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ABSTRACT 
 

In this study, the effect of photooxidative stress on different microorganism groups (Gram positive, Gram negative and 

Eukaryote) and the role of pH and antioxidants on this effect were investigated. The study was performed under 3 day light 

fluorescent lamps (total 4950 lux) in phosphate buffer (5.0, 6.0, 7.0, and 8.0) at different pH values. As a result, the colony 

counts of Escherichia coli, Sthapylococcus aureus and Candida albicans were not decreased under photooxidative stress 

according to the starting number at pH 5.0 and 6.0. While E. coli and S. aureus at pH 8.0 were decreased 3 log and 3.38 log, it 

were decreased 1.27 and 1.56 log at pH 7.0. Similarly, C. albicans decreased 0.35 log at pH 7.0 and 0.75 log at pH 8.0. T99 

value at pH 8.0 was determined as 4.0 hours for E. coli, 3.5 hours for S. aureus, and 15.7 hours for C. albicans (p < 0.05). 

When the effects of NaCl, Mannitol and ascorbic acid on photooxidative stressed microorganisms were examined, it was 

determined that NaCl protected microorganisms against photooxidative stress, and ascorbic acid and mannitol changed their 

effect according to microorganism. In conclusion, photooxidative stress were found to be more effective to Gram positive than 

Gram negative bacteria, more effective to bacteria than eukaryotes. The effectiveness of photooxidative stress has been 

determined to be quite high at alkaline pH. It was also determined that there is a direct relationship between the effect of 

photooxidative stress and pH and osmolarity. It has been found that Ascorbic acid and Mannitol are not protective against 

photooxidative stress in Gram-positive and eukaryotic cell. Yet the cause of this condition is unknown. 
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1. INTRODUCTION 
 

There are many environmental factors that affect the life of microorganisms in the nature. The most 

important of these factors are photooxidative stress caused by sunlight and light-sensitive molecules. 

The sunlight is also effective by directly acting as a lethal effect, as well as indirectly by the effect of 

light, to produce radicals in many molecules [1]. Apart from sunlight, it is able to produce 

photooxidative stress in artificial light sources through both direct and light-sensitive molecules [2]. A 

variety of toxic products arise from light-sensitive molecules due to light effects. These products are 

singlet oxygen, H2O2, superoxide and hydroxyl radical, commonly known as reactive oxygen species 

[3]. Reactive oxygen products (ROS) that occur in photooxidation have the ability to attack all types of 

molecules in all cells. Amino acids, lipids, carbohydrates and nucleic acids in all proteins are damaged 

by these radicals [4]. In addition, it has been determined that different mutations occurred in the DNA 

of cells treated with methylene blue, which is a light and photosensitizer, and that similar studies 

revealed genetic diseases and impaired metabolic pathways [5]. In all aerobic organisms, ROS arise as 

an inevitable result in plant chloroplasts. In the presence of Cu and Fe-doped metals, hydroxyl radicals 

can also be formed directly as H2O2. Cells have various mechanisms that protect themselves from the 

effects of oxidative stress [6]. These mechanisms are divided into two as enzymatic and non-enzymatic. 

Enzymatic protection mechanisms include various enzymes that remove reactive oxygen species from 

the environment. These enzymes include catalase, superoxide dismutase, glutathione peroxidase, alkyl 

hydroperoxidase [6, 7]. Non-enzymatic mechanisms include various carotenoid pigments, vitamins, 
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glutathione. In addition, life strategies developed against different environmental stresses indirectly 

protect against oxidative stress, and there is a global network controlled by multiregulator systems [8]. 

There is not enough work on these networks. Reactive oxygen derivatives are also a defense strategy 

that uses the immunity system in combating pathogens. In the human body, the immune system fights 

pathogens through ROS and allows them to be destroyed [9]. In recent years, photodynamic therapy 

(PDT) has also been developed as a sterilization method or treatment of various diseases [10]. For this 

reason, factors affect the formation of photooxidative damage in light environment were important to 

combat microorganisms.  

 

Mechanisms that provide protection against individual stress factors appear to have quite different 

effects in the case of global regulation, ie in the presence of more than one stress factor. When there are 

more than one stress, it is very important to investigate the mechanisms of protection against stress 

conditions and the effectiveness of stress and to combat bacterial life and the conditions. For example, 

the effectiveness of osmotic stress at neutral pH and the mechanisms of protection, and the mechanism 

of protection at acidic pH and the it's effectiveness are changing. In addition, Idil et al. (2016) in their 

study with E. coli and mutants under photooxidative stress in phosphate buffer at different pH values, 

they found that there was no effect of photooxidative stress at pH 5 and 6 [11]. Therefore, the aim of 

this study is to investigate the effect of pH on the efficacy of photooxidative stress, to show the difference 

between the responses of different groups of microorganisms against this stress and to show their 

relationship with antioxidant factors. So, It was to provide preliminary evidence on effect of some 

factors on the efficacy of methylene blue. In addition, it is expected to be obtained in the data which will 

be the basis for the illumination of the mechanism of photooxidative stress.  

 

2. MATERIAL and METHODS 

 

2.1. Microorganisms and Culture Conditions 

 

In this study, Gram negative E. coli W3110 and Gram positive S. aureus ATCC6535 were used as 

prokaryotes, while C. albicans ATCC10231 was used as eukaryote. Microorganisms were prepared 

from stock culture at -80 ºC, and incubated in nutrient agar (Merck) medium at 37 ºC for 24 hours.  

