s 

Microbial toxicity of SO-NP was evaluated by disc 

diffusion assay and MIC estimation following 

growth in LB medium containing different 

concentrations of SO-NP’s. The bacterial strains 

employed in this study were, B. subtilis MTCC 441, 

Staphylococcus aeurus MTCC 737, P. aeruginosa 

strain N130, and E. coli JM109. A single colony of 

each the strains was inoculated in 10 mL LB 

medium and incubated at 120 rpm at 30°C.  

After overnight incubation, 100 µL cultures each 

were spread on the surface of nutrient agar  

plate. After spreading five sterile filter paper discs 

were placed on the surface of nutrient agar plates 

in a circular fashion. A stock solution of SO-NP 

was prepared by suspending 5 mg of SO-NP in  

1 mL of MQ water. SO-NP was suspended by 

sonication for 2 min. Different concentrations  

of SO-NP from stock solution (2.5, 5.0, 7.5, and  

10 µg) was placed on each filter paper disc and 

anti- microbial activity was accessed by formation 

of inhibitory zone. 

 
Anti-biofilm activity of SO-NP’s 

Biofilm formation was studied microscopically 

after staining the attached cells with crystal violet. 

B. subtilis MTCC 441 was grown for overnight  

in LB medium. After proper growth, the OD at  

600 nm was set 1.0 by dilution with fresh LB 

medium. 100 µL was inoculated in 10 mL LB 

medium. In control tube, only LB medium was taken. 

In test, SO-NP at a concentration of 5 and  

10 µg/mL was supplemented in LB medium. For 

biofilm growth, autoclaved glass slide were 

inserted into the test tubes and the tubes were 

placed in a BOD incubator at 37°C. After 5 h, slides 

where removed and washed twice with phosphate 

buffer to remove loosely bound cells. The slides 

where then put in 5% glutaraldehyde in phosphate 

buffer for 12 h for fixation. After fixation the 

slides where washed twice with phosphate buffer 

and stained in 1% crystal violet for 20 min. The 

slide where washed twice with phosphate buffer, 

air dried and visualized under microscope (Nikon 

Eclipse 200) under 40X magnification. 

 

Results and Discussion 

Synthesis of SO-NP’s 

After addition of silver nitrate to autolysate, a 

change of color from colorless to slight yellow was 

observed after 1 h of incubation. With time, this 

color gradually deepened to light brown (6 h) and 

then to dark brown (12 h). After 24 h of incubation, 

the color of the solution became constant and no 

further change was observed (Fig 1A). The change 

in color can be attributed to excitation of surface 

plasmon vibrations of Ag nanoparticles. The color 

change was monitored by UV-visible spectroscopy, 

 
 

Fig.1 — Synthesis of SO-NP’s (A) Visible color change in autolysate 

of P. mendocina PM1 after addition of 0.5 mM AgNO3, after 24 h of 

incubation; and (B) UV-Vis spectrum of autolysate containing  

0.5 mM AgNO3 after different time intervals 
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by recording absorption spectrum in the range of 

200-1000 nm (Fig. 1B). It is clear from the figure 

that the color change arising after addition of  

silver nitrate corresponds to appearance of a peak at 

420 nm. This peak gradually intensified with time.  

These results are accordance with previous report of 

Bai et al.32, where SNP’s synthesized from cell 

filterate of Rhodobacter sphaeroides showed 

appearance of a peak at 420 nm, corresponding to 

surface plasmon absorption band of SNP. Dhoondia 

and Chakrborty33 have reported that SO-NP 

synthesized by Lactobacillus mindensis shows a peak 

at 430 nm. 
 

TEM analysis of SO-NP’s 

Figure 2A & B, represents TEM images of SO-NP. 

It is clear from these figures that nearly spherical and 

mono dispersed SO-NP were formed. Also, no 

aggregation between nanoparticles was observed. 

From TEM images particle size and its distribution 

was calculated. The results are depicted in (Fig. 3). It 

was observed that majority of nanoparticles (43%) 

were in the range of 10-20 nm, 24% were in the range 

of 5-10 nm and 21% were in the range of 20-30 nm. 

