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Abstract

The Polycomb repressive complex 2 is a multimeric aggregate that mediates silencing of a broad
range of genes, and is associated with important biological contexts such as stem cell maintenance
and cancer progression. PRC2 mainly trimethylates lysine 27 of histone H3 and is composed of
three essential core subunits: EZH2, EED and SUZ12. The Xenopus orthologs of PRC2 subunits
EzhZand Eed have been described but Suz12remained unidentified. Here, we report the cloning
of the Xenopus Suz12, and determine its spatiotemporal expression during development. Xsuz12
transcript is provided maternally and continues to be expressed throughout development,
particularly in the anterior part of the developing central nervous system. Importantly,
comparative analysis of the expression of the PRC2 subunits Xez, Xeedand Xrbbp4 indicates that
their expression largely coincides with Xsuz12in the nervous system, suggesting that PRC2 may
have unexplored functions in the development of the frog central nervous system.
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INTRODUCTION

The polycomb group (PcG) genes are highly conserved factors that were initially identified
in Drosophila as repressors of Hox genes during developmental patterning (Sparmann and
Lohuizen, 2006). Studies have demonstrated that PcG-mediated repression is not restricted
to Hox genes, and has been implicated in the biology of embryonic stem cells and cancer
(Lee et al, 2006; Schwartz et al, 2006; Boyer et al, 2006). How PcGs repress gene
expression is not well understood but evidence suggests that they work in complexes that
can directly interfere with transcription initiation or antagonize the function of the chromatin
remodeling complex SWI/SNF (Francis and Kingston, 2001; Dellino et al, 2004). Three
complexes with distinct biochemical and functional properties, termed Polycomb Repressive
Complexes (PRCs), have been purified thus far: PRC1, PRC2 and PHORC (Sparmann and
Lohuizen, 2006; Klymenko et al, 2006; Shao, et al, 1999; Saurin et al, 2001).

The polycomb repressive complex PRC2 consists of three core subunits: Suz12 (the
mammalian ortholog of the Drosophila Suppressor of Zest Su(z)12), Ehz1/2 (the
mammalian orthologs of the Drosophila Enhancer of zeste £(z)) and Eed (the mammalian
ortholog of the Drosgphila Extra Sex Combs £5c) (Kuzmichev et al, 2002). EZH2 bears a
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histone methyltransferase (HMTase) activity through its SET domain that catalyzes the
trimethylation of H3K27 in vitro as well as in vivo (Kuzmichev et al, 2002; Muller et al,
2002; Su et al, 2003). H3K27 is a histone mark that is associated with the maintenance of
gene repression in multiple developmental processes (Boyer et al, 2006; Schuettengruber et
al, 2007; Barski et al, 2007). EZH2 can also interact with DNA methyltransferases thus
directly controlling DNA methylation (Vire et al, 2006). The exact functions of SUZ12 and
EED are largely unknown, but both proteins are required for the EZH1/2 methyltransferase
activity (Pasini et al, 2004; Kuzmichev et al, 2005; Ketel et al, 2005; Margueron et al, 2008;
Shen et al, 2008). EZH2, EED and SUZ12 constitute the minimal PRC2 subunits required
for HMTase activity and subsequent initiation of gene repression (Sparmann and van
Lohuizen, 2006; Ketel et al, 2005). PRC2 also contains other subunits that have been shown
to be important for its function. For instance, the Drosophifa NURF55 and its vertebrate
ortholog RbAP48 (also named RBBP4) enhances the catalytic activity of PRC2 and is
required for its nucleosome binding (Cao and Zhang, 2004; Nekrasov et al, 2005).

The roles of SUZ12 in development have been poorly explored in part because the mouse
knockout of Suz12suffers severe developmental abnormalities and dies shortly after
gastrulation (Pasini et al, 2004). One of the emerging roles of Suz12is its involvement in the
mammalian embryonic stem (ES) cell pluripotency. In ES cells SUZ12 mediates repression
of a large set of developmental genes that are implicated in differentiation and cell fate
decisions (Lee et al, 2006, Boyer et al, 2006). In agreement with these findings, ES cells
derived from mouse Suz12knockout display a loss of H3K27me3 mark and upregulation of
differentiation-specific genes, impairing ES cell differentiation in culture (Pasini et al,
2007).