 

2.2. Viability Experiments under Photooxidative Stress 
 

E. coli W3110, S. aureus ATCC6535 and C. albicans ATCC10231 were incubated in Nutrient broth 

(Merck) medium in a shaker incubator at 37 ºC for 18 hours at 160 rpm. For life experiments, 5 ml of 

each microorganism was centrifuged, washed twice with pH 7.0 sodium phosphate buffer and 

resuspended with 5 ml phosphate buffer again. After the absorbance of bacterial and fungal suspension 

was adjusted to 1.0 absorbance at OD600, 100 µl were transferred to 50 ml phosphate buffer with different 

pH values (pH 5.0, 6.0, 7.0, 8.0). Thus, approximately 5x106 for bacteria and 15x104 starting yeast for 

microorganisms were provided. After the beakers were covered with stretch film, the beakers were 

incubated at 25 ºC under 3 fluorescent lights (4950 ± 75 lux). In addition, dark control groups were 

coated with aluminum foil and used as control in the role of light effect. At different pH levels, the effect 

of photooxidative stress was determined by taking samples with spread plate counting method at 2-hour 

intervals. 100 µl of methylene blue (Merck) was taken from 0.1 g ml-1 stock, and was added to the 50 

ml phosphate buffer for photooxidative stress. The dark control, dark + methylene blue, light controls 

were used to show the presence of photooxidation [12]. The studies were done as 4 independent 

replicates, and the data were obtained by taking the averages.  

 

2.3. Effect of Antioxidant and NaCl on Photooxidation 

 

NaCl (Merck), ascorbic acid (Sigma) and mannitol (Sigma) were added to the pH 8.0 phosphate buffer 

which revealed the presence of photooxidative stress. Ascorbic acid, mannitol and NaCl stock solutions 
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were prepared. It were added 0.01 M and 0.1 M NaCl, 10 mM mannitol, 5 mM ascorbic acid to pH 8.0 

phosphate buffers. Samples were taken at certain intervals during the incubation period, and 

microorganism counts were made by spreading plate method [13]. 

 

2.4. Statistical Analysis 

 

Vitality values were obtained by plate counting method and the obtained values were converted to 

logarithmic values. Also t99 and k values were calculated using these values. All mean data were given 

with standard deviation values. Differences were tested by Student's t test for statistical significance. 

When the significance value was less than 5%, it was considered significant.  

 

3. RESULTS 

 

3.1. The Effect of Photooxidative Stress on the Survival of E. coli, S. aureus and C. albicans at 

Different pH values 

 
In this study, the effect of photooxidative stress on the survival of 3 different microorganisms and the 

effect of medium pH on the effectiveness of this stress was investigated. Light control, dark control and 

dark + methylene blue beakers were used as the control group. These control groups were used as a 

control for both the presence of photooxidative stress and the toxic effect of methylene blue. E. coli, S. 

aureus and C albicans at pH 5.0 and 6.0 were not affected by photooxidative stress according to the 

colony count results given in Table 1. There was also not the effect of methylene blue and pH in the 

control groups too (Table 1). We founded that cell counts decreased from 6.64 log to 5.37 log at E. coli, 

from 6.63 log to 5.07 log at S. aureus, from 5.20 log to 4.85 log at C. albicans under the effect of 

photooxidative stress in pH 7.0. The effect of photooxidative stress was further increased at pH 8.0 than 

pH 7.0. Cell counts in this pH decreased from 6.64 log to 3.66 log at E. coli, from 6.63 log to 3.25 log 

at S. aureus, and from 5.20 to 4.45 log at C. albicans. According to these results, while any 

photooxidative stress activity in pH 5.0 and 6.0 is not seen, its effect was started to seen at pH 7.0, an 

this effect was determined to go further at alkaline environment such as pH 8.0.  

 

 
Table 1. The survival of E. coli, S. aureus, C. albicans under photooxidative stress at different pH values (pH 5.0, 6.0, 7.0 and 

8.0). L + MB; Light+ Methylene Blue (MB), L; Light, D + MB; Dark + Methylene Blue (MB), D; Dark Control  
 

 

Microorganism Stress 
pH 5 pH 6 

0 2 4 6 0 2 4 6 

E. coli 

L+MB 6,64±0,05 6,75±0,08 6,79±0,11 6,71±0,06 6,64±0,05 6,56±0,10 6,59±0,17 6,66±0,09 

L 6,64±0,05 6,73±0,06 6,73±0,15 6,68±0,02 6,64±0,05 6,65±0,04 6,56±0,13 6,51±0,10 

D+MB 6,64±0,05 6,78±0,05 6,78±0,11 6,70±0,05 6,64±0,05 6,77±0,11 6,63±0,09 6,66±0,11 

D 6,64±0,05 6,75±0,05 6,74±0,04 6,73±0,06 6,64±0,05 6,70±0,02 6,65±0,13 6,68±0,12 

S. aureus 

L+MB 6,63±0,07 6,63±0,08 6,30±0,10 6,24±0,06 6,63±0,07 6,36±0,45 6,12±0,40 6,04±0,40 

L 6,63±0,07 6,64±0,10 6,55±0,07 6,50±0,12 6,63±0,07 6,54±0,23 6,59±0,29 6,50±0,05 

D+MB 6,63±0,07 6,69±0,05 6,64±0,10 6,75±0,10 6,63±0,07 6,69±0,05 6,64±0,11 6,69±0,10 

D 6,63±0,07 6,66±0,07 6,69±0,09 6,68±0,05 6,63±0,07 6,66±0,04 6,65±0,07 6,66±0,02 

C. albicans 

L+MB 5,20±0,03 5,20±0,10 5,27±0,06 5,30±0,08 5,20±0,03 5,20±0,09 5,23±0,07 5,27±0,08 

L 5,20±0,03 5,37±0,07 5,32±0,18 5,28±0,05 5,20±0,03 5,37±0,07 5,32±0,18 5,25±0,06 

D+MB 5,20±0,03 5,44±0,10 5,47±0,03 5,29±0,03 5,20±0,03 5,30±0,07 5,30±0,13 5,16±0,04 

D 5,20±0,03 5,34±0,04 5,35±0,06 5,24±0,03 5,20±0,03 5,26±0,06 5,22±0,04 5,25±0,13 
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Table 1. continued.., 
pH 7 pH 8 

