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            Abstract
DNA in eukaryotic chromosomes is organized in arrays of nucleosomes compacted into chromatin fibres. This higher-order structure of nucleosomes is the substrate for DNA replication, recombination, transcription and repair. Although the structure of the nucleosome core is known at near-atomic resolution1, even the most fundamental information about the organization of nucleosomes in the fibre is controversial. Here we report the crystal structure of an oligonucleosome (a compact tetranucleosome) at 9â€‰Ã… resolution, solved by molecular replacement using the nucleosome core structure. The structure shows that linker DNA zigzags back and forth between two stacks of nucleosome cores, which form a truncated two-start helix, and does not follow a path compatible with a one-start solenoidal helix2. The length of linker DNA is most probably buffered by stretching of the DNA contained in the nucleosome cores. We have built continuous fibre models by successively stacking tetranucleosomes one on another. The resulting models are nearly fully compacted and most closely resemble the previously described crossed-linker model3. They suggest that the interfaces between nucleosomes along a single helix start are polymorphic.
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                    Figure 1: 
                        Tetranucleosome structure.
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Figure 2: 
                        Electron density for the linker DNA (stereographs).
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Figure 3: 
                        Chromatin fibre models.
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The fundamental level of DNA organization was revealed in 1997 with the determination of the nucleosome core structure. The crystal structure of a tetranucleosome has now been determined at 9Ã… resolution, showing how nucleosomes are arranged at the next level up, in the chromosomes that are the substrate for DNA replication. The nucleosomes form a two-start helix, and their geometry in the chromatin matrix is best described by the â€˜crossed-linkerâ€™ model.
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