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Editorial on the Research Topic 


Ubiquitin and ubiquitin-like modifications in viral infection and innate immunity


The Research Topic ‘ubiquitin and ubiquitin-like modifications in viral infection and innate immunity’ aimed to advance our knowledge and understanding of the regulation of innate immune signaling by ubiquitin and ubiquitin-like modifiers during infection, its interplay with viral proteins and the application of modern techniques to decode these interactions. Six original research papers, three mini-reviews, one review article, and one perspective article that covered various aspects of the Research Topic were eventually part of the collection.

Innate immune responses are our first line of defense against invading pathogens. Multiple signaling pathways work in concert to eliminate the invading pathogen (1). However, to mediate a rapid but balanced defensive response, the innate immune system itself has to be intricately regulated. The fate and function of the individual key signalling factors is often regulated by post-translational modifications (PTMs) (2). Most prominently among them are ubiquitin (Ub) and ubiquitin-like (UbLs) modifications such as ISGylation, Neddylation, UFMylation, SUMOylation (3, 4). These modifications virtually control all aspects of innate immune signaling (5, 6). A concerted series of enzymatic processes leads to the covalent attachment of Ub/UbLs to mainly lysine residue of substrate proteins. It involves an activation enzyme (E1), a conjugation enzyme (E2), and ligating enzyme (E3). E3-Ub ligases recognize the substrate simultaneously interacts with the Ub-conjugated E2 and the substrate protein and mediates the isopeptide bond formation between the Ub and a lysine residue of the substrate protein (7). Modification of a signaling protein by Ub or UbLs eventually impacts its functional activity and/or stability.

More than 600 human E3-ligases have been identified so far, among them are members of the tripartite motif (TRIM) family that are encoded within the MHC-I locus of the human DNA (8). The review by Jia et al. highlights the role of TRIMs in regulating innate immunity that impacts infections or auto-inflammatory conditions. Beyond classical ubiquitination, TRIM proteins like TRIM38 mediate SUMOylation in RNA-sensing (RIG-I/MDA5) and DNA-sensing (cGAS/STING) pathways. A role of TRIM7 in the negative regulation of innate immune response upon RNA-virus infection was revealed by the study of Yang et al. TRIM7, also known as E3 ubiquitin-protein ligases RING-finger protein 90 (RNF90) promotes K48-linked ubiquitination of the important RNA-sensing signaling adaptor MAVS. This eventually leads to the proteasomal degradation of MAVS and consequently decreased innate immune signaling in response to RNA viruses. Of note, the negative regulation of MAVS by TRIM7 may protect against aberrant spontaneous activation of immune responses under physiological conditions.

Ubiquitin has seven lysine residues (Lys6, Lys11, Lys27, Lys29, Lys33, Lys48, and Lys63). The mode of Ub lysine-lysine interconnection determines the fate of the substrate protein (9). In addition to lysine-linked chains, linear chains can be formed that are linked via the N-terminal first methionine. This is mediated by the specialized E3-ligase complex Linear ubiquitin chain assembly complex (LUBAC) (10, 11). The study by Miyashita et al. shows that the autophagy cargo, Nuclear dot protein 52 kDa (NDP52, also known as calcium binding and coiled-coil domain 2, CALCOCO2) interacts with the LUBAC complex via the HOIP subunit. Although this interaction did not affect the E3-ligase activity of the LUBAC, NDP52 negatively regulates TNF-α secretion, antiviral signaling, and apoptosis, as well as xenophagosome formation.

Despite forming a covalent bond between the substrate and ubiquitin chain, modifications by ubiquitination are reversible. Homeostasis is maintained by a balance between PTM formation by E3-ligases and the removal of ubiquitin chains by deubiquitinases (DUBs) (12). Currently, more than 100 human DUBs have been identified, and the role of major DUBs in type-I IFN signaling during viral infection was comprehensively reviewed by Qian et al. In addition, it was highlighted that the DUBs are not always required to be catalytically active to regulate signal transduction. DUBs can also have specific antiviral activity, as shown by Gao et al. Specifically, the DUB ubiquitin-specific protease 8 (USP8) may suppress HIV-1 infectivity by counteracting Vif-induced APOBEC3G degradation. Their work also revealed other DUBs like USP7, USP33, and USP37 that play a role as host-encoded restriction factors to prevent degradation facilitated by HIV-1 accessory proteins Vpr, Vpu, and Vpx.

