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COMMENTARY
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Mutations in the Sex comb on midleg (Scm) gene in Dro-
sophila cause strong derepression of homeotic genes, the hall-
mark phenotype of mutations in Polycomb group (PcG) genes.
The SCM protein is conserved between Drosophila and mam-
mals, but its role in PcG repression has remained elusive. In
this issue, Wang et al. (14) provide evidence that SCM plays a
role in recruitment of the well-characterized PcG protein com-
plexes PRC1 and PRC2. Not only does this paper provide
insight into the role of SCM in PcG repression, it helps to
explain why Polycomb response elements (PREs), the DNA
elements that bind PcG proteins in Drosophila, are so complex.

PcG genes encode a diverse group of proteins that act to-
gether to repress gene expression (for recent reviews, see ref-
erences 2 and 12). Originally discovered in Drosophila as im-
portant for maintenance of the spatially restricted expression
patterns of homeotic genes, PcG proteins bind to hundreds of
sites in the Drosophila genome and are now thought to regulate
hundreds of genes. Similarly, mammalian PcG proteins are
bound to hundreds of genes and are implicated in stem cell
maintenance, as well as differentiation. Levels of PcG proteins
are also altered in some cancers, where their misexpression
may alter the expression levels of critical genes. At the Dro-
sophila homeotic genes, PcG proteins are epigenetic silencers
of gene expression, while at other loci, they may modulate
expression levels. The regulation of gene expression by PcG
proteins is an area of active exploration.

Many PcG proteins act in protein complexes to modify chro-
matin. The best-characterized complexes, Polycomb repressive
complexes 1 and 2 (PRC1 and PRC2), are conserved between
Drosophila and mammals. Here we describe only the Drosoph-
ila complexes; the mammalian genome contains multiple para-
logs of many of the Drosophila PcG genes. The core compo-
nents of PRC1 in Drosophila are Polycomb (PC), Polyhomeotic
(PH) (there are two homologs, PH-D and PH-P), RING (also
called Sex combs extra [SCE]), and Posterior sex combs (PSC)
[or its homolog SU(Z)2]. Biochemical activities attributed to
PRC1 in vitro include inhibition of chromatin remodeling, in-
hibition of transcriptional elongation, and chromatin compac-
tion. In addition, RING/SCE is an H2A ubiquitin ligase, but
this biochemical activity is more likely mediated through an-
other recently identified complex in Drosophila, RAF, which

includes RING/SCE, PSC, and the demethylase KDM2 (en-
coded by the CG11033 gene), coupling histone H2A ubiqui-
tylation to histone H3 demethylation (4). Thus, RING/SCE
and PSC are present in two PcG complexes, and their activities
must be evaluated in that light. PRC2 consists of the PcG
proteins E(Z), ESC (or its homolog ESCL), SU(Z)12, and the
histone-binding protein CAF1 (also known as NURF55).
PRC2 methylates histone H3 at lysine 27, and H3K27me3
modified chromatin is a hallmark of PcG-regulated genes. Fi-
nally, the DNA-binding PcG protein Pleiohomeotic (PHO) (or
its homolog PHOL) is in a complex called PhoRC (for Pho
repressive complex) with the PcG protein SFMBT. All of these
protein complexes are bound to PREs, but exactly how this
occurs is unknown.

How does SCM fit into this scheme? SCM copurifies with
PRC1 in substoichiometric amounts. Further, SCM can inter-
act with the PRC1 component PH in vitro and can even be
incorporated into a PRC1 complex when coexpressed in the
baculoviral system (8). Despite this, the bulk of SCM in Dro-
sophila embryos is in an uncharacterized protein complex that
is distinct from PRC1 (8). More recently, SCM has been shown
to interact both physically and genetically with SFMBT (1). A
discussion of the domains present in SCM, SFMBT, and PH is
useful at this point in making sense of this information.

The conserved protein domains in SCM provide some in-
sight into function. The SCM proteins contain two copies of
the mbt domain, a protein domain of about 100 amino acids
that binds methylated histones. First identified in the Drosoph-
ila l(3)mbt [lethal (3) malignant brain tumor] protein, mbt
domains appear to be present only in metazoans. In addition to
SCM and l(3)mbt, Drosophila has a third mbt domain-contain-
ing protein, SFMBT (Scm-related gene containing four mbt
domains). Urochordates and vertebrates have homologs of all
three Drosophila mbt-containing proteins. The nematode Cae-
norhabditis elegans has only two MBT proteins (LIN61 and
MBTR-1), both of which contain four mbt domains. Sequence
comparisons also suggest that the nematode proteins are more
related to SFMBT homologs than to SCM or l(3)mbt ho-
mologs. mbt domains appear to occur in tandem arrays with
from two to four domains per protein, but for the Drosophila
proteins, only the most carboxy-terminal mbt domain of each
array appears to have a binding pocket that can accommodate
methyl-lysine residues (1). The functions of the remaining mbt
domains are not clear.