These results clearly represent that size distribution of 

nanoparticles fall under 5-30 nm, with major portion 

under 10-20 nm range. These results also show that 

there is less anisotropy between nanoparticles. Our 

results are in accordance with Dhoondia and 

Chakrborty33, where SO-NP in the range of 2-20 nm 

was synthesized by Lactobacillus mindensis. Results 

of this study show that nanoparticles synthesized by 

P. mendocina are smaller as reported by other 

workers, Brevibacterium casei (10-50 nm)34, 

Phaenerochaete chrysosporium (50-200 nm)35, 

Bacillus licheniformis (50 nm)36, E. coli (50 nm)14, 

Corynebacterium glutamicum (5-50 nm)37. These 

results clearly indicate that P. mendocina has the 

potential to synthesize small sized SO-NP’s. 
 

XRD analysis of SO-NP’s 

The oven dried samples of SO-NPs (silver oxide 

nanoparticles) were subjected to X-ray diffraction 

(XRD) analysis and the crystalline nature of silver 

nanoparticles was predicted. XRD spectrum of SO-NPs 

clearly showed that the pure SO-NPs were indeed 

formed after reaction with cell extract. From the XRD 

data in (Fig. 4), clearly represented that all of the peaks 

match well with the Bragg reflections of the standard 

monoclinic (Ag3O4; JC PDF401054; a=3.5787, 

b=9.2079, c=5.6771, which corresponded to silver 

oxide nanoparticles. All the reflected peaks in this 

pattern were found to match with JCPDF of Ag3O4 

showing 2θ values (120) (031) (022) and (221)25. 
 

FTIR analysis of autolysate and autolysate containing silver 

nitrate  

FTIR absorption spectra provide the possible 

interaction between the silver nitrate and the 

compound responsible for the reduction of silver 

ions and stabilization of Ag nanoparticles. In this 

investigation sharp FTIR absorption peaks were 

found at 1109.28 cm−1, 1385.14 cm−1, 1660.38 cm−1,  
 

Fig. 2 — TEM image of SO-NP’s 
 

 
 

Fig. 3 — Size distribution of SO-NP’s 

 
 

Fig. 4 — XRD spectrum of SO-NP’s 
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2924.70 cm−1 and 3418.33 cm−1 in the autolysate of 
P. mendocina. But in case of autolysate reduced Ag 
the absorption peaks were observed at 1092.37 cm−1, 
1384.12 cm−1, 1639.95 cm−1, 2926.11 cm−1, and 
3438.27 cm−1. The band at 3418.33 cm−1 in 
autolysate and the 3438.27 cm−1 in autolysate reduced 
Ag appeared due to stretching vibration of -N-H- of 
primary amines. Whereas, peak at 2924.70 cm−1 and 
2926.11 cm−1 in autolysate and autolysate reduced Ag 
revealed the stretching vibration of -N-H- of 
secondary amines. The stretching vibration of -N-H- 
explained that proteins/peptides/free amino acids 
were present in the autolysate. The peak found  
at 1660.38 cm−1 in autolysate was shifted to  
1639.5 cm−1 after reduction and a new peak 
appeared at 1563.4 cm−1 in autolysate reduced Ag. 
The wave number of 1660.38 and 1563.4 were 
assigned to stretching vibration of -C=C- and the 
shifted peak at 1639.95 cm−1 was assigned to the 
stretching of -C=O- of aromatic compounds. The band at 
1385.14 cm−1 and 1384.62 cm−1 in autolysate and 

autolysate reduced Ag corresponds to -N-O- 
stretching of nitro compounds and also the peak  
at 1384.62 cm−1 became sharpen and strong. The  
peak at 1109.28 cm−1 in autolysate was shifted to 
1092.37 cm−1 after reduction, which corresponds to 
the stretching vibration of-C-O- of some ester 
compounds (Fig. 5). The overall results explained that 
proteins, aromatic compounds and some ester 
compounds present in the cell autolysate were 
responsible for reduction of silver and stabilization 
of SO-NP’s. Role of bacterial peptides and aromatic 
compounds in formation of SNP’s has been 
demonstrated by a number of worker’s14,20,21,32 and 
our results are consistent with these findings. 
 