0 2 4 6 0 2 4 6 

E. coli 

L+MB 6,64±0,05 6,53±0,10 6,04±0,10 5,37±0,15 6,64±0,05 5,46±0,06 4,42±0,18 3,66±0,18 

L 6,64±0,05 6,55±0,05 6,34±0,11 6,36±0,07 6,64±0,05 6,58±0,10 6,22±0,10 6,38±0,07 

D+MB 6,64±0,05 6,60±0,13 6,44±0,16 6,31±0,08 6,64±0,05 6,59±0,02 6,34±0,19 6,39±0,08 

D 6,64±0,05 6,60±0,13 6,58±0,06 6,46±0,05 6,64±0,05 6,61±0,26 6,38±0,03 6,40±0,10 

S. aureus 

L+MB 6,63±0,07 6,38±0,16 5,71±0,14 5,07±0,10 6,63±0,07 4,67±0,32 3,44±0,23 3,25±0,13 

L 6,63±0,07 6,52±0,09 6,19±0,11 6,12±0,09 6,63±0,07 6,28±0,15 6,08±0,17 6,32±0,04 

D+MB 6,63±0,07 6,58±0,22 6,50±0,05 6,38±0,01 6,63±0,07 6,38±0,16 6,21±0,03 6,34±0,06 

D 6,63±0,07 6,67±0,11 6,59±0,08 6,40±0,10 6,63±0,07 6,30±0,11 6,26±0,10 6,45±0,08 

C. albicans 

L+MB 5,20±0,03 5,37±0,14 5,26±0,39 4,85±0,19 5,20±0,03 4,93±0,03 4,70±0,24 4,45±0,06 

L 5,20±0,03 5,51±0,18 5,27±0,06 5,27±0,07 5,20±0,03 5,28±0,21 5,09±0,16 4,81±0,17 

D+MB 5,20±0,03 5,31±0,12 5,38±0,13 5,28±0,08 5,20±0,03 5,14±0,15 5,30±0,10 5,19±0,16 

D 5,20±0,03 5,32±0,07 5,31±0,07 5,31±0,11 5,20±0,03 5,10±0,17 5,12±0,29 5,19±0,04 

 

T99 and k values are given in Table 2. The t99 value refers to the time that a bacterial culture decrease 2 

logarithmic from the starting number at a given incubation time. According to these results, while S. 

aureus decreased 2 log at 3.5 h. E. coli showed this decrease at 4.2 hours. Thus, E. coli, a gram negative 

bacterium against photooxidative stress, is more resistant than S. aureus, a gram-positive bacterium. 

Similarly, C. albicans showed a decrease of 2 log in 15.7 h. C. albicans, a eukaryotic organism, was 

found to be more resistant than E. coli and S. aureus, which are prokaryotic microorganisms. In the 

control group dark and methylene blue t99 value was 47.3 h. for E. coli and 40.8 h. for S. aureus. Also, 

there is no significant difference between all dark controls and light control. For C. albicans, the t99 

value was found to be 1084.5 h in the dark and methylene blue environment, while the light control 

decreased in a relatively short time of 30.6 h. These results indicate that C. albicans has a lower chance 

of life in the light and alkaline pH than in the dark. As a result, it has been determined that photooxidative 

stress is highly effective at alkaline pH and has no effect on acidic pH. In addition, S. aureus was more 

affected by photooxidative stress than E. coli. C. albicans, an Eucaryotic organism, were also less 

affected than bacteria.  

 
Table 2. T99 and k values of photooxidative stress in pH 8.0 phosphate buffer. 

 

Microorganism Stress 0. h 6. h k T99 (h) 

E. coli 

L+MB 6,64±0,05 3,66±0,18 -0,4971 4,02 

L 6,64±0,05 6,38±0,07 -0,0422 47,40 

D+MB 6,64±0,05 6,39±0,08 -0,0423 47,30 

D 6,64±0,05 6,40±0,10 -0,0405 49,40 

 

 

S. aureus 

 

 

 

L+MB 6,63±0,07 3,25±0,13 -0,1270 3,50 

L 6,63±0,07 6,32±0,04 -0,0653 38,60 

D+MB 6,63±0,07 6,34±0,06 -0,0018 40,80 

D 6,63±0,07 6,45±0,08 -0,0014 41,80 

 

 

C. albicans 

 

 

L+MB 5,20±0,03 4,45±0,06 -0,5642 15,70 

L 5,20±0,03 4,81±0,17 -0,0519 30,60 

D+MB 5,20±0,03 5,19±0,16 -0,0490 1084,50 

D 5,20±0,03 5,19±0,04 -0,0479 1450,60 
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3.2. The Effect of Antioxidants on the Effect of Photooxidative Stress at Alkaline pH.  

 

In our study, it has been determined that photooxidative stress is highly effective at alkaline pH. NaCl, 

ascorbic acid and mannitol were added to the environment in order to determine the effect of 

photooxidative stress in the presence of some antioxidant substances. In pH 8.0 buffer, these substances 

were incubated with addition of methylene blue under the fluorescence lamp by addition to the 

determined final concentrations According to the results of colony counts, the added NaCl protected all 

of microorganisms from photooxidative stress. In E. coli, the value of t99 was 7.95 h in the presence of 

0.01 M NaCl, and 8.08 h in the presence of 0.1 M NaCl. In the same NaCl values, S. aureus was 

determined as 4.37 and 8.52 h., respectively. As can be seen from Table 3, C. albicans was determined 

as 39.43 and 26.66 h in same NaCl concentrations respectively. According to these results, it has been 

determined that the presence of NaCl reduces the lethal effect of the photooxidative stress and provides 

protection of the cell. While the protection formed by the addition of 0.01 M NaCl in E. coli was the 

same as 0.1 M, S. aureus was not affected much when 0.01 M NaCl was added, while It was more 

protected at 0.1 M NaCl. When 10 mM Ascorbic acid was added to the phosphate buffer, the effect of 

the photooxidative stress decreased for E. coli (from 4.02 h to 7.10 h), while S. aureus was not protected 

from the effect of photooxidative stress. Interestingly, the addition of ascorbic acid increased the efficacy 

of photooxidative stress for C. albicans. When ascorbic acid was added, the cell count of C. albicans 

decreased at 7.78 h, but this count was 15.7 h without ascorbic acid. In the same way, it was determined 

that E. coli was protected from the effect of photooxidative stress in mannitol added samples (from 4.02 

to 17.96 h.). However, S. aureus (3.55 h to 3.75 h.) and C. albicans (from 15.7 h to 14.45 h.) were 

interestingly found to be not protected from photooxidative stress with mannitol. It was determined that 

mannitol had no effect on these two microorganisms.  

