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A B S T R A C T                                

Introduction  

Nanotechnology has been defined as a 
technology that mainly consists of the 
process of separation, consolidation and 
deformation of materials by one atom or 
molecule (Taniguchi 1974). 
Nanotechnology is currently fast growing 
niche in the field of nanoscience (Mandal 
et al., 2006). Nanotechnology is an 
emerging field in the area of 
interdisciplinary research, especially in 
biotechnology. One of the major 
challenges of current nanotechnology is to 
develop reliable experimental protocols for 
the synthesis of nanoparticles over range 
of chemical composition, size and     

synchronized monodispersity that must 
also be nontoxic, clean, ecofriendly by 
using ambient biological sources. 
Nanoparticles have been synthesized (Jana 
et al., 2001) but the quest is still on for 
easier and commercially viable methods 
for the production of important 
nanoparticles. The importance of 
biological synthesis is being emphasized 
globally at present because chemical 
methods are capital intensive, toxic, non 
eco-friendly and have low productivity 
(Kowshik et al., 2003). The synthesis of 
the nanoparticle is one of the most 
interesting fields of research.  
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Nanoparticles are at the leading edge of the rapidly developing field of 
nanotechnology. The synthesis of nanoparticles of specific size and 
composition is the burgeoning area in the nanotechnology research. Advances 
in the field of nanotechnology largely depend on the ability to synthesize 
nanoparticles of various material sizes and shapes as well as to efficiently 
assemble them into complex architecture. In this study silver nanoparticles 
were synthesized using Corynebacterium sp. The formation of silver 
nanoparticles was confirmed by UV-Visible spectrophotometer and their 
characterization was done by SEM and EDAX analysis. The antibacterial 
activity of the synthesized silver nanoparticles was checked against some 
human pathogenic bacteria. 
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Silver exhibits the highest efficiency of 
Plasmon excitation (Kreibig et al., 1995). 
Moreover, optical excitation of plasma 
resonance in silver nanoparticle is the most 
efficient mechanism by which light 
interacts with matter. A single silver 
nanoparticle  interact with light more 
efficiently than a particle of the same 
dimensions composed of any known 
organic or inorganic chromophore. The 
light interaction cross-reaction for silver 
can be about ten times that of the 
geometric cross-section, which indicates 
that the particle capture much more light 
than the physically incident on them 
(Evanoff et al., 2004; Kelly et al., 2003). 
Silver is also the only material whose 
plasmon resonance can be tuned to any 
wavelength in the visible spectrum.   

The properties of these silver nanoparticles 
in applications as diverse as catalysis, 
sensors and medicine depend critically on 
the size and composition of the 
nanoparticles. Researchers in the area of 
nanoparticles synthesis are mainly oriented 
in controlling their shape, size and 
compositions. Each of these parameters is 
an important factor in determining the 
properties of nanoparticles that lead to 
various technological applications 
(Chandross et al., 1999; Djalali et al., 
2004). Nanoparticles can be employed in a 
great number of applications such as fuel 
cells, heterogenous catalysts, 
electrocatalysts, and pigments. Silver 
nanoparticles are antimicrobial towards a 
broad spectrum of Gram negative and 
Gram positive bacteria (Kim et al., 2007; 
Panacek et al., 2006).  

Furthermore silver nanoparticles show 
antifungal and antiviral activity 
(Elechiguerra et al., 2005, Lu et al., 
2008).Besides their antimicrobial 

properties, silver nanoparticles can be used 
for their catalytic, conductive and optical 
features (Medina et al., 2005; Fuller et al., 
2002).   

The noble metals especially silver have 
attracted great attention due to their 
innumerable applications in various 
branches of science namely catalysis 
(Lewis et al., 1993), photonics (Maier et 
al., 2001;Carotenuto et al., 2001), 
photography (Lam et al., 1991), chemical 
sensing (Kim et al., 2001). Surface 
Enhanced Raman Scattering is mostly 
important in the medicinal fields as anti-
microbial agents (Malaiye et al., 2005). In 
the current study, silver nanoparticles were 
synthesized from Corynebacterium  sp. 
and their antibacterial activity was 
checked against different clinical 
pathogens.   

Materials and Methods  

Cultures  

Corynebacterium sp. was obtained from 
Micro Lab, Coimbatore. Pure cultures of 
Escherichia coli, Corynebacterium 
diphtheria, Klebsiella pneumoniae, 
Bacillus sp. Pseudomonas aeruginosa and 
Staphylococcus aureus were obtained from 
KMCH, Coimbatore.  

