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Figure 1
polyubiquitin chain; (c) the function of ubiquitination modification.
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(Color online) Mechanism and function of ubiquitination. (a) The process of classical ubiquitination modification; (b) the type of
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Figure 2 (Color online) Non-canonical ubiquitin linkage. (a) The C-terminal glycine of the ubiquitin is linked to lysine via an amide bond. (b) The C-
terminal glycine of the ubiquitin is linked to the substrate’s cysteine via a thioester bonds. (¢) The C-terminal glycine of the ubiquitin is linked to the
substrate’s serine via an oxy-ester bond. (d) The C-terminal glycine of the ubiquitin is linked to the substrate’s threonine via an oxy-ester bond. (¢) The
carboxyl group of the C-terminal glycine of the ubiquitin is linked to the amino group of the phosphatidylethanolamine head via an amide bond. (f)
RNF213 catalyzed the linkage of ubiquitin to LPS. (g) Ubiquitin modification of single-strand nucleic acid molecules.
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Figure 3 (Color online) Novel ubiquitination pathways. (a) UCHL1 possesses both ligase and hydrolase activities. (b) SdeA catalyzes the
phosphoribosyl ubiquitin modification on the Ser residue of protein substrates through a non-canonical two-step reaction. (c) MavC catalyzes the
linkage between the Gln residue of ubiquitin and the Lys residue of the substrate protein through its transglutaminase activity. (d) PknG exhibits triple

enzymatic activities.
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The mechanism and biological function of non-canonical
ubiquitination
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Abstract: Ubiquitination is an energy-dependent post-translational modification that specifically modifies substrates.
Due to its ability to modify numerous substrate proteins, it plays a crucial role in various cellular activities. With the
deepening of research on canonical ubiquitination, non-canonical ubiquitination modifications have gradually been
discovered and have attracted widespread attention. Non-canonical ubiquitination is a novel form of ubiquitin
modification that differs from canonical ubiquitination in several aspects, including the types of amino acid residues of
the substrate involved in the modification process, the linkage manner between ubiquitin and substrates, the types of
substrates, and the enzymatic reaction processes. Non-canonical ubiquitination modifications can participate in
regulating a multitude of biological activities such as host-pathogen interactions, autophagy, endoplasmic reticulum-
associated degradation, and neuronal functions. This review summarizes the latest advancements in non-canonical
ubiquitination research, discusses its mechanisms of action and biological functions within cells, and provides new
perspectives for further understanding the complexity of ubiquitination modifications and their significance in life
processes.

Keywords: ubiquitination, non-canonical, post-translational modification, mechanism, function
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