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Abstract  

Total of 120 samples were collected from different body sites and lesions for patients from both 

sexes. There were 78 isolates (65%) Staphylococcus aureus from them 37 isolates were Methicillin-

resistant Staphylococcus aureus (MRSA). Each isolate was exposed to diode laser 632nm 

wavelength with 300µM of methylene blue (MB) at 458.6 watt/cm
2
 for 15 minutes, both 

phenotypic and genotypic changes in virulence factors and the antibiotic-resistance were 

evaluated before and after irradiation with laser light. It was observed that the effect of sub-lethal 

dose on the antibiotic sensitivity was isolate-dependent. In general, results showed large variations 

in the susceptibility of antibiotic. Exposure to diode laser increased resistance to Vancomycin, in 

contrast increased sensitivity to Methicillin, Ciprofloxacin, and Norfloxacin. Also Results showed 

decreases the activity of β-haemolysin, with 33 (90.3%) isolates of S. aureus in comparison to the 

control as shown in blood agar method and haemolytic titration assay, but there was no effect on 

thermonuclease enzyme after irradiation. Detection of three genes represented in MRSA isolates 

by a confirmatory test was carried out using PCR technique. The results of the PCR amplification 

of mecA gene noted that it was present in 27(72.2%) S.aureus isolates and 14(83.3%) isolates 

showed reduction in β-toxin production after exposure to laser light, with no altered or deficiency 

in thermonuclease gene (nuc). 
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 انًهخص

   ػضنج يُهب رًبٌ وعبؼٍُ ػضنتً شًهج انذساعت يئت وػششٍَ ػُُت  حى انحصىل ػهُهب يٍ يىاقغ يخخهفت يٍ انضغى نكلا انضُغٍُ.

ذ عبؼت ورلارٍُ ػضنت ػهً اَهب بكخشَب انًكىساث انؼُقىدَت انزهبُت انًقبويت وحى ححذَ بكخشَب انًكىساث انؼُقىدَت انزهبُت, (65%)

يبَكشيىنش يٍ  300َبَىيُخش، وبخشكُض  632حى حؼشَط كم ػضنت بكخشَت نعىء انهُضس رو انطىل انًىصٍ  .(MRSA)نهًزُغهٍُ 

حى حقُى انخغُشاث ػهً  وبضيٍ حؼشَط خًظَ ػششةَ دقُقتً, 2واغ / عى  458.6وبضشػت (MB)انًخحغظ انعىئٍ انًزهٍُ الاصسق 

نىحظ  ػىايم انعشاوة وانحغبعُت نًعبداث انحُىَت يٍ خلال فحص الأًَبغ انًظهشَت وانضُُُت نهب قبم وبؼذ انخؼشض نعىء انهُضس.

وبشكم ػبو حببَُج بشكم واظح َخبئش  .إٌ حأرُش نضشػت يبدوٌ انقخم ػهً حغبعُخهب نهًعبداث انحُىَت كبَج حؼخًذ ػم انؼضنت

انخؼشض نعىء انهُضس صاد يٍ يقبويت انؼضلاث انبكخُشَت نفبَكىيبَغٍُ ببنًقببم صَبدة  انحغبعُت نًعبداث انحُىَت نهخحغظ انعىئٍ.

انخحهُم  لويٍ خلافٍ حغبعُت انؼضلاث انبكخُشَت نهًكىساث انؼُقىدَت انزهبُت نهًزُغهٍُ, عبَبشوفلاكغبعٍُ وَىسفلاكغبعٍُ 

َقصبٌ فٍ إَخبس بُخب  نىحظ ,نهًُىلاَغٍُ بسٌُوبطشَقت قُبط انًؼ ( (Base Blood Agar ببعخخذاو وعػ غشاء انذو الاعبط

كًب أظهشثُ انُخبئش  .%90.3 ًكىساث انؼُقىدَت انزهبُت وبُغبتػُُت يٍ ان 33حُذ نىحظ اٌ  ؼضلاث انقُبعُت,بنهًُىلاَغٍُ يقبسَت ب

ػهً رببث اَضَى انُُىكهُض نهحشاسة. أصشٌ حشخُص حأكُذٌ نزلاد صُُبث يىصىدة فٍ  حأرُشإٌ انخؼشض نعىء انهُضس نى ًَخهك اي 

حُذ اػطج َخبئش  ببعخخذاو حقبَت حفبػم عهغهت انبهًشة, (MRSA)ػضلاث بكخشَب انًكىساث انؼُقىدَت انزهبُت انًقبويت نهًزُغهٍُ 

اظهشث َقصبٌ    %83.3ػُُت بكخشَت وبُغبت 14و  %72.2, ػُُت بكخشَت وبُغبت27ػٍ وصىد صٍُ انًقبويت نهًزُغهٍُ فٍانكشف 

 فٍ قببهُت اَخبس بُخب هًُىلاَغٍُ بؼذ انخؼشض نعىء انهُضس ودوٌ أٌ حغُش او َقصبٌ ببنُغبت نزببث اَضَى انُُىكهُض نهحشاسة.