 
Table 3. The role of antioxidants added to the light medium containing methylene blue in pH 8.0 phosphate buffer 

 
 Without antioxidant 0.01 M NaCl 0.1 M NaCl 

Microorganism/Time 0. h 6. h T99 0. h 6. h T99 6. h T99 

E. coli 6,64±0,05 3,66±0,18 4,02 6,64±0,05 5,13±0,05 7,95 5,16±0,05 8,08 

S. aureus 6,63±0,07 3,25±0,13 3,55 6,63±0,07 3,89±0,05 4,37 5,23±0,05 8,52 

C. albicans 5,20±0,03 4,45±0,06 15,7 5,20±0,03 4,90±0,05 39,43 4,75±0,05 26,66 

 Without antioxidant Ascorbic acid Mannitol 

Microorganism/Time 0. h 6. h T99 0. h 6. h T99 6. h T99 

E. coli 6,64±0,05 3,66±0,18 4,02 6,64±0,05 4,95±0,05 7,10 5,98±0,05 17,96 

S. aureus 6,63±0,07 3,25±0,13 3,55 6,63±0,07 3,53±0,05 3,87 3,43±0,05 3,75 

C. albicans 5,20±0,03 4,45±0,06 15,7 5,20±0,03 3,66±0,05 7,78 4,37±0,05 14,45 

 

4. DISCUSSION 
 

The effectiveness of each stress varies depending on the presence of other stress factors or other 

chemicals in the environment. Therefore, the effectiveness of stress factors and the resistance 

mechanisms of microorganisms against these stresses must be explained in the global network. 

Photodynamic therapy is seen as one of the methods used in the fight against microorganisms. Therefore, 

the advantages and disadvantages of this method, the mechanism of action and the mechanisms of 

protection should be established. The survival of microorganisms under different stress conditions 

requires specific genes and their expression at different levels. This synthesis is controlled by multiple 

regulator mechanisms. The explored of global network gene arrangements involving these multiple 

regulatory systems will shed light on the lives of bacteria in natural environments. In addition, since E. 

coli, S aureus and C albicans are quite different microorganisms, the differences between different 
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organisms and their response to stress have been investigated. Also, the efficacy of methylene blue in 

different pH and in antioxidants have been investigated. 

 

At the end of the study, it was determined that the microorganisms studied in the presence of light + 

methylene blue were killed, and the control groups were not affected. Also pH was found to be very 

important in the efficacy of photooxidative stress. As a result, in our study, photooxidation with 

methylene blue did not have any effect at pH 5 and pH 6, whereas it had effects at pH 7 and especially 

at pH 8. It is thus determined that photooxidation of methylene blue is more effective at alkaline pH. 

The effectiveness of photooxidative stress increases as it moves towards the alkaline environment. 

Eisenberg et al. 1987 [14] reported a very strong correlation with pH values and to be more efficient of 

MB inactivation at a basic pH. This study was done at pH 4, 7 and 10 values. They found a strong 

connection between pH and sensitization. But Cooper and Goswami (2002) demonstrated that there was 

no a connection for photooxidation in the presence of MB and sunlight at different pH (7 and 10) [15]. 

Also Cooper and Goswani (2002) demonstrated that MB (10 mg/L) effected in dark on E. coli, but our 

study demonstrated that 0.2 mg/ml MB did not effect on bacteria in dark. Our before study demonstrated 

that same results on dark [11]. Acher et al. 1990 [16] and 1994 [17] demonstrated that increasing the 

effluent pH from 7.1-7.6 to 8.6-8.9 brought about improved and reproducible results. The increase in 

the pH resulted in an increase in the effect of photooxidation on coliform, enterococcus, fecal koliform. 

Our study determined that alkaline pH was more effect than acidic pH on effectiveness of photooxidative 

stress via MB, and also gram positives are more affected by photooxidation than Gram negatives.  

 

Brovko et al. (2009) demonstrated that malachite green was active against Gram positive bacteria under 

illumination, and it did not affect Gram negative bacteria or yeasts [18]. Souza et al. (2010) investigated 

that the Candida albicans photoactivation using methylene blue, toluidine blue and malachite green 

under low-power GaAlAs laser irradiation. This study demonstrated that this photooxidation at a 

concentration of 0.1 mg mL-1 effected on C. albicans [19]. The highest reduction in log CFU mL-1 after 

PDI was observed in the presence of toluidine blue, followed by methylene blue and malachite green. 

However, there was no significant statistical difference between the dyes studied. Vilela et al. (2012) 

compared the action of malachite green with the phenothiazinic photosensitizers (methylene blue and 

toluidine blue) on Staphylococcus aureus and Escherichia coli biofilms [20]. The best results for both 

microorganisms were obtained with photosensitizer concentrations of approximately 300 mM MB, with 

microbial reductions of 0.8–1.0 log10; 150 mM TB, with microbial reductions of 0.9–1.0 log10; and 

3000 mM MG, with microbial reductions of 1.6-4.0 log10. Rolim et al. (2012) compared the PDI with 

methylene blue, toluidine blue and malachite green at the same concentration (163.5 mM) against the 

Gram positive bacteria Streptococcus mutans [21]. They used two different light sources, a red LED 

lamp (636 nm, 80 mW) and a blue curing light (570 nm, 800 mW). In addition, the singlet oxygen 

production of each photosensitizer was determined by tryptophan photooxidation. PDI with irradiation 

in the presence of the photosensitizers TBO and MG was effective in reducing S. mutans counts by 3 

and 1.4 logs, respectively, compared to their respective untreated controls. Although MG reduced the 

number of S. mutans, this photosensitizer did not produce singlet oxygen, indicating that the 

antimicrobial activity of PDI may also be promoted by other ROS. Prates et al. (2007) studied the 

photoinactivation of a Gram negative oral bacteria Actinobacillus actinomycetemcomitans using MG 

associated with a low-power red laser [22]. They observed 99.9% cell viability inhibition using MG 

