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The ability of an organism to respond to lowering of oxygen tension (hypoxia) in our environment is an adaptive response critical for survival.  It is known that hypoxia activates a large number of genes to create more red blood cells (erythropoiesis), to make more blood vessels (angiogenesis) and to shift to anerobic metabolism (glycolysis).  This is controlled by a special protein, called hypoxia-inducible factor1α (HIF1α).  When the oxygen tension is normal (normoxia), HIF1α is covalently modified in two critical Proline residues by hydroxyl groups catalyzed by a family of oxygen sensing enzymes.  Proline hydroxylation of HIF1α allow this protein to bind to a component of a ubiquitin-ligase called von Hippel-Lindau (VHL) protein, leading to ubiquitination and degradation.  It was commonly assumed that when hypoxia occurs the oxygen sensing enzymes cannot hydroxylate HIF1α, allowing it to accumulate in the cells to activate transcription of many hypoxia-inducible genes, such as erythropoietin (Epo), vascular endothelial growth factor (VEGF) and glucose transporter 1 (Glut-1).  We have recently discovered that the hypoxia response is regulated by another ubiquitin-like protein, called SUMO (small ubiquitin-like modifier).  SUMO modification (SUMOylation) is catalyzed by a series of enzymes and reversed by a family of SUMO-specific proteases (SENPs).  However, the physiologic significance of de-SUMOylation is not known. We discovered that inactivation of the SENP1 gene causes embryonal lethality in midgestation in mice partly as a result of severe fetal anemia stemming from deficient Epo production.  SENP1 controls Epo production by regulating the stability of hypoxia-inducible factor 1α (HIF1α) during hypoxia.  Hypoxia induces SUMOylation of HIF1α which enhances its binding to a VHL containing ubiquitin ligase complex, leading to ubiquitination and degradation.  Binding of SUMOylated HIF1α to VHL is independent of proline hydroxylation and can be reversed by SENP1.  In the SENP1 -/- MEF cells, transcription of HIF1α-dependent genes, such as VEGF and Glut-1 are markedly reduced.  These results show that SENP1 plays a key role in the regulation of the hypoxic response through regulation of HIF1α stability.
