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The project is concerned with development of electrochemical methods for studying redox active proteins and enzymes in relation with oxygen radical species (ROS), by means of advanced electrochemical techniques. The project team comprises researches from different scientific areas, such as biophysics, physiology, and electrochemistry, reflecting the interdisciplinary and complex nature of the subject studied. At the very beginning we are pleased to note that the project enabled so far an intensive transfer of knowledge between joined research groups, including young researchers from both sides, and promoted significantly broader research activities than initially proposed. 
The recent activities can be divided in two major groups: 
· Theoretical studies devoted to protein-film voltammetry
· Experimental studies of redox active compounds and proteins.
The general electrochemical methodology for studying redox active proteins is elaborated in details in a review article [
], addressing a wide range of redox active proteins and enzymes, the methods for protein immobilization on electrode surfaces, and elaborating the electrochemical techniques adequate for interrogating redox properties of studied proteins. 
The recent theoretical studies conducted in the frame of the project refer to electrochemical mechanisms in thin films, where the mass transfer occurs in a limited diffusion space [
], as well as to diffusionless electrochemical processes pertinent to experimental cases when the protein is adsorbed on the electrode surface in a form of a monomolecular layer [
, 
]. Mathematical modeling combined with simulations of electrode processes was adapted for cyclic staircase voltammetry, as a common electrochemical technique, as well as for the advanced square-wave voltammetry (SWV), in accord with the general goal of the project. It is worth mentioning that significant progress has been done in deriving rigorous mathematical solutions for processes in thin films [2], which provide a basis for understanding the experiments when the protein is confined within a thin, lipid-like film on the electrode surface. The new mathematical solutions have been critically compared with the previous theory, and their applicability for simulating the electrode processes under conditions of SWV has been tested. More importantly, an attempt was made to develop a theory for SWV under anomalous diffusion conditions [2], which is expected to be of relevance for charge and proton transfer mechanisms through the complex protein clusters, e.g., photosystem II. 

In the theoretical studies referring to diffusionless processes [3, 4], multistep, consecutive electron-transfer mechanisms, coupled with side chemical reactions, have been considered. In [3], a two-step electron transfer mechanism, combined with a follow-up regenerative catalytic reaction was analyzed, i.e., EECcat mechanism, where E refers to the electrochemical step and Ccat to the catalytic follow-up chemical step. Simulations performed under conditions of SWV enabled establishing criteria for qualitative recognition of the mechanism, as well as for quantitative kinetic measurements of the electrochemical and chemical steps. The theory presented in [4] refers to EE, ECE and EECcat reaction pathways, as these reaction mechanisms are frequently encountered in experimental studies of redox molecules and proteins. Considering methodological studies related with redox kinetic measurements with SWV [
], it is worth mentioning that the methods known as “split SW peaks” and “qausireversible maximum” have been further developed in the context of protein-film voltammetry and critically discussed in [1].

Experimental studies from the initial stage of the project have been focused on studying quinone-like compounds, as a model for an active center of many redox active proteins. Special attention has been given to coenzyme Q compounds (CoQs), in particular to Coenzyme Q10 (CoQ10), known as ubiquinone, due to its ubiquitous abundance in living organisms. The electrochemical study of CoQ10 was conducted by confining the compound in a thin, lipid-like layer on the electrode surface, whereas the study of the water soluble analog, CoQ1, was conducted in a conventional electrochemical set-up [
]. A complex set of research activities has been undertaken combining electrochemistry with UV-VIS, EPR and NMR spectroscopy, as well as HPLC-MS chromatographic techniques. For the first time it has been demonstrated that CoQ10 is prone to nucleophilic substitution reactions, yielding new CoQ-hydroxyl derivatives. The substitution of metoxy groups of CoQ10 with hydroxyl groups can be conducted either in a mild basic medium, or it can be enzymatically driven by cytochrome P450 in a neutral medium. The new CoQ10 hydroxy-derivatives are attributed with significantly higher antioxidative properties than the parent CoQ10, as well as they posses strong redox-switchable calcium complexing ability [6]. These findings imply new physiological roles of CoQ10 with respect to the ROS scavenging properties and involvement into the calcium related cellular signaling mechanisms. Finally, this study revealed the power of the interdisciplinary research team that enabled combination and advanced application of different techniques, ranging from electrochemistry, spectroscopy to chromatography. 
In addition to the CoQs, other dimetoxy-substituted quinones have been intensively studied as models for many naturally occurring quinones [
]. Particular efforts have been done to uncover the ROS scavenging activities of this sort of compounds, where the ROS species have been generated through the enzymatic reaction of xanthineoxidase, xanthine and oxygen. The results clearly indicate that all hydroxyl derivatives of CoQs and other dimetoxyquinones exhibit profound superoxide scavenging ability. More importantly, the antioxidative power has been confirmed in experiments where ROS have been produced by human phagocytes, confirming the antioxidative potential of these compounds under physiological conditions. Finally, having in mind the susceptibility of CoQs to nucleophilic substitution reactions, a preliminary set of experiments have been carried out to probe the reactions of CoQs with the three-peptide glutathione. The initial results indicate formation of new conjugates, which is expected to be of particular biochemical relevance. 
In parallel to the foregoing studies, in the reported period significant efforts have been done to study water soluble redox enzymes with electrodes modified with a thin, lipid-like layer containing a redox mediator [
]. The ongoing experiments include xanthinoxidase, glucoseoxidase, and cytochrome C, using decamethylferrocene as a redox mediator. In these experiments the electronic communication between the electrode and the aqueous enzyme is mediated by the redox probe confined in the thin-film (e.g., decamethylferrocene embedded in a nitrobenzene film), and the overall process comprises electron and ion transfer reactions across the liquid interface formed between the organic layer and the aqueous phase. In this approach, particularly appealing is the methodology in which the organic layer was enriched with gold nanoparticles that were electrochemically formed at the interface of the two liquid phases [
]. It has been proven that gold nanoparticles are effective catalyst for electron transfer reactions of important biochemical molecules, thus being a promising catalyst for enzyme electron transfer reactions. 

Finally, it is worth mentioning that in the reported period a series of additional studies have been done by the members of the project, which are indirectly related and motivated by the project subject. These studies range from development of novel redox sensitive protein sensors, the physiological roles of redox regulated ion channels [
, 11, 16], theory of square-wave voltammetry of anodic [
] and cathodic stripping processes [
], electrochemistry of functional groups of biochemical relevance [
], to the development of new electrochemical methods for antioxidative activity measurements [
]. 
Finally we note that an integral part of this report is Table 1, listing the research visits exchanged, Table 2, presenting the distribution of costs and spending, and List of Publications related with the project. 

Table 1. An overview of the exchanged research visits.
	Researcher
	Duration 
(in months)
	Time period
	Host university

	1. Rubin Gulaboski
	1
	February-March (2011)
	Saarland University 

	2. Rubin Gulaboski
	1
	August-September (2011)
	Saarland University

	3. Rubin Gulaboski
	1
	February-March (2012)
	Saarland University

	2. Valentin Mirčeski
	1
	July (2011)
	Saarland University

	2. Valentin Mirčeski
	1
	April (2012)
	Saarland University

	4. Birhan Sefer
	2
	November-December (2011)
	Saarland University 

	5. Ivan Bogeski
	0.5
	March (2012)
	“Ss Cyril and Methodius” University 
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