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Low-intensity laser is proposed in clinical protocols based on
biostimulative effects, yet dosimetry is inaccurate and their effects on
DNA at therapeutic doses are controversial. The aim of this work was
to evaluate the effects of low-intensity laser 805nm wavelength on
Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus)
plasmids. Our findings in this study indicate that the 805nm laser has
effect on gram positive and gram negative bacterial genetic profile.
Studies about laser effects and safety strategies are necessary for
professionals and patients exposed to low-intensity lasers at therapeutic
doses.
Copy Right, IJAR, 2016,. All rights reserved.
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Introduction:Since resistance to antibiotics is becoming an increasing problem, another possibility to battle bacterial infections
are needed (Finger, et.al. 2013). Safety concerns about food, drinking water, health surveillance, and clinical
diagnosis related to microbial pathogens have attracted increasing attention worldwide (Raj, et.al. 2015). Gram
negative bacteria Escherichia coli (E. coli) are the leading cause of urinary tract infection, food borne illness,
inflammation, bloody diarrhoea (Nataro and Kaper 1998). These are due to their ability to produce toxins and
enzymes which help bacteria to avoid body immune response as well as resist antibiotic treatment (Lim, et.al. 2010).
On the other hand, Staphylococcus aureus (S. aureus) is a Gram-positive spherical bacterium and it is equipped with
a great variety of virulence factors, which include both structural and secreted products participating in pathogenesis
of infection. In addition, it is one of the main causes of hospital and community-acquired infections which can
result in serious consequences (Campanile, et.al. 2015).
Today, it is generally accepted that an exponential growth in the use of lasers has been observed in almost every area
of pure and applied sciences. A wide variety of the laser propelled the invention of a several new ways research.
Most of the electronic industry giants and many research laboratories are now competing to manufacture novel
ranges of lasers (Nasim and Jamil, 2014). Furthermore, scientists have been agreed that the susceptibility of bacterial
plasmid to laser light is varied from one Genus to another. Laser treatment has been applied for the development of
an effective and safe technology for the inactivation of bacterial pathogens (Liang, et.al. 2013). It is well
documented that the exposure of laser radiation was genotoxic in prokaryotic organisms also indicated that the
presence of laser light selectively enhances damage on the guanine bases in DNA of pathogenic microorganism
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(Geng, et al. 2008). However, gene expression and the corresponding protein production resulting from exposure to
laser radiation have not been investigated well (Raul and David, 2013).
Low-level lasers have been used among scientists to cure many diseases based on its biostimulative effect. However,
the photo-biological basis for its mechanism of action and adverse effects are not well understood. The aim of this
study was using experimental model to evaluate the effects of 805nm laser on genetic bacterial pathogens.

Materials and Methods:Bacterial isolates:Two different bacteria (E.coli and S. aureus) were obtained from Teaching hospital (Erbil/Iraq). They were recultured on nutrient agar for 48 hours. Then they were cultured in nutrient broth and put them in shaking incubator
for 24 hours. Identification and diagnosis for both bacteria had done by using api 20E system.
Plasmid extraction:Once the bacterial culture in nutrient broth had been prepared, we harvested the bacterial culture by centrifugation at
8000 rpm in a micro centrifuge for 2 minutes at room temperature. Then we decant the supernatant and remove all
remaining medium.
Plasmid extraction was performed by using GeneJET Plasmid Miniprep Kit for both bacteria. This methodology is
based upon protocols described by manufacturer (Thermo Scientific). All extraction steps carried out at room
temperature. Also all centrifugations carried out in a micro centrifuge at 12 000 rpm.
Gel electrophoresis:Gel prepared at 0.5gms of powdered agarose, were mixed into 100ml of 1X TBE buffer. The mixture was then
heated in microwave until it becomes clear. 1μL of Web Green was then added into the solution. The gel solution
was poured into a gel tray; a comb was placed into the gel to create the wells for plasmid DNA samples. The gel was
then allowed to cool and set for 30 minutes. After the mini agarose gel electrophoresis prepared, we added10μL of
the extracted plasmid DNA, with 1μL of loading dye and placed in the pores. The tray was then put in a tank
containing TBE buffer. A voltage of 80 v/cm² was allowed to pass through the gel for 45 minutes till the trapping
dye nearly reached the edge of the gel, then examined and photographed under UV light source.
Laser Device and Irradiation Setup:The 805nm Diode laser was used in this study with spot size diameter of 5mm. The exposure time was adjusted for
5,10 and 15 minutes. The setup of chopped diode laser is illustrated in Figure (1).

