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This collection of reviews highlights the central role that ubiquitin, and ubiquitin-like proteins, play in biology and how hypothesis driven use of new and existing biochemical tools continues to expand our understanding of cellular physiology. We begin with two reviews that focus on proteostasis in specific disease states. Sap et al. review the role of the ubiquitin-proteasome system (UPS) in Huntington’s disease, suggesting that defects in Huntingtin (HTT)-UPS targeting might be alleviated through understanding differential ubiquitination of “normal” versus polyQ-expanded mutant HTT. Zhu et al. review small ubiquitin-like modifiers (SUMO) signalling in cancer stem cells. Small molecules that alter flux through SUMOylation cascades and influence cancer cell metastatic properties point towards potential therapeutic targets. These reviews point to the need for specific inhibitors of ubiquitinating and deubiquitinating enzymes (DUBs) as well as new protein-targeting chimeras (PROTACs) to direct the degradation of misregulated or pathogenic proteins.
There is a considerable gap between clinically useful drugs and tool-compounds for the ubiquitin system. Remarkable progress has been made in both areas. Kennedy et al. discuss recent developments in fragment-based drug discovery for the Ubiquitin system in their mini-review. Typically, covalent fragments target the catalytic cysteines of Ubiquitin E2 conjugating enzymes (E2s), cysteine dependent E3 ubiquitin ligases (cys-E3s) and DUBs. Kennedy and colleagues suggest that fragments which target non-cysteine nucleophiles may be the basis for the next-generation of tool compounds.
De Cesare provides a timely personal perspective on dissecting the Ubiquitin system with matrix assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry (MS). She and others have put this technique to use in identifying DUBs and E2s with non-lysine activity (Wang et al., 2009; De Cesare et al., 2021; Rehman et al., 2023). Key questions remain around the physiological roles of non-lysine ubiquitination. Given the context dependent and promiscuous nature of E2, E3 and DUB activity in vitro experiments are likely to reveal more surprising substrates. We anticipate that new biochemical tools will be required to validate these observations in vivo.
Continuing this theme, Kelsall provides an in-depth review of ubiquitination beyond lysine. Transfer of ubiquitin to serine, threonine, and non-proteinaceous substrates has re-entered the spotlight in recent years. Bacterial effector proteins in the SidE family bypass the ubiquitination cascade completely to link ubiquitin to serine via a phosphoribosyl linkage (Tomaskovic et al., 2022). In eukaryotes specialised cys-E3 domains with non-lysine reactivity reside within large proteins (Pao et al., 2018; Kelsall et al., 2019; Ahel et al., 2020; Mabbitt et al., 2020; Ahel et al., 2021; Otten et al., 2021). A caveat to this is that RING-between-RING (RBR) E3s, such as RNF216, which catalyse ubiquitin transfer to lysine have ubiquitin esterification activity in vitro (Wang et al., 2023). The presence of, at the minimum, a cysteine-histidine catalytic dyad appears to be sufficient for Ub transfer to ester substrates in vitro (Pao et al., 2018; Wang et al., 2023). Given that catalytic triads are common and have evolved multiple time independently, it is conceivable that there are many more enzymes which transfer ubiquitin to ester substrates (Dodson and Wlodawer, 1998; Squair and Virdee, 2022). Ubiquitination of non-proteinaceous targets vastly expands the already enormous influence of these small globular proteins on cell biology. With new chemical probes and sensitive “omics” techniques coming online, it is an exciting time to be a ubiquitin biologist.
