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Abstract: 
The nanotoxic effect of metallic nanoparticles such as iron, gold, and copper 
nanoparticles was investigated using Escherichia coli, Bacillus subtilis Staphylococcus 
aureus, and Pseudomonas aeruginosa. The average sizes of the nanoparticles ranged 
from 35nm to 75nm were used for the present investigation. The antimicrobial effect of 
iron, gold, and copper nanoparticles was compared based on the diameter of the 
inhibition zone in disc diffusion tests. Bacterial sensitivity to metallic nanoparticles was 
found to vary depending on the microbial species. Disk diffusion studies with P. 
aeruginosarevealed greater effectiveness of the compared other strains for iron and 
copper nanoparticles. Bacillus subtilis depicted the highest resistance to gold 
nanoparticles compared to the other strains. 
Among the three different nanoparticles, iron nanoparticles showed the highest 
antimicrobial activity.  
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Introduction: 
 

The major cause of chronic infections and mortality is a bacterial infection. For the 
treatment of bacterial infection over years antibiotics are used because of their cost-
effectiveness and controlling outcomes. The widespread use of antibiotics has led to the 
emergence of multidrug-resistant bacterial strains. Super-bacteria has been developed for 
nearly all antibiotics that are resistant due to abuse of antibiotics. The bacterial targets for 
most of the major groups of antibiotics that are currently in use are against the cell wall 
synthesis, translational machinery, and DNA replication machinery [1]. 

The high occurrence of resistance of different microorganisms to the majority of 
antimicrobial agents is attracting a great deal of attention. In this regard, recent studies 
have reported that various metal NPs exhibit antimicrobial effect and this might provide 
potentially promising applications in the fight against the ever-growing number of 
antimicrobial-resistant pathogenic microorganisms which pose a continuous threat to 
human and animal health.  The morphological and physicochemical characteristics of the 
metal nanoparticles exert an effect on their antimicrobial properties [2], [3], [4].  

Current development in the field of nanotechnology has provided various methods for 
synthesizing substitute antimicrobial agents. They are reports where Iron nanoparticles [5-
10] gold nanoparticles [11-14 and copper nanoparticles [15-20] have antimicrobial 
activity  
 
Materials and Methods  
 
Bacterial Stains: 
 

The experiments were carried out with gram negative bacteria Escherichia coli, 
Pseudomonas aeruginosa and gram positive bacteria Bacillus subtilis, Staphylococcus 
aureus in nutrient agar media. Throughout this study, the same nutrient media was used 
for all strains, unless otherwise specified. For preparing solid media, the nutrient media 
was supplemented with Agar Agar as a solidifying agent. 
 
Preparation of cultures in nutrient broth: 

 
The nutrient broth is prepared without adding agar. Then 15ml of broth was dispensed 

into each sterile test tube. These tubes were then sterilized in an autoclave at 1210C at 
15lbs pressure for 15 minutes. These tubes were then allowed to cool. With a sterile 
inoculating loop a single isolated colony is picked and then the loop is dipped into the 
labeled tubes aseptically in laminar airflow. For proper transfer, the broth should be 
stirred with the loop. These were used as mother cultures. 
 
Preparation of stock nanoparticles: 
 

A stock solution of 10 mg/ml is prepared by carefully weighing 10milligrams of the 
sample on electronic balance into a sterile Eppendorf tube and adding 1ml of sterile 
distilled water. This suspension is then autoclaved to maintain aseptic conditions. Before 
loading onto filter discs this suspension is vortexed on a vortex mixer for 15 minutes to 
ensure uniform distribution of the NPs in the liquid. 
 
Antimicrobial activity by agar disc diffusion method: 
 

To check the antimicrobial activity, the Kirby-Bauer disk diffusion method was 
followed. Whatmann No: 1 filter paper was used to prepare filter discs using a punching 
machine. These discs were autoclaved for further use. From mother cultures, serial 
dilutions up to 10-5 using 9 ml saline in each test tube were prepared and aseptically 

Journal of Shanghai Jiaotong University

Volume 17, Issue 6, June - 2021

ISSN: 1007-1172

Page No: 74



 

transferring 1ml from the previous tube. These were then incubated overnight at 37
From these fresh cultures, 100µl was poured into each plate according to its label and then 
spread using L- shaped spreader. Once 
paper discs were placed in these plates roughly in a pentagon shape with Tetracycline as 
standard in the middle. 

