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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway 
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and cross-
referenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions 
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics research-
ers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioin-
formaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by 
systems biologists building predictive models of normal and disease variant pathways.

The development of Reactome is supported by grants from the US National Institutes of Health (P41 
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and 
the European Molecular Biology Laboratory (EBI Industry program).
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SUMOylation of ubiquitinylation proteins ↗

Stable identifier: R-HSA-3232142

Compartments: nucleoplasm

Several ubiquitin E3 ligases are regulated by SUMOylation (reviewed in Wilson and Heaton 2008). 
SUMOylation appears to be necessary for nuclear import of MDM2, the E3 ligase that ubiquitinylates 
TP53 (p53). SUMOylation of VHL abolishes its ubiquitin ligase activity. HERC2, RNF168, and BRCA1 are 
ubiquitin ligases that are SUMOylated during DNA damage response and repair.
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PML, TRIM27, PIAS1,2-1 SUMOylate MDM2 with SUMO1 ↗

Location: SUMOylation of ubiquitinylation proteins

Stable identifier: R-HSA-3000434

Type: transition

Compartments: nucleoplasm

PML TRIM27, PIAS1, and PIAS2-1 can each SUMOylate MDM2 with SUMO1 at lysine-182 (Miyauchi et al. 
2002, Chu and Yang 2011). An unSUMOylatable mutant of MDM2 accumulates in the cytosol so SUMOyla-
tion may be part of the process of nuclear import of MDM2 (Miyauchi et al. 2002).
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RANBP2 SUMOylates MDM2 with SUMO1 ↗

Location: SUMOylation of ubiquitinylation proteins

Stable identifier: R-HSA-5228523

Type: transition

Compartments: nucleoplasm, nuclear envelope

RANBP2 of the nuclear pore complex SUMOylates MDM2 with SUMO1 at lysine-182 (Mayauchi et al. 
2002). An unSUMOylatable mutant of MDM2 accumulates in the cytosol so SUMOylation may be part of 
the process of nuclear import of MDM2 (Miyauchi et al. 2002).
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PIAS4 SUMOylates VHL with SUMO1 ↗

Location: SUMOylation of ubiquitinylation proteins

Stable identifier: R-HSA-4551721

Type: transition

Compartments: nucleoplasm

PIAS4 SUMOylates VHL at lysine-159, lysine-171, and lysine-196 with SUMO1 (Cai et al. 2010, Cai and 
Robertson 2010, Chien et al. 2013). SUMOylation facilitates the oligomerization of VHL, abolishes the in-
hibitory function of VHL on HIF1A, and abolishes the tumor suppressor function of VHL by inactivating 
the ubiquitinylation activity of VHL.
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