There are also Zn finger motifs in all three Drosophila MBT
proteins, as well as in the PRC1 component PH. The Drosoph-
ila SFMBT and SCM proteins interact physically through N-
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terminal fragments that include the Zn finger motifs (1). Fi-
nally, a C-terminal putative protein interaction domain, an
SPM-type SAM (sterile alpha motif) domain, is present in
SFMBT, SCM, and PH. The SCM SPM domain mediates
interactions with the PH SPM domain, as well as with itself (8).
Mutations in the SPM domain disrupt SCM function both in
the endogenous gene and in an artificial repression system
where SCM is tethered to DNA by a heterologous DNA-
binding protein (10). Tethered SCM repression is dependent
on PH, suggesting that SCM can recruit PH (and presumably
PRC1) to DNA. Overexpression of the SCM SPM domain
disrupts PcG repression by an unknown mechanism (8). It is
worth noting that SAM domains may also be able to bind
RNA, which could add to the complexity of PcG-induced si-
lencing (3).

How do all of these protein complexes (PhoRC, PRC1,
PRC2, and the 500-kDa uncharacterized SCM complex) get
recruited to the target genes? As stated above, PhoRC con-
tains the DNA-binding protein PHO, and PHO-binding sites
are required for the activity of all PREs tested so far. Some
genome-wide studies suggest that PHO is bound at nearly all
sites where PRC1 and/or PRC2 is bound, (11), whereas other
studies suggest that it is bound at only 50% of these sites (cited
in reference 12). Nevertheless, there is no doubt that PHO
binding is an important component of many PREs. In experi-
ments utilizing RNA interference (RNAi) and mutations to
knock down various PcG proteins (approaches also used in the
work described by Wang et al. [14]), PHO binding was re-
quired for the localization of both PRC1 and PRC2 to a PRE
(13). Further, PRC1 binding was dependent on PRC2. The
model that emerged from these studies is that PhoRC recruits
PRC2, which then trimethylates histone H3K27. The PRC1
subunit PC then binds to H3K27me3, which could mediate
PRC1 recruitment. In vitro, PHO interacts with the PRC2
subunits ESC and E(Z) as well as the PRC1 subunits PC and
PH (6), suggesting that it could directly recruit both complexes.
Enter SCM. Wang et al. (14) used RNAi and mutations to
knock down expression levels of various PcG proteins and
show that the binding of PRC1 and PRC2, but not PhoRC, to
the PRE is SCM dependent. They further suggest that SCM
might be in a complex with an unknown DNA-binding protein,

protein X, and that the SCM-protein X complex could coop-
erate with PhoRC to recruit PRC1 and PRC2 (Fig. 1). This
attractive model provides not only a role for the SCM protein
but also a potential role for one of the myriad of other DNA-
binding sites required for PRE function.

PREs are complex elements made up of binding sites for
many different proteins (reviewed in references 7 and 9), in-
cluding PHO, GAGA factor (GAF), Pipsqueak (PSQ) (which
binds the same site as GAF), the Sp1/KLF family of proteins,
DSP1, ZESTE, and Grainyhead (GRH). While the role of
PHO sites in PRE function is well established, the roles of the
other protein binding sites are less clear. Numerous studies
have shown that GAF/PSQ-binding sites are important for
PRE function, and in vitro studies suggest that binding of GAF
may make the DNA more accessible to PHO binding (5).
Genome-wide chromatin immunoprecipitation (ChIP) studies
show that only a subset of locations that bind PRC1 and/or
PRC2 have GAF bound (11). It is not known whether PSQ
associates with PREs in vivo. Likewise, DSP1 and ZESTE are
bound only to a subset of PREs. There are 9 or 10 Sp1/KLF
family members in Drosophila, and it is not known which, if
any, are PRE associated. Thus, the current understanding of
which proteins are necessary for PRE function is poor. Nev-
ertheless, it is absolutely clear that PHO sites alone are not
sufficient for PRE function, that PREs contain binding sites for
at least three different proteins, and that mutation of any one
binding site disrupts PRE function.

Could one of the known PRE-binding proteins be protein
X? Characterization of the proteins present in the 500-kDa
embryonic SCM complex may provide the answer. Another
approach is to look at whether SCM binds to PRE transgenes
that contain mutations in the DNA-binding sites necessary for
PRE activity. The model predicts that mutation of the site that
binds protein X will cause a loss of SCM binding. This inter-
esting paper (14) has brought us much closer to an understand-
ing of PRE function and PcG recruitment.
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FIG. 1. Model for the role of SCM in Polycomb-induced gene silencing. PHO-SFMBT and SCM-protein X are recruited independently to the
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