
Crystal structure of human BS69 Bromo-ZnF-PWWP 
890

npg

  Cell Research | Vol 24 No 7 | July 2014

LETTER TO THE EDITOR

Crystal structure of human BS69 Bromo-ZnF-PWWP 
reveals its role in H3K36me3 nucleosome binding
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Dear Editor,

The eukaryotic genome is packed into highly com-
pacted chromatin, the basic unit of which is a nucleo-
some composed of 147 base pairs of DNA wrapped 
around the histone octamer [1]. Post-translational modifi-
cations along histone N-terminal tails can be recognized 
by various ‘reader’ modules [2]. PWWP domain, one 
type of ‘reader’ modules, has been identified to recognize 
H3K36me3 in the peptide and nucleosome context [3-5].

BS69 (ZMYND11), a multidomain protein, contains a 
PHD finger, a bromodomain (Bromo) and a PWWP do-
main at the N-terminal half and a MYND domain at the 
C-terminus (Figure 1A). BS69 associates with chromatin 
and functions as a transcription co-repressor by interact-
ing with various transcription and chromatin remodel-
ing factors [6-9]. However, the molecular mechanisms 
by which BS69 engages in chromatin association and 
transcription repression remain elusive. Here, we deter-
mined the 1.9 Å crystal structure of BS69 Bromo-ZnF-
PWWP (Asn154-Gly371), which revealed a previously 
uncharacterized CCCH-type zinc finger (ZnF) between 
Bromo and PWWP domain (Figure 1B and Supplemen-
tary information, Table S1). Structure comparison using 
Dali sever [10] shows that ZnF folds into a novel fold, in 
which Pro279 adopts a cis conformation, facilitating an 
α-turn formation between the third and fourth zinc-bind-
ing ligands (Figure 1C and Supplementary information, 
Figure S1). ZnF unifies the Bromo and PWWP modules 
to form an integrated supramodule via extensive polar 
and hydrophobic intermodule interactions (Figure 1D 
and Supplementary information, Figure S2). The unified 
organization of Bromo-ZnF-PWWP in solution was also 
confirmed by small angle X-ray scattering (Supplemen-
tary information, Figure S3). Sequence alignment and 
SMART database [11] search reveals that the combina-
tion of Bromo-ZnF-PWWP is evolutionarily conserved 
and only exists in BS69 and ZMYND8 (Supplementary 
information, Figure S4). Although we failed to detect the 
binding substrate of Bromo (see below), the supramodule 
probably functions as an integrated unit to associate with 

chromatin, which maybe involves the preceding PHD 
finger.

The PWWP domain is composed of a five-stranded 
antiparallel β-barrel followed by a helical region. A con-
served and hydrophobic aromatic cage locates at one end 
of the β-barrel (Figure 1E and Supplementary informa-
tion, Figure S5A), which is a common molecular archi-
tecture for recognition of methyl-lysine [2]. We therefore 
explored the binding properties of BS69 to methylated 
histone peptides. Bromo-ZnF-PWWP significantly bound 
to methylated H3K36 peptides in histone peptide arrays 
(Supplementary information, Figure S5C). Fluorescence 
polarization assays (FPAs) established that Bromo-ZnF-
PWWP preferred to bind H3K36me3 with binding affin-
ity in the millimolar range. Mutation of Trp294, which 
is located in the aromatic cage, abolished this interaction 
(Figure 1F). In addition, we found that full-length BS69 
specifically interacted with H3K36me3 in native nucleo-
some co-immunoprecipitation (co-IP) experiments. The 
binding to acetylated H4 or H3K36ac peptides, which 
was observed in the histone peptide array, was excluded 
by FPAs (Figure  1F) and native nucleosome co-IP with 
an anti-acetyl lysine antibody (Figure 1G). Compared 
with Brpf1 PWWP/H3K36me3 complex [3], BS69 has 
an additional hydrophobic residue Met288 in the aromat-
ic cage, but lacks the insertion motif between β2 and β3, 
which forms a shallow groove to accommodate histone 
peptide (Supplementary information, Figure S5A and 
S5B). The structural differences indicate that the PWWP 
domain of BS69 may bind H3K36me3 in a slightly dif-
ferent manner.

