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BB HE From Fractal Mitotic Packing to Co-Condensate Self-Reptation:
How DNA-Binding Proteins Orchestrate Chromatin Structure and

Dynamics

With growing interest in DNA-binding proteins in both chromosome structure formation
and liquid—liquid phase separation (LLPS), we demonstrate that stochastic protein-DNA coa-
lescence underlies chromatin architecture and mobility. Cryogenic X-ray diffraction imaging of
mitotic chromosomes reveals scale-invariant fractal density, which coarse-grained polymer sim-
ulations recapitulate when proteins form shear-rigid hubs bridging DNA. On decondensed bare
DNA, a distinct class of DNA-binding proteins undergoes LLPS to form fluid co-condensates
that sequester long polymer segments. Strikingly, these droplets diffuse along the DNA despite
compaction; we uncover a self-reptation mechanism via a worm-like-chain free-energy model
and simulations. Together, these findings underscore how DNA-binding proteins leverage ver-
satile stochastic coalescence—from rigidity-dependent hub formation to liquid droplet assembly
—to orchestrate chromatin organization and dynamics across cellular states.