 

 نعىء انهُضس، انًزهٍُ الاصسق، بُخب هًُىلاَغٍُ ،انحغبعُت نًعبداث انحُىَتانخؼشض نلاشؼبع،  انكهًبث انًفخبحُت:

Introduction 

Photodynamic therapy is a promising new strategy for the treatment of superficial skin infections. The 

quickly growing resistance of Methicillin resistant Staphylococcus aureus (MRSA) to conventional 

antimicrobial agents and the limitation of antibiotic treatment for these diseases is that even after 

successful killing of the infecting organism, secreted virulence factors may still be present and cause 

significant damage to host tissues [1]. 
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Photosensitization technique is one of the recent alternative strategies to prevent and treat infection that 

witness a great development since the invention of laser [2]. Also it's one of the substituent's for 

antimicrobials that may fail in bacterial killing. This method to kill bacteria offers several advantages 

over the conventional antimicrobial agents. First, development of resistance to the photochemically 

generated free radicals responsible for bacterial killing would be unlikely. Second, there will be no need 

to maintain high concentrations of the photosensitizer, and lastly, the necessary contact time of the 

photosenesitzer would be no more than few minutes [3].  

Since S. aureus had acquired resistance to penicillin, semi synthetic penicillin derivative and a wide 

variety of antimicrobials, which became a common problem in the entire world. Antibiotics resistances 

are attributed to many mechanisms such as decrease the permeability of outer membrane, efflux system, 

alteration of target site, alteration of metabolic pathways, or secretion of modifying enzymes [4]. 

MRSA strains became increasingly endemic, then rather more appearance of new resistance against 

Vancomycin further aggravate the problem [5]. A therapeutic option for the treatment of antimicrobial 

treatments is the photodynamic therapy. It's consist in visible light to excite the photosensitizer to 

generate reactive oxygen species, such as singlet oxygen and superoxide that are toxic to cells because 

can damage DNA and the cell membrane, resulting in the leakage of cell components, inactivation of 

transport systems and cell death [6], selection of an effective photosensitizer is essential for the success 

of the technique. As well as being non-toxic to humans, the ideal photosensitizer needs to absorb the 

light at the compatible wavelength and has to produce high excitation efficiency [3]. Actually, 

methylene blue (MB) was photosensitizer used clinically for antimicrobial treatments because the low 

toxicity of this dyes to human cells, plus their ability to produce high quantum yields of singlet oxygen 

[7]. 

The main objective of this study is to assess the effects of diode laser on Staphylococcus aureus 

(MRSA); their resistance pattern, its virulence factors, its genes content, furthermore viability of  

 S. aureus to the local therapeutic agents with presence of methylene blue. 

Materials and methods 

Isolation and identification of Staphylococcus aureus.  

Total of 120 samples were collected from different body sites and lesions of patients from both sexes. 

Several biochemical tests were carried out to identify S. aureus. The suspected isolates were identified 

by using Mannitol Salt Agar tests (Mast diagnostic, U.K), Catalase tests. Then, DNase and tube 

coagulase tests were done to increase the efficiency of detection of S aureus. The strains were finally 

confirmed by API Staph System (bioMérieux, France). 

Determination of Haemolysins Production 

All 37 S. aureus (MRSA) isolates were first cultivated in Brain Heart Infusion agar (Mast diagnostic, 

U.K) and incubated at 37°C overnight. The strains were passed on blood agar base supplemented with 

5-7% (v/v) human erythrocytes, and incubate at 37°C for 24h to show its ability to produce beta toxin. 

A positive result was indicated by the formation of a clear zone of haemolysis (β-haemolysis). Also by 

haemolytic titration assay the haemolytic titre for each sample was determined as the reciprocal of the 

highest dilution giving rise to lysis [8]. 

