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Safeguarding stem-cell fidelity

A complex that includes the protein HP1 binds to specific regulatory DNA sequences to promote local compaction of
genomic regions and inhibit associated genes that drive differentiation of specific cell lineages. SEE LETTER P.739
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utations in the gene that encodes
M activity-dependent neuroprotective

protein (ADNP) cause the rare
neurodevelopmental disorder Helsmoortel-
Van der Aa syndrome, which is characterized
by intellectual disability and autism spectrum
disorder'. On page 739, Ostapcuk et al.” pre-
sent a detailed study of the function of this
transcription factor. They show that ADNP
forms part of a nuclear complex that plays
an essential part in maintaining the fidel-
ity with which pluripotent stem cells give
rise to the three primary cell lineages in the
human body.

DNA is intimately associated with many
proteins, including transcription factors and
the histones around which it is packaged.
Together, this DNA-protein complex makes
up chromatin. Gene-poor genomic regions,
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which are associated with low levels of
transcription, adopt a condensed chroma-
tin structure known as heterochromatin,
whereas gene-rich regions adopt a relatively
open structure called euchromatin. Although
ADNP is associated with heterochromatin®, it
has been unclear whether this interaction is
relevant to the traits seen in ADNP-deficient
mouse embryos — which include defects in

Figure 1| Controlling gene expression through chromatin compaction. DNA is packaged around
histone proteins in a complex called chromatin. a, HP1 proteins bind to methyl groups on histone

H3 (a chemical modification called H3K9me3) to promote large-scale condensation of DNA into
heterochromatin — a structure associated with transcriptional repression. b, Ostapcuk et al.” report
another role for HP1 — interacting with the DNA-binding protein ADNP and the chromatin-
remodelling protein CHD4 in a complex called ChAHP. This complex promotes local condensation

of chromatin independent of H3K9me3, in regions of otherwise loosely packaged chromatin called
euchromatin. Such binding inhibits the expression of associated genes — including those that promote
stem-cell differentiation into cells of the ‘endodermal’ lineage. ¢, In cells devoid of ADNP, the ChAHP
complex is disrupted and CHD4 and HP1 are not recruited, resulting in locally decondensed chromatin,

the formation of the structure that gives rise
to the brain and spinal cord, and aberrant
expression of genes normally expressed in the
extra-embryonic cells that support embryo
development®. In addition, the spectrum of
ADNP’s genomic targets in euchromatin has
remained undefined.

Ostapcuk et al. isolated the DNA sequences
bound by ADNP in mouse embryonic stem
(ES) cells — a type of pluripotent cell derived
from mouse embryos. They identified about
15,000 genomic sites at which ADNP was
bound, most of which lay within genes or
in nearby regulatory sequences that control
gene expression. The authors showed that
the expression of many of the genes that were
bound by ADNP in wild-type mouse ES cells
was upregulated in cells genetically engineered
to lack this factor, supporting a direct role for
ADNP in transcriptional repression. A subset
of these genes encode proteins that promote
differentiation into specific extra-embryonic
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abnormal gene expression and spontaneous stem-cell differentiation.

or embryonic tissues, in particular of the
endodermal lineage (one of the primary cell
lineages, which gives rise to the digestive and
respiratory tracts). And, whereas wild-type
mouse ES cells cultured under conditions that
promote neuronal differentiation gradually
became more neuron-like, ADNP-deficient
cells failed to do so, and showed aberrant
expression of endodermal genes.

Next, to determine whether ADNP mediates
transcriptional silencing by recruiting co-
repressors, Ostapcuk and colleagues used an
unbiased approach to identify proteins that
interact with ADNP. Their screening yielded
two types of chromatin-associated protein.
The first, CHD4, is a chromatin-remodelling
protein previously implicated in the control
of genes associated with pluripotency and
differentiation’. The second, HP1, has a role
in transcriptional repression and packaging of

heterochromatin. Together, ADNP, CHD4 and
HP1 form a stable complex that the authors
dubbed ChAHP.

ADNP probably interacts with HP1 proteins
through a well-documented HP1-binding
domain in ADNP called a PXVXL motif*.
There are three HP1 isoforms (HP1a, HP1f
and HP1y), but Ostapcuk et al. found that
only HP1y and, to a lesser extent, HP1p inter-
acted with ADNP, consistent with a report
published earlier this year6. Furthermore, the
authors showed that most genomic regula-
tory regions bound by ADNP in wild-type
cells were also bound by HP1y and HP1. By
contrast, another study showed that ADNP
does interact with HP1a in embryonic can-
cer cells®. Reconciling these apparently con-
tradictory results, Ostapcuk et al. found that
ADNP can interact with HP1a, but only in the
absence of HP1p and HP1y. When the authors
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examined cells lacking different combinations
of HP1 isoforms, they found that all three had
to be deleted to mimic the effects of ADNP
mutation on gene expression. This indicates
that the three HP1 proteins are functionally
redundant — that is, they can compensate for
one another in ChAHP.