0.01% (w/v) and after 5 minutes of radiation. Junqueira et al. (2010) investigated the photodynamic 

antimicrobial effects of the MG on thirty-six microbial strains, including Gram positive and Gram 

negative bacteria, and yeasts [23]. The results indicate that Gram positive bacteria were more sensitive 

to MG–mediated photosensitization, followed by Gram negative species, and the yeast species. Here, 

the highest reduction of E. coli viability (94.6%) was achieved by photosensitization with MB at an 

energy density of 335.8 J cm-2. Our study demonstatd that gram positive S. aureus was more sensitive 

than gram negative E. coli and eukaryote C. albicans. The fungicidal effect of MB has been 

demonstrated on various species of the Candida genus (C. albicans, C. dubliniensis, C. krusei and C. 
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tropicalis) [24, 25]. Gram negative bacteria have an outer membrane and this property has a protective 

role from photooxidative stress [26]. 

 

Rolim et al. (2012) demonstrated that MB generated 1.3 times more (1)O(2) than TBO, and both produced 

significantly higher concentrations of singlet oxygen than the other photosensitizers [21]. When 

sensitizer dyes, such as methylene blue or rose bengal, are treated with light, it was seen that a singlet 

oxygen generally occured [10]. However, different factors may affect the effectiveness of oxidative 

stress. Alkaım et al (2014) demonstrated that the photocatalyst of ZnO in different pH of solution was 

found to be more efficient for the degradation of the methylene dye as compared to other catalysts used 

(TiO2, CdS and Co3O4 powder catalysts) [27]. 

 

When the efficacy of photooxidative stress is examined in the presence of ascorbic acid, osmotic stress-

forming NaCl or mannitol, which can be used as a nutrient, NaCl is very important in protecting from 

photooxidative stress. Further protection of S. aureus in the presence of 0.1 M NaCl may be attributed 

to the ability of this bacterium to survive in higher salt concentrations than E. coli. S. aureus, it is known 

that protective mechanisms against osmotic stress are induced at higher salt concentrations [28]. 

Therefore, S. aureus can live in high salt concentrations and is used as a distinguishing feature in the 

media used for this isolation. Therefore, if there is salt in alkaline pH environment, photooxidative stress 

loses its effectiveness. Ascorbic acid is a well-known molecule for many years as an antioxidant [29]. 

However, ascorbic acid has been found to be pro-oxidant under certain conditions such as the presence 

of metal ions, low concentrations, unsuitable pH. Buettner et al. (1984) reported the formation of 

hydrogen peroxide and hydroxyl free radicals by methylene blue in the presence of ascorbate [30]. 

Adding ascorbic acid during the photolytic treatment of catechin hydrate decreased the dimer formation, 

suggesting that ascorbic acid can suppress the photosensitive oxidation of catechin [31]. Mannitol can 

be used as a food source by microorganisms. C. albicans begins to use mannitol when glucose is 

depleted. C. albicans shows dioxic growth in the presence of glucose and mannitol [32]. Brancini et al. 

(2016) demonstrated that the addition of 50 mM mannitol prior to PDT on C. albicans could not prevent 

cell death nor proteomic alteration to any extent, but azid could prevent cell death [33]. Mannitol is a 

hydroxyl radical scavenger [34].  

 

5. CONCLUSION 

 

As a result, It was determined that pH was highly effective on the efficacy of photooxidative stress. Alkaline 

pH enhances the effect of photooxidative stress. Photooxidative stress is very effective especially in pH 8. 

Gram positives between different microorganism groups were more sensitive. Antioxidant substances had 

different effects on microorganism groups. NaCl protected from photooxidative stres to microorganisms.  

 

ACKNOWLEDGEMENTS 

 

This study was supported by the BAP project of Amasya University with FMB-BAP code 14-084.  

 

REFERENCES 

 

[1] McClary JS, Sassoubre LM, Boehm AB. Staphylococcus aureus strain Newman photoinactivation 

and cellular response to sunlight exposure. Appl Environ Microbiol, 2017; 83, 17: e01052-17. 

 

[2] Onduka T,  Ojima D,  Ito K,  Mochida K,  Ito M,  Koyama J,  Fujii K. Photo-induced toxicity and 

oxidative stress responses in Tigriopus japonicus exposed to nitro-polycyclic aromatic 

hydrocarbons and artificial light. Chemosphere, 2017; 169: 596-603. 

 

[3] Yang B, Chen Y, Shi J. Reactive oxygen species (ROS)-based nanomedicine. Chem. Rev. 2019; 

119, 8: 4881-4985. 
 

https://www.ncbi.nlm.nih.gov/pubmed/28646114
https://www.sciencedirect.com/science/article/pii/S0045653516316563#!
https://www.sciencedirect.com/science/article/pii/S0045653516316563#!
https://www.sciencedirect.com/science/article/pii/S0045653516316563#!
https://www.sciencedirect.com/science/article/pii/S0045653516316563#!
https://www.sciencedirect.com/science/article/pii/S0045653516316563#!
https://www.sciencedirect.com/science/article/pii/S0045653516316563#!
https://www.sciencedirect.com/science/article/pii/S0045653516316563#!
https://www.sciencedirect.com/science/journal/00456535
https://www.sciencedirect.com/science/journal/00456535/169/supp/C


İdil and Darcan / Eskişehir Technical Univ. J. of Sci. and Tech. C – Life Sci. and Biotech. 10 (1) – 2021 
 

76 

[4] Ezraty B, Gennaris A, Barras F, Collet JF. Oxidative stress, protein damage and repair in bacteria. 

Nat Rev Microbiol, 2017; 15: 385–396. 

 

[5] Berra CM, Oliveira CS, Garcia CCM, Rocha CRR, Lerner LK, Andrade LCL, Baptista MS, 

Menck CFM. Nucleotide excision repair activity on DNA damage induced by photoactivated 

methylene blue. Free Radic Biol Med, 2013; 61C: 343-356.  