One of the filter discs was used as control and others were loaded with 1µl, 2µl, 5µl, 
10µl of stock solution (10mg/ml) to obtain concentrations of 10µg/µl, 20µg/µl, 50µg/µl, 
100µg/µl of iron NPs. These plates were then incubated after the discs got dried in an 
incubator overnight at 37oC.  After incubation, the diameter of the zone of inhibitio
measured on agar plates using a ruler with a 1mm resolution. 
effective against bacteria at a certain concentration, no colonies will grow where the 
concentration in the agar is greater than or equal to the effective concentration. 
zone of inhibition. Thus, the size of the zone of inhibition is a measure of the compound’s 
effectiveness: the larger the clear area around the disk, the more effective is the 
compound. 

 

 
Figure 1

 
Statistical analysis: 
 

All the experiments were carried out in triplicates for each nanoparticle concentration 
for four different strains. These plates were then labeled accordingly. For all the 
experiments arithmetic mean values were considered for data analysis for
activity. 
 
Results: 
 

The antibacterial activity of copper, iron, gold, nanoparticles w
microorganisms using the diameter of inhibition zone in disk diffusion test against 
tetracycline antibiotics. The diameter of the inhibition zone (DIZ) reflects the magnitude 
of susceptibility of the microorganism. The strain suscepti
larger DIZ, whereas resistant strains exhibit smaller DIZ. The disks with all three types of 
nanoparticles against Escherichia coli, Staphylococcus aureus, Bacillus subtilis, 
Pseudomonas aeruginosa bacterial strains were select
nanoparticles impregnated disks was almost 40
nanoparticles for all the strains selected for this study. Since DIZ was measured on agar 
plates using a ruler with 1mm resolution. 

Representative growth profiles of microbial strains in the presence of a varying 
concentration of iron, copper and gold nanoparticles resulted
inhibition zone. As the concentration of nanoparticles increased there is anincrease i
DIZ of the respective strains, no growth was observed for the control disc. The 

transferring 1ml from the previous tube. These were then incubated overnight at 37
From these fresh cultures, 100µl was poured into each plate according to its label and then 

shaped spreader. Once these plated were allowed to dry, autoclaved filter 
paper discs were placed in these plates roughly in a pentagon shape with Tetracycline as 

One of the filter discs was used as control and others were loaded with 1µl, 2µl, 5µl, 
of stock solution (10mg/ml) to obtain concentrations of 10µg/µl, 20µg/µl, 50µg/µl, 

100µg/µl of iron NPs. These plates were then incubated after the discs got dried in an 
C.  After incubation, the diameter of the zone of inhibitio

measured on agar plates using a ruler with a 1mm resolution. If the compound is 
effective against bacteria at a certain concentration, no colonies will grow where the 
concentration in the agar is greater than or equal to the effective concentration. This is the 
zone of inhibition. Thus, the size of the zone of inhibition is a measure of the compound’s 
effectiveness: the larger the clear area around the disk, the more effective is the 

Figure 1Overview of Disc diffusion method 

All the experiments were carried out in triplicates for each nanoparticle concentration 
for four different strains. These plates were then labeled accordingly. For all the 
experiments arithmetic mean values were considered for data analysis for antimicrobial 

The antibacterial activity of copper, iron, gold, nanoparticles was compared for various 
microorganisms using the diameter of inhibition zone in disk diffusion test against 
tetracycline antibiotics. The diameter of the inhibition zone (DIZ) reflects the magnitude 
of susceptibility of the microorganism. The strain susceptible to disinfectants exhibit 
larger DIZ, whereas resistant strains exhibit smaller DIZ. The disks with all three types of 

Escherichia coli, Staphylococcus aureus, Bacillus subtilis, 
bacterial strains were selected for this study. The DIZ for iron 

nanoparticles impregnated disks was almost 40-50% greater than that observed with other 
nanoparticles for all the strains selected for this study. Since DIZ was measured on agar 
plates using a ruler with 1mm resolution.  

