
Elements of the Polycomb Repressor SU(Z)12 Needed for Histone
H3-K27 Methylation, the Interface with E(Z), and In Vivo Function

Aswathy N. Rai, Marcus L. Vargas, Liangjun Wang, Erica F. Andersen,* Ellen L. Miller, Jeffrey A. Simon

Department of Genetics, Cell Biology, and Development, University of Minnesota, and Graduate Program in Biochemistry, Molecular Biology, and Biophysics, University of
Minnesota, Minneapolis, Minnesota, USA

Polycomb repressive complex 2 (PRC2) is an essential chromatin-modifying enzyme that implements gene silencing. PRC2
methylates histone H3 on lysine-27 and is conserved from plants to flies to humans. In Drosophila melanogaster, PRC2 contains
four core subunits: E(Z), SU(Z)12, ESC, and NURF55. E(Z) bears a SET domain that houses the enzyme active site. However,
PRC2 activity depends upon critical inputs from SU(Z)12 and ESC. The stimulatory mechanisms are not understood. We present
here functional dissection of the SU(Z)12 subunit. SU(Z)12 contains two highly conserved domains: an �140-amino-acid VEFS
domain and a Cys2-His2 zinc finger (ZnF). Analysis of recombinant PRC2 bearing VEFS domain alterations, including some
modeled after leukemia mutations, identifies distinct elements needed for SU(Z)12 assembly with E(Z) and stimulation of his-
tone methyltransferase. The results define an extensive VEFS subdomain that organizes the SU(Z)12-E(Z) interface. Although
the SU(Z)12 ZnF is not needed for methyltransferase in vitro, genetic rescue assays show that the ZnF is required in vivo. Chro-
matin immunoprecipitations reveal that this ZnF facilitates PRC2 binding to a genomic target. This study defines functionally
critical SU(Z)12 elements, including key determinants of SU(Z)12-E(Z) communication. Together with recent findings, this illu-
minates PRC2 modulation by conserved inputs from its noncatalytic subunits.

Polycomb repressive complex 2 (PRC2) is a chromatin-modi-
fying enzyme widely deployed in metazoans for gene silenc-

ing. Its signature activity is to methylate histone H3 on lysine-27
(K27) (1–4). PRC2 can methylate substrates bearing zero, one, or
two preexisting methyl groups, with the trimethylated product
(H3-K27me3) viewed as the main output that operates in silenc-
ing. Polycomb repressors, including subunits of PRC2, were orig-
inally defined in Drosophila melanogaster, where they play critical
roles in the spatial control of Hox gene expression (5, 6). The
broad conservation of PRC2 among single-celled eukaryotes, fun-
gal species, plants, and animals (7–9) underscores its role as an
evolutionarily ancient cog of the chromatin regulatory machinery.
Commensurate with its widespread distribution, PRC2 functions
in many vital biological processes, including fundamental cell fate
decisions, the transcriptional control circuitry of both embryonic
and adult stem cells, and cancer epigenetics (reviewed in refer-
ences 7, 10–12, and 13).

PRC2 contains four core subunits, defined as the set of stoichi-
ometric partners obtained upon purification from fly or human
cells (1–4). In Drosophila, the subunits are E(Z), SU(Z)12, ESC
and NURF55. E(Z) is the catalytic subunit and its SET domain
houses the active site that performs histone methylation. How-
ever, unlike other examples of SET domain methyltransferases,
such as SUV39H or DIM-5 (14, 15), E(Z) is enzymatically inactive
on its own (4). To attain robust activity, E(Z) must assemble with
two critical noncatalytic partners, SU(Z)12 and ESC (16–19). In
contrast, the NURF55 subunit appears dispensable for in vitro
PRC2 methyltransferase (17, 18), and its in vivo contribution to
PRC2 function is not yet established (20, 21). A key issue in un-
derstanding how PRC2 works, then, is to determine how the
SU(Z)12 and ESC subunits interface with E(Z), modulate its en-
zymatic efficiency, and impact its functional output in vivo.

Mammalian PRC2 contains the same four core subunits as in
Drosophila, but there is greater diversity of mammalian PRC2
family complexes due to multiple expressed subunit variants (re-

viewed in references 22, 23, and 24). Multiple genes encode mam-
malian E(Z) (EZH2 and EZH1), NURF55 (RbAp48, RbAp46),
and multiple forms of the ESC homolog (EED) are produced by
alternative translation start sites (25, 26). Thus, it is simpler to
study PRC2 in Drosophila with its much smaller set of variants.
Here, all subunits are encoded by a single gene except for the
ESC/ESCL pair, which appear functionally similar but predomi-
nate at different times of fly development (27–29).

The SU(Z)12 protein contains two discrete domains that dis-
play marked evolutionary conservation (Fig. 1A). The �140-ami-
no-acid VEFS domain was originally identified by high similarity
among plant, fly, and human versions of SU(Z)12 (30). Removal
of the entire VEFS domain by in-frame deletion results in failure
of PRC2 assembly (17), suggesting that it contains binding deter-
minants for E(Z). The second highly conserved domain is a single
potential Cys2-His2 zinc finger. This ZnF does not appear to sup-
ply DNA-binding capacity in vitro (30), and its molecular role and
requirement in SU(Z)12 function have not been defined. Besides
these two domains, the N-terminal half of SU(Z)12 contains mod-
erately conserved subregions interspersed with more divergent
regions. The location of a partial loss-of-function mutation (30),
G274D, provides the main evidence to date that this region has
function in vivo. This N-terminal region contains a binding site
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for the NURF55 subunit (31), but the in vivo requirement for this
site has not been assessed. There is also no atomic structure yet for
either SU(Z)12 in its entirety or for the VEFS or ZnF domains in
isolation.

Here we analyze recombinant PRC2 complexes in vitro and
transgenic versions of SU(Z)12 in vivo to investigate the conserved

SU(Z)12 domains. Dissection of the VEFS domain reveals distinct
functional modules. Residues spanning an extensive C-terminal
portion of this domain are required for stable SU(Z)12 binding to
E(Z). Other VEFS residues, located primarily in an adjacent more
N-terminal region, are not required for PRC2 complex assembly
but are needed for full enzymatic function. This includes a pair of