However, viruses have evolved strategies to interfere with the ubiquitin system to counteract the host defenses and promote their replication. To this end, viruses encode proteins that mimic key components of Ub and UbL ligases or deubiquitinates (13, 14). For example, poxviruses encode E3-ubiquitin ligase and adaptor proteins belonging to PRANC, ANK/BC, BBK, P28/RING, and MARCH proteins. Cui et al. reviewed the role of these five categories of proteins in host immune evasion. Accessory proteins of HIV, such as Nef exploit ubiquitin regulatory factors to dampen innate signaling. Castro-Gonzalez et al. provide a perspective on Nef’s impact on autophagy and apoptotic pathways triggered by Nef-promoted mono-ubiquitination of BCL-2 by PRKN. Mono-ubiquitination enhances the interaction of BCL-2 with BECN1, thereby diminishing autophagy initiation (15).

While ubiquitination is undoubtedly among the most studied PTMs, UbL modifications like ISGylation, SUMOylation, and Neddylation etc. have recently gained increased attention. In principle, similar cascades as classical ubiquitination are required to mediate conjugation to substrates. In their review, Thery et al. discussed different mass-spectrometry-based approaches to identify the substrates of Interferon-stimulated gene 15 (ISG15) and ISGylation sites. Mohanty et al. studied interaction dynamics between NEDD8 and E3-ligase Culling-RING ligases (CRLs). All-atom MD simulations combined with NMR spectroscopy revealed the interactions that stabilize the open and closed conformation of NEDDylated-Cul5CTD. In addition, they define the role of NEDD8 in the catalytic confirmation of Cullin-Rbx1 and the effect of NEDD8 deamidation on CRL activity.

Although a significant focus of the Research Topic is Ub and UbL proteins in the human system, we did not restrict ourselves to one species only. In shrimps, Wang et al. identify a viral serine/threonine protein kinase WSV083 that phosphorylates the nuclear transcription factor Tcf, triggering its ubiquitination and proteasome mediated degradation. Thus, the antiviral function of Tcf is reduced. Shephard et al. studied the structure of chicken 2’-5’ oligoadenylate synthetase-like proteins (OASL), a key enzyme in innate immunity, whose UbL tandem domain shares similarity to human ISG15 and, unlike mammalian OASL, it can be conjugated to proteins. This led them to speculate that OASL may have a similar function as ISG15 in the absence of the latter.

In this collection we have assembled novel research and overview articles covering different stages of the ubiquitination and deubiquitination cascades, non-ubiquitin modifiers, and extending our understanding of the role of Ub and UbLs in innate immune regulation of non-human species. State-of-the-art proteomics-based and NMR spectroscopy-based technologies that could be applied to study interactions and structural conformations were presented. Although our collection has certainly expanded our knowledge about the role of Ub and UbL modifications in antiviral innate immune responses, there are still a lot of open questions. Are specific ubiquitin chains more prevalent for one or another innate immune pathway? Are the known conjugated proteins the only UbL proteins? How important are the mixed linkage-type chains in innate immunity? Can the proteolysis-targeting chimera (PROTAC) technology be used in the therapeutic regulation of innate immune response? Thus, we are also looking forward to exciting future work on Ub and UbL modifiers as the major regulatory PTMs in innate immunity.


Author contributions

All the authors equally contributed in drafting, reviewing, and editing the manuscript critically for intellectual components and approved it for final submission. Original draft by SG.



Funding

KS was supported by the German Research Foundation (DFG grants SPP1923, SP 1600/5-1 and CRC1279, INST 40/623-1) as well as the German Ministry for Education and Research (BMBF grant IMMUNOMOD, 01KI2014). EB was funded through NIAID (R01AI151006) and DTRA (HDTRA12210007). SG received support from the Swedish Research Council grant (2021-03035), Karolinska Institutet Stiftelser och Fonder grant (2020-02153), The Center for Medical Innovation grant (CIMED-FoUI-093304), and Åke Wiberg Stiftelse grant (M20-0220).