Antibiotic sensitivity 

The antibiotic sensitivity test was done before and after exposure process to diode laser using the 

standard disc diffusion method in accordance with the recommendations of Clinical and Laboratory 

Standards Institute [9]. The results of the susceptibility testing were classified into three categories :''( S) 

susceptible, (I) intermediate and (R) resistant''.Sensitivity testing were done for: Cefotaxime (CTX) 

30µg, Ciprofloxacin (CIP) 5µg, Norfloxacin (NOR) 10µg and Vancomycine (VA) 30µg.  

Methicilline sensitivity test (5µg MET disc) was performed by the disk diffusion method, referred to the 

Clinical and Laboratory Standard Institute [9]. 

Laser and photosensitiser  

The laser that was used in this study is diode laser (Red Beam Laser Pointer Pen 632nm, Ge-As diode 

lasers, china), with output power equals to 100 mW.with 3 Volt DC power supply. The beam diameter 

was adjusted to 5mm. Phenothiazinium dye (Methylene blue) at a concentration of 300µM was used for 

photosensitization of the Staphylococcus aureus strains. The MB prepared as a stock solution by 
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dissolving 0.00711g of (MB) powder in 100ml distilled water to obtain (20mM). pH was fixed at 7 

(MB) was kept in a dark place after sterilization and filtration by using 0.22μm Millipore filter paper. 

Determination of diode Laser sub-lethal time at 15min and effective concentration of MB with 300µM, 

this results were obtained by previous experiments [10]. Irradiation was applied to all 37 clinical S. 

aureus plus 10 samples of S. aureus as control. 

Irradiation procedure: 

Bacterial strain and culture condition 

In this experiment 37 S. aureus isolates a methicillin-resistant strain (MRSA) obtained from various 

clinical samples were used. The isolates were inoculated into 5 ml of brain heart infusion broth (Mast 

diagnostic, U.K) and incubated at 37
º
C for 24 hours in a shaking incubator at 200 rpm. Cultures were 

centrifuged and resuspended in an equal volume of PBS (0.5M, pH=7.4) and the optical density was 

adjusted to 0.05 at 600nm, corresponding to approximately1×10
7
 colony forming units (CFU) per ml. 

The bacterial suspension of each isolate was divided into 2 parts. First part of S. aureus suspension was 

remaining without exposure to laser light, 100 µl of the second part of S. aureus suspension put in 

Eppendroff tube and exposed to laser light with MB [9]. Then irradiated and non-irradiated suspension 

was spread on brain heart infusion agar and incubated at 37ᵒ C for overnight, then tested for their 

sensitivity to antibiotics and β-haemolysin production.  

Genotypic Characterization 

DNA was extracted from 74 (irradiated and non-irradiated) S. aureus isolates plus ten clinical S. aureus 

isolates obtained from Rasheed [11], used as positive controls. Using Genomic DNA Mini kit 

supplemented by the manufacturing company (Geneaid"presto", Korea). The obtained Chromosomal 

DNAs were used as templates for all PCR experiments. The concentration of DNA was assessed 

Spectrophotometrically. The genetic determinants for the virulence factors mecA, hlb and nuc were 

investigated using monoplex PCR. 

PCR amplification of mecA, hlb and nuc genes encoding pathogenic factors 

PCR was performed using: Verti 96 wells Thermal Cycler ABI: applied Biosystem Company, 

Singapore, with Green Mastermix (Promega), using primers and cycling parameters from publications 

listed in Table (1). 

Table (1): The name, sequence, product size and reference of primers used in this study          

Target gens Primer Nucleotide sequences 

(5'                                3') 

Product 

Size bp 

Reference 

HLB hlb HLB-F GTGCACTTACTGACAATAGTGC 309 [12] 

HLB-R GTTGATGAGTAGCTACCTTCAGT 

TNase nuc NUC-F CGATTGATGGTGATACGGTT 280 [13] 

NUC-R ACGCAAGCCTTGACGAACTAAAGC 

Methicillin 

resistance 

mec 

A 

mecA-F GTGGAATTGGCCAATACAGG 1339 [14] 

mecA-F TGAGTTCTGCAGTACCGGAT 

The primers were supplied by the Alfa DNA Company (Montreal, Quebec, Canada) Alfa DNA 

company protocol was adopted for primer resuspension, by bringing the final concentration of primers 

to 10 pmol/μl with TE buffer, and stored at -20C
o
 until being used.  

A reaction mixture containing 5µl (approximately 25ng) of template DNA, 2µl (20pM concentration) of 

each PCR primer, 5.5μl of Nuclease free water and 12.5μl of Green Mastermix (Promega USA) in a 

total of 25μl. The amplification conditions were: initial denaturing step of 5min at 94°C, followed by 30 

cycles; each consist of 1min at 94°C annealing 1min at 60C°for mecA, 62C°for hlb and 55C° for nuc. 