Synthesis of silver nanoparticles from 
bacterial filtrate  

The culture was centrifuged at 5000 rpm 
for 15 minutes and the supernatant was 
taken as bacterial filtrate. 10 ml of 
bacterial filtrate was mixed with 90 ml of 
silver nitrate solution (1mM) and 
incubated in a brown bottle for 3 days at 
room temperature. The metal processed 
bacterial filtrate was centrifuged at 8000 
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rpm for 20 minutes. The semi-solid pellet 
was dried and powdered using petroleum 
ether. Few drops of petroleum ether was 
added to the semi-solid pellet and kept for 
vaporization. The powdered pellet was 
stored at 4oC.   

UV-Visible spectrophotometric analysis  

Qualitative testing of the supernatant was 
done by UV-Visible spectrophotometer to 
confirm the reduction of silver ions. The 
Silver nitrate solution was kept as control 
and 1ml of sample supernatant was 
withdrawn after 24 hr and absorbance was 
measured by using UV-Visible 
spectrophotometer between 400-600 nm. 
Nitrate reductase assay  

Nitrate reductase is an enzyme that 
converts nitrate to nitrite. The enzyme 
activity was measured using the method 
described by Harley (1993). The activity 
was measured by adding the substrate for 
the enzyme (nitrate) and then measuring 
the amount of nitrite after 1hr. The net 
increase in nitrite at 1hr is the amount of 
nitrate reductase activity. 0.5 ml of 
phosphate buffer was pipette out into the 
test tubes, in that 0.2 ml of standard 
potassium nitrate solution was added and 
mixed well. 0.4 ml of NADH and 0.7 ml 
of distilled water was added to the tubes. 
To this mixture 0.2 ml of bacterial filtrate - 
silver nitrate mixture was added and the 
control was maintained without the 
bacterial filtrate 

 

silver nitrate mixture. 
The tubes were incubated in a water bath 
at 30oC for 15 minutes. The reaction 
mixture was then terminated by adding 1 
ml of NED reagent and then the tubes 
were incubated for 90 minutes. The OD 
values were observed at 540 nm in regular 
intervals of time. 

Characterization of silver nanoparticles 
SEM analysis:  

Scanning Electron Microscopic (SEM) 
analysis was carried out in Karunya 
University, Coimbatore, using Hitachi S-
4500 SEM machine. Thin films of the 
sample was prepared on a carbon coated 
grid by just dropping a very small amount 
of the sample on the grid, extra solution 
was removed using a blotting paper and 
then the film on the SEM grid were 
allowed to dry by putting it under a 
mercury lamp for 5 min.  

EDAX Analysis  

In order to carry out EDAX analysis, the 
extracts reduced silver Nanoparticles were 
dried and drop coated on to carbon film 
and performed on Hitachi S-3400 NSEM 
instrument equipped with a Thermo 
EDAX attachments.  

Antibacterial activity of silver 
nanoparticles  

The antibacterial activity of the 
synthesized silver nanoparticles was 
checked against both Gram positive and 
Gram negative bacterium. Agar well 
diffusion method was done to determine 
the antibacterial activity of the synthesized 
silver nanoparticles against human 
pathogenic bacteria viz., Escherichia coli, 
Corynebacterium diphtheriae, Klebsiella 
pneumoniae, Bacillus sp., Pseudomonas 
aeruginosa and Staphylococcus aureus. 
These organisms were grown in nutrient 
broth for 24 hr. Approximately 20 ml of 
Muller Hinton agar was poured in 
sterilized Petri dishes and allowed to 
solidify.     
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The plates were swabbed with the 
organisms. Agar wells of 5 mm diameter 
were prepared with the help of a sterilized 
stainless steel cork borer. Five wells were 
prepared in the agar plates. The wells were 
labeled as E, E1, D, D1 and N1. The 
synthesized silver nanoparticles were 
dissolved in ethanol, DMSO, distilled 
water and added to the wells completely. 
Ethanol and DMSO were also maintained 
as control separately in the wells. The 
plates which were inoculated with the 
bacterial and silver nanoparticles were 
incubated at 37oC for 24 hr. The plates 
were examined for evidence of clear zones 
of inhibition. The diameter of such zones 
of inhibition was measured using a meter 
ruler and the values for each organism was 
recorded and expressed in millimeter.   

Result and Discussion  

Synthesis of silver nanoparticles  

Cell free filtrate of Corynebacterium sp. 
was mixed with silver nitrate solution and 
incubated in dark in rotary shaker for 72 
hours. Samples showed change in colour 
from almost colourless to brown, this is a 
clear indication of the formation of silver 
nanoparticles in the reaction mixture. The 
intensity of the colour was increased 
during the period of incubation. The 
appearance of brown colour was due to the 
excitation of surface Plasmon vibrations. 
The control showed no change in colour of 
the mixture when incubated in the same 
conditions. (The colour change is shown in 
the Fig.1)  

UV-VIS spectrophotometric analysis  

Synthesis of colloidal silver nanoparticles 
was initially performed by UV-Visible 

spectroscopic analysis. In UV-Visible 
spectrum, a strong peak was observed 
between 420 nm, indicating the presence 
of silver nanoparticles. (The OD values are 
shown in the Table.1; Fig.2.)    