FIG 1 SU(Z)12 VEFS domain mutations with differential effects upon PRC2 assembly or enzyme activity. (A) Domain organization of SU(Z)12. Three main
functional domains are shown, with their percent identities between fly and human. NBE denotes the NURF55-binding element (31). G274D is a missense
mutation corresponding to the fly allele Su(z)122 (30). (B) Amino acid sequence of the central portion of the VEFS domain, with the Drosophila melanogaster
sequence (residues 542 to 605) on top and sequences from selected animal species aligned below. Residues mutated in T-cell or myeloid leukemia subtypes (45,
46) are underlined, and W581 is highlighted in gray and asterisked. Missense mutations analyzed here are depicted above, and the extent of an in-frame deletion
is shown below. (C) Assembly of recombinant PRC2 bearing indicated VEFS domain mutations. Complexes were purified via Flag-ESC. WT denotes the
wild-type four-subunit complex. (D) HMTase activities of PRC2 bearing indicated VEFS domain mutations, using HeLa polynucleosomes (left panel) or
recombinant Drosophila H3/H4 tetramers (right panel) as substrates. Amido black staining to visualize histones in each reaction is shown below. For quantita-
tion, histone bands were excised and subjected to scintillation counting. The wild type was set to 100%, and the activity of mutants was derived by averaging
results from the 20 and 50 nM PRC2 samples.
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consecutive EK residues, conserved from fungi to humans. In con-
trast, we found that the ZnF is dispensable for PRC2 activity in
vitro but is nevertheless required for SU(Z)12 function during fly
development. Chromatin immunoprecipitations imply that the
ZnF contributes to SU(Z)12 chromatin targeting. Similarly, the
N-terminal half of SU(Z)12 is not needed for enzyme activity in
vitro but is required for genetic rescue. Collectively, these results
define discrete elements within the VEFS domain that supply the
SU(Z)12-E(Z) interface and methyltransferase stimulation, as
well as elements outside the VEFS domain that are functionally
critical in vivo.

MATERIALS AND METHODS
Expression and purification of recombinant PRC2 complexes. Baculo-
virus expression of recombinant proteins in insect Sf9 cells was performed
using the Bac-to-Bac system (Invitrogen). Anti-FLAG immunoaffinity
purification of complexes was performed as described previously (17, 32),
with washes of resin-bound PRC2 containing up to 1.2 M KCl. Mutant
complexes were prepared in parallel with a wild-type control and purified
at least twice independently for each complex. Assembly of complexes was
assessed by Coomassie staining after sodium dodecyl sulfate (SDS)-gel
electrophoresis.

Baculovirus constructs and site-directed mutagenesis. Full-length
cDNAs encoding FLAG-ESC, E(Z), SU(Z)12, and NURF55 inserted into
pFastBac1 were described previously (4, 17). Site-directed SU(Z)12 mis-
sense mutations were generated by using a QuikChange mutagenesis kit
(Agilent Technologies). Hemagglutinin (HA)-tagged SU(Z)12 and N-ter-
minally or C-terminally truncated derivatives were generated by tailed
PCR strategies. In-frame deletions were generated using a PCR strategy as
described previously (33). Mutations and deletions were sequenced to
confirm intact SU(Z)12 coding region.

Histone methyltransferase assays and substrates. Histone methyl-
transferase (HMTase) assays were performed as described previously (17)
and were repeated at least twice using independent preparations of mu-
tant and wild-type complexes purified in parallel. Histone content was
tracked by amido black staining. HMTase reactions using 3H-labeled S-
adenosylmethionine ([3H]SAM) were performed for 1 h at 30°C. Quan-
titation of HMTase activity, including kinetic analysis (see Fig. 2C), was
determined by scintillation counting of excised histone bands. Vmax and
Km were determined by nonlinear regression analysis using the Michaelis-
Menten model supplied by Prism version 6.0 software (GraphPad Soft-
ware, La Jolla, CA). For detection of mono-, di-, and trimethylated prod-
ucts (see Fig. 2B), reactions were performed for 18 h using nonradioactive
SAM. Polynucleosome substrate, consisting of 8- to 12-mers purified
from HeLa cells, was prepared as described previously (17) and used at 60
ng/�l. H3/H4 tetramers were prepared after coexpression of Drosophila
histone H3 and H4 in Escherichia coli (34) and used at 50 ng/�l. Mono-
nucleosomes (kindly provided by Karim-Jean Armache and Bob Kings-
ton) were prepared using recombinant, unmodified Xenopus histones and
the 601 nucleosome positioning sequence as described previously (35).
HMTase stimulation by K27me3 peptide (Fig. 2A) was determined using
recombinant mononucleosomes and 40 �M histone H3(15-34) peptide,
either unmodified or bearing K27me3.

Antibodies, Western blots, and coimmunoprecipitations. Embryo
extracts for Western blot analysis were prepared as described previously
(17, 36). Proteins were fractionated on 8 to 10% SDS-PAGE gels and
transferred to Protran (Schleicher & Schuell). Blots performed on embryo
extracts were incubated with anti-HA antibody (Cell Signaling) at 1:200
and with antitubulin (Sigma) at 1:1,000 as a control for lane loading. Blots
performed on S2 cell extracts were incubated with anti-FLAG antibodies
(M5; Sigma) at 1:3,000 or with anti-SU(Z)12 antibodies (4) at 1:250. Blots
to detect H3-K27 methylation status (see Fig. 2B) were performed with
anti-K27me1 (1:500; Epigentek), anti-K27me2 (1:500; Millipore), and
anti-K27me3 (1:500; Millipore) rabbit polyclonal antibodies and were

reprobed with an anti-H4 monoclonal antibody (1:1,000; Thermo Scien-
tific) as a loading control. Immunoprecipitations were performed as de-
scribed previously (29, 37) using 15 �l of anti-E(Z) (38) for embryo ex-
tracts or 30 �l of anti-FLAG M2 beads (Sigma) for S2 cell extracts.

S2 cell transfections and ChIP assays. Constructs were built, using
the pAc5.1 vector (Invitrogen), to express SU(Z)12 transgenes from an
actin promoter. Aliquots of 2 � 106 Drosophila S2 cells were transfected
with 2 �g of pAc5.1 empty vector, pAc5.1-Flag-SU(Z)12-WT, or pAc5.1-
Flag-SU(Z)12-�ZnF using Fugene HD-6 reagent (Roche). Cells were har-
vested 3 days after transfection for Western blot analysis and chromatin
immunoprecipitation (ChIP). ChIP was performed as described previ-
ously (39, 40). Briefly, cells were treated with 1% formaldehyde for 1 h at
24°C, lysed, and chromatin was sheared to �500 bp using a Sonic Dis-
membrator 500 (Fisher). Ten percent of the input material was saved at
�80°C. The remainder was diluted 1:10 and precleared in 50 �l of protein
A-agarose beads (Roche) for 1 h at 4°C. A total of 30 �l of anti-Flag M2
beads (Sigma) was added to the precleared extracts, and immunoprecipi-
tation was performed overnight at 4°C. After washing, elution, and cross-
link reversal, DNA was purified by using a QIAquick PCR purification kit
(Qiagen). Quantitative real-time PCR was performed using Platinum
SYBR green qPCR Supermix-UDG (Invitrogen) as described previously
(40). Primer pairs used to amplify DNA from the PRE region upstream of
the Hox gene Ubx were as described previously (40). Quantitative PCR
was performed in duplicate for each sample from four independent trans-
fection experiments, with the four averages displayed in Fig. 6D.

