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            Abstract
The ERK (extracellular signal-regulated kinase) MAPK (mitogen-activated protein kinase) cascade (Raf–MEK–ERK) mediates mitogenic signalling, and is frequently hyperactivated by Ras oncogenes in human cancer. The entire range of activities of multifunctional Ras in carcinogenesis remains elusive. Here we report that the ERK pathway is downregulated by MEK (MAPK–ERK kinase) SUMOylation, which is inhibited by oncogenic Ras. MEK SUMOylation blocked ERK activation by disrupting the specific docking interaction between MEK and ERK. Expression of un-SUMOylatable MEK enhanced ERK activation, cell differentiation, proliferation and malignant transformation by oncogenic ErbB2 or Raf, but not by active Ras. Interestingly, MEK SUMOylation was abrogated in cancer cells harbouring Ras mutations. Oncogenic Ras inhibits MEK SUMOylation by impairing the function of the MEKK1 MAPKKK as a SUMO-E3 ligase specific for MEK. Furthermore, forced enhancement of MEK SUMOylation suppressed Ras-induced cell transformation. Thus, oncogenic Ras efficiently activates the ERK pathway both by activating Raf and by inhibiting MEK SUMOylation, thereby inducing carcinogenesis.
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                    Figure 1: SUMOylation of MEK.


Figure 2: SUMOylation of MEK1 inhibits MEK1 kinase activity.


Figure 3: Functional analysis of the SUMOylation-defective MEK1 mutant.


Figure 4: Oncogenic Ras inhibits MEK1 SUMOylation in vivo.


Figure 5: MEK1 SUMOylation inhibits Ras-dependent transformation.


Figure 6: MEKK1 is a SUMO-E3 for MEK.


Figure 7: Oncogenic Ras inhibits MEK SUMOylation and thereby sensitizes the ERK pathway.
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