 

[6] Lemire J, Alhasawi A, Appanna VP, Tharmalingam S, Appanna VD. Metabolic defence against 

oxidative stress: the road less travelled so far. J App Microbiol, 2017; 123: 798-809. 

 

[7] Cornelis P, Wei Q, Andrews  SC, Vinckx T. Iron homeostasis and management of oxidative stress 

response in bacteria, Metallomics, 2011; 3: 540-549. 

 

[8] Imlay JA. Pathways of oxidative damage. Annu Rev Microbiol. 2003; 57: 395–418. 

 

[9] Wink DA, Hines HB, Cheng RY, Switzer CH, Flores-Santana W, Vitek MP, Ridnour LA, Colton 

CA. Nitric oxide and redox mechanisms in the immune response. J Leukoc Biol. 2011; 89, 6: 873-

891. 

  

[10] Robertson CA,  Evans DH, Abrahamse H. Photodynamic therapy (PDT): A short review on 

cellular mechanisms and cancer research applications for PDT. J Photochem Photobiol B, 2009; 

96, 1: 1-8. 

 

[11] İdil Ö, Macit İ, Kaygusuz Ö, Darcan C. The role of oxidative stress genes and effect of pH on 

methylene blue sensitized photooxidation of Escherichia coli. Acta Biol Hung, 2016; 67 (1): 85-

98.  

 

[12] İdil Ö, Özkanca R, Darcan C, Flint KP. Escherichia coli: Dominance of red light over other 

visible light sources in establishing viable but nonculturable state. Photochem Photobiol, 2010; 

86 (1): 104-109. 

 

[13] Darcan C. Expression of OmpC and OmpF porin proteins and survival of Escherichia coli under 

photooxidative stress in Black Sea water. Aquatic Biology 17 (2), 97-105 

 

[14] Eisenberg TN, Middlebrooks EJ, Adams VD. Sensitized photooxidation for wastewater 

disinfection and detoxification. Water Science and Technology, 1987; 19, 7: 1255-1258. 

  

[15] Adrienne T. Cooper, D. Yogi Goswami (2002) Evaluation of methylene blue and rose bengal for 

dye sensitized solar water treatment. J Sol Energy Eng, 124(3): 305-310. 

 

[16] Acher AJ, Fischer E, Zellingher R,  Manor Y. Photochemical disinfection of effluents—pilot plant 

studies. Water Research, 1990; 24, 7: 837-843. 

 

[17] Acher AJ, Fischer E, Manor Y. Sunlight disinfection of domestic effluents for agricultural use 

Water Research, 1994; 28, 5: 1153-1160. 

 

[18] Brovko LY, Meyer A, Tiwana AS, Chen W, Liu H, Filipe CD, Griffiths MW. Photodynamic 

treatment: A novel method for sanitation of food handling and food processing surfaces. J Food 

Prot, 2009; 72, 5: 1020-1024. 

 

https://www.nature.com/articles/nrmicro.2017.26#auth-1
https://www.nature.com/articles/nrmicro.2017.26#auth-2
https://www.nature.com/articles/nrmicro.2017.26#auth-3
https://www.nature.com/articles/nrmicro.2017.26#auth-4
https://pubs.rsc.org/en/results?searchtext=Author%3APierre%20Cornelis
https://pubs.rsc.org/en/results?searchtext=Author%3AQing%20Wei
https://pubs.rsc.org/en/results?searchtext=Author%3ASimon%20C.%20Andrews
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wink%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=21233414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hines%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=21233414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20RY%5BAuthor%5D&cauthor=true&cauthor_uid=21233414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Switzer%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=21233414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flores-Santana%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21233414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vitek%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=21233414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ridnour%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=21233414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colton%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=21233414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colton%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=21233414
https://www.ncbi.nlm.nih.gov/pubmed/21233414
https://jlb.onlinelibrary.wiley.com/toc/19383673/2011/89/6
https://www.sciencedirect.com/science/article/pii/S1011134409000608#!
https://www.sciencedirect.com/science/article/pii/S1011134409000608#!
https://www.sciencedirect.com/science/article/pii/S1011134409000608#!
https://www.ncbi.nlm.nih.gov/pubmed/16413196
https://www.sciencedirect.com/science/journal/10111344/96/1
https://www.sciencedirect.com/science/journal/10111344/96/1
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://search.proquest.com/indexinglinkhandler/sng/au/Eisenberg,+Talbet+N/$N;jsessionid=71EB0F97FAAFB68604E14ED28689E784.i-0e09890e7ce931b15
https://search.proquest.com/indexinglinkhandler/sng/au/Middlebrooks,+E+Joe/$N;jsessionid=71EB0F97FAAFB68604E14ED28689E784.i-0e09890e7ce931b15
https://search.proquest.com/indexinglinkhandler/sng/au/Adams,+V+Dean/$N;jsessionid=71EB0F97FAAFB68604E14ED28689E784.i-0e09890e7ce931b15
https://search.proquest.com/pubidlinkhandler/sng/pubtitle/Water+Science+and+Technology/$N/2044520/OpenView/1943158981/$B/4FA54937C3544CD1PQ/1;jsessionid=71EB0F97FAAFB68604E14ED28689E784.i-0e09890e7ce931b15
javascript:;
javascript:;
https://www.sciencedirect.com/science/article/abs/pii/004313549090133Q#!
https://www.sciencedirect.com/science/article/abs/pii/004313549090133Q#!
https://www.sciencedirect.com/science/article/abs/pii/004313549090133Q#!
https://www.sciencedirect.com/science/article/abs/pii/004313549090133Q#!
https://www.sciencedirect.com/science/journal/00431354
https://www.sciencedirect.com/science/journal/00431354/24/7
https://www.sciencedirect.com/science/article/abs/pii/004313549490202X#!
https://www.sciencedirect.com/science/article/abs/pii/004313549490202X#!
https://www.sciencedirect.com/science/article/abs/pii/004313549490202X#!
https://www.sciencedirect.com/science/journal/00431354
https://www.sciencedirect.com/science/journal/00431354/28/5
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brovko%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=19517729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meyer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19517729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tiwana%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=19517729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20W%5BAuthor%5D&cauthor=true&cauthor_uid=19517729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19517729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Filipe%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=19517729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Griffiths%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=19517729


İdil and Darcan / Eskişehir Technical Univ. J. of Sci. and Tech. C – Life Sci. and Biotech. 10 (1) – 2021 
 

77 

[19] Souza RC, Junqueira JC, Rossoni RD, Pereira CA, Munin E, Jorge AOC. Comparison of the 

photodynamic fungicidal efficacy of methylene blue, toluidine blue, malachite green and low-

power laser irradiation alone against Candida albicans. Lasers Med Sci, 2010; 25, 3: 385–389. 