Generation of SU(Z)12 transgenic lines and assay for genetic rescue.
A 5.8-kb genomic fragment encompassing the Su(z)12 gene, including
�0.7 kb upstream of the translation start site (3L, 19911150 to 19916900
[Flybase]), was PCR amplified and inserted into the P-element transfor-
mation vector pCaSper4. After embryo microinjections, transgenic flies
were selected by w� eye color, and independent lines were established.
Three lines with inserts on chromosome 2 were made homozygous and
tested for rescue, as described below. For constructs bearing the Su(z)12
promoter fused to full-length Su(z)12 cDNA (see Fig. 5A), the 5.8-kb
genomic fragment was modified by (i) inserting an HA tag at the transla-
tion start site, (ii) replacing the genomic segment downstream of a unique
exon 1 StuI site with the corresponding cDNA segment, and (iii) relocat-
ing the Su(z)12 transgene to the patt-B vector, designed for phiC31-tar-
geted integration (41). PhiC31-mediated transgenic lines were generated
using the VK37 host strain, with integration at a chromosome 2 landing
site at cytological location 22A (41). Inserts containing wild-type, ZnF
mutant (see Fig. 5) and �N mutant (see Fig. 7) versions of SU(Z)12 were
made homozygous and tested for rescue as follows, using the Su(z)123-
and Su(z)124-null alleles. Both alleles contain premature stop codons up-
stream of the ZnF (30). Transgenic males were mated to w; Su(z)123 h th
e/TM6C, Sb Tb e females. F1 w; [22A:w�, Su(z)12]/�; Su(z)123 h th e/�
male progeny were selected as w�, nonstubble adults and crossed to w;
Su(z)124 h th e/TM6C, Sb Tb e females. Rescue is indicated by the survival
of w�, nonstubble, ebony flies. The rescued flies displayed the recessive
hairy (h) and thread (th) phenotypes, confirming that they carried the
Su(z)123/Su(z)124-null heteroallelic combination. �N rescue of the Su(z)125

hypomorph was tested by mating w; [22A:w�, Su(z)12�N]/CyO; �/TM6C,
Sb Tb e males to w; Su(z)125/TM6C, Sb Tb e females and then mating the w;
[22A:w�, Su(z)12�N]/�; Su(z)125/TM6C, Sb Tb e male progeny to w;
Su(z)123/TM6C, Sb Tb e females. Rescue is indicated by the survival of w�,
nonstubble flies.

RESULTS
VEFS mutations that mimic SU(Z)12 alleles in hematological
malignancies inactivate PRC2 by distinct mechanisms. Re-
cently, oncogenic mutations in human subunits of PRC2 have
been described from analysis of patients with different types of
leukemias (42, 43). Although most reported links between PRC2
and cancer entail overexpression or gain of function of PRC2 sub-
units, T-cell and myeloid leukemias have instead been associated
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with PRC2 loss-of-function (44–46). In addition to nonsense and
frameshift mutations, several of the apparent inactivating changes
are missense mutations that alter EZH2, SU(Z)12, or EED (45,
46). Notably, all of the SU(Z)12 missense alleles map to within the
VEFS domain, which highlights its key contributions to function.
However, the mechanistic basis of PRC2 disruption by these on-
cogenic mutations has not been fully addressed. To investigate
molecular consequences, we generated corresponding VEFS sub-
stitutions in fly SU(Z)12 and tested their impacts upon PRC2
assembly and methyltransferase activity.

Figure 1B highlights three residues located in the central por-
tion of the VEFS domain (underlined) that are altered in leuke-
mias (45, 46). Each of these residues—W555, E574, and N582—is
conserved among the animal species shown. Figures 1C and D
show that mutations of these residues have differential effects
upon PRC2 assembly and activity. Of the three substitutions,
N582Y is the only SU(Z)12 mutant that fails to generate a four-
subunit complex (Fig. 1C, left panel). Instead, only E(Z) is coen-
riched with Flag-ESC, indicating that SU(Z)12-N582Y binding to
E(Z) is disrupted. This assembly failure is not due to reduced
accumulation or instability of N582Y protein in Sf9 cells since
Western blot analysis verifies comparable levels of wild-type and
mutant proteins in the coinfection samples (not shown).

Histone methyltransferase assays, using polynucleosome sub-
strate, yielded distinct outcomes for these mutants (Fig. 1D, left
panel). Although both W555C and E574A retain assembly,
W555C shows a dramatic decrease in enzyme function, whereas
E574A produces a more modest decline in activity of �4-fold.
Consistent with assembly failure, no activity is seen with N582Y
(not shown). Thus, PRC2 is inactivated by N582Y via disassembly
and by W555C through faulty stimulation of E(Z) methyltrans-
ferase.

The basis of E574A loss of function is less certain from these in
vitro tests; assays on mammalian PRC2 bearing SUZ12 substitu-
tion at the analogous position (E610) similarly found complex
assembly preserved and methyltransferase activity diminished
only �2-fold (46). We note that the charged residues E574 and its
neighbor K575 are invariant in plant, animal, and fungal SU(Z)12
and are thus more fundamentally conserved than either W555 or
N582 (see Fig. 3A). This implies functional importance that con-
trasts with the modest molecular defects described thus far. To
gain fuller understanding, we expanded the biochemical tests to
include alternative histone substrates, multiplicity of methyl
products, and kinetic analysis (Figs. 1D and 2).

Figure 1D (right panel) shows that E574A and K575A display
more severe loss of HMTase when tested on recombinant H3/H4
tetramers produced in E. coli. A key difference between the sub-
strates used here is that the polynucleosomes, purified from HeLa
cells, bear preexisting modifications that are devoid from the te-
tramers. Since histone H3 tails with preinstalled K27me3 can
stimulate PRC2 HMTase (47, 48), the more robust activity of the
EK motif mutants on polynucleosomes could reflect retention of
this stimulatory mechanism, which operates through ESC. To di-
rectly test this, we performed HMTase assays using unmodified
mononucleosome substrate with added H3 tail peptides bearing
or lacking K27me3. Figure 2A shows that E574A and K575A are
stimulated by K27me3 peptide, akin to the wild type, whereas
W555C is only very weakly stimulated.

To address whether the VEFS mutations differentially impact
the generation of K27me1, K27me2, or K27me3, we performed

Western blots on the HMTase reaction products (Fig. 2B). These
assays used recombinant mononucleosomes and conditions as in
Fig. 2A, except the SAM methyl donor was nonradioactive and
reactions were incubated for 18 h to maximize detection of each
accumulated methyl product. Without added K27me3 peptide,
wild-type PRC2 proceeds to generate K27me2 and K27me3,

FIG 2 Characterization of altered HMTase activities of VEFS missense mu-
tants. (A) HMTase activities of PRC2 bearing indicated SU(Z)12 VEFS muta-
tions, using recombinant mononucleosomes as substrate. Reactions were per-
formed in the presence (�) or absence (�) of 40 �M histone H3(15-34)
peptide either unmodified or trimethylated at K27. Histones were visualized
by amido black staining (bottom). (B) Western blots to detect accumulation of
K27me1, K27me2, and K27me3 products after 18-h HMTase reactions using
mononucleosomes and indicated forms of PRC2. Histone loading was tracked
by Western blotting detection of histone H4. Reactions contained (�) or
lacked (�) 40 �M histone H3(15-34) peptide bearing K27me3. (C) Kinetic
analyses of E574A and K575A HMTase activities. Reactions were performed
with wild-type or mutant forms of PRC2 using various amounts of HeLa
polynucleosome substrate. Vmax and Km values were determined by nonlinear
regression analysis (see Materials and Methods). Error bars show the standard
errors of the mean determined from three independent experiments.
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whereas in all three mutants, only the first reaction product,
K27me1, was detected. Upon peptide stimulation, all enzyme ac-
tivities were boosted, with the wild type yielding primarily
K27me3 and the mutants producing readily detectable levels of
K27me2 and K27me3. Thus, despite reduced activities, all three
mutants retain capacity to perform the three successive PRC2
methylation reactions.

