Laser-generated nanoparticle-coated microrelief against the formation of bacterial biofilms
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For decades, antibiotics were effective against the pathogenic microorganisms, but nowadays they are becoming useless. The over-extensive and sometimes unnecessary and careless prescription (or self-prescription by patients) of antibiotics, their adding to food and the livestock raised the resistivity of the bacterial strains, which lead to their mutation and acquired immunity to the several kinds of drugs. As confirmed by the World Health Organization [1], antibiotic resistivity of bacterial strains is becoming a grave problem in the modern world, and new methods against pathogenic microorganisms are in need. Laser-fabricated surface relief is actively used for the antibacterial applications, such as silicon (Si) microcones and metal nanospikes, which induce the bacterial death due to mechanical damage of the cell membrane [2]. Other way of laser ablation products use against pathogenic microorganisms include the application of nanoparticles (NPs), which induce bacterial death through the activation of super-oxidative stress, destroying the cell DNA [3]. A new type of antibacterial coating, combining the microscale roughness and the nanoscale chemotoxic effect, would allow a possibly faster and more effective effect on the biofilm formation. Therefore, in this work we present the results on biofilm growth prevention by using Si ripples, covered with Se, Te, Sb or Ag NPs.
Laser radiation of a fiber laser Satsuma (Amplitudes Systems) with λ = 1030 nm (energy up to 6 µJ, pulsewidth 0.3 ps) was focused on the surface of a polished Si target under the 2-mm layer of deionized water via an F-theta lens (F = 100 mm), and was raster-scanned twice across the 7x7 mm2 areas with 100 lines/mm filling, scanning speed 12 mm/s and repetition rate 160 kHz. The resulting Si ripples were then covered with colloidal Se, Te, Sb and Ag NPs and air-dried, after which the testing of their antibacterial properties was performed on the S. aureus strain in form of biofilm. Culture of each bacterium, which was grown in a nutrient medium (lysogeny broth), was diluted with fresh LB 1:100. A Petri dish with 2 ml of broth culture was placed under an investigation glass. For biofilm formation, the plates were incubated for 4 h at 37 °C. A ‘Live/Dead Biofilm Viability Kit’ coloration set was used to differentiate between viable and non-viable bacteria in the biofilms. To visualize the bacterial biofilms, the fluorescent dyes - 3 μl SYTO®9 and 3 μl propidium iodide - were diluted in 1 ml of distilled water. Samples were analyzed using the fluorescence microscope Nikon H600L with a fluorescent lens.
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