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Heterochromatin protein 1 (HP1) has been proposed to drive heterochromatin formation by liquid-liquid
phase separation. In this issue of Molecular Cell, however, Erdel et al. establish that heterochromatin can
adopt digital compaction states that are independent of HP1 phase separation.
A resurgent concept in biology is the way
cells organize themselves into discrete
membraneless compartments by a process called liquid-liquid phase separation
(LLPS). LLPS occurs in nearly all aspects
of cell biology and provides a facile way
to spatiotemporally organize subcellular
components and their biochemistry
(Boeynaems et al., 2018).
In the nucleus, the genome is packaged
into chromatin by being wrapped around
histone proteins. However, chromatin is
not completely uniform—rather, it is compartmentalized into distinct domains
including actively transcribing genes that
are loosely arranged (termed euchromatin) and repressed and silenced regions that are tightly packaged (termed
heterochromatin). This compartmentalization is an important mechanism that enables selective gene expression for
specialized cells. Heterochromatin can
be readily visualized in the nuclei of
DAPI-stained cells as intense fluorescent
foci termed chromocenters.
Heterochromatin formation involves
elevated DNA methylation and repressive
histone modifications, especially trimethylation on the ninth lysine residue
on histone 3 (H3K9me3), which recruits a
set of proteins including heterochromatin
protein 1 (HP1). This process elicits a series of recruitment events that spread,
thereby further compacting chromatin
and establishing the repressed state.
HP1 phosphorylation seems to further
enhance its affinity and specificity during
heterochromatin formation (HiragamiHamada et al., 2011). However, heterochromatin cannot be an impervious
barrier, since it has to allow access to

some proteins, such as the DNA-repair
machinery in case of DNA damage. To
balance these two seemingly competing
needs, heterochromatin is organized in
membraneless domains that enable proteins to dynamically come and go. Two
recent studies have proposed HP1 LLPS
as the driving force underlying heterochromatin formation.
The first team (Larson et al., 2017) made
an unexpected discovery while working
with purified HP1a, one of the three human
forms of HP1. Phosphorylation, addition
of DNA, or removal of salt promoted
HP1a condensation (Figure 1A). Fusion
of multiple HP1 droplets assembling on
stretches of DNA were proposed to
condense to form heterochromatin domains and spread locally to establish the
chromocenter. The other team (Strom
et al., 2017) also demonstrated LLPS of
purified HP1 and analyzed heterochromatin formation and fusion of GFP-HP1
condensates in Drosophila embryos.
They also showed dispersal of HP1a droplets upon treatment with 1,6-hexanediol,
which disrupts weak hydrophobic interactions, providing further evidence for liquidlike properties of HP1 condensates.
Subsequently, a recent study focused
on fission yeast HP1 protein, Swi6, pointing to a role of liquid-like HP1 in heterochromatin compaction (Sanulli et al.,
2019), adding to the list of LLPS events
in genome organization (Hnisz et al.,
2017). However, does the in vitro behavior
of highly concentrated (> 40 mM) and
phosphorylated HP1 accurately recapitulate the in vivo biology with physiological
HP1 levels (1mM)? In this issue of Molecular Cell, Erdel et al. (2020) systematically

investigate the mechanism underlying
heterochromatin formation and the biophysical properties of chromocenters.
Intriguingly, they propose an alternative
way for heterochromatin compaction
that does not rely on HP1 phase
separation.
First, they confirmed the previous
results that purified HP1a or a GFPtagged HP1a could form liquid droplets
when phosphorylated or mixed with
DNA. To test if HP1a is concentrated
locally in chromocenters, they used
high-resolution microscopy to visualize
chromocenters in mouse fibroblasts and
found robust enrichment of DAPI, HP1a
and H3K9me3. Surprisingly, however,
when they removed H3K9me3 and
HP1a, the chromocenter was still retained, suggesting that HP1a is not
required for chromocenter compaction.
In fact, they found that HP1a formed sporadic clusters instead of being homogenously distributed as expected from
LLPS. In addition, the local HP1a concentration in heterochromatin was 3 mM, far
below the concentration required for
in vitro LLPS. Thus, the authors suggest
that HP1a does not phase separate at
physiological concentrations in cells and
that HP1a is not essential for establishing
the compaction of chromocenters.
Next, the authors harnessed the optodroplet system (Shin et al., 2017) to tune
the extent of HP1a nucleation by shining
blue light on human osteosarcoma
(U2OS) cells. The short lifetime of the
HP1a droplets compared to other proteins known to phase separate reflected
a transient nature of the induced HP1
droplets. To directly test if HP1a LLPS is
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