Taken together, the in vitro results indicate that W555C en-
zyme function is severely reduced, whereas the EK mutants retain
more partial function. To further investigate the EK mutant de-
fects, we performed kinetic analysis to determine whether sub-
strate binding (Km) or catalytic turnover (Vmax) is altered (Fig.
2C). Using HeLa polynucleosomes as substrate, we found that
wild-type PRC2 displays a Vmax of �400 dpm/min/20 nM enzyme
complex, an observation consistent with the range of Vmax values
reported for fly PRC2 on polynucleosome substrates (49). How-
ever, both E574A and K575A mutant complexes show substan-
tially reduced Vmax, whereas Km appears not to be significantly
altered (Fig. 2C). This suggests that the EK motif of the SU(Z)12
VEFS domain contributes to the intrinsic catalytic efficiency of
PRC2, presumably by impacting, directly or indirectly, the E(Z)
SET domain (see Discussion).

Determinants within the SU(Z)12 VEFS domain of the inter-
face with E(Z). We were intrigued that a single amino acid change,
N582Y, could so dramatically disrupt SU(Z)12 binding to E(Z)
(Fig. 1C), since this could identify a key substituent of the
SU(Z)12-E(Z) interface. However, this nonconservative change
introduces a bulky side chain, so its properties might not accu-
rately reflect normal contributions of this residue or region. In-
stead, this mutation could disrupt E(Z) binding by creating steric
conflict. We noted that the immediate vicinity has a high percent-
age of large aliphatic and aromatic residues (Fig. 1B), which could
reflect a binding mode that features hydrophobic contacts. Thus,
to address whether this VEFS subregion contains determinants for
E(Z) binding, we mutated several conserved hydrophobes, singly
and in combination. We also generated an in-frame deletion
(�578-603) that removes N582 and many of the nearby large hy-
drophobes.

Figure 1C (right panel) shows PRC2 assembly results with
SU(Z)12 bearing these VEFS alterations. Significantly, the single
W581A mutation, immediately adjacent to N582, is sufficient to
disrupt PRC2 assembly (lane 2). Two other lesions that perturb
W581, a double substitution (lane 4) and �578-603 (lane 6), also
disrupt assembly. In contrast, substitutions for the hydrophobic
residues V585, F590, and V591 have no discernible impact. West-
ern blot analysis confirmed that all mutant proteins accumulated
in infected Sf9 cells (data not shown), indicating that assembly
failure cannot be attributed to protein instability.

Consistent with W581 supplying a key determinant for E(Z)
binding, this residue is absolutely conserved in SU(Z)12 VEFS
domains from fungi to plants to humans (Fig. 3A). There is also
conservation of numerous other hydrophobic residues extending
C terminally as far as L645 (Fig. 3A, highlighted in green). Conse-
quently, we tested PRC2 assembly of three clustered alanine mu-
tants that alter conserved hydrophobes dispersed in this region
(Fig. 3A, bold brackets). Each of these alterations disrupts PRC2
assembly, ranging from complete (mutant FILH) to partial (mu-
tant MFLD) disassembly (Fig. 3B, left panel). To delimit the extent
of the VEFS domain required for assembly, we also tested a series
of C-terminal truncations (Fig. 3B, right panel). We found that

robust assembly requires VEFS residues extending to between 655
and 682. Thus, a large VEFS subdomain, spanning �100 residues
from V570 to as far as 682, organizes the SU(Z)12 interface with
E(Z). Consistent with this, the structure of human PRC2 recently
derived by electron microscopy (50) places the VEFS domain in
close proximity to portions of E(Z) (Fig. 3C). This interface ap-
pears functionally distinct from the VEFS subregion, spanning
D546 to W555 (Fig. 3A), that contains residues implicated in E(Z)
methyltransferase stimulation rather than stable association of
PRC2 subunits (17, 49; see Discussion).

The SU(Z)12 zinc finger is not required for PRC2 histone
methyltransferase in vitro. The Cys2-His2 zinc finger (ZnF) of
SU(Z)12 is conserved from fungi to plants and animals (Fig. 4A).
Nevertheless, a molecular role for this zinc finger has not been
described and its functional requirement in PRC2 has not been
determined. In a previous study of fly PRC2 (17), a pair of
SU(Z)12 ZnF residues conserved among plants and animals,
E406 and L426, were mutated and tested for PRC2 assembly
and activity. These mutants behaved indistinguishably from
the wild type, suggesting that either these substitutions were
ineffective in disrupting the ZnF or that the ZnF is dispensable
for function in vitro.

To more definitively assess ZnF function, we constructed three
additional SU(Z)12 mutants. The C413A/C416A double mutant
eliminates presumed zinc-binding residues, which should more
fully disable the ZnF. In addition, we constructed the double mu-
tant P414A/W415A, which alters one of several conserved large
hydrophobic residues (Fig. 4A, highlighted in light gray). To guar-
antee ZnF disruption, we also generated an in-frame deletion
(�ZnF) that eliminates the entire domain spanning residues 406
to 441. Figure 4B shows that all of the ZnF mutants assemble into
four-subunit complexes. We do observe a subtle but reproducible
decline in the level of associated NURF55 compared to the wild
type. However, when �ZnF complex was affinity purified under
less stringent wash conditions, with an ionic strength (0.3 M KCl)
closer to the physiological level, stoichiometric assembly of all
four subunits was obtained (data not shown). HMTase assays re-
vealed that robust activity is retained for all three ZnF mutants on
both polynucleosome and H3/H4 tetramer substrates (Fig. 4C).
Western blots confirmed that the �ZnF complex is similar to the
wild type in capacity to produce mono-, di-, and trimethylated
H3-K27 products (data not shown). We conclude that the
SU(Z)12 ZnF is dispensable for intrinsic enzyme activity of PRC2
and, overall, there is little discernible defect after ZnF disruption
in vitro.

In vivo requirement for the SU(Z)12 zinc finger. To defini-
tively assess whether the ZnF is required for SU(Z)12 function, we
sought to test the genetic activity of transgenic SU(Z)12 constructs
bearing ZnF mutation or deletion. Since Su(z)12 genetic rescue
has not previously been reported in Drosophila, we first defined a
5.8-kb genomic DNA fragment that rescues lethality of Su(z)12-
null animals. All three of the tested transgene inserts rescued
Su(z)12-null animals to adult viability. Consistent with robust res-
cue, the surviving P[Su(z)12�]/�; Su(z)123/Su(z)124 adults
lacked overt segmental transformations that would indicate par-
tial loss of Polycomb silencing. Thus, this relatively compact
genomic fragment, with �1 kb of upstream DNA, is sufficient to
provide Su(z)12� function.

