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Abstract 

The laser and nanoparticles representing the concourse of 

biological science with physical science and considering modern method 

that used as an antibacterial instead of conventional antibiotics. The 

present study is an attempt to illustrate how the use of laser or silver 

nanoparticles each of them individually, as an antibacterial agent against  

Escherichia  coli (E. coli) as well as study the effective result from the 

absorption of Diode laser energy by these nanoparticles to kill or 

inhibition bacterial growth. The silver nanoparticles (AgNPs) are 

prepared by biological method E. coli were isolated and identified by use 

MacConkey agar and biochemical tests. Nanoparticles are tested against 

E. coli cultured on Muller Hinton agar but Diode laser or laser with 

nanoparticles are tested against E. coli that cultured in Nutrient broth. E. 

coli are irradiating by Diode laser with different times. Different 

concentrations of silver nanoparticles have been employed for killing and 

inhibition bacterial growth. Results showed E. coli was effected by 

nanoparticles (mainly highest concentration of nanoparticles) also 

detected that decrease bacterial availability with increase time of 

exposure to Diode laser.  
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Introduction  
 

There is a growing concern about the emergence and re-emergence 

of drug-resistant pathogens such as multi-resistant E. coli [1]. From that, 

there is a needing to discover novel strategies and identify new 

antimicrobial agents from natural and inorganic substances to develop the 

next generation of drugs or agents to control microbial infections 

[2].Greater effectiveness on resistant strains of microbial pathogens, less 

toxicity and heat resistance are the characteristic of laser and metal oxide 

nanoparticles, which make them the selective candidates for eradicating 

bacteria [2,3]. The small size of silver nanoparticles referred which is 250 

times smaller than a bacterium that might be giving it the antimicrobial 

ability [4-6]. The mechanism of bactericidal actions of silver 
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nanoparticles is still not well understood but in a previous report [7] on 

the bactericidal activity of silver nanoparticles, it was shown that the 

interaction between silver nanoparticles and constituents of the bacterial 

membrane caused structural changes in and damage to membranes, 

finally leading to cell death[8,9]. Microbes are unlikely to develop 

resistance against silver, as they do against conventional and narrow-

target antibiotics, because the metal attacks a broad range of targets in the 

organisms, which means that they would have to develop a host of 

mutations simultaneously to protect themselves [7,11]. The laser used in 

medical field for different purposes like to cure various types of ulcerous 

wounds. The increase in the exposure of the radiation resulted in the 

reduction of the bacteria count due to their destruction because of the 

radiation [7,12]. So, the aim of this study was to evaluate the effect of 

silver nanoparticles and laser Diode on the growth of the gram negative 

bacteria E-coli isolated from hospitalized infections.    

Materials and Methods 
Preparation of nanoparticles   
Silver nanoparticles are prepared by the biosynthesis method in the 

Microbiology Laboratory- for postgraduates research - College of 

medicine - University of Al-Qadisiyah.  

 

Preparation of Bacterial Samples:  
The bacterial sample of E. coli was collected from the Central Health 

Laboratory from Al Najaf city, which is taken from the surgical tools in 

the operation rooms of the Al- Najaf teaching hospital. The collection 

was done by swab and then E. coli were isolated and identified by use 

MacConkey agar and biochemical tests. 

 

Biosynthesis Method of AgNPs: 

I-Preparation of Fungal Culture: 
            Aspergillus niger was grown in yeast malt broth at 37°C for  5  

days.  The  flasks  were  incubated  in  the  shaker incubator at 200 RPM. 

After 5 days of incubation, the mycelium   was   separated   and   washed   
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thrice   with deionized water. 20 g of biomass was treated with 200 ml of 

deionized water for 72 h at 250C in an Erlenmeyer flask  and  agitated  in  

the  same  condition  as  described earlier. After the incubation, the cell 

filtrate was obtained by filtration through Watmann filter paper 

number113. 

II- Synthesis of Silver Nanoparticles: 
            Silver nitrate at 1mM concentration was mixed with 50 ml  of  

cell  filtrate (above)  in  a  250  ml  Erlenmeyer  flask  and agitated at 

25ºC in dark along with control 13. Colloidal nano silver that has particle 

size 20 nm to 40 nm (average = 30 nm) with different concentration 

(36.21ppm)  that equal to mg/L (This concentration was diluted to one 

half and quarter). 

Bacterial susceptibility to nanoparticles.  
To examine the susceptibility of E. coli to different silver nanoparticles, 

Muller Hinton agar were prepared with holes, the diameter for each hole 

was 5 mm. Placed 0.2 ml of each concentration of AgNPs in one hole. 

Put the plates in the incubator for 24 hrs. in temperature of 37°C then 

zone of inhibition was measured manually.  