 

[20] Vilela SFG, Junqueira JC, Barbosa JO, Majewski M, Munin E, Jorge AOC. Photodynamic 

inactivation of Staphylococcus aureus and Escherichia coli biofilms by malachite green and 

phenothiazine dyes: An in vitro study. Arch Oral Biol, 2012; 57, 6: 704-710. 

 

[21] Rolim JP, de-Melo MA, Guedes SF, Albuquerque-Filho FB, de Souza JR, Nogueira NA, Zanin 

IC, Rodrigues LK. The antimicrobial activity of photodynamic therapy against Streptococcus 

mutans using different photosensitizers. J Photochem Photobiol B, 2012; 106: 40-46. 

 

[22] Prates RA,  Yamada AM Jr,  Suzuki LC,  Eiko Hashimoto MC,  Cai S,  Gouw-Soares S,  Gomes 

L, Ribeiro MS. Bactericidal effect of malachite green and red laser on Actinobacillus 

actinomycetemcomitans. J Photochem Photobiol B, 2007; 86, 1: 70-76. 

 

[23] Junqueira JC,  Ribeiro MA,  Rossoni RD,  Barbosa JO,  Querido SMR,  Jorge AOC. Antimicrobial 

photodynamic therapy: Photodynamic antimicrobial effects of malachite green 

on Staphylococcus, Enterobacteriaceae and Candida. Photomed Laser Surg, 2010; 28, S1 : S67-

72. 

 

[24] Souza SC, Junqueira JC, Balducci I, Ito CYK, Munin E, Jorge AOC. Photosensitization of 

different Candida species by low power laser light.  J Photochem Photobiol B, 2006; 83, 1: 34-

38. 

  

[25] Cristobal-Paz MP, Royo D, Rezusta A, Ciriano-Andrés E, Alejandre MC, Meis JF, Revillo MJ, 

Aspiroz C, Nonell S, Gilaberte Y. Photodynamic fungicidal efficacy of hypericin and dimethyl 

methylene blue against azole resistant Candida albicans strains. Mycoses, 2014; 57: 35-42. 

 

[26] Idil O, Darcan C, Ozen T, Ozkanca R. The effect of UV-A and various visible light wavelengths 

radiations on expression level of Escherichia coli oxidative enzymes in seawater, Jundishapur 

Journal of Microbiology, 2013; 6 (321), 226-232 

 

[27] Alkaim AF, Aljeboree AM, Alrazaq NA, Baqır SJ, Hussein FH, Lilo AJ. Effect of pH on 

adsorption and photocatalytic degradation efficiency of different catalysts on removal of 

methylene blue. Asian Journal of Chemistry, 2014; 26, 24: 8445-8448. 

 

[28] Clements MO,  Foster SJ. Stress resistance in Staphylococcus aureus. Trends Microbiol. 1999; 7,  

11: 458-462. 

 

[29] Arrigoni O, De Tullio MC. Ascorbic acid: much more than just an antioxidant. Biochimica et 

Biophysica Acta (BBA) 2002; 1569 1–3: 1-9. 

 

[30] Buettner GR, Doherty TP, Bannister TD. Hydrogen peroxide and hydroxyl radical formation by 

methylene blue in the presence of ascorbic acid. Radiat Environ Biophys, 1984; 23: 235-243. 

 

[31] Yang MJ,  Hung YA,  Wong TW,  Lee NY,  Yuann JMP, Huang ST, Wu CY, Chen IZ, Liang JY. 

Effects of blue-light-induced free radical formation from catechin hydrate on the inactivation 

of Acinetobacter baumannii, including a Carbapenem-resistant strain. Molecules, 2018, 23, 1631. 

 

[32] Niimi M, Tokunaga M, Nakayama H. Regulation of mannitol catabolism in Candida albicans: 

evidence for cyclic AMP-independent glucose effect. J Med Vet Mycol. 1986; 24 (3): 211-217. 