And extension at 72°C for 1min and final extension at 72°C for 10min. The amplified products were 

analyzed by electrophoresis with 2% agarose gel followed by ethidium bromide staining and UV-

transilluminator visualization. 

Results & Discussion 

Bacterial Identification  

Out of 120 isolates, seventy-eight (65%) were identified as S. aureus and forty-two related to other 

Staphylococcus spp. 37 isolates of them were methicillin-resistant (MRSA). 

Antibiotics Sensitivity 

The results of effect of the exposure to laser light on antibiotics sensitivity of 37 isolates of S. aureus 

(MRSA) were including in table (2) which showed that the isolates resistant to methicillin before laser 
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irradiationexposure, become sensitive to it with percentage of 21.6%, in contrast the isolates that 

sensitive to Vancomycin become resistant to it with percentage of 32.43%. 

On the other hand, the isolates that were resistant to Cefotaxime before laser irradiation become within 

the sensitivity range after laser irradiation with percentage of 51.35%, and also there was isolates within 

the sensitivity range of Ciprofloxacin before laser, become more sensitive after irradiation, and the 

isolates of the S. aureus that resistance to Norfloxacin before laser irradiation, become sensitive to it 

with percentage of 16.2%. 

Table (2): Effect of exposure of S. aureus to Diode laser on sensitivity of antibiotics in percentage value (%) 

 
 S = Sensetive, I = Intermediate, R = Resistant 

Results showed a slight changes in the susceptibility of most isolates to antibiotics as demonstrated in 

Figure(1). The obtained data let to demonstrate that irradiation by diode laser light have limited impact 

on bacterial sensitivity to antibiotics.  

 
Fig. (1): Sensitivity of S.aureus isolate (No23) to antibiotics (A) before irradiation,  

(B) after laser irradiation, (1) = Methicilline, (2) = Ciprofloxacin, (3) = Vancomycin,  

(4) = Norfloxacin and (5) = Cefotaxime. 

 

Changes in sensitivity of bacterial isolates to antibiotics after treatment with diode laser may be due to 

the combination effect of laser and antimicrobial agent making the bacterial cell more sensitive to these 

agents. In addition, increasing of bacterial sensitivity to antibiotics after irradiation may be as a result of 

many mechanisms, which may be induced, such as cell wall, protein synthesis, membrane function, 

nucleic acid, and metabolic processes inhibitions [15]. 

Efflux mechanisms have been recognized as important components of microbial resistance of MRSA to 

various classes of antibiotics. NorA efflux pump as one of the multidrug resistance pumps (MDRs) has 

the ability to expel a variety of structurally diverse compounds [16].  

The nucleolus organizer region (NOR) or nucleolar organizer is a chromosomal region around which 

the nucleolus forms. This region is the particular part of a chromosome that is associated with a 

nucleolus after the nucleus division. The region contains several tandem copies of ribosomal DNA 

genes. 

Also these changes in sensitivity of bacteria may be due to the changing in bacterial pumping systems 

(efflux pump) that mainly responsible on bacterial resistance or sensitive to antibiotics [17]. Failure of 

the bacteria to use the alternative mechanism of bacterial resistance such as; alteration in the protein 

http://en.wikipedia.org/wiki/Nucleolus
http://en.wikipedia.org/wiki/Cell_nucleus
http://en.wikipedia.org/wiki/Cell_division
http://en.wikipedia.org/wiki/Tandem_repeat
http://en.wikipedia.org/wiki/Ribosomal_DNA
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target, over production of target and production of specific enzymes which chemically modify specific 

antibiotic could be as suggested by Kujawa et al., [18]. 

β-Haemolysin (Sphingomyelinase) of S. aureus.  

Irradiation was applied using the same conditions, resulted in decrease the activity of β-haemolysin, 

with 33 (90.3%) samples of S. aureus that revealed to reduction in toxin production in comparison to 

control as shown in blood agar method assay in Figure (2). 

 
Fig. (2): Photograph of Blood Agar with 5% human erythrocytes and Streaks of S. aureus growth,    

producing β-haemolysin (before iraadiation); and decrease in activity of β-haemolysin (after 

iraadiation). 

The gene, named hlb, is chromosomally located and encodes a 330 amino acid polypeptide with a 

predicted molecular weight of 35kDa [19].   