To test Su(z)12 constructs with an impaired ZnF, we wanted to
avoid the inherent variability due to random P element integra-
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tion. Consequently, we switched to a phiC31-based vector (41)
and targeted integration to a single genomic location for further
transgene assays. Figure 5A (top) shows design of the wild-type
Su(z)12 transgene used. This construct contains the same amount
of upstream DNA as the initial rescue construct but differs in two
respects: (i) the coding region is supplied by cDNA rather than a
genomic segment and (ii) an HA epitope tag is inserted at the N
terminus. Similar to the genomic construct, this hybrid genomic/
cDNA transgene rescues Su(z)123/Su(z)124-null animals to adult-
hood at a frequency consistent with robust genetic function
(Fig. 5A).

We next generated transgenes identical to SU(Z)12-WT but
with the ZnF either fully deleted or bearing the P414A/W415A
double substitution (Fig. 5A). These ZnF mutant transgenes were
inserted at the same integration site, and the transgenic lines were
tested for accumulation of HA-tagged SU(Z)12. As shown in Fig.
5B, anti-HA Western blots on embryo extracts revealed �ZnF and
P414A/W415A protein expression at levels comparable to the
wild-type control. To address assembly with a PRC2 partner, we
performed coimmunoprecipitations on embryo extracts using
anti-E(Z) antibodies. These coimmunoprecipitations demon-
strated that the ZnF mutants retain association with E(Z) in vivo,

FIG 3 Elements of the SU(Z)12 VEFS domain required for the interface with E(Z). (A) Sequence alignments of the VEFS domain segment spanning residues 544
to 652 in Drosophila (top sequence). Locations of residues required for PRC2 enzyme stimulation and for binding of SU(Z)12 to E(Z) are indicated at top. Key
missense mutations and clustered alanine substitutions described in the present study and previous work (17, 49) are shown. Positions of conserved hydrophobic
residues are highlighted in dark green (conserved among animals, plants, and fungi) or light green (conserved among animals and plants). The absolutely
conserved EK residues are indicated in blue and red. Predicted alpha-helical content is displayed at bottom, as determined by the RaptorX structure prediction
program (77). The alpha-helices shown reflect positions with 	50% helical probability. (B) Assembly of recombinant PRC2 bearing indicated SU(Z)12 clustered
alanine substitutions (left panel) or C-terminal deletions (right panel). Asterisks indicate detection of progressively truncated SU(Z)12. (C) Subunit architecture
of fly PRC2, adapted from the structure of human PRC2 determined by electron microscopy (50). Contours of the four core subunits are displayed and locations
of key domains discussed here are indicated. The asterisk denotes location of the K27me3-binding site on ESC (47, 48). AEBP2, which is included in the human
PRC2 structure (50), is omitted here for simplicity.
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as seen with the wild-type HA-tagged SU(Z)12 tested in parallel
(Fig. 5C). Nevertheless, we found that both the �ZnF and the
P414A/W415A transgenes failed to rescue the lethality of
Su(z)123/Su(z)124-null animals, indicating that the ZnF is re-
quired for in vivo function. Adult survivors were never observed
among many hundreds of progeny scored (Fig. 5A). We noted
that the P414A/W415A rescue crosses yielded substantial num-
bers of dead pupae, which were not observed with �ZnF rescue
crosses or control crosses lacking transgene. Dissection of several
P414A/W415A pupae that reached the pharate stage revealed ex-
tra sex comb phenotypes, as seen previously with Su(z)12 hypo-
morphs (30). Since Su(z)12-null animals die prior to the third
larval stage (30), these findings imply that the �ZnF mutant has
little or no genetic function, whereas P414A/W415A may retain
partial function.

Zinc finger removal diminishes SU(Z)12 chromatin associa-
tion. We hypothesized that the failure of the ZnF mutants to
supply SU(Z)12 genetic rescue might reflect defects in binding
and/or targeting to chromatin sites. This would not be readily
addressed by in vitro assays (Fig. 4), which feature PRC2 binding
to substrates by mass action rather than physiological targeting
mechanisms. To address chromatin binding properties of
SU(Z)12�ZnF, we pursued chromatin immunoprecipitation
(ChIP) assays to track association at a well-characterized target,

the Polycomb response element (PRE) located �25 kb upstream
of the Hox gene Ubx (Fig. 6A). We initially attempted ChIPs to
track transgenic HA-SU(Z)12 (Fig. 5A) at this Ubx PRE in larval
wing discs. We and others have described ChIP detection of en-
dogenous PcG proteins at this target in wing discs (40, 51, 52).
However, we were unable to reproducibly detect wild-type trans-
genic HA-SU(Z)12 at this PRE by anti-HA ChIP, which may re-
flect differences in antibody properties. Consequently, we re-
tooled the SU(Z)12 constructs, replacing the HA tags with Flag
tags and shifting to a vector that delivers transient expression in
cultured fly S2 cells rather than germ line transformation. The
same Ubx PRE is an established, functional PcG target in S2 cells
(40, 52).

We generated constructs to express wild-type and �ZnF ver-
sions of Flag-SU(Z)12 under constitutive control. Figure 6B illus-
trates that equivalent levels of wild-type and �ZnF proteins are
obtained in S2 cells after parallel transfection with these con-
structs. To assess whether these Flag-tagged SU(Z)12 proteins
could assemble with PRC2 partners in S2 cells, we performed co-
immunoprecipitations with anti-Flag antibodies. As seen with
embryo extracts (Fig. 5C), SU(Z)12-�ZnF is capable of E(Z) as-
sociation in S2 cell extracts in a manner similar to the wild type
(Fig. 6C). We then performed ChIP assays on S2 cells transfected
with these constructs or with empty vector. Anti-Flag ChIPs de-

FIG 4 Properties of recombinant PRC2 complexes bearing mutations or deletion of the SU(Z)12 zinc finger. (A) Amino acid sequence alignment of the SU(Z)12
zinc finger from a wide array of organisms. Sequence from Drosophila melanogaster is shown on top line. The defining Cys and His residues (dark gray outline)
are absolutely conserved, and other conserved hydrophobic residues are highlighted in light gray. The bracket on top delimits the region of the fly zinc finger
tested here by missense mutations. Thalassiosira pseudonana (asterisk) is a species of diatoms. (B) Assembly of recombinant PRC2 bearing indicated zinc finger
mutations or in-frame deletion (�ZnF). (C) HMTase activities of PRC2 bearing the indicated zinc finger mutations or in-frame deletion, as determined using
HeLa polynucleosomes (top) or recombinant H3/H4 tetramers as substrate (bottom). Histones were visualized by amido black staining.
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tected SU(Z)12-WT binding to regions within the Ubx PRE (de-
noted PRE1 and PRE2) but much less association with an off-
target control region located 2 kb away (Fig. 6D). These assays
revealed that binding of SU(Z)12-�ZnF to the PRE is significantly

reduced compared to SU(Z)12-WT. Figure 6D depicts a compila-
tion of ChIP data from four independent transfection experi-
ments; the diminished �ZnF signal, compared to the wild type,
was reproducible for both PRE fragments in all four assays, and