Representative growth profiles of microbial strains in the presence of a varying 
concentration of iron, copper and gold nanoparticles resulted in different diameter
inhibition zone. As the concentration of nanoparticles increased there is anincrease i
DIZ of the respective strains, no growth was observed for the control disc. The 

transferring 1ml from the previous tube. These were then incubated overnight at 37oC. 
From these fresh cultures, 100µl was poured into each plate according to its label and then 

these plated were allowed to dry, autoclaved filter 
paper discs were placed in these plates roughly in a pentagon shape with Tetracycline as 

One of the filter discs was used as control and others were loaded with 1µl, 2µl, 5µl, 
of stock solution (10mg/ml) to obtain concentrations of 10µg/µl, 20µg/µl, 50µg/µl, 

100µg/µl of iron NPs. These plates were then incubated after the discs got dried in an 
C.  After incubation, the diameter of the zone of inhibition was 

If the compound is 
effective against bacteria at a certain concentration, no colonies will grow where the 

This is the 
zone of inhibition. Thus, the size of the zone of inhibition is a measure of the compound’s 
effectiveness: the larger the clear area around the disk, the more effective is the 

 

All the experiments were carried out in triplicates for each nanoparticle concentration 
for four different strains. These plates were then labeled accordingly. For all the 

antimicrobial 

compared for various 
microorganisms using the diameter of inhibition zone in disk diffusion test against 
tetracycline antibiotics. The diameter of the inhibition zone (DIZ) reflects the magnitude 

ble to disinfectants exhibit 
larger DIZ, whereas resistant strains exhibit smaller DIZ. The disks with all three types of 

Escherichia coli, Staphylococcus aureus, Bacillus subtilis, 
ed for this study. The DIZ for iron 

50% greater than that observed with other 
nanoparticles for all the strains selected for this study. Since DIZ was measured on agar 

Representative growth profiles of microbial strains in the presence of a varying 
different diameters of 

inhibition zone. As the concentration of nanoparticles increased there is anincrease in the  
DIZ of the respective strains, no growth was observed for the control disc. The 
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bactericidal effect of nanoparticles is dependent on the concentration of nanoparticles and 
the initial bacterial concentration. 

The formation of various zones of inhibition was observed at different 
concentrations(10µg/ml,20µg/ml,50µg/ml,100µg/ml) of nanoparticles. The DIZ increased 
with the increased concentration of the nanoparticles. From this study, it was observed the 
diameter of inhibition was maximum at 100µg/ml for the iron nanoparticles for gram 
negative bacteria when compared gram positive bacteria.  

 

 
 
Figure  2: Effect of Disc diffusion assay for iron nanoparticles against microbial strains. 

 
In figure2 diameter of the inhibition zone is maximum at 100 µg of iron nanoparticles 

for P. aeruginosa which is a gram negative bacteria. Similarly, other gram negative E. coli 
also exhibiting without significant diameter of inhibition of zone. For the gold 
nanoparticles, the effect was also studied for different bacterial strains. The maximum 
diameter of inhibition was observed for B. subtilis for gold nanoparticles is shown in 
figure 3. The impact of gold nanoparticles on selective degradation of cation dye and their 
antimicrobial activity was also reported by Singh et al. [14]. 

 
Figure 3 Effect of gold nanoparticles on bacterial growth of Bacillus subtilis. 
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Figure  3: Effect of Disc diffusion assay for gold nanoparticles against various microbial 
strains. 
 

The effect of copper nanoparticles was also studied for their antimicrobial activity. 
With the increasing concentration of copper nanoparticles, there is an increase in the 
diameter of the inhibition zone for all bacterial strains used. But that P. aeruginosa 
resulted in the maximum diameter of the zone of inhibition compared to other 
bacterial strains (figure 5).  
 

 

 
 
Figure  4: Effect of Disc diffusion assay for copper nanoparticles against microbial 
strains. 
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Comparison of the diameter of the zone of the inhibition in iron, gold and copper 
nanoparticles, iron nanoparticles resulted inthe maximum diameter of the zone of the 
inhibition in P. aeruginosa when compared to other bacterial strains.  
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