To study the possible roles of PRC2 in X. /aevis development it is necessary to characterize
all subunits that are important for the complex to function properly. To date only two of the
core subunits (Xezand Xeed) have been cloned in X. /aevis and their expression patterns
have been only partially explored. Thus, cloning the SuzZ2gene and comparing its
expression pattern to other PRC2 subunits in Xenopus is essential for understanding how
this complex may function in proliferation, tissue specification and/or subsequent
differentiation throughout the frog development. In this study we report the cloning of the X.
laevis ortholog of Suz12 (named Xsuz12 hereafter) and characterize its spatiotemporal
expression during development.

RESULTS AND DISCUSSION
Cloning Xsuz12

To isolate the full length cDNA of Xsuz12, we first identified Xenopus EST sequences in
the NCBI database that showed high similarities to the mammalian Suz12. We designed
forward and reverse primers based on two of these EST sequences, BU907606.1 and
CA791061.1, respectively, and used them to amplify the full length XsuzZ2from a cDNA
library prepared from whole embryos at stage 17/18 using PCR. We obtained a band of 2.1
kb, corresponding to the predicted molecular weight of Xsuz12full length cDNA as
compared to the molecular weight of its X. tropicalis ortholog. The band was sequenced and
found to encode for a protein that is composed of 696 amino acids. Sequence alignment
shows that the predicted protein is highly similar to its vertebrate orthologs, and contains
two well conserved domains: a zinc finger motif and a VEFS box, which are characteristics
of the SUZ12 protein, spanning amino acids 405-428 and 501-638, respectively (Fig.1A,
B). Evidence suggests that both domains are important for SUZ12 function. For instance, the
VEFS box of SUZ12 is required for SUZ12-EZH2 interaction (Yamamoto et al, 2003).
Construction of a phylogenetic tree confirmed that Xsuz12is closely related to its vertebrate
orthologs (Fig. 2A).
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Expression pattern of Xsuz12

We first examined temporal expression of Xsuz12by performing reverse transcriptase-
polymerase chain reaction (RT-PCR) using RNA extracted from different developmental
stages up to stage 41 (tadpole stage). We detected Xsuz12expression at all stages examined,
starting as early as fertilized egg (Fig. 2B). This indicates that Xsuz12transcript is
maternally supplied then zygotic expression is initiated later on, in agreement with the
expression data of the PRC2 subunits, Xeed and Xez (Showell and Cunliffe, 2002; Satijn et
al, 2001). We confirmed these results by real time quantitative RT-PCR (qRT-PCR), which
also showed robust Xsuz12expression after neural induction in neurula and tail bud stage
embryos (Fig. 2C). To define tissues where Xsuz12is expressed we performed whole-mount
in situ hybridization analysis. Generally, Xsuz12was mainly detectable in the developing
central nervous system along the anterior-posterior axis with a particularly strong signal in
the anterior part of the embryo (Fig. 3). Expression starts to become apparent in the open
neural plate at around stage 15 (Fig. 3A, B). By stage 20-22 Xsuz12transcript is seen in the
developing spinal cord and in the head region of the embryo including the developing optic
vesicles (Fig. 3C-F). From stage 24 onward, Xsuz12expression is well defined in the head
region, including developing eye, branchial arches, otic vesicles and in the forebrain (Fig.
3G-L). We also noticed the presence of a recognizable signal in the tail region that is
obvious in the tail bud stages (Fig. 31, K). Further, we performed in situ hybridization
analysis on several cross sections taken along the anterior posterior axis of embryos at stage
41 (tadpole stage). We found that Xsuz12 expression was particularly robust in areas
surrounding the ventricular zones in the brain (Fig. 3M, N) and in the spinal cord (Fig. 30).
Brain and spinal cord expression of Xsuz12 is also detected in cross sections made at tailbud
stages (data not shown). In situ hybridization signal cannot be detected when a sense probe
is used (Fig. 3K inset).