Application Laser Irradiations on Bacterial Species:  

The procedure for applying Diode laser (with 50 mw) on the tubes that 

contain E. coli cultured in Nutrient broth and irradiate them with Diode 

laser with different irradiation times (1,3,5,7,10,15,20) minutes. 

 

Application Laser with nanoparticles on Bacterial Species:  

The procedure for applying the Diode laser on the tubes that contain E. 

coli bacteria cultured in Nutrient broth with different concentrations of 

AgNPs and irradiate them with Diode laser with different irradiation  

times (1,3,5,7,10) minutes. 

 

 



Results 

Nanoparticle test 

The size and morphology of  nanoparticles were determined

spectroscopy and scanning 

(1) and figure (2). 

Figure (1): Absorption spectrum for biosynthesis of AgNPs.

Figure (2): 
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The size and morphology of  nanoparticles were determined

and scanning electron microscope (SEM), as seen in figure 

bsorption spectrum for biosynthesis of AgNPs.

): SEM test for biosynthesis of AgNPs.

Effect of Nanoparticles on  E. coli 
The effect of AgNPs on E. coli growth can be seen in figure (

Results showed that sensitivity of E. coli to nanoparticles increas
concentration of nanoparticles (figure 4). 
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The size and morphology of  nanoparticles were determined by UV-Vis 

, as seen in figure 
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Figure (4): Average diameter measured for effect of AgNPs in 
different concentrations on 
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Figure (3): Image for effect of AgNPs on 
Hinton agar. Where

AgNPs with 
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Average diameter measured for effect of AgNPs in 
different concentrations on E. coli. 

 

21 ppm 18.1 ppm 9 ppm

Concentrations of AgNPs

Image for effect of AgNPs on E. coli that cultured on Muller 
Where: 1,2,3 represent concentrations of biosynthesized 

AgNPs with 36.21 ppm, 18.1 ppm and 9 ppm respectively
 

 

Average diameter measured for effect of AgNPs in 

that cultured on Muller 
 represent concentrations of biosynthesized 

 ppm respectively. 



Effect of Laser Irradiations on E

The effect of Diode laser 

E. coli can be seen in the figure 

time associated with decrease 

absorbency). 

Figure (5): Effect of Diode laser in different irradiation t imes on   
E. coli

 

Mutual effect of laser and 

Figures (6)  showed the effect of Diode laser 

on E. coli. Although the effect
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ffect of Laser Irradiations on E-coli growth 

The effect of Diode laser (50 mw)in different irradiation times on 

n be seen in the figure (5) that showed the increase

decrease bacterial availability in Nutrient 
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Figure (6):  Effect of Diode laser
with AgNPs in different concentrations on 
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):  Effect of Diode laser in different irradiation times 
with AgNPs in different concentrations on E.coli cultured in nutrient 

broth. 

The silver nanoparticles show efficient antimicrobial against 

this may be due to the ability of these nanoparticles to attack the

, cell division and finally leading to cell death 

Some studies have reported that the positive charge on the Ag ion is 

crucial for its antimicrobial activity through the electrostatic attract

ion between negative charged cell membrane of microorganism and 

positive charged nanoparticles [7,8,12]. Sondi and Salopek

reported that Ag nanoparticles accumulated in the bacterial membrane 

caused the permeability, resulting in cell death [13]. Amro et al

that metal depletion may cause the formation of irregularly shaped pits in 

the outer membrane and change membrane permeability, which

by progressive release of lipopolysaccharide molecules and membrane 

In this study antimicrobial action of used nanoparticles

enhanced with increase their concentration and this agree with other 
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used nanoparticles is 

this agree with other 

10 min.
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studies [2,15,16].  Theivasanthi and  Alagar showed that the toxicity of 

silver nanospheres is higher than that of gold nanospheres  and bacteria 

not able to develop immunity to silver as they often do with antibiotics 

[14]. Furthermore, Pal et al. found that interaction of nanoparticles with 

E. coli shape dependent, since truncated triangular particles showed 

higher activity compared to spherical and rod-spherical particles 

[5].Current study detected  inhibitory action of  laser on E. coli and this 

agree with study of Rathod et al (2012) who show that exposure of 

bacterial cultures to Diode laser light results in a decrease in viability and 

suggest that power of laser and time of exposure plays an important role 

in its efficacy [7]. The mechanism of laser-induced cell destruction has 

important implications in clinical therapy. According to Karu exposing a 

cell to laser light causes acceleration of electron transfer in some areas of 

the respiratory chain. At higher doses, this excitation energy is transferred 

to oxygen to form oxygen radical [12]. In general, the ability of the laser 

light to kill the micro-organisms is species dependent. The reasons 

contributing to this observation remain unknown. One view suggests the 

role of cell morphology, especially the kind of pigmentation of the cell 

wall that determines the susceptibility of the different bacterial species to 

laser radiation [7]. In the study current, the dual action of laser and 

nanoparticles not have clear inhibitory action on E. coli and this agree 

with study of Hassan, (2015) who determine that tested  E. coli can re-

grow after 24 hr of incubation [16].  

