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            Abstract
Superfamily 1 and superfamily 2 RNA helicases are ubiquitous messenger-RNAâ€“protein complex (mRNP) remodelling enzymes that have critical roles in all aspects of RNA metabolism1,2. The superfamily 2 DEAD-box ATPase Dbp5 (human DDX19) functions in mRNA export and is thought to remodel mRNPs at the nuclear pore complex (NPC)3,4,5,6,7,8. Dbp5 is localized to the NPC via an interaction with Nup159 (NUP214 in vertebrates)3,4,5,8,9 and is locally activated there by Gle1 together with the small-molecule inositol hexakisphosphate (InsP6)10,11. Local activation of Dbp5 at the NPC by Gle1 is essential for mRNA export in vivo10,12; however, the mechanistic role of Dbp5 in mRNP export is poorly understood and it is not known how Gle1InsP6 and Nup159 regulate the activity of Dbp5. Here we report, from yeast, structures of Dbp5 in complex with Gle1InsP6, Nup159/Gle1InsP6 and RNA. These structures reveal that InsP6 functions as a small-molecule tether for the Gle1â€“Dbp5 interaction. Surprisingly, the Gle1InsP6â€“Dbp5 complex is structurally similar to another DEAD-box ATPase complex essential for translation initiation, eIF4Gâ€“eIF4A, and we demonstrate that Gle1InsP6 and eIF4G both activate their DEAD-box partner by stimulating RNA release. Furthermore, Gle1InsP6 relieves Dbp5 autoregulation and cooperates with Nup159 in stabilizing an open Dbp5 intermediate that precludes RNA binding. These findings explain how Gle1InsP6, Nup159 and Dbp5 collaborate in mRNA export and provide a general mechanism for DEAD-box ATPase regulation by Gle1/eIF4G-like activators.
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                    Figure 1: 
                        The Gle1
                        
                        InsP6
                        â€“Î”90Dbp5â€“ADP complex.
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Figure 2: 
                        Comparison of Gle1
                        
                        InsP6
                        â€“Î”90Dbp5 and eIF4Aâ€“eIF4G.
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Figure 3: 
                        The Gle1
                        
                        InsP6
                        â€“Î”90Dbp5â€“Nup159 complex.
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Figure 4: 
                        Model of the Dbp5 mechanochemical cycle.
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This movie shows an energy-minimized, linear interpolation of Dbp5 between the RNA-Î”90Dbp5, Gle1-Î”90Dbp5, and Nup159-Î”90Dbp5-Gle1 structural states. The movie begins with Dbp5 in the RNA-Î”90Dbp5 state, then the interpolation transitions to the Gle1-Î”90Dbp5 state followed the Nup159-Î”90Dbp5-Gle1 state. The interpolation then plays in reverse. Note the large rigid body movement of the two RecA-like domains, which proceed along a common trajectory between the three discrete structural states. Colouring is consistent with Fig. 4. (MOV 1565 kb)
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        Editorial Summary
Mechanisms of mRNA export
As mRNA-protein complexes are exported from the nucleus to the cytoplasm, they pass through the nuclear pore complex (NPC). Dbp5, an RNA helicase associated with the NPC through the Nup159 subunit, remodels such mRNA-protein complexes. Montpetit et al. present the structure of Dbp5 bound to Gle1 and the small-molecule activator InsP6, with and without Nup159 and RNA. Similarities to the structure of the translation initiation complex, eIF4Gâ€“eIF4A suggests that Gle1InsP6 activates Dbp5 by relieving an autoinhibitory mechanism, by promoting release of RNA, and (with Nup159) by stabilizing a conformation that cannot bind RNA.
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