FIG 5 Tests for in vivo function of the SU(Z)12 zinc finger by transgene rescue. (A) Transgene constructs to express wild-type (WT) or indicated zinc finger
mutant forms of SU(Z)12. Functional domains are indicated. HA denotes a single epitope tag at the N terminus of the coding region. The arrow represents the
transcription start site. The ability to rescue Su(z)123/Su(z)124-null animals to adulthood is indicated at the right. The number of rescued adults observed relative
to the total number of adult progeny scored is indicated. (B) Western blots with anti-HA antibodies to detect accumulation of transgenic SU(Z)12 proteins in
embryo extracts. “Parental” indicates nontransgenic fly line used as the recipient for transgene insertions. Antitubulin was used as a loading control. (C)
Coimmunoprecipitation assays on embryo extracts from control (parental) and indicated transgenic lines. Immunoprecipitations were performed with anti-
E(Z), and associated transgenic SU(Z)12 was detected by Western blotting with anti-HA.

FIG 6 SU(Z)12 lacking its zinc finger shows diminished chromatin binding. (A) Map depicts the Ubx transcription start region and a PRE located �25 kb upstream
within the bxd regulatory region. Fragments 1, 2, and 3 represent amplicons used in ChIP assays. Fragments 1 and 2, located within the PRE, have been described (40).
Fragment 3, located 2 kb downstream of the PRE, provides an off-target, negative control. (B) Western blots on transfected S2 cells demonstrate that the wild type and
SU(Z)12�ZnF accumulate to equivalent levels. “Int control” is an �40-kDa endogenous S2 cell protein that cross-reacts with anti-FLAG antibody and serves here as a
loading control. (C) Coimmunoprecipitation assays on S2 cells transfected in parallel with indicated constructs. Immunoprecipitations were performed with anti-E(Z),
and exogenous SU(Z)12 was detected by Western blotting with anti-HA. Input lanes contain one-sixth the amount of extract used for the immunoprecipitations. (D)
ChIP assays to detect association of SU(Z)12 with Ubx PRE DNA in fly S2 cells. Bar graphs depict Q-PCR ChIP signals obtained with anti-FLAG antibodies on samples
from S2 cells transfected with empty vector or vectors that express wild-type or ZnF-deleted SU(Z)12. Signals at two PRE subregions (PRE1 and PRE2) and an off-target
control region, defined in panel A, are shown. Error bars show standard errors of the mean determined from four independent transfection experiments. For the ZnF
mutant versus wild-type comparisons, Student’s t test yielded a P of 
0.05 for PRE1 and a P of 
0.03 for PRE2.
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the magnitude of this differential ranged from 2- to 4-fold. These
results suggest that the SU(Z)12 ZnF contributes to the chromatin
binding capacity of PRC2.

Tests for functional contributions of the SU(Z)12 N-termi-
nal half. The N-terminal half of SU(Z)12 contains interspersed
elements of moderate conservation, as well as a binding site for the
NURF55 subunit (31). To address contributions of this N-termi-
nal half, we tested a truncated SU(Z)12 containing residues 403 to
900 (termed �N). Figure 7A shows that SU(Z)12�N assembles
stably with E(Z) and ESC but that NURF55 association is dramat-
ically reduced. A weak band is visible at the NURF55 position and
Western blot analysis indicates that, although some NURF55 re-
mains associated, it is significantly reduced compared to wild-type
PRC2 (data not shown). Despite this subunit loss, PRC2 bearing
SU(Z)12�N retains enzyme activity at a level similar to that of the
wild type (Fig. 7B). Moreover, Western blots revealed that PRC2
bearing SU(Z)12�N retains capacity to produce the H3-K27me1,
H3-K27me2, and H3-K27me3 reaction products (data not shown).
These results are consistent with previous findings that trimeric fly
PRC2 solely lacking NURF55 retains robust histone methyltrans-
ferase (17, 18).

To address the in vivo requirement for the SU(Z)12 N-terminal
half, we generated an HA-tagged SU(Z)12�N transgene that par-
allels HA-SU(Z)12-WT (Fig. 5A). After phiC31-mediated integra-
tion at the same chromosomal site used above, the �N transgene
was tested for rescue of lethality in Su(z)123/Su(z)124-null ani-
mals. Rescue did not occur, with zero Su(z)12-null animals sur-
viving to adulthood out of 1,020 total progeny scored. Western
blots were performed to evaluate whether this reflected failure

of SU(Z)12�N accumulation versus failure to function in vivo.
Figure 7C shows that SU(Z)12�N protein of the expected size is
readily detected in embryo extracts (right lane), at a level approx-
imately 2- to 3-fold lower than wild-type HA-SU(Z)12. Coimmu-
noprecipitations showed that this SU(Z)12�N associates with
E(Z) in embryo extracts (Fig. 7D), suggesting that, as in vitro (Fig.
7A), it retains ability to assemble into a multimeric complex. Since
the 2-fold reduction of Su(z)12 dosage in null or deficiency
heterozygotes does not compromise viability, this failure to rescue
Su(z)12-null animals seems more likely due to functional defects
of SU(Z)12�N complexes than to the marginally reduced level of
SU(Z)12. To further address this, we repeated the genetic rescue
tests using the hypomorphic Su(z)125 allele. This allele retains
substantial partial function, since Su(z)125/null animals survive
through late pupal stages to form uneclosed pharate adults (30). If
the failure of �N to rescue SU(Z)12-null animals was simply due
to marginally lower accumulation, we reasoned that it might re-
tain the ability to rescue this Su(z)12 hypomorph from pharate to
surviving adults. Crosses to test SU(Z)12�N rescue of both
Su(z)125/Su(z)123 and Su(z)125/Su(z)124 animals were performed
(see Materials and Methods). No rescue was observed after scor-
ing 229 and 287 total progeny, respectively, whereas robust rescue
was obtained with HA-SU(Z)12-WT transgene control (127/563
and 72/348 [survivors/total progeny scored], respectively). Taken
together, these findings imply that the N-terminal half of SU(Z)12
is not needed to form a multimeric PRC2 with robust methyl-
transferase but that it is nevertheless critically required for gene
silencing in vivo.

