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            Key Points

                	
                  Small ubiquitin-related modifier (SUMO) proteases control cellular mechanisms, including transcription, cell division and ribosome biogenesis. The function of SUMO proteases is to remove SUMO from SUMO-modified proteins and (for some SUMO proteases) to process precursor SUMO, which is required for the attachment of SUMO to proteins.

                
	
                  Recent studies have characterized two new classes of SUMO proteases. SUMO proteases are now known to fall into one of three distinct classes: the well-characterized UBL-specific protease (Ulp) and sentrin-specific protease (SENP) class; the desumoylating isopeptidase (DESI) class; or the ubiquitin-specific protease-like 1 (USPL1) class.

                
	
                  The known SUMO proteases have distinct substrate specificities, which are often largely controlled by the intracellular localization of the enzyme. The non-catalytic, amino-terminal regions of Ulp and SENP enzymes regulate their intracellular localization.

                
	
                  High-resolution structures of several SUMO proteases are available, and in some cases the SUMO protease is captured in a covalent, transition state-like complex with SUMO. These structures provide insights into the interactions that occur during SUMO removal from proteins and SUMO processing.

                
	
                  The localization, activity or levels of certain SUMO proteases can be modulated by environmental stimuli. For example, certain stimuli cause SENP enzyme levels to change through alterations in the transcription of particular SENP genes.

                
	
                  SUMO proteases in yeast and mammals show interesting genetic interactions with a family of enzymes called SUMO-targeted ubiquitin ligases (STUbLs), which add ubiquitin to SUMO-modified proteins. However, many questions remain about the role of SUMO proteases in the pathways that involve STUbLs, particularly the degradation of ubiquitin- and SUMO-modified STUbL substrates by the proteasome.

                


              

Abstract
Covalent attachment of small ubiquitin-like modifier (SUMO) to proteins is highly dynamic, and both SUMOâ€“protein conjugation and cleavage can be regulated. Protein desumoylation is carried out by SUMO proteases, which control cellular mechanisms ranging from transcription and cell division to ribosome biogenesis. Recent advances include the discovery of two novel classes of SUMO proteases, insights regarding SUMO protease specificity, and revelations of previously unappreciated SUMO protease functions in several key cellular pathways. These developments, together with new connections between SUMO proteases and the recently discovered SUMO-targeted ubiquitin ligases (STUbLs), make this an exciting period to study these enzymes.
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                    Figure 1: SUMO conjugation and deconjugation cycle.[image: ]


Figure 2: Structures of SUMO proteases.[image: ]


Figure 3: Regulation of SUMO proteases.[image: ]


Figure 4: The function of SENP1 in transcription during WNT signalling.[image: ]


Figure 5: SUMO-targeted ubiquitin ligases.[image: ]
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Glossary
	Scissile bond
	
                  The bond within a substrate that is subject to enzymatic cleavage.

                
	Nuclear pore complex
	
                  (NPC). Large multiprotein complex that forms a channel in the nuclear envelope of an eukaryotic cell. The NPC joins the inner and outer nuclear membranes and allows transport of proteins to and from the nucleus.

                
	Septin
	
                  Highly conserved protein family that was first identified in yeast and is more recently found in a wide range of animal cells. Septins are thought to function primarily in the control of cytokinesis in yeast, where they form a 10 nm filamentous ring that encircles the bud neck.

                
	Response elements
	
                  Short DNA sequences within the promoter region of a gene that binds specific DNA-binding transcription factors, thus regulating the transcription of the (typically adjacent) gene.

                
	Ubiquitinâ€“proteasome system
	
                  (UPS). A system of selective, ATP-dependent protein degradation, in which ubiquitin-conjugated target proteins are degraded by the 26S proteasome.

                
	Histone deacetylases
	
                  (HDACs). Enzymes that remove the acetyl groups of core histones. Their activity has an important function in transcriptional regulation and cell cycle progression via alterations in chromatin structure.

                
	Polycomb-related repressors
	
                  A family of proteins that can remodel chromatin and silence genes. This protein family was first discovered in Drosophila melanogaster.

                
	Centromere
	
                  Region of a chromosome that is attached to the spindle during nuclear division.

                
	Homologous recombination
	
                  A DNA recombination pathway that includes the repair of double-strand DNA breaks. This pathway uses a homologous double-stranded DNA molecule as a template for the repair of the broken DNA.

                
	Mitochondrial fission
	
                  Mitochondrial membrane constriction and scission that promote fragmentation of the mitochondrial network. The process is highly regulated and, together with the opposing process of mitochondrial fusion (joining), is responsible for the dynamics observed for the mitochondrial network.
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