Why might ADNP preferentially interact
with HP1y and HP1B? HP1a has an amino-
terminal region, unique among HP1
proteins, through which it promotes the self-
organization of heterochromatin into liquid-
like droplets’. This process, called phase
separation, probably minimizes interactions
with other nuclear proteins, maintaining the
condensed state of heterochromatin. However,
ChAHP-mediated silencing of euchromatic
genes must be reversible to enable genes to
respond to differentiation cues during devel-
opment, perhaps making phase separation less
desirable at these genomic regions.

HP1 proteins interact with PXVXL-
containing factors such as ADNP through a
carboxy-terminal ‘chromoshadow’ domain.
But in heterochromatin, HP1 binds histone
H3 through an evolutionarily conserved
amino-terminal chromodomain®, at sites
where the histone is tagged by methyl groups
on amino-acid residue lysine 9 — a chemical
modification dubbed H3K9me3. It is through
this interaction that HP1 proteins induce
chromatin condensation. Might H3K9me3
also promote HP1 binding at ChAHP-bound
regions? In favour of this hypothesis, HP1
can recruit ADNP to H3K9me3-marked
heterochromatin®. However, Ostapcuk and
colleagues show that ChAHP can efficiently
bind to its DNA targets even if HP1 is engi-
neered to lack its chromodomain. Further-
more, regulatory sequences bound by ChAHP
lacked H3K9me3. Therefore, H3K9me3 is
unlikely to have a role in ChAHP-mediated
transcriptional silencing.

People with Helsmoortel-Van der Aa
syndrome generally have ADNP mutations
that produce a truncated protein lacking the
DNA-binding domain and the PXVXL motif’.
To investigate whether this mutation disrupts
ChAHP-complex formation, Ostapcuk et al.
expressed one such patient-derived mutant
protein in mouse ES cells. The mutant ADNP
failed to bind to HP1f or HP1y, and genes
normally bound by ChAHP were aberrantly
expressed. Furthermore, analysis of chroma-
tin accessibility in ADNP-deficient ES cells
revealed that the mutation led to opening of
chromatin in regions immediately flanking
ADNP-binding sites.

Together, Ostapcuk and colleagues’ find-
ings demonstrate that ChAHP does not
generate broad swathes of heterochromatin,
as observed at H3K9me3-marked regions
bound by HP1. Instead, the complex gener-
ates focused regions of condensed chromatin
that inhibit the transcription of differentiation-
promoting genes. Aberrant expression of such
genes in the absence of the ChAHP complex

is probably a crucial factor in the aetiology of
Helsmoortel-Van der Aa syndrome (Fig. 1).

Although Ostapcuk and co-workers’ study
focused on the interplay between ADNP, CHD4
and HP1, the researchers found many fewer
genes upregulated in mouse ES cells lacking
ADNP than in those lacking all three HP1 iso-
forms. And, consistent with previous reports'®",
the authors’ analysis of HP1-interacting proteins
revealed a plethora of overlapping and isoform-
specific binding partners, many of which have
DNA-binding activity. Notably, mutations in
several of these HP1-interacting transcription
factors are implicated in other rare syndromes
associated with intellectual disability, includ-
ing in genes that encode the proteins AHDC1
(ref. 12), CHAMPI (ref. 13) and POGZ (ref. 14).
Thus, it is tempting to speculate that HP1 pro-
teins act as co-repressors for many as-yet-unde-
scribed DNA-binding complexes that regulate
the expression of distinct gene sets.

Ostapcuk and co-workers’ study has
revealed a key mechanism of HP1 recruitment
to chromatin. Their work sets the stage for
future studies on the broader role of this enig-
matic co-repressor in gene regulation and local
chromatin compaction. m
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Molecular dynamics
simulated by photons

The microscopic behaviour of molecules can be difficult to model using ordinary
computers because it is governed by quantum physics. A photonic chip provides
a versatile platform for simulating such behaviour. SEE ARTICLE P.660

FABIEN GATTI

uantum-computing devices could one

day outperform ordinary computers,

particularly in the simulation of quan-
tum systems. Such devices share their quantum
nature with the system to be simulated and are
therefore inherently suited to describing quan-
tum phenomena'. On page 660, Sparrow et al.”
report a device based on a single photonic chip
that can simulate a range of quantum dynam-
ics associated with different molecules. The
results are in excellent agreement with simu-
lations carried out by ordinary comput-
ers, reaffirming the potential of quantum
technology in this area.

In conventional industrial chemistry, the
yields of chemical processes are optimized
by controlling macroscopic variables, such as
temperature and pressure. But the use of high
temperatures and pressures wastes a substan-
tial amount of energy and generates unwanted
by-products, leading to high energy consump-
tion and pollution. To overcome these issues,

a promising optimization approach exploits
the quantum nature of the reacting molecules.

A central tenet of quantum physics is the
superposition principle, which asserts that
possible quantum states of a system can be
added together and the result will be another
possible state. The non-classical aspect of
this principle is demonstrated, for example,
by quantum bits. These objects can exist in
both an on state and an off state at the same
time. Such states exhibit quantum coherence,
which means that they are correlated in a
non-classical way.

The ability to systematically control
quantum coherence is considered one of
the main challenges in energy science. Such
control might enable the synthesis of highly
desirable materials and devices, including
superfluids (fluids that flow without resist-
ance) and quantum computers. It could also
give rise to more-efficient chemical processes
than are currently possible.

In conventional chemistry, the quantum
states involved in chemical processes are
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