Table. 1 OD values for UV-VIS                      
              Spectrophotometric analysis    

0 
hours 

24 
hours 

42 
hours 

72 
hours 

Blank 0.00 0.00 0.00 0.00 

Test 0.19 0.38 0.53 0.85 

  

Figure.2 OD values of UV              
                Spectrophotometer            

Nitrate reductase assay  

In this study, the nitrate reductase activity 
and the presence of nitrate reductase 
enzyme in the culture filtrate of 
Corynebacterium sp. was detected by 
nitrate reductase assay. Hence, nitrate 
reductase activity and the presence of 
nitrate reductase enzyme in the isolate 
indicates the reduction of silver nitrate into 
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silver nanoparticles. (The OD values are 
shown in the Table.2; Fig.3).  

Table. 2 OD values for nitrate reductase    
   Assay   

0 
hours

 
24 

hours

 
42 

hours

 
72 

hours

 

Blank

 

0.00 0.00 0.00 0.00 
Test 0.35 0.51 0.66 0.70 

  

Figure.3 OD values for nitrate              
                reductase assay          

Characterization of silver nanoparticles 

SEM analysis  

The SEM micrographs of nanoparticles 
obtained in the filtrate showed silver 
nanoparticles with an average size of about 
24.55 nm, 24.46 nm, 24.85 nm, 25.34 nm, 
26.76 nm, 31.58 nm, 32.05 nm (Fig. 4).   

EDAX analysis  

Analysis through Energy dispersive X-ray 
(EDX) spectrometers confirmed the 
presence of elemental silver signal of 
silver nanoparticles. The vertical axis 
displays the number of X-ray counts with 
the horizontal axis displays energy in Kev. 

Identification lines for the major emission 
energies for silver (Ag) are displayed and 
these correspond with peaks in the 
spectrum, thus giving confidence that 
silver has been correctly identified (Fig. 5)  

Figure. 4 SEM analysis of Nanoparticles                   

Figure. 5 EDAX analysis of nanoparticles                  

Antibacterial activity of silver 
nanoparticles  

The synthesized silver nanoparticles 
showed activity against Corynebacterium 
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diphtheriae, Escherichia coli, Bacillus sp., 
and Staphylococcus aureus and no activity 
was shown against Pseudomonas 
aeruginosa. The activity was shown with 
the presence of zone of inhibition. The 

synthesized silver nanoparticles showed 
more activity in ethanol dilutions of 
Staphylococcus aureus, Escherichia coli, 
Bacillus sp. and Corynebacterium 
diphtheriae (Table. 3; Fig. 6 - 10).  

Table. 2 Antibacterial activities of silver nanoparticles synthesized from 
Corynebacterium sp.  against different clinical pathogens 

Zone of Inhibition (mm) 

  

Test organisms  Ethanol  DMSO 
Nanoparticles 

(Ethanol) 
100mg 

Nanoparticles 
(DMSO) 
100mg 

Nanoparticles 
(Water) 100mg

  

Bacillus sp 5 6 9 8 10 
Staphylococcus aureus 6 7 13 11 11 
Pseudomonas aeruginosa

 

4 5 - - - 
Escherichia coli 5 5 10 9 9 
Corynebacterium 
diphtheriae 

6 5 7 8 9 

 

The synthesis, characterization and 
applications of biologically synthesized 
nanoparticles have become an important 
branch of nanotechnology. In this study 
silver nanoparticles were synthesized 
using Corynebacterium sp. The formation 
of silver nanoparticles was confirmed by 
UV-Visible spectrophotometer and their 
characterization was done by SEM and 
EDAX analysis.   

The antibacterial activity of the 
synthesized silver nanoparticles was 
checked against different clinical 
pathogens like Escherichia coli, 
Corynebacterium diphtheriae, Klebsiella 
pneumoniae, Bacillus sp., Pseudomonas 
aeruginosa and Staphylococcus aureus. 
Antibacterial activity of silver 
nanoparticles has maximum effect on 
Staphylococcus aureus compared to other 
bacterial pathogens. This biological 
approach toward the synthesis of silver 
nanoparticles has many advantages such 
as, ease with which the process can be 

scaled up, economic viability etc.  
Applications of such eco-friendly 
nanoparticles in bactericidal, wound 
healing and other medical and electronic 
applications, makes this method 
potentially exciting for the large-scale 
synthesis of other nanoparticles.  
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