Figure 1:- laser sensitivity test shows the setup of irradiation method by Diode laser (805nm).
Samples Preparation and laser Irradiation:After both bacterial plasmids isolated, we added 50μL of distilled water for each of them (tubes). Then we
transferred 10μL of the mixture (plasmid and distilled water) into Eppendorf tubes. The laser beam then used with
the 805nm wavelength, the exposure time was adjusted for three different times for both isolated plasmids which are
5,10 and 15 minutes. At the end we utilized mini agarose gel electrophoresis to study laser effect on both plasmids at
different times.
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Result:Two different bacteria E.coli and S. aureus were selected in this study to detect the irradiation effects on their
plasmid content. The irradiated DNA samples were immediately re-dissolved in 50 µl of distilled water. Agarose gel
electrophoresis was used to separate different forms of plasmid DNAs (irradiated and non-irradiated plasmid).The
agarose gel was prepared with 0.5gms agarose and 1μL of Web Green; the samples were then run in the agarose gel
at 80 volts for 45 minutes. The table 1 displays the loading samples into the gel. The results of the gel run are given
in Figure 2, which shows the plasmid profile for both microorganisms before laser irradiation. It can be seen well
number 1 represents the ladder with the size of 1kb. Further down in the gel, lane number 2 and 3 show the E.coli
and S. aureus genetic profile prior to diode laser respectively. Both plasmids before irradiation in the range of above
1kb in size which appears as double bands. However, the size of the E.coli plasmid(s) is bigger than S. aureus
plasmid(s).
On the other hand, table 2 demonstrates the loading samples into the gel after irradiation. The consequences of the
diode laser 805nm on both bacterial genetic profiles as shown in figure 3 and 4. It can be seen from the third figure
that well number1, 2 and 3 contain the extracted E.coli plasmid that irradiated with805 diode laser for 5, 10 and 15
minutes respectively. Furthermore, figure 4 demonstrates that pore number 1, 2 and 3 contain the result of irradiated
S. aureus genetic profile in three different times 5, 10 and 15 minutes respectively. The same result for E.coli and S.
aureus were obtained as shown in both figures (3 and 4). Thus, there is no evidence of irradiation product band for
both irradiated plasmids. This is referred to the impairment of irradiation on its plasmid profile.
The molecular weights of the unknown bands were determined using a calibration curve based on the known
molecular weights of the constituents of the ladder and corresponding relative distances travelled.
Table 1:- Displays well content before laser irradiation and product band sizes (bp).
Well number
Sample type
1
ladder
2
E.coli
3
S. aureus

1

2

Band size (bp)
1000<
1000<
1000<

3

Figure 2:- Gel electrophoresis image shows well content and migration of plasmid DNA extracts before irradiation
with diode laser.
Table 2:- displays well content after laser irradiation, product band sizes (bp) and time.
Well number
Sample type
Band size (bp)
1
E.coli
None
2
E.coli
None
3
E.coli
None

Time/Minutes
5
10
15
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3

Figure 3:- Gel electrophoresis image illustrates extracted E.coli genetic profile migration after 5, 10 and 15 minutes
of irradiation with 805nm diode laser.
Table 3:- Displays well content after laser irradiation, product band sizes (bp) and time.
Well number
Sample type
Band size (bp)
1
S. aureus
None
3
2
2
S. aureus1
None
3

S. aureus

None
1

2

Time/Minutes
5
10
15

3

Figure 4:- Gel electrophoresis image shows isolated S. aureus plasmid migration after 5, 10 and 15 minutes of
irradiation with diode laser.

Discussion:The problems of antibiotic resistance and pathogens in the environment are of unremitting concern for society.
Traditional methods to remove and inactivate pathogens have included chlorine, UV, antibiotics, and a variety of
physical and chemical processes (Capita and Alonso-Calleja, 2013, Bech, et.al. 2014). However, we are witnessing
the emergence of pathogens that are resistant to these traditional methods. For example, emerging environmental
pathogens such as Mycobacterium avium have been identified, which are resistant to traditional chlorine based
treatments (Worley-Morse, and Gunsch 2015). Furthermore, antibiotics are no longer as effective due to the
emergence of multiple types of antibiotic resistance, and there is concern of entering a post-antibiotic era. Clearly,
there is a need to investigate alternative disinfection strategies for controlling pathogens in the environment and in
engineered waste streams.
One novel approach to controlling environmental pathogens is the use of laser, which has received much attention in
the medical field as a way to specifically damage plasmid DNA by disabling the antibiotic resistant gene.
We have investigated laser-induced DNA strand breaks in plasmids. The supercoiled plasmid was irradiated at
805nm wavelength. The plasmid may exist in supercoiled, relaxed-circular or linear conformation. Only one single
strand break (SSB) is sufficient to relax DNA in supercoiled form to relaxed-circular form. One double strand break
(DSB) will produce linear molecules (Adjei, et.al. 2016).
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Generally, this study shows that the laser 805nm irradiation had a major effect on E.coli and S. aureus plasmids. he
idea of inducing DNA cut photo chemically has attracted attention, the strand breaks of plasmid DNA might be due
to singlet oxygen that is generated through the irradiation process which causes bacterial genetic profile to be
cleaved due to the interaction with nitrogen base of DNA especially guanine bases which might be act as sinks for
electrons holes within DNA owing to their propensity to be oxidized. The electron holes induced by laser irradiation
may be propagated via stacking interactions in the DNA helix until it encounters guanine cluster, where it may
persist longer than at other sites (Sies, et.al.1996, Adjei, et.al. 2016)

Conclusions:In conclusion, we have demonstrated the possibility and advantages of using 805nm laser. Bacterial plasmid(s)
could be impaired by laser irradiation for instance E.coli and S. aureus plasmids. This means that many antibiotics
could be replaced by diode laser 805nm wavelength for curing infectious microorganisms. Overall, it is believed that
the diode laser 805nm wavelength can meet the scientist's challenges from laboratories to industries.
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