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Seleninic acids as chalcogen bond donors: a molecular insight of GPx activity 
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Glutathione peroxidase (GPX) [1] is a selenoenzyme containing multiple selenocysteine units in its active site. It catalyses the 

reduction of harmful peroxides, thus protecting cells from oxidative stress. High concentrations of active peroxides results in an 

alternative path of the catalytic cycle of GPX, where selenenic acid residues (R–SeOH) undergo oxidation to the corresponding 

seleninic (R–SeO2H) and selenonic acids (R-SeO3H). In general, synthetic seleninic acids and their sulfurated analogues sulfinic acids 

(R-SO2H) have been reported as key component in redox regulation [2], exerting in some cases a surprising anticancer activity [3].  

The reactivity of these moieties may be related to the electrophilic behaviour of selenium and, to a lesser extent, of sulphur. The 

propensity of an electron rich atom to act as an electrophile is related to the presence of regions of positive electrostatic potential (σ-

holes) on its surface, located on the back-end of the covalent bonds formed by the considered atom. σ-hole interactions are named 

from the group of the periodic table to which the element behaving as an electrophile belongs; based on this, interactions given by 

atoms of group 16 are dubbed as Chalcogen Bonds (ChB) [4]. 

Here, we report the controlled oxidation of L-selenocystine (C6H12N2O4Se2) in selenocysteine seleninic acid, which is a simple mimic 

of GPX activity. This compound was isolated and single crystals suitable for X-ray diffraction allowed to an insight at the atomic level 

of the electrophilic behaviour of selenium. This crystal structure suggests the possible involvement of ChB in the redox regulation 

activity of the seleninic acid moiety. A survey of the Cambridge Structural Database (CSD) and some computational studies on a 

small library of these class of compounds may confirm the propensity of seleninic (and sulfinic) acids to act as ChB donors. 

 

Figure 1. The three ChBs formed by selenocysteine seleninic acid. Color code: carbon, grey; oxygen, red; nitrogen, violet; sulphur, 

orange; hydrogen, white. ChBs are depicted as light blue dashed lines. 
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