AUTHOR CONTRIBUTIONS
AF: Writing–original draft, Writing–review and editing. PM: Writing–original draft, Writing–review and editing.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Ahel, J., Fletcher, A. J., Grabarczyk, D. B., Roitinger, E., Deszcz, L., Lehner, A., et al. (2021). E3 ubiquitin ligase RNF213 employs a non-canonical zinc finger active site and is allosterically regulated by ATP. bioRxiv . 2021.2005.2010.443411. doi:10.1101/2021.05.10.443411
 Ahel, J., Lehner, A., Vogel, A., Schleiffer, A., Meinhart, A., Haselbach, D., et al. (2020). Moyamoya disease factor RNF213 is a giant E3 ligase with a dynein-like core and a distinct ubiquitin-transfer mechanism. Elife 9, e56185. doi:10.7554/eLife.56185
 De Cesare, V., Carbajo Lopez, D., Mabbitt, P. D., Fletcher, A. J., Soetens, M., Antico, O., et al. (2021). Deubiquitinating enzyme amino acid profiling reveals a class of ubiquitin esterases. Proc. Natl. Acad. Sci. U. S. A. 118, e2006947118. doi:10.1073/pnas.2006947118
 Dodson, G., and Wlodawer, A. (1998). Catalytic triads and their relatives. Trends Biochem. Sci. 23, 347–352. doi:10.1016/S0968-0004(98)01254-7
 Kelsall, I. R., Zhang, J., Knebel, A., Arthur, J. S. C., and Cohen, P. (2019). The E3 ligase HOIL-1 catalyses ester bond formation between ubiquitin and components of the Myddosome in mammalian cells. Proc. Natl. Acad. Sci. U. S. A. 116, 13293–13298. doi:10.1073/pnas.1905873116
 Mabbitt, P. D., Loreto, A., Dery, M. A., Fletcher, A. J., Stanley, M., Pao, K. C., et al. (2020). Structural basis for RING-Cys-Relay E3 ligase activity and its role in axon integrity. Nat. Chem. Biol. 16, 1227–1236. doi:10.1038/s41589-020-0598-6
 Otten, E. G., Werner, E., Crespillo-Casado, A., Boyle, K. B., Dharamdasani, V., Pathe, C., et al. (2021). Ubiquitylation of lipopolysaccharide by RNF213 during bacterial infection. Nature 594, 111–116. doi:10.1038/s41586-021-03566-4
 Pao, K. C., Wood, N. T., Knebel, A., Rafie, K., Stanley, M., Mabbitt, P. D., et al. (2018). Activity-based E3 ligase profiling uncovers an E3 ligase with esterification activity. Nature 556, 381–385. doi:10.1038/s41586-018-0026-1
 Rehman, S. A. A., Di Nisio, E., Cazzaniga, C., Antico, A., Knebel, A., Johnson, C., et al. (2023). Discovery and characterization of non-canonical E2 conjugating enzymes. bioRxiv . 2023.2003.2005.531151. doi:10.1101/2023.03.05.531151
 Squair, D. R., and Virdee, S. (2022). A new dawn beyond lysine ubiquitination. Nat. Chem. Biol. 18, 802–811. doi:10.1038/s41589-022-01088-2
 Tomaskovic, I., Gonzalez, A., and Dikic, I. (2022). Ubiquitin and Legionella: from bench to bedside. Seminars Cell and Dev. Biol. 132, 230–241. doi:10.1016/j.semcdb.2022.02.008
 Wang, X., Herr, R. A., Rabelink, M., Hoeben, R. C., Wiertz, E. J., and Hansen, T. H. (2009). Ube2j2 ubiquitinates hydroxylated amino acids on ER-associated degradation substrates. J. Cell Biol. 187, 655–668. doi:10.1083/jcb.200908036
 Wang, X. S., Cotton, T. R., Trevelyan, S. J., Richardson, L. W., Lee, W. T., Silke, J., et al. (2023). The unifying catalytic mechanism of the RING-between-RING E3 ubiquitin ligase family. Nat. Commun. 14, 168. doi:10.1038/s41467-023-35871-z
Conflict of interest: Author PM was employed by Scion.
The remaining author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Fletcher and Mabbitt. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Reviews in ubiquitin signaling: 2022		Author contributions

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Molecular Biosciences






OPS/images/logo.jpg
P frontiers | Frontiers in Molecular Biosciences





