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SUMMARY

The maintenance of gene expression patterns during
metazoan development is achieved, in part, by the
actions of polycomb repressive complex 2 (PRC2).
PRC2 catalyzes mono-, di-, and trimethylation of his-
tone H3 at lysine 27 (H3K27), with H3K27me2/3 being
strongly associated with silenced genes. We demon-
strate that EZH1 and EZH2, the two mutually
exclusive catalytic subunits of PRC2, are differen-
tially activated by various mechanisms. Whereas
both PRC2-EZH1 and PRC2-EZH2 are able to cata-
lyze mono- and dimethylation, only PRC2-EZH2 is
strongly activated by allosteric modulators and spe-
cific chromatin substrates to catalyze trimethylation
of H3K27 in mouse embryonic stem cells (mESCs).
However, we also show that a PRC2-associated pro-
tein, AEBP2, can stimulate the activity of both com-
plexes through a mechanism independent of and
additive to allosteric activation. These results have
strong implications regarding the cellular require-
ments for and the accompanying adjustments in
PRC2 activity, given the differential expression of
EZH1 and EZH2 upon cellular differentiation.

INTRODUCTION

Polycomb group (PcG) proteins are key epigenetic regulators

thatmaintain transcriptional repression of lineage-specific genes

throughout metazoan development, thereby contributing to the

integrity of cell identity (Liang and Zhang, 2013). In particular,

PRC2 is responsible for the methylation of lysine 27 within his-

tone H3 (H3K27me), with H3K27me3 being a hallmark of faculta-

tive heterochromatin (Margueron and Reinberg, 2011). PRC2

consists of three core subunits: one of two isoforms of Enhancer

of zeste (EZH1 and -2), embryonic ectoderm development (EED),

and Suppressor of zeste 12 (SUZ12). PRC2 core subunits are

associated with a histone binding protein: retinoblastoma-asso-

ciated proteins 46 or 48 (RBAP46/48). The EZH1/2 subunit con-

tains a SET domain that possesses histone methyltransferase

(HMT) activity. However, EZH2 in isolation exhibits an autoinhibi-

tory conformation, which is relieved upon its interaction with EED

and SUZ12 (Jiao and Liu, 2015).

The catalytic activity of PRC2 is regulated by many factors,

including allosteric activators, incorporation of its different cata-

lytic subunits (EZH1 and -2), interactions with various histone

modifications or chromatin structures, and PRC2-interacting

partners, including DNA and RNA (Holoch and Margueron,

2017). The mechanism conveying allosteric activation of PRC2

was revealed by the crystal structures of PRC2 (Brooun et al.,

2016; Jiao and Liu, 2015; Justin et al., 2016). The final product

of PRC2 catalysis, H3K27me3, is recognized by the aromatic

cage of its EED subunit (Margueron et al., 2009). This interaction

induces a conformational change in PRC2 that specifically acti-

vates the EZH2 enzyme. Of note, this conformational change is

distinct from that involving EZH2 relief from autoinhibition

through its interaction with EED and SUZ12. The hallmark of allo-

steric activation entails the interaction between the stimulatory

responsive motif (SRM) of EZH2 and its SET-I domain (subdo-

main of SET), resulting in the overall stabilization of the SET

domain. The proposed model of this positive feedback loop in-

volves initial H3K27me3 deposition by PRC2; further PRC2

recruitment through binding of its EED subunit to H3K27me3,

leading to allosteric activation of PRC2; and, thus, additional

H3K27me3 deposition, giving rise to stable chromatin domains

(Margueron et al., 2009; Oksuz et al., 2018).

EZH1 and EZH2 are the PRC2 paralogs that contain the

catalytic SET domain and are mutually exclusive when forming

a complex with other PRC2 core subunits (Margueron et al.,

2008). The catalytic activity of PRC2 containing EZH2

(PRC2-EZH2) is greater than that of PRC2 containing EZH1

(PRC2-EZH1). By contrast, PRC2-EZH1 possesses higher affin-

ity to nucleosomes and can generate compacted chromatin
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