


Roles for proteins that contain SET- and RING-associ-
ated (SRA) domains have been demonstrated at the level
of establishment and/or maintenance of DNA methyla-
tion in both plants and animals. In Arabidopsis, de novo
DNA methylation requires two (SET-associated) SRA
domain proteins, SU(VAR)3-9 HOMOLOG 2 (SUVH2)
and SUVH9, which function in a partially redundant
manner and preferentially bind methylated DNA in the
CG and CHH contexts, respectively (Johnson et al. 2008).
These proteins function late in the DRM2 pathway
and may aid in the recruitment or retention of DRM2 to
methylated loci. Another family of plant SRA domain pro-
teins, the RING-associated VARIANT IN METHYLATION
(VIM)/ORTHRUS (ORTHUS) family, is required to main-
tain DNA methylation predominantly in the CG context
(Woo et al. 2007, 2008; Kraft et al. 2008; Feng et al. 2010),
and the SRA domains of VIM1/ORTH2 and VIM3/ORTH1
have been shown to bind methylated CG sites (Johnson
et al. 2007; Woo et al. 2007). The mammalian homolog







residues on partner strands, the remaining bases in the
DNA duplex are undistorted and essentially retain the reg-
ular B-form conformation.

The flipped out 5mC is positioned in a pocket within





SRA domain that we predicated might be important based
on the crystallographic structures of the complexes. These
mutant SRA domain proteins were assessed for their







as a control to confirm the H3K9 specificity of SUVH5 in
vitro (Supplemental Fig. S6C). These findings support the
hypothesis that the SRA domain of SUVH5 is important
for the recruitment of SUVH5, rather than activation of
its HMTase activity.

Discussion

SUVH5 is unusual among the SUVH family members in
that its SRA domain efficiently binds methylated DNA in
the fully and hemimethylated CG contexts (Fig. 1E,F,
respectively), as well as in the methylated CHH and fully
methylated CHG contexts (Fig. 1G; Supplemental Fig. S3,
respectively). In an attempt to understand the principles
underlying this broad specificity, we initiated a structure–
function study aimed at solving the crystal structures
of the SUVH5 SRA in a complex with methylated DNA
in all of the above sequence contexts. We were successful
in growing crystals and solving the structures of the first
three complexes, but were unable to grow diffraction-
quality crystals of SUVH5 SRA bound to fully methylated
CHG DNA. These structures identified the intermolec-
ular protein–DNA contacts within the complexes, allow-
ing us to monitor the impact of specific SUVH5 SRA
mutants on DNA methylation and H3K9 dimethylation
in vivo.

Dual flipping out of 5mC/C positioned
on adjacent pairs on partner strands

Base flipping was first identified in the structures of the
bacterial M.HhaI (Klimasauskas et al. 1994) and HaeIII
(Reinisch et al. 1995) methyltransferases bound to CG-
containing DNA, and since then has been identified as
a conserved mechanism that is widely used by DNA- and
RNA-modifying and repair enzymes (Huffman et al.
2005). A central feature of these complexes involves the
flipping out of a single base, which is then inserted into an
active site pocket within the bound protein.

We anticipated that the structure of the SUVH5 SRA
bound to fully methylated CG DNA (Fig. 2A) could
involve flipping out of either one or both 5mC residues of
the adjacent base pairs, depending on the number of SRA
domains bound per DNA duplex. Both the ITC measure-
ments (Fig. 1E) and the structure of the complex (Fig. 2B)
established a stoichiometry of two SRA domains bound
per fully methylated CG DNA duplex, with both 5mC
residues flipping out and being positioned within their
individual SRA-binding pockets.



in solution. Furthermore, we demonstrate using both gel
filtration (Supplemental Fig. S7C) and tandem gel filtration
multiangle light scattering (MALS) (Supplemental Fig.





paralogs from plants, suggesting that these residues may be
a hallmark of proteins that recognize hemimethylated CG
sites (Fig. 1B), and that, like UHRF1, the VIM family of
proteins might also function to preferentially read hemi-
methylated CG sites.

The conserved NKR finger motif is also present in
one of the SET-associated SUVH proteins, SUVH4, and,
like UHRF1, SUVH4 has a strong preference for hemi-
methylated over fully methylated DNA. Furthermore, a
Asn417Ala mutation in SUVH5 that corresponds to a null
mutation in SUVH4 has little effect on SUVH5 activity in
vivo (data not shown). In the structure of the SUVH5
SRA–DNA complex, this residue is present in the binding
pocket next to the residue that participates in the stack-
ing interaction with the flipped-out 5mC, but does not
participate directly in methyl-binding pocket interactions.
Together, these observations suggest that the binding of
SUVH4 to methylated DNA might be more mechanisti-
cally similar to UHRF1 than to the other SUVH family
members.

Structural basis of substrate specificity
and in vivo function

Although the base-flipping mechanism is conserved in
5mC readers like SRA domain proteins (Arita et al. 2008;
Avvakumov et al. 2008; Hashimoto et al. 2008) and 5mC
writers like DNMTs (Klimasauskas et al. 1994; Reinisch
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