FIG 7 Analysis of PRC2 lacking the N-terminal half of SU(Z)12. (A) Assembly of recombinant PRC2 bearing SU(Z)12�N, lacking amino acids 1 to 402.
Diagram at top shows domain content of SU(Z)12�N. (B) HMTase activity of PRC2 bearing SU(Z)12�N is comparable to the wild type. Assays used HeLa
polynucleosomes (top) or recombinant histone H3/H4 tetramers (bottom) as a substrate. (C) Western blotting with anti-HA antibodies to detect
indicated transgenic SU(Z)12 proteins in embryo extracts. Total protein amounts loaded per lane are indicated, including 2-fold serial dilutions of
wild-type HA-SU(Z)12 extract. Antitubulin was used as a loading control. (D) Coimmunoprecipitation assays on embryo extracts from control (parental)
and the indicated transgenic lines. Immunoprecipitations were performed with anti-E(Z), and associated transgenic SU(Z)12 was detected by Western
blotting with anti-HA antibody.
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DISCUSSION
Cooperative action and inputs of subunits within PRC2. A crit-
ical aspect of PRC2 design is that the catalytic subunit, E(Z), is not
configured for efficient histone methylation on its own. Studies on
worm, fly, and mammalian PRC2 have all found that the E(Z)/
EZH2 subunit must be partnered with, at a minimum, two other
noncatalytic subunits to attain robust methyltransferase (16–19).
Structural and mutational studies have begun to shed light on how
these SU(Z)12 and ESC/EED subunits modulate PRC2 enzyme
function. EED contains a binding pocket for H3-K27me3 (47, 48).
Mutational disruption of this aromatic cage diminishes PRC2 ac-
tivity, thereby defining at least one site on EED that functions in
enzyme stimulation. This positive mode of PRC2 modulation is
suggested to maintain K27me3 marks in local chromatin during
cell cycle progression (47, 53; reviewed in reference 24).

Recently, another mode of positive PRC2 modulation, this
time acting through SU(Z)12, was described (49). The study re-
ported that PRC2 responds to local nucleosome density via bind-
ing affinity for the histone H3 peptide spanning residues 35 to 42.
When H3(35-42) peptide is added, PRC2 enzyme activity was
found to be stimulated up to 30-fold in vitro (49). Intriguingly, the
H3(35-42) peptide binding site maps within the VEFS domain, in
close proximity to elements analyzed here (Fig. 3A; see below).
Our findings that VEFS mutants retain stimulation by K27me3
(Fig. 2A), together with previous results (49), suggest that the
stimulatory mechanisms operating through SU(Z)12 versus
through ESC/EED are independent.

SU(Z)12 has also been shown to mediate inhibitory responses
to local chromatin state (31, 54). In this case, PRC2 enzyme activ-
ity is dampened by nucleosome substrates bearing H3-K4me3 or
H3-K36me2/3. Since these inhibitory K4 and K36 methyl marks
are associated with active transcription, this could restrain PRC2
in regions where activation predominates over silencing. The C-
terminal portion of SU(Z)12, encompassing the VEFS domain, is
implicated in this inhibitory mechanism as well (31). Together,
these multiple inputs are thought to fine-tune PRC2 activity to
adjust local amounts of H3-K27me3 (55).

VEFS domain elements for stimulating histone methyltrans-
ferase. Earlier work established that the SU(Z)12 VEFS domain is
needed for binding to E(Z) and assembly of PRC2 (17). In addi-
tion, missense mutations targeted at conserved, acidic residues
revealed a VEFS subregion that stimulates PRC2 HMTase. Specif-
ically, the VEFS mutations D546A and E550A substantially re-
duced HMTase while preserving robust PRC2 assembly (17).
These findings suggested that separable modules for E(Z) stimu-
lation and E(Z) contact might exist within the VEFS domain. The
recently defined binding site for stimulatory H3(35-42) peptide
(49) maps precisely to this same subregion (Fig. 3A). Indeed, a
triple point mutant, E548A/E550A/D552A, reduces H3(35-42)
binding to PRC2 and eliminates HMTase stimulation by this pep-
tide or by dense polynucleosome arrays (49). Thus, there is an
HMTase stimulatory module at VEFS residues 546 to 552 impli-
cated in sensing local nucleosome density. The effects of the
nearby W555C mutation, which dramatically reduces HMTase
while preserving overall PRC2 assembly (Fig. 1C and D), may be
explained by impact on this stimulatory module. In addition, we
find that the highly conserved EK motif (Fig. 3A) is needed for
optimal HMTase but not PRC2 assembly (Fig. 1C and D and Fig.
2). Further work is needed to determine the mechanistic relation-

ship between the stimulatory module in the 546-552 region (17,
49) and this EK motif located 25 residues more C-terminal.

The VEFS domain supplies a key interface with E(Z). Our
results indicate that an extensive C-terminal region of the VEFS
domain is critical for stable SU(Z)12-E(Z) interaction and PRC2
assembly (Fig. 3). Initial clues were provided by mutations W581A
and N582Y, either of which disrupts SU(Z)12 assembly into PRC2
(Fig. 1C). The dramatic consequence of removing the conserved
large hydrophobe, W581, suggests that hydrophobic interactions
contribute significantly to organization of the SU(Z)12-E(Z) in-
terface. Indeed, clustered substitutions that disrupt conserved hy-
drophobes V570, F603, or F620 each impair SU(Z)12 assembly
into PRC2 (Fig. 3B). We note that this �100-amino-acid region is
heavily predicted to favor alpha-helical conformation and that the
conserved hydrophobes tend to be spaced periodically, often with
a 3- to 4-amino-acid or a 7- to 8-amino-acid separation (Fig. 3A).
Thus, this C-terminal VEFS region may form a multi-helix bundle
or other helical arrangement anchored by hydrophobic contacts
on potential amphipathic helices. We speculate that this helical
VEFS subregion supplies the interface with E(Z). Derivation of a
high-resolution structure should illuminate how this interface is
organized.

Juxtaposing cogs for PRC2 stimulation. How does SU(Z)12
stimulation of PRC2 histone methyltransferase work? Kinetic
analysis of the EK mutants (Fig. 2C), and previous work (49),
indicate that VEFS elements impact Vmax of assembled PRC2, sug-
gesting that they influence the efficiency of catalytic methyl trans-
fer. Thus, at some level, stimulatory inputs must be conveyed to
the SET domain active site in E(Z). Given the arrangement of
VEFS functional elements (Fig. 3A), we suggest that the module
for HMTase stimulation communicates through the adjacent
E(Z) interface to impact the enzyme active site. How this works in
molecular detail is not known. Although allosteric mechanisms
have been presumed, there is little information yet on how PRC2
conformations might change in response to subunit contacts or
binding of chromatin features. Importantly, the electron micros-
copy (EM)-derived structure of human PRC2 (50) provides a key
architectural framework to consider potential models. This struc-
ture positions the SU(Z)12 VEFS domain in close proximity to the
EZH2 SET domain (Fig. 3C), a finding consistent with direct mo-
lecular communication between VEFS and the catalytic core of
PRC2. Thus, we can envision direct and indirect mechanisms by
which the VEFS domain could impact the active site. In a direct
mechanism, VEFS elements could physically contact and optimize
the SAM-binding or lysine substrate-binding pockets of the SET
domain. Precedent for direct modes of SET domain optimization
is provided by other SET proteins, such as DIM-5 and SET7/9,
where POST-SET elements help create a functionally efficient
lysine-binding pocket (56). In DIM-5 this occurs through coordi-
nation of a zinc cluster (15), and in SET7/9 the POST-SET fur-
nishes an interacting alpha-helix that stabilizes this pocket (57).
An instructive example is also provided by the MLL1 histone
methyltransferase which, like PRC2, relies upon noncatalytic sub-
units to attain robust activity (58). Here, it appears that the lysine-
binding channel adopts an unproductive “open” conformation in
unassembled MLL1, and binding of partner subunits, including
WDR5 and RbBP5, induces closure and optimization of this site
(59, 60). Alternatively, an indirect stimulatory mechanism might
operate. In this scenario, the VEFS domain could contact a remote
E(Z) surface, outside of the SET domain, and optimization could
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occur via conformational changes propagated through E(Z). To
reveal how the E(Z) SET domain is reconfigured and optimized by
VEFS inputs will require data on high-resolution structure and
dynamics of the critical interacting elements.