Electrostatic potential surface of Bromo-ZnF-PWWP 
shows a basic region comprising Lys287, Lys289, 
His336, Lys338, Arg339, Lys344 and Lys345 surround-
ing the aromatic cage (Figure 1E and Supplementary 
information, Figure S6A). These residues are highly con-
served in evolution, indicating that this region may serve 
as a DNA-binding surface (Supplementary information, 
Figure S4). Electrophoretic mobility shift assays (EM-
SAs) showed that Bromo-ZnF-PWWP bound to double-
strand DNA (dsDNA) without sequence preference. Ala-
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nine mutations of the residues in the basic region reduced 
the DNA-binding capacity, whereas the mutation of non-
conserved Arg334 had little effect (Figure 1H). The in-
teractions were further confirmed by FPAs with the Kd 
in the 30-60 μM range (Supplementary information, Fig-
ure S6B-S6D). These results showed that BS69 PWWP 
domain interacts with dsDNA nonspecifically through a 
conserved basic region.

The regions found to be crucial for H3K36me3 and 
dsDNA binding are in close proximity. FPAs revealed 
that the DNA binding-deficient mutant K338A/R339A 
could interact with H3K36me3 peptide (Figure 1F), 
and the W294A mutant that was unable to bind to H3K-
36me3 showed a dsDNA-binding affinity comparable 
to wild-type Bromo-ZnF-PWWP (Supplementary infor-
mation, Figure S6C and S6D). EMSA confirmed that 
Bromo-ZnF-PWWP could still interact with dsDNA in 
the presence of H3K36me3 peptide (Figure 1H). These 
data suggest that the histone-binding and DNA-binding 
regions of BS69 function in a compatible way. We there-
fore assume that the bivalent interactions may work 
cooperatively in the nucleosome context. Nucleosome 
mobilization assays showed that Bromo-ZnF-PWWP 
interacts with reconstituted nucleosome core particles 
(NCP) carrying a methyl-lysine analog at position 36 of 
H3 (H3KC36me3-NCP). The apparent Kd are ~0.16 μM 
and 0.95 μM for H3KC36me3- and wild-type (WT)-NCP, 
respectively, strikingly higher than the binding affinity 
for H3K36me3 peptide and dsDNA alone (Figure 1I). 
Native nucleosome interaction experiments confirmed 
that BS69 interacted with nucleosome through DNA- 
and H3K36me3-binding activities in vitro and in vivo 
(Supplementary information, Figure S5). Furthermore, 
cellular localization experiments also established that 
BS69 was recruited to H3K36me3 loci. Mutations of the 
residues involved in H3K36me3 and DNA binding affect 
the colocalization of BS69 with H3K36me3, especially 
the W294A and K338A/R339A mutants, which showed 
diffused distribution patterns throughout the nucleoplasm 
and cytoplasm, respectively (Figure 1J and Supplemen-
tary information, Figure S7).

Targeted recruitments of repressors to previously ac-
tive genes, which are enriched with H3K36me3, for de 
novo repression are often required for lineage speci-
fication and such situation has already been observed 
in PHF19 [12]. We propose that BS69 specifically as-
sociates with H3K36me3-enriched chromatin through 
the PWWP domain, which facilitates the recruitment 
of MYND-bound transcription and chromatin remodel-
ing factors including EZH2, HDAC1, Brg1 and E2F6 to 
target gene loci, thereby repressing target gene transcrip-
tion.

Accession number
The atomic coordinates of BS69 Bromo-ZnF-PWWP are de-

posited in the Protein Data Bank under accession number 4NS5.
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Figure 1 Structure of BS69 Bromo-ZnF-PWWP and its binding properties to H3K36me3 nucleosomes. (A) Schematic diagram show-
ing the domain organization of BS69. (B) Ribbon representation of the overall structure of Bromo-ZnF-PWWP. (C) Residues between 
Bromo and PWWP domain fold into an uncharacterized zinc finger. The 2Fo-Fc omit electron density of the zinc ion and coordinating 
residues are contoured at 1.0σ. (D, E) Surface representation of Bromo-ZnF-PWWP. The aromatic cage (green) and basic residues 
(orange) are shown in E. (F) FPAs of Bromo-ZnF-PWWP interacting with histone-derived peptides. (G) Native nucleosome co-IP of 
BS69 with nucleosomes in 293T cells. The two bands in the last panel represent acetylated H3 (upper) and H4 (lower), respectively. 
The signal intensity of the upper band is likely due to the interaction of H3K36me3 and BS69. (H) EMSA of Bromo-ZnF-PWWP and its 
mutants with dsDNA. (I) Nucleosome mobilization assays of Bromo-ZnF-PWWP with reconstituted WT- and H3KC36me3-NCP. Band 
densities corresponding to free nucleosomes are analyzed using ImageJ and normalized to bound fractions. (J) Cellular localization of 
WT and mutant EGFP-BS69. HeLa cells ectopically expressing GFP-BS69 (green) were stained for H3K36me3 (red) and DNA (blue). 
Scale bar, 10 μm.
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(Supplