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ABSTRACT

The Suv39h lysine methyltransferases, known as key enzymes responsible for histone H3 lysine 9
methylation, are critical for heterochromatin protein 1 enrichment at constitutive heterochromatin. Our
recent findings reveal a new role for the Suv39h1 paralog that links it to SUMO pathway function at

constitutive heterochromatin.

Heterochromatin has long been considered an inert part of the
genome, merely gathering repetitive sequences. The last 10 y of
research in chromatin and epigenetics have highlighted the impor-
tance of heterochromatin features for transcriptional regulation,
nuclear organization, and genomic stability in a variety of species.
In particular, histone marks characteristic of constitutive hetero-
chromatin such as histone H3 lysine 9 methylation (H3K9me3)
established by distinct “writers” (i.e., the Suv39h lysine methyl-
transferases [KMTs] in mammals) that protein “readers” (such as
heterochromatin protein 1 [HP1]) can recognize provide a para-
digm for a mechanism involved in and/or associated with a pleth-
ora of genomic functions affecting cell physiology and
homeostasis. Notably, these functions include global genomic sta-
bility/heritability over cellular division, with a key role at the cen-
tromere and telomeres, developmental programs and cell fate,
aging and senescence, and cancer.* Whether these functions origi-
nate from the same or distinct features of constitutive heterochro-
matin, such as solely transcriptional repression or nuclear
organization, remains to be documented. It therefore became of
the utmost importance to decipher how the dynamics of hetero-
chromatin organization are controlled and how they can be linked
to changes in cellular functions during development and most criti-
cally in the context of human health. A logical approach has been to
focus on the already well-identified players Suv39h, H3K9me3, and
HP1 that contribute to various levels of heterochromatin organiza-
tion. The Suv39h KMTs’ ensure H3K9me3 marks at nucleosomes
in heterochromatin, which in turn provide binding/anchoring sites
for the HP1 proteins; the capacity of Suv3%h to bind HP1 further
contributes to propagation of methylation of H3K9 on neighboring
nucleosomes. Once an initiating site has been established, this latter
“self-sustaining” loop provides a simple maintenance system for
constitutive heterochromatin at specific genomic loci.®

Using the constitutive heterochromatin at pericentric
domains (chromosomal domains flanking the microtubule
attachment sites of the sister chromatids during mitosis) in
mouse cells as a model, our previous studies showed that the
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SUMO pathway is involved in the initiation of this loop. We
identified that the HP1o isoform was targeted at these domains
when post-translationally modified by sumoylation, even in the
absence of Suv39h-dependent H3K9me3. Importantly, we
revealed a specific interaction between SUMO-HPl« and peri-
centric RNA transcripts’ (Fig. 1). Interestingly, in addition to
sumoylation, desumoylation proved to be equally important as
another means of regulation. In this respect, the SUMO-specific
protease SENP7 localized at pericentric heterochromatin is a
likely candidate, in particular given its ability to bind to HP1
proteins® and its reported involvement in tumorigenesis.’

Therefore, 2 steps emerge as critical in the organization of con-
stitutive heterochromatin: a “seeding” step requiring HPla
sumoylation and a “propagation/maintenance” step involving
H3K9me3. This sequential mechanism provides a molecular basis
for both the establishment and maintenance of pericentric consti-
tutive heterochromatin (Fig. 1). In this scheme, on one hand the
SUMO pathway acting early would be most critical for de novo
establishment or major heterochromatin rearrangements associ-
ated with a transition in status. On the other hand, the propaga-
tion/maintenance step would secure genomic loci already
established in constitutive heterochromatin, or perhaps in some
cases amplify a pre-existing marking. The concerted action of
both steps thus represents a means to confer or restrict “plasticity”
of constitutive heterochromatin to adapt to cell type, physiology,
and environmental stimuli. Misregulation and/or loss of coordi-
nation in the functioning of these 2 distinct steps could easily lead
to abnormal cellular phenotypes as encountered in pathologic sit-
uations and exemplified in cancer cells. Considering that methyl-
ation status can reflect the metabolic status of the cell whereas
sumoylation is rather independent of this aspect, the challenge
was to understand how coordination of these 2 branches enabled
proper control of heterochromatin organization.

In our recent article published in Nature Communications, '’
we demonstrated that the Suv39hl paralog (also known as
KMT1A) enhances HPlo sumoylation both in vivo in a cellular
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Figure 1. Dual function of Suv39h1 in constitutive heterochromatin dynamics.
Suv3%h1 enhances HP1a sumoylation and promotes its targeting to pericentric
domains independently of H3K9me3 (seeding step). Suv39h1 KMT activity promotes
H3K9me3, providing binding sites for HP1ox and ensuring H3K9me3-dependent main-
tenance of constitutive heterochromatin (propagation/maintenance step).

system and in vitro. We identified a region in Suv39h1 respon-
sible for promoting HP1la sumoylation that is distinct from the
H3K9 methyltransferase domain. We further precisely delin-
eated the binding domain for the SUMO E2 conjugating
enzyme Ubc9 (also known as UBE2I). Of note, this region in
Suv39h1 is distinct from the canonical RING (really interesting
new gene)-type or HECT (homologous with E6-associated pro-
tein C-terminus)-type E3 ligases and harbors no obvious
homology to any of the currently characterized SUMO E3
ligases. Future work should address how sumoylation is pro-
moted via Suv39hl and whether Suv39h1 can be considered to
represent a novel SUMO E3 ligase, opening up the possibility
of a whole new family. Importantly, we also find that intact
binding to Ubc9 is critical for a mini-Suv39h1 to promote effi-
cient targeting of HPlw at pericentric domains. In conclusion,
our results not only identify a new control mechanism operat-
ing at the level of HPla sumoylation but, most remarkably,
also show that this involves a major histone-modifying enzyme
Suv39hl. The integration within a single enzyme, Suv39h1, of
both control of sumoylation of HP1 and the capacity to ensure
H3K9me3, addresses the requirements to coordinate both seed-
ing and maintenance steps in organizing heterochromatin
(Fig. 1). Future work should address how Suv39h1-dependent
HPla sumoylation is itself regulated and, most importantly,
whether this novel activity of Suv39hl and its canonical KMT
activity can also explain the series of observations in conditions
where suv39h1 has been knocked down or knocked out.

In conclusion, by linking Suv3%hl activity as a histone
methyltransferase with the SUMO pathway, we provide a new
conceptual framework for the dynamics and the stability of
constitutive heterochromatin, paving the way for exciting work

in the field of nuclear organization and its role during normal
development and pathologic situations.
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