 

Microbial toxicity of SO-NP’s 
Anti-microbial effect of SO-NP on different 

bacterial strains was evaluated by disc diffusion assay 
and by estimating Minimal Inhibitory Concentration 
(MIC) following growth in liquid medium 
supplemented with different concentrations of  
SO-NP’s. For disc diffusion assay, SO-NP, at a 

 
 

Fig. 5 — FTIR spectrum of (A) Autolysate of strain PM1; and (B) Autolysate containing 0.5 mM AgNO3 
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concentration of 2.5, 5.0, 7.5, and 10 µg were 

employed. Appearance of inhibitory zone was 

observed at 2.5 µg concentrations in all the isolates 

and diameter of inhibitory zone increased with 

increasing concentration of SO-NP and largest zone 

was observed at 10 µg concentrations. Therefore, 

diameter of inhibitory zone was calculated at this 

concentration. The results are depicted in (Fig. 6 & 

Table 1). It is clear from the results that SO-NP’s 

possess anti-microbial activity against tested bacterial  

isolates. It is clear from the results that SO-NP’s were 

more toxic to Gram negative bacteria such as E. coli 

and P. aeruginosa, when compared with Gram 

positive bacteria such as B. subtilis and S. aeurus. 

These differences in toxicity of SO-NP’s can be 

attributed to the differences in structure of cell 

membranes of Gram positive and negative bacteria. 

Gram positive bacteria possess a thick peptidoglycan 

layer, which inhibits entry of SNP’s inside the 

bacterium4,22. Findings of this study that SO-NP’s are 

toxic to bacterial strains are consistent with recent 

findings which clearly suggest that SO-NP’s 

belonging to Ag2O group are toxic to bacteria25-27. 

Anti-biofilm activity of SO-NP’s against B. subtilis MTCC 441 

Biofilms can be defined as complex bacterial 

communities in which the bacterial cell form a layer like 

structure, which is held together by a covering of an 

extracellular matrix38. The main component of this 

matrix is exopolysaccharides (EPS), (secreted by the 

bacterium), proteins, and nucleic acids. Biofilms  

offer protection to growing bacteria from external 

stresses such as heat, desiccation and presence of 

antibiotics/antimicrobials by acting as a protective 

covering and by inhibiting entry of antimicrobials inside 

the biofilms. Therefore, biofilms are one of the major 

causes of persistent infections and are considered as a 

serious medical problem39. In recent years, there has 

been a tremendous thrust in identification novel 

molecules/metabolites that show anti-biofilm activity.  

B. subtilis is considered as a model organism for the 

study of biofilm development and detailed mechanism 

of biofilm formation has been evaluated40. Biofilm 

formation occurs in three distinct stages; attachment of 

bacteria to abiotic surface, multiplication of bacteria 

leading to formation of a group of cells called micro 

colonies and in the last stage micro colonies grow and 

form mature biofilms. Microcolony formation is 

considered as a crucial step in biofilm formation41. In 

this study, effect of SO-NP on microcolony formation in 

B. subtilis MTCC 441 has been evaluated. MIC for  

SO-NP in B. subtilis was 15 µg/mL. Therefore, biofilm 

formation was studied below this concentration. In 

control (Fig 7A), micro colonies are clearly evident and 

are represented by small group of cells attached to glass 

surface. However, in presence of different concentration 

of SO-NP, a clear dose dependent reduction in micro-

colony formation was observed. At a concentration of  

5 µg/mL, bacteria were attached to glass surface but no 

 
 

Fig. 6 — Representative figure showing anti-microbial activity of 

SO-NP’s against P. aeruginosa N1 
 

Table 1 — Anti-microbial activity of SO-NP’s 

Bacterial strains Diameter zone 

of (mm)  

Inhibitory MIC (µg/mL) 

E. coli JM109 20±1  8 

P. aeruginosa N1 17±0.7  12 

B. subtilis MTCC 441 16±0.8  15 

S. aeurus MTCC 737 14±0.5  20 

 
 

Fig. 7 — Anti biofilm activity of So-NP’s against B. subtilis 

MTCC 441. (A) Control; (B) 5 µg/mL SO-NP’s; and (C) 10 µg 
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microcolony formation was observed (Fig. 7B). At  
a concentration of 10 µg/mL, further reduction  
in number of bacteria attached to glass surface  
was observed (Fig. 7C). These results confirm that  
SO-NP’s possess potent anti-biofilm potential. 
 
Conclusion 

In the present study, green synthesis of spherical, 
monoclinic SO-NP using autolysate of P. mendocina 
has been presented. The size of SO-NP was in the 
range of 5-30 nm and was small as reported by other 
workers. XRD analysis showed that the state of silver 
in SO-NP’s was Ag3O4. SO-NP’s showed excellent 
anti-microbial properties against pathogenic and non-
pathogenic bacteria. SO-NP’s also showed anti-
biofilm activity against B. subtilis. It can be 
concluded that autolysate of P. mendocina PM1 
can be employed for synthesis of SO-NP. 
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