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            Abstract
The pathway by which ubiquitin chains are generated on substrate through a cascade of enzymes consisting of an E1, E2 and E3 remains unclear. Multiple distinct models involving chain assembly on E2 or substrate have been proposed. However, the speed and complexity of the reaction have precluded direct experimental tests to distinguish between potential pathways. Here we introduce new theoretical and experimental methodologies to address both limitations. A quantitative framework based on product distribution predicts that the really interesting new gene (RING) E3 enzymes SCFCdc4 and SCFÎ²-TrCP work with the E2 Cdc34 to build polyubiquitin chains on substrates by sequential transfers of single ubiquitins. Measurements with millisecond time resolution directly demonstrate that substrate polyubiquitylation proceeds sequentially. Our results present an unprecedented glimpse into the mechanism of RING ubiquitin ligases and illuminate the quantitative parameters that underlie the rate and pattern of ubiquitin chain assembly.
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                    Figure 1: 
                        Final product distribution for SCF
                        Cdc4
                         and CYCE.
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Figure 2: 
                        Millisecond kinetics of a single-encounter reaction reveal sequential processivity.
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Figure 3: 
                        Human Cdc34â€“SCF
                        Î²-TrCP
                         is sequentially processive.
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Figure 4: 
                        Kinetic basis for Cdc34â€“SCF processivity.
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        Editorial Summary
Extending the ubiquitin chain
Conjugation of ubiquitin chains onto proteins is an important post-translational modification controlling the stability, localization and activity of proteins. In this process, a series of enzymes (E1, E2 and E3) mediates assembly of ubiquitin chains, and when appropriately ubiquitinated a redundant or damaged protein is destroyed by the proteasome. The mechanism of ubiquitin chain formation is unclear. Ray Deshaies and colleagues use biochemical and computational approaches to study ubiquitin chain formation at millisecond time resolution. Their findings support the proposal that ubiquitin chains are built on substrates by sequential transfer of single ubiquitin molecules. This work should help the search for therapeutics targeting ubiquitination enzymes.
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