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Nanoscale structure and dynamics of centromere nucleosomes

Statement of the Problem: Chromatin integrity is crucial for normal cell development. The cell division process is accompanied
by the segregation of replicated chromosome, and chromatin centromeres, specialized segments of chromosomes provide the
accuracy of the chromosomal segregation. If the centromere becomes damaged or removed, chromosomes segregate randomly
disrupting the cell division process. The centromeres are specifically recognized by kinetochores suggesting that centromeres
contain specific structural characteristics. However, these structural details and the mechanism underlying their highly specific
recognition remain uncertain.

Methodology & Theoretical Orientation: In this study, we performed direct imaging of CENP-A nucleosome core particles by
time-lapse high-speed atomic force microscopy (AFM), enabling us to directly visualize the dynamics of CENP-A nucleosomes.
Nucleosomes used for evaluation of DNA wrapping around the histone core were assembled on a DNA substrate containing a
centrally positioned 601 motif.

Findings: A broadly dynamic behavior of the DNA flanks was first revealed by analysis of AFM images acquired in ambient
conditions. Time-lapse imaging further identified the distinctive pathways unique to CENP-A-nucleosome dynamics that
are not shared by H3. The spontaneous unwrapping of DNA flanks can be accompanied by the reversible and dynamic
formation of loops with sizes equivalent to a single wrap of DNA. Translocation of CENP-A nucleosomes was observed, with
the formation of internal DNA loops along the nucleosome. This process was reversible, settling the core back to its starting
position. Additionally, the transfer of the histone core from one DNA substrate to another was visualized, as well as distinctive
splitting into sub-nucleosomal particles that was also reversible.

Conclusion & Significance: Altogether, our data suggest that unlike H3, CENP-A is very dynamic, permitting its nucleosome
to distort freely and reversibly, which in turn allows a longer-term stability, which may play a critical role in centromere
integrity during mitosis and replication.
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