https://link.springer.com/journal/10103
https://www.sciencedirect.com/science/article/pii/S0003996911004183#!
https://www.sciencedirect.com/science/article/pii/S0003996911004183#!
https://www.sciencedirect.com/science/article/pii/S0003996911004183#!
https://www.sciencedirect.com/science/article/pii/S0003996911004183#!
https://www.sciencedirect.com/science/article/pii/S0003996911004183#!
https://www.sciencedirect.com/science/article/pii/S0003996911004183#!
https://www.sciencedirect.com/science/journal/00039969
https://www.sciencedirect.com/science/journal/00039969/57/6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolim%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=22070899
https://www.ncbi.nlm.nih.gov/pubmed/?term=de-Melo%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=22070899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guedes%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=22070899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Albuquerque-Filho%20FB%5BAuthor%5D&cauthor=true&cauthor_uid=22070899
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Souza%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=22070899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nogueira%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=22070899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zanin%20IC%5BAuthor%5D&cauthor=true&cauthor_uid=22070899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zanin%20IC%5BAuthor%5D&cauthor=true&cauthor_uid=22070899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodrigues%20LK%5BAuthor%5D&cauthor=true&cauthor_uid=22070899
https://www.ncbi.nlm.nih.gov/pubmed/16413196
https://www.sciencedirect.com/science/journal/10111344/106/supp/C
https://www.sciencedirect.com/science/article/pii/S1011134406001941#!
https://www.sciencedirect.com/science/article/pii/S1011134406001941#!
https://www.sciencedirect.com/science/article/pii/S1011134406001941#!
https://www.sciencedirect.com/science/article/pii/S1011134406001941#!
https://www.sciencedirect.com/science/article/pii/S1011134406001941#!
https://www.sciencedirect.com/science/article/pii/S1011134406001941#!
https://www.sciencedirect.com/science/article/pii/S1011134406001941#!
https://www.sciencedirect.com/science/article/pii/S1011134406001941#!
https://www.sciencedirect.com/science/article/pii/S1011134406001941#!
https://www.ncbi.nlm.nih.gov/pubmed/16413196
https://www.sciencedirect.com/science/journal/10111344/86/1
https://www.liebertpub.com/doi/pdf/10.1089/pho.2009.2526
https://www.liebertpub.com/doi/pdf/10.1089/pho.2009.2526
https://www.liebertpub.com/doi/pdf/10.1089/pho.2009.2526
https://www.liebertpub.com/doi/pdf/10.1089/pho.2009.2526
https://www.liebertpub.com/doi/pdf/10.1089/pho.2009.2526
https://www.liebertpub.com/doi/pdf/10.1089/pho.2009.2526
https://www.liebertpub.com/journal/pho
https://www.liebertpub.com/toc/pho/28/S1
https://www.sciencedirect.com/science/article/pii/S1011134405002290#!
https://www.sciencedirect.com/science/article/pii/S1011134405002290#!
https://www.sciencedirect.com/science/article/pii/S1011134405002290#!
https://www.sciencedirect.com/science/article/pii/S1011134405002290#!
https://www.sciencedirect.com/science/article/pii/S1011134405002290#!
https://www.sciencedirect.com/science/article/pii/S1011134405002290#!
https://www.sciencedirect.com/science/journal/10111344
https://www.sciencedirect.com/science/journal/10111344
https://www.sciencedirect.com/science/journal/10111344/83/1
javascript:void(0)
javascript:void(0)
https://www.sciencedirect.com/science/article/abs/pii/S0966842X99016078#!
https://www.sciencedirect.com/science/article/abs/pii/S0966842X99016078#!
https://www.ncbi.nlm.nih.gov/pubmed/10542426
https://www.sciencedirect.com/science/journal/0966842X/7/11
https://www.sciencedirect.com/science/journal/0966842X/7/11
https://www.sciencedirect.com/science/article/abs/pii/S0304416501002355#!
https://www.sciencedirect.com/science/article/abs/pii/S0304416501002355#!
https://www.sciencedirect.com/science/journal/03044165/1569/1
https://sciprofiles.com/profile/author/bVc1VjZkSUVKbUhqRDZoTWgveVdnZCtqdGtSWXhHYmFhS3BKdHhQWVVxdz0=
https://sciprofiles.com/profile/author/emg2Q2RuRXhReE5tcEUzN1Era0FSeXJPNytRb3pKVjVIeFp2cGV3bGIwRT0=
https://sciprofiles.com/profile/496570
https://sciprofiles.com/profile/544896
https://sciprofiles.com/profile/author/TFVlRmsyMndFbXZjUzZUV2RhZGFORjduZmZ5M0krSFJSeVJzSGF1WUdBYz0=
https://sciprofiles.com/profile/author/RTJ2OHd4R2EzSDg2UTZrMUF4eWl1amZJUGIwcE5DRStYZVNFUDBRNW85MD0=
https://sciprofiles.com/profile/author/ZjhXMzZkc0RFWjRWUTZFakpYQ0dTVERrRlJ1Q0lTOGJZMDhFZnhCY21zST0=
https://sciprofiles.com/profile/458393
https://sciprofiles.com/profile/455797
http://www.ncbi.nlm.nih.gov/pubmed/?term=Niimi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=3016228
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tokunaga%20M%5BAuthor%5D&cauthor=true&cauthor_uid=3016228
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakayama%20H%5BAuthor%5D&cauthor=true&cauthor_uid=3016228
http://www.ncbi.nlm.nih.gov/pubmed/3016228


İdil and Darcan / Eskişehir Technical Univ. J. of Sci. and Tech. C – Life Sci. and Biotech. 10 (1) – 2021 
 

78 

 

[33] Brancini GTP, Rodrigues GB, Rambaldi MSL, Izumi C, Yatsuda AP, Wainwright M, Rosa JC, Braga 

GÚL. The effects of photodynamic treatment with new methylene blue N on the Candida 

albicans proteome. Photochem. Photobiol. Sci. 2016; 15: 1503-1513. 

 

[34] Shen B, Jensen RG, Bohnert HJ. Mannitol protects against oxidation by hydroxyl radicals. Plant 

Physiol. 1997; 11 (5): 527-532. 

 

https://pubs.rsc.org/en/results?searchtext=Author%3AGuilherme%20Thomaz%20Pereira%20Brancini
https://pubs.rsc.org/en/results?searchtext=Author%3AGabriela%20Braga%20Rodrigues
https://pubs.rsc.org/en/results?searchtext=Author%3AMariana%20de%20Souza%20Lima%20Rambaldi
https://pubs.rsc.org/en/results?searchtext=Author%3AClarice%20Izumi
https://pubs.rsc.org/en/results?searchtext=Author%3AAna%20Patr%C3%ADcia%20Yatsuda
https://pubs.rsc.org/en/results?searchtext=Author%3AMark%20Wainwright
https://pubs.rsc.org/en/results?searchtext=Author%3AJos%C3%A9%20C%C3%A9sar%20Rosa
https://pubs.rsc.org/en/results?searchtext=Author%3AGilberto%20%C3%9Abida%20Leite%20Braga
https://scholar.google.com.tr/citations?user=meh2h4QAAAAJ&hl=tr&oi=sra
http://www.plantphysiol.org/content/115/2/527.short


Copyright of Anadolu University of Sciences & Technology - C: Life Sciences &
Biotechnology is the property of Anadolu University and its content may not be copied or
emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.