Accessory gene regulator alleles (agr I-IV) and β-haemolysin (hlb) that to be associated with mobile 

genetic elements, the hlb gene is a known insertion site for toxin-carrying bacteriophage, which inserts 

itself into the hlb gene, rendering it inactive upon lysogeny. Lysogeny refers to the fusion of the 

bacteriophage nucleic acid with that of the host bacterium, potentially integrating genetic material for 

transmission to daughter cells during subsequent cell division [20]. Products of genes under the control 

of the agr system which disrupt eukaryotic cell membranes. The staphylococcal accessory regulator 

known as SarA binds to conserved promoter regions known as ‘Sar boxes’ for transcriptional regulation 

[21]. 

After irradiation, several S.aureus hlb mutant was constructed. This is achieved by using allelic 

replacement cassettes in mutagenesis process [22]. 

Mutations in sarA or agr were resulted in reduced hemolytic activity. MB (photosensitizers) and light 

leads to mutation with altered hemolytic activity, the genes of regulator β-toxin expression was may be 

affected due to the insertion in this gene [23]. β-haemolysin is the most susceptible of the virulence 

factor under test, perhaps due to the nature of its amino acid composition, which may leave it more 

vulnerable to attack by reactive oxygen species [22]. 

Thermonuclease of S. aureus 

All irradiated S. aureus have the ability to produce DNase that cleaved DNA into subunits composed of 

nucleotides (Oligonucleotides).This result was revealed that the exposure to diode laser had no effect on 

TNase and no significant difference was observed in S. aureus isolates treated by light irradiation as 

illustrated in Figure (3).  

 
Fig. (3): Photograph of Thermonuclease (TNase) activity on DNase agar and formation of halo 

 clear zones (1to 3 mm wide) was surrounding each test well (The arrow). 
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Results of Polymerase Chain Reaction (PCR) Techniques 

Detection of mec A, hlb and nuc genes 

Monoplex polymerase Chain Reaction (PCR) was done for the detection of three genes in MRSA 

isolates. The results of the PCR amplification of mecA gene noted that it was present in all the 37 S. 

aureus isolates samples (100%) before irradiation whereas 27 (72.2%) S. aureus isolates after exposure 

to laser with a PCR product size of 1339 bp Figure (4).  

 
Fig. (4): Agarose gel electrophoresis (2%agarose, 5 V/cm2) PCR results with primer for mecA gene. M:         

Molecular size marker; lane C+, positive control; lane 2-30 1339 bp band obtained with DNA from 

MRSA ; lane C-, Negative control,(A) represented PCR results before irradiation,(B) after irradiation. 

The results before irradiation showed that 17 samples of S. aureus isolates with percentage 45.94% of 

total thirty seven were capable to detect of hlb gene encoded for β-haemolysin, whereas after irradiation 

only three of these samples were capable to detect hlb gene Figure (5). On the other hand 83.3% (14 

samples) showed reduction in toxin production. 

 
Fig. (5): Agarose gel electrophoresis (2%agarose,5 V/cm2) PCR amplicon of gene encoding for hlb gene.Lane 

M:100-bp-molecular-size DNA ladder; lane 2-32 : 309 bp amplicon; lane C+ Positive control: lane C- 

negative control, (A) represented PCR results before irradiation,(B) after irradiation. 

Moreover, Figure (6), showed presence of 280 bp band which was related to the amplification of a 

specific fragment of nuc gene responsible for thermonuclease gene with no change between before and 

after irradiation.  

 

 
 Fig. (6): The PCR products were run in a 2% agarose gel to determine the quantity of the amplicon, TBE 

buffer (1X), 5V/CM2, 90 min.). (M): The DNA molecular weight marker (100 bp ladder). ; 

Positive amplification of 280 bp for nuc gene, lane (C+) Positive control. Lane (C-). (A) 

Represented PCR results before irradiation, (B) after irradiation 

The exposure of mecA gene in S. aureus by MB-PDI is significantly less in the case of the strain over 

expressing the drug efflux pump comparing with hlb gene in wild-type S. aureus strain. In the case of 
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the NorA mutant, there was still some effectiveness observed when was irradiated. This observation 

correlates with the fact that additional efflux systems are present in S. aureus that have not yet been 

extensively studied or characterized, including NorB, NorC, and AbcA [24]. 

S. aureus also secrete β-toxin, sphingomyelinase encoded by the hlb gene [19]. The site of mutation is 

uncertain, but termination, frame shift, or deletion of the hlb structural gene, MB (photosensitizers) and 

light leads to mutation with altered in nucleotides sequences consequently to make difficult the progress 

of binding specific primer. The nuc gene which is specifically used to detect S. aureus was present in all 

isolates with no altered or deficiency after irradiation. 
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