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Editorial on the Research Topic
The Role of Reactive Oxygen Species in Chemical and Biochemical Processes

Reactive oxygen species (ROS) are small reactive molecules that play critical roles in the regulation of various cell functions (Forman et al., 2010), chemical (Lam et al., 2020) and biological (Belovolova, 2020) processes. ROS are relatively short-lived molecules that contain oxygen atoms and display half-lives (t1/2) in the range of nanoseconds to hours. In many chemical and biological processes, they are usually formed as molecules, ions, or radicals, such as hydrogen peroxide (H2O2), singlet oxygen (1O2), hydroxyl radical (•OH), hydroperoxyl radical (HOO•), superoxide radical (•O2−), hypochlorite ion (ClO−), or peroxynitrite (ONOO−) (Lushchak, 2014). Depending on the specific type, ROS can play significantly different roles, participating in many important processes (Schieber and Chandel, 2014) and reacting with various target molecules. In biological and biochemical processes, ROS are natural products of oxygen metabolism, playing a key role in cell signal transduction and homeostasis. Under environmental pressure, a dramatic increase in ROS levels can cause oxidative stress (Das and Roychoudhury, 2014), leading to cellular damage or triggering various diseases, including neurological disorders (Balance et al., 2019), cardiovascular diseases (Chen et al., 2019), or different kinds of inflammation (Silwal et al., 2020; Terrone et al., 2020) and cancer (Weinberg et al., 2019). Furthermore, thanks to the high reactivity, ROS are involved in many (photo)chemical processes, which are the basis of several technological applications (Tapeinos and Pandit. 2016; Andina et al., 2017; Nosaka and Nosaka, 2017; Yang et al., 2019).
This Research Topic “The Role of Reactive Oxygen Species in Chemical and Biochemical Processes” collects five articles on the latest advances in understanding the role of ROS in many processes.
Sikora et al. propose a review on the application of redox boronate-based molecular probes, as emerging effective tools for the detection and quantitation of peroxynitrite and hydroperoxides (Sikora et al.). Thanks to their promising advantages, in terms of reaction kinetics, stoichiometry, and mechanisms of action, with respect to the widely used probes based on reduced fluorescent dyes, the boronate probes represent a meaningful opportunity for studying in vivo the role of biological oxidants in pathological conditions, including cancer, neurodegeneration, and cardiovascular diseases. This review focuses on the recent progress in the design of boronate-based probes, describing their reactivity and offering many examples of their real use in chemical, enzymatic, and biological systems.
Undoubtedly, cardiovascular health and disease is a major research and clinical area. ROS have been implicated in the genesis and progression of cardiovascular disease, due to their reactive nature. However, in the past years, more and more physiological signaling roles have been adjudicated to ROS in the regulation of cardiovascular function. Alhayaza et al. contribute with a review detailing the relationship between ROS and endothelial cells, master regulators of the cardiovascular system (Alhayaza et al.). In this review, the complex and intricate mechanisms linking endothelial cell metabolism and energy sources (carbohydrates and lipids) with ROS fine-tuned production to promote different physiological outcomes (e.g., angiogenesis or vasodilation) are clearly structured and presented. Finally, some hints as to the connection between ROS production and epigenetics in endothelial cells are provided to conclude the review.
New, out-of-the-box approaches to generate ROS in a controlled way in different biological systems are in development to complement the classical photodynamic systems, in use since more than one century ago. In their mini-review, Carrasco et al. introduce the fundamentals of a particularly appealing approach: plasmonic excitation of metal nanoparticles (Carrasco et al.). Making use of the collective photoexcitation of conduction band electrons in the nanoparticle, it is possible to promote a subpopulation of those electrons to high-energy states. These so-called hot electrons can engage in ROS production, which, in turn, can be employed to modulate biological function through cellular redox targets. The fundamentals, advantages, and some tentative redox biological applications of these plasmonic hot electrons are introduced in this mini-review.
Liang et al. propose an original research article on the development of a novel light-activated tool for targeted generation of singlet oxygen to induce cell death, exploiting a genetically encoded fluorogen-activating protein opportunely complexed with a unique dye molecule that acts as a powerful photosensitizer upon interaction with the protein (Liang et al.). The proposed strategy leads to a localized production of 1O2 in distinct subcellular regions at consistent per-cell concentrations, determining a light dose-dependent cytotoxic response and inducing apoptotic or necrotic cell death as a function of subcellular location, including the nucleus, the cytosol, the endoplasmic reticulum, the mitochondria, and the lipid membrane. This study offers a new insight into the role of 1O2-generating photosensitizing processes in inducing targeted cell death and contributes to access the spotlight on the tolerance and survival mechanisms in studies of oxidative stress in clonal cell populations.
The original research article by Mazuryk et al. shows relevant results to understand the role of organic and inorganic components of airborne particulate matter (PM) in provoking adverse health effects (Mazuryk et al.). The in vitro biological effects of organic and inorganic PM fractions were investigated on A549 lung epithelial cells by using a novel and interesting experimental protocol. A significant influence of a PM inorganic part on oxidative stress generation was observed. Specifically, oxidative stress was induced by the PM organic fraction with small and moderate PM concentrations for a shorter incubation time (24 h) and by the PM inorganic fraction with increasing PM concentrations for a prolonged incubation time (up to 18 days, mimicking the chronic exposition), resulting in a significantly different profile of ROS generation.
In conclusion, it has been a pleasure to edit this exciting topic of Frontiers in Chemistry. The issue brings together a variety of articles on the key role of these highly reactive molecules, helping to increase the understanding on their involvement in many natural or induced bio-(photo)chemical processes, which are also fundamental for many applications in the biomedical field. The editors hope that the articles will be of interest for researchers in the field of biological and physical chemistry. The articles will contribute to improving the knowledge and understanding of the fundamental properties of ROS.
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