Expression of Xeed, Xez and Xrbbp4

If the PRC2 complex is active and plays important roles in the developing nervous system in
Xenopus, then we should expect that the expression pattern of its subunits largely, if not
fully, coincide. Accordingly, we first sought to compare the spatial expression of Xsuz12to
those of Xezand Xeed, as both genes have been previously cloned but their expression was
not fully characterized (Showell and Cunliffe, 2002; Barnett et al, 2001; Satijn et al, 2001).
Xezand Xeed expression can be clearly seen at stage 16 in the anterior open neural plate
(Fig. 4A, C). We found that Xezis expressed along the anterior-posterior axis and is not
restricted to the anterior embryo as was previously reported (Fig. 4A, B, E; Barnett et al,
2001). At stage 19, Xezand Xeedtranscripts are obvious in the presumptive spinal cord and
by stage 24 both transcripts are expressed in the head region, including the emerging optic
vesicle, as well as in the developing spinal cord (Fig. 4B-H). In the tail bud stages, Xeed and
Xez expression persists anteriorly in the branchial arches, the otic vesicle, the forebrain and
the developing eyes (Fig. 41-Q). As the case of Xsuz12a weak but detectable staining can be
seen in the tail region (Fig. 41, K, M and P).

Finally, we sought to characterize the expression of Xrbbp4, a vertebrate ortholog of the
Drosophila Nurf55. This subunit has been purified from the PRC2 complex in Drosophila
embryos and from HeLa cells, and is required for H3 binding (Cao et al, 2002, Czremin et
al, 2002; Nekrasov et al, 2005). RBBP4 is also known to interact with other protein
complexes as well, such as the N-CoR complex (Jones et al, 2001). Xrbbp4 has been cloned
but its expression pattern in the frog was not determined (Vermaak et al, 1999). Therefore,
we performed a whole mount in situ hybridization analysis on different embryonic stages of
Xenopus and found that Xrbbp4 expression in the developing nervous system is virtually
identical to that of Xsuz12, Xeed and Xez. Xrbbp4 is expressed in the developing eyes,
branchial arches, otic vesicles and in the brain (Fig. 5A-L). Taken together we conclude that
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PRC2 principle components are expressed in the developing nervous system, suggesting an
important role in neural tissue proliferation and/or differentiation.

Because polycomb genes are highly conserved among species, we speculate that some of the
physiological roles of PRC2, at least in certain developmental processes, may also be
conserved. To date, the developmental expression pattern of mammalian PRC2 genes has
not been thoroughly investigated but available data suggest that they may be expressed in
neural tissues in a pattern similar to that of the frog Xernopus. For instance, mouse £zA2 s
expressed during embryogenesis and is detected in the neural tube, optic vesicle, branchial
arches and in the developing brain in general (Laible et al, 1997; Caretti et al, 2008). This
may indicate that at least some of the biological functions of PRC2 in neural tissues are
evolutionarily conserved.

EXPERIMENTAL PROCEDURES
Cloning of Xsuz12

Primers were designed based on available X. /aevis Suz12ESTs found in the NCBI database
(BU907606.1 and CA791061.1). The following primers were used to amplify Suz12from a
cDNA library prepared from whole embryos at stage 17-18: forward, 5’-
TAATTACCCCGTATGGCC- CCTCAGAAGCAC-3’, reverse, 3’-
ACACAGCAAAAAGCAGAAGCCCTGAAGG-5’. PCR was performed using Pfu turbo
polymerase (Stratagene), and a band of 2.1 kb, corresponding to the predicted molecular
weight of XSuz121full length cDNA (as compared to the molecular weight of its X
tropicalis orthologue) was isolated and sequenced by the University of Utah Sequencing
Core Facility. Final Xsuz12sequence was submitted to GenBank (accession number
FJ905047). qRT-PCR and data analyses were performed as was previously described
(Logan et al, 2005).

