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The bactericidal activity of cold atmospheric plasma (CAP) along with their 

fungicidal, sporicidal, and virucidal effects, is responsible for decontamination, sterilization, 

tissue regeneration, antitumor activity1, etc.. For the safe implementation of CAP 

technologies, the understanding of plasma-bacteria interaction is crucial. To elucidate the 

mechanisms underlying the bactericidal efficiency, the detailed examination of the damaged 

cellular components (cell membrane, DNA, proteins) is required.  

Extracellular reactive oxygen and nitrogen species (RONS) generated in gaseous and 

liquid phases are the main triggers of multiple plasma-cell pathways. Cell membrane 

destruction is the initial mechanism for bactericidal effect of plasma since it causes the 

intracellular damages of proteins and DNAs2. Commonly used methods for the cell membrane 

integrity determination (fluorescence microscopy, flow cytometry, and fluorimetry) have high 

cost and may limit analyzing of plasma-treated samples due to cross-reactivity and pH-

dependence of fluorescent probes. Here, we present a specific fluorometric method for rapid 

evaluation of cell membrane integrity using propidium iodide (PI)3 as a fluorescent probe 

designed for CAP-treated bacterial suspensions.  

Transient spark discharge plasma generated in ambient air4 was applied to planktonic 

suspensions of S. aureus and E. coli bacteria. CAP-induced cell membrane damages were 

evaluated in different liquids and bacterial growth phases and correlated with bactericidal 

effect. Various factors affecting the fluorescence signal have been studied to determine the 

optimal conditions including the concentration of PI, the pH value, and the presence of 

organic compounds. PI method was developed into an optimal sensitive analytical tool for 

identifying cell membrane integrity caused by CAP. This novel available screening technique 

will contribute to a comprehensive understanding of plasma-bacteria interaction for 

biomedical applications. This research was supported by Faculty of Mathematics, Physics and Informatics, 

Comenius University, and Slovak Research and Development Agency grant APVV-17-0382. 
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