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            Abstract
Site-specific recognition of DNA in eukaryotic organisms depends on the arrangement of nucleosomes in chromatin. In the yeast Saccharomyces cerevisiae, ISW1a and related chromatin remodelling factors are implicated in establishing the nucleosome repeat during replication and altering nucleosome position to affect gene activity. Here we have solved the crystal structures of S. cerevisiae ISW1a lacking its ATPase domain both alone and with DNA bound at resolutions of 3.25â€‰Ã… and 3.60â€‰Ã…, respectively, and we have visualized two different nucleosome-containing remodelling complexes using cryo-electron microscopy. The composite X-ray and electron microscopy structures combined with site-directed photocrosslinking analyses of these complexes suggest that ISW1a uses a dinucleosome substrate for chromatin remodelling. Results from a remodelling assay corroborate the dinucleosome model. We show how a chromatin remodelling factor could set the spacing between two adjacent nucleosomes acting as a â€˜protein rulerâ€™.
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                    Figure 1: 
                        ISW1a(Î”ATPase) X-ray structure.
                      


Figure 2: 
                        ISW1a(Î”ATPase)â€“DNA X-ray structure.
                      


Figure 3: 
                        ISW1a(Î”ATPase)â€“mononucleosome cryo-EM structures.
                      


Figure 4: 
                        Gel mobility and site-directed photocrosslinking of ISW1a(Î”ATPase) bound to mononucleosomes.
                      


Figure 5: 
                        Model of ISW1a(Î”ATPase) bound to a dinucleosome and ISW1a remodelling reaction.
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                Data deposits

                X-ray structures have been deposited in the Protein Data Bank under accession numbers 2y9y (ISW1a(Î”ATPase)) and 2y9z (ISW1a(Î”ATPase)â€“DNA), respectively. Cryo-EM maps have been deposited in the Electron Microscopy Data Bank under accession codes 1877 and 1878.
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        Editorial Summary
ISW1a and nucleosome interaction
Chromatin remodelling factors such as the ISW1 family establish the arrangement of nucleosomes in chromatin and alter nucleosome position to affect gene activity. Here, crystal structures of yeast ISW1a lacking its ATPase domain, alone and with DNA bound, are presented. These structures, together with cryo-electron microscopy, site-directed photocrosslinking analyses and biochemical assays of remodelling complexes, are used to propose a model for ISW1a action in which the enzyme binds two nucleosomes simultaneously. The model explains how ISW1a could set the spacing between two adjacent nucleosomes.
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