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Nanometer-scale analysis of chromatin structures: the effects of
histone tails, histone charge, and linker histone H1 on salt-induced
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compaction and higher-order folding
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Histones are highly conserved proteins among eukaryotes that are
essential for organizing and compacting their genome into the nucleus. The
structural and functional roles of histone tails, histone charge, and linker
histones were addressed by nanometer-scale analyses of reconstituted
nucleosome arrays. (1) Atomic force microscopy (AFM) revealed that the
reconstituted nucleosomes with human tailless histones failed to aggregate
at high salt condition and were unable to promote formation of 30-nm fibers
upon the addition of linker histone H1. (2) AFM also showed that the
nucleosomes reconstituted with acetylated human core histones and S.
pombe core histones also failed to form high salt-induced aggregates but
were able to form distinct thick fibers (higher-order structures) in the
presence of histone H1. (3) However, Hl-induced fibers using acetylated and
S. pombe core histones had smaller widths than those with the
non-acetylated human histones. (4) AFM analysis showed that the gyration
radii of the nucleosome arrays composed of tailless, acetylated, and S.
pombe core histones were larger compared with the gyration radii of full
length, non-acetylated human reconstituted nucleosome arrays. (5)
Similarly, the nearest neighbor distance (NND) distribution of nucleosomes
was larger in the tailless, acetylated, and S. pombe nucleosomes. These
demonstrate that the removal of histone tails or decreasing core histone
charge would increase repulsion between nucleosomes, exhibiting the
electrostatic mechanism of chromatin folding. These results also illustrate
the critical roles of core histone tails, core histone charge, and linker
histone H1 in the formation of higher-order chromatin structures
particularly, the 30-nm fiber.

In order to investigate the in vivo effect of linker histone H1 on the
chromatin structure, human linker histone H1 was expressed in S. pombe, a
yeast with no linker histone genes in its genome. Although human H1 was
able to bind to the yeast chromatin, it did not change the S. pombe
nucleosome repeat length (NRL). This suggests that the S. pombe NRL is
the shortest possible one with or without the linker histone, HI.
Interestingly, the expression of H1 decreased the growth rate of S. pombe,
suggesting that the Hl-containing chromatin structure itself become ‘rigid’
and transcriptional activities decreased without changing the NRL. At this
moment, how the yeast NRL is determined remains unknown.
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