 
Conclusion 

The inhibition or killing of bacteria was increased when the 

concentrations of nanoparticles were amplified. In addition, sensitivity of 

E. coli to laser enhance with increase time of exposure.  

 



(10) 

References 

1. Kolar, M.; Urbanek, K. and Latal, T., (2001). Antibiotic selective 

pressure and development of bacterial resistance. Int J Antimicrob Ag. 

17: 357-363.  

2. Aysa, H. N. and Salman A.  D., (2016).   Antibacterial activity of 

modified zinc oxide nanoparticles against Pseudomonas aeruginosa 

isolates of burn infections. World Scientific News 33:1-14. 

3. Firdhouse, M. J. and Lalitha, P., (2015). Biosynthesis of Silver 

Nanoparticles and Its Applications Journal of Nanotechnology 1-19. 

4. Chwalibog, A.; Sawosz, E.; Hotowy, A.; Szeliga, J.; Mitura, S.; 

Mitura, K.; Grodzik, M.; Orlowski, P. and Sokolowska, A., (2010). 

Visualization of interaction between inorganic nano-particles and 

bacteria or fungi. International Journal of Nanomedicine, 5: 1085-

1094. 

5. Mahmood, M. A., (2012). The antibacterial effect of silver 

nanoparticles on some bacterial pathogens. Iraqi Journal of Physics, 

10(18):56-61.   

6. Poulose, S. ; Panda, T. ; Nair, P. P. and Th´eodore, T. , (2014). 

Biosynthesis of silver nanoparticles, Journal of Nanoscience and 

Nanotechnology,14(2): 2038–2049. 

7. Marambio-Jones, C. and Hoek, E.M. V. , (2010).  A review of the 

antibacterial effects of silver nanomaterials and potential implications 

for human health and the environment. Journal of Nanoparticle 

Research, 12(5):1531–1551.  

8. Pal. S.; Tak, Y. K. and Song, J. M., (2007). Does the antibacterial 

activity of silver nanoparticles depend on the shape of the 

nanoparticle? A study of the Gram-negative bacterium Escherichia 

coli. Appl Environ Microbiol, 73(6):1712–20. 



(11) 

9. Thomas, R.; Janardhanan, A.; Varghese, R. T.; Soniya, E.V.; 

Mathew, J. and Radhakrishnan E.K., (2014). Antibacterial 

properties of silver nanoparticles synthesized by marine 

Ochrobactrum sp. Brazilian Journal of Microbiology, 45(4):1221-

1227. 

10. Rathod, S. M.; Mayuresh,  S.; Shrikant, J. and Kshirsagar, R., 

(2012).  Effects of He-Ne laser irradiation on Escherichia coli and 

Bacillus subtilis International Journal of Basic and Applied, 2 (2): 

2249-3352. 

11. Arya, V.; Komal, R.; Kaur, M. and Goyal, A., (2011). Silver 

nanoparticles as a potent antimicrobial agent: a review. Pharmacology 

online, 3:118–124. 

12. Stadler, I.; Lanzafame, R. J.;  Oskoui, P.; Zhang, R.Y.; Coleman 

J, and Whittaker, M., (2004). Alteration of skin temperature during 

low-level laser irradiation at 830 nm in a mouse model. Photomed 

Laser Surg, 227-231. 

13. Sondi, I. and Salopek-Sondi, B., (2004). Silver nanoparticles as 

antimicrobial agent:a case study on E. coli as a model for Gram-

negative bacteria. J Colloid Interface Sci., 275:177 - 82. 

14. Theivasanthi, T. and  Alagar, M.,(2010). Anti-bacterial Studies of 

Silver Nanoparticles. Department of Physics, PACR Polytechnic 

College, India.1-5. 

15. Wajih1, Z.; Al-dahan1, Z. T. and Ayyad Al shahwany, A., (2015). 

Antimicrobial Effects of Silver Nanoparticles Produced by Laser 

Ablation. Iraqi Journal of Science, 56(3B): 2170-2186. 

16. Amro, N.A.; Kotra, L.P; Wadu-Mesthrige, K.; Bulychev, A.; 

Mobashery, S. and Liu, G. (2000). High-resolution atomic force 

microscopy studies of the Escherichia coli outer membrane: structural 

basis for permeability. Langmuir,16:2789- 96. 



(12) 

17. Hassan, S., (2015). Physical damage to the bacteria using a 

combination of laser energy and absorbing nanoparticles. Advances in 

Environmental Biology, 9(24): 288-294 

 

 


	ÞÈæá ÇáäÔÑ.pdf
	Escherichia-2.pdf