Taken together, the biochemical and functional data suggest
that the VEFS domain is an integrator that senses local chromatin
state and conveys this information to control PRC2 catalytic effi-
ciency. This key regulatory role highlights the VEFS interface with
E(Z)/EZH2 as a potential target for PRC2 modulation by small
molecules. Since recently described EZH2 inhibitors work via
competition with the methyl donor, SAM (61, 62), they very likely
bind directly to the SET domain SAM-binding pocket. With �50
SET domain proteins in humans (63), this raises concerns about
potential off-target effects in clinical applications. An alternative
strategy might be to target the SU(Z)12-EZH2 interface, whose
architecture should be unique among SET domain methyltrans-
ferases. These considerations are underscored by the likelihood
that aberrant PRC2 function is a driver in certain leukemias (42,
43, 61, 62) and possibly in many other types of cancer (10, 12).

Contribution of the SU(Z)12 zinc finger. Our results indicate
that the SU(Z)12 zinc finger is not needed for intrinsic histone
methyltransferase (Fig. 4). These findings are broadly consistent
with recent reports on fly and mammalian PRC2, suggesting that
the minimal region of SU(Z)12 needed for HMTase is a C-termi-
nal portion that spans just the VEFS domain. In one study, on
mouse PRC2, a “VEFS-only” form of SU(Z)12 can partner with
EZH2-EED to create HMTase (31). However, this minimal PRC2
is described as having poor enzyme activity and so does not func-
tion as well as the intact complex. In another study on fly PRC2, a
VEFS-only portion of SU(Z)12 (residues 507 to 630), along with
E(Z) and ESC, produced robust histone methyltransferase (49),
although the stability of this minimal complex may appear com-
promised. Thus, although further work should solidify whether
the VEFS domain is quantitatively sufficient for full HMTase, all
studies agree that the SU(Z)12 ZnF is dispensable for in vitro PRC2
activity.

The enigma of a highly conserved ZnF that contributes little to
PRC2 in vitro prompted us to perform in vivo assays for function.
Indeed, we found that the SU(Z)12 ZnF is needed for genetic
activity in Drosophila transgene experiments (Fig. 5A). Despite
stable accumulation and retained ability to bind E(Z) in embryos
and cultured fly cells (Fig. 5B and C and Fig. 6B and C),
SU(Z)12�ZnF exhibited a strong loss of function in genetic rescue
tests. The main molecular defect that we detected was revealed by
ChIP assays, which suggest that the ZnF is needed for optimal
PRC2 binding to chromatin targets (Fig. 6D).

In mechanistic terms, how might the SU(Z)12 ZnF contribute
to chromatin binding by PRC2? One possibility is that the ZnF
interacts with extrinsic factors that guide PRC2 to chromatin sites.
There are numerous candidate factors to consider. In Drosophila,
the main factor implicated in PRC2 genomic targeting is the
DNA-binding protein PHO (52, 64). However, direct interactions
between SU(Z)12 and PHO have not been reported. Furthermore,
the molecular basis for PHO-PRC2 interaction is unresolved since
PHO can bind in pairwise tests to E(Z) or ESC (52) but does not
stably interact with intact recombinant PRC2 (65). Alternatively,
the SU(Z)12 ZnF could mediate interactions with PCL, which is
implicated in PRC2 chromatin binding in fly and mammalian
cells (66–68) or with JARID2, which influences PRC2 targeting in
ES cells (69–71) and associates with PRC2 purified from Drosoph-

ila (72). Finally, we note that PRC2 structure (50) positions the
SU(Z)12 ZnF in close proximity to the DNA-binding domain of
AEBP2. AEBP2 is a DNA-binding zinc finger protein, originally
copurified with PRC2 from HeLa cells (1), that has been suggested
to help target mammalian PRC2 to chromatin sites (16, 73).
AEBP2 was included in the recombinant PRC2 used for structure
determination since it helped stabilize the holocomplex (50).
Thus, the SU(Z)12 ZnF could aid PRC2 targeting through direct
interactions with a bona fide DNA-binding factor. Functional
studies of the Drosophila AEBP2 homolog, known as Jing (74), will
be needed to address this hypothesis.

Contribution of the SU(Z)12 N-terminal half: implications
for the PRC2 bottom lobe. The EM-derived structure of human
PRC2 (50) positions the core subunits in two distinct territories: a
top lobe that contains E(Z), EED, and the C-terminal half of
SU(Z)12 and a bottom lobe that contains the N-terminal half of
SU(Z)12 and NURF55 (Fig. 3C). The “business end” of PRC2,
then, resides in the top lobe which harbors the catalytic SET do-
main and all known sites on EED/ESC and SU(Z)12 that impact
HMTase activity. Consistent with this layout, we found that a
PRC2 complex missing the N-terminal half of SU(Z)12 and
NURF55, corresponding essentially to an isolated top lobe, re-
tained HMTase comparable to the wild type in vitro (Fig. 7B). This
finding prompts further questions: how critical are this half of
SU(Z)12 and NURF55 to PRC2 function? What does the bottom
lobe do? Using genetic tests, we found that SU(Z)12�N is severely
compromised for function in vivo, since it failed to rescue either
SU(Z)12-null animals or hypomorphs. The SU(Z)12 N-terminal
half contains a NURF55-binding site (Fig. 1A) (31), and the loss of
NURF55 from the SU(Z)12�N complex (Fig. 7A) suggests that
much of the SU(Z)12�N loss of function can be attributed to
dislodging of NURF55. However, the functional contribution of
NURF55 to fly PRC2 silencing is not yet clear (20, 21). Further-
more, a recent Neurospora study implies that NURF55 is not re-
quired for HMTase in vivo but is needed for PRC2 binding to a
subset of genomic sites (75). Defining its precise in vivo role in
PRC2 is technically nontrivial since NURF55 functions in many
different chromatin complexes (55, 76). To further address this,
genetic and molecular analysis of SU(Z)12 altered by surgical re-
moval of its NURF55-binding site should be useful.
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