Acknowledgments

We acknowledge the support of the contributors, and time and effort of the reviewers for critically reviewing and providing valuable comments and suggestions to improve the submitted manuscripts in this topic.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Kanneganti, TD, Lamkanfi, M, and Amer, AO. Innate immune pathways in host defense. Mediators Inflammation (2012) 2012:708972. doi: 10.1155/2012/708972

2. Karve, TM, and Cheema, AK. Small changes huge impact: The role of protein posttranslational modifications in cellular homeostasis and disease. J Amino Acids (2011) 2011:207691. doi: 10.4061/2011/207691

3. Cappadocia, L, and Lima, CD. Ubiquitin-like protein conjugation: Structures, chemistry, and mechanism. Chem Rev (2018) 118(3):889–918. doi: 10.1021/acs.chemrev.6b00737

4. Davis, ME, and Gack, MU. Ubiquitination in the antiviral immune response. Virology (2015) 479-480:52–65. doi: 10.1016/j.virol.2015.02.033

5. Liu, X, Wang, Q, Chen, W, and Wang, C. Dynamic regulation of innate immunity by ubiquitin and ubiquitin-like proteins. Cytokine Growth Factor Rev (2013) 24(6):559–70. doi: 10.1016/j.cytogfr.2013.07.002

6. Zinngrebe, J, Montinaro, A, Peltzer, N, and Walczak, H. Ubiquitin in the immune system. EMBO Rep (2014) 15(1):28–45. doi: 10.1002/embr.201338025

7. Glickman, MH, and Ciechanover, A. The ubiquitin-proteasome proteolytic pathway: Destruction for the sake of construction. Physiol Rev (2002) 82(2):373–428. doi: 10.1152/physrev.00027.2001

8. Koepke, L, Gack, MU, and Sparrer, KM. The antiviral activities of TRIM proteins. Curr Opin Microbiol (2021) 59:50–7. doi: 10.1016/j.mib.2020.07.005

9. Swatek, KN, and Komander, D. Ubiquitin modifications. Cell Res (2016) 26(4):399–422. doi: 10.1038/cr.2016.39

10. Kirisako, T, Kamei, K, Murata, S, Kato, M, Fukumoto, H, Kanie, M, et al. A ubiquitin ligase complex assembles linear polyubiquitin chains. EMBO J (2006) 25(20):4877–87. doi: 10.1038/sj.emboj.7601360

11. Fiil, BK, and Gyrd-Hansen, M. The Met1-linked ubiquitin machinery in inflammation and infection. Cell Death Differ (2021) 28(2):557–69. doi: 10.1038/s41418-020-00702-x

12. Snyder, NA, and Silva, GM. Deubiquitinating enzymes (DUBs): Regulation, homeostasis, and oxidative stress response. J Biol Chem (2021) 297(3):101077. doi: 10.1016/j.jbc.2021.101077

13. Masucci, MG. Viral ubiquitin and ubiquitin-like deconjugases-Swiss army knives for infection. Biomolecules (2020) 10(8):1137. doi: 10.3390/biom10081137

14. Wimmer, P, and Schreiner, S. Viral mimicry to usurp ubiquitin and SUMO host pathways. Viruses (2015) 7(9):4854–72. doi: 10.3390/v7092849

15. Castro-Gonzalez, S, Shi, Y, Colomer-Lluch, M, Song, Y, Mowery, K, Almodovar, S, et al. HIV-1 nef counteracts autophagy restriction by enhancing the association between BECN1 and its inhibitor BCL2 in a PRKN-dependent manner. Autophagy (2021) 17(2):553–77. doi: 10.1080/15548627.2020.1725401


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.

Copyright © 2023 Sparrer, Bergeron and Gupta. 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.


OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: Ubiquitin and ubiquitin-like modifications in viral infection and innate immunity

      

        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu.2023.1148296_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Editorial: Ubiquitin and ubiquitin-
like modifications in viral
infection and innate immunity





OEBPS/Images/crossmark.jpg
©

2

i

|