Alignment and phylogenetic analyses were performed using MacVector and CLC Sequence
Viewer software (http://www.clchio.com/index.php?id=28), respectively. Neighbor-joining
algorithm was used to construct SUZ12 phylogenetic tree, and reproducibility of branching
points was determined by performing 100 bootstrap reiterations. EF1a was used as a
loading control for PCR, using the following primers, forward, 5’-
CAGATTGGTGCTGGATA- TGC-3’; reverse, 5’-ACTGCCTTGATGACTCCTAG-3'.

In Situ Hybridization

Digoxigenin-labeled antisense probes that span the first 700 bp and 744 bp of Xsuz12and
Xrbbp4 cDNA, respectively, were transcribed using T7 RNA polymerase after plasmid
linearization. Xrbbp4 probe was synthesized from a full length cDNA clone (accession
number BC077257) that was purchased from Open Biosystems. Xez and Xeed probes were
generous gifts from Dr Elizabeth A. Jones and Dr Vincent T. Cunliffe, respectively.
Embryos were fixed with 4% paraformaldehyde (PFA) in phosphate buffer solution (PBS).
In situ hybridization was performed as previously described (Hutcheson and Vetter, 2001).
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Suz12is highly conserved among vertebrates. A: schematic representation of XSUZ12
showing the relative positions of its zinc finger domain and VEFS box. B: Sequence
alignment of Suz12orthologs in vertebrates representing area boxed in A. The predicted
amino acid sequence of X, /aevis SUZ12 is aligned with human (Homo sapiens, accession
no. NP_056170), mouse (Mus musculus, accession no. NP_954666.1), Chicken (Gallus
gallus, accession no. XP_415658.), Zebrafish (Danio rerio, accession no. XP_694666) and
X.tropicalis (accession no. NP_001072292). Green and red lines span the Zinc finger
domain and the VEFS hox, respectively.
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Fig. 2.

A: Phylogenetic tree of SUZ12 proteins of different species created by neighbor-joining
algorithm using CLC Sequence Viewer, and their respective amino acid identity compared
to X. laevis Suz12. Percentage of branching point reproducibility is listed next to each node.
Scale bar represents distance calculated on the basis of amino acid substitution rates. B: RT-
PCR analysis of Xsuz12expression during the frog development. cDNA pools were
prepared from the following stages: Fertilized egg: stage 1, Blastula: stage 8-9, Gastrula:
stage 10.5, Neurula: stage 14-18, Early tailbud: stage 25, Late tailbud; stage 35, Tadpole:
stage 41. EFI-a was used as a loading control. C: Relative amounts of Xsuz12transcripts
during Xenopus development as revealed by qRT-PCR. The values of Xsuz12was
normalized to those of H4. Bars represent fold change in Xsuz12 expression at different
stages as compared to stage 1.
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A

Fig. 3.

A-L: Whole mount in situ hybridization analysis of Xsuz12expression starting from stage
15 (neurula). A, B, C and G are dorsal views. D, F and H are anterior views. E, I, G, Kand L
are lateral views. G and L are magnifications of the head region as viewed laterally at stage
26 and 34, respectively. Inset in K shows an example of a whole mount in situ hybridization
that was performed with Xsuz12sense probe. M-O: in situ hybridization analysis performed
on traverse sections from the head region at stage 41. M and N sections are at the levels of
forebrain and hindbrain, respectively. O is a traverse section in the spinal cord. Stages are
indicated at the lower right corner of each image. ot, otic vesicle; ba, branchial arches; e,
eye.
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Comparison of Xezand Xeed spatial expression during frog development as assessed by
whole mount in situ hybridization. A B, C, D, E and G are dorsal views. F and H are anterior
views. |, K, M and P are lateral views. J, L, N and O are magnifications of the head region in
I, K, M and P, respectively. ot, otic vesicle; ba, branchial arches; e, eye.
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Fig. 5.

Expression of Xrbbp4 by whole mount in situ hybridization analysis. A B, C and G are
dorsal views. D, F and H are anterior views. I, K, M and P are lateral views. Whole mount in
situ hybridization performed with a sense probe is shown as inset in 3K. ot, otic vesicle; ba,
branchial arches; e, eye.
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