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Phase Transitions in Cells and the Structure of
Chromatins

Hajin Kim and Jejoong Yoo

Phase transition is not unique to solid state systems or
homogeneous molecular systems but it is also observed in highly
heterogeneous biological systems. Phase transition and phase
separation in cells are recently being found to be central to many
biological functions by temporarily and locally controlling the
storage and exchange of certain proteins and RNAs. There are
also clues suggesting them to be playing pivotal roles in the spatial
organization of chromosomes into topological domains and its
time-dependent control. Here we introduce early efforts to explain
at the molecular level how the spatiotemporal organization of
chromosomes are programmed and modulated by the sequence
and chemical modifications of the DNA. Continuing works may
provide a physical framework to understand the molecular level
control of chromosome structure and dynamics that determine the
epigenetic state and the fate of the cells.
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[Fig. 1] Correlation between the Hi-C map (2D heat map; data
reproduced from Lieberman-Aiden et al., 2009 (Lieberman-
Aiden, van Berkum et a/. 2009)) and the variation of local
sequence composition (bar graphs showing regions with
higher (red) and lower (blue) AT content).
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[Fig. 2] Schematic of the single molecule measurement of the inter-DNA dynamics, representative single molecule trace exhibiting binding
events between a pair of duplex DNAs, and the fraction of the traces with binding events measured at varying spermine concentration
and for different DNA sequences. (reproduced from Yoo et al,, 2016 (Yoo, Kim et al. 2016))
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GC-rich domains form an
open architecture.

AT-rich domains form a
closed architecture.
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Intra-chromosomal mega-
domain interactions

Inter-chromosomal mega-
domain Iinteractions

[Fig. 3] Schematic representation of the model for controlling
chromosome architecture based on the modulated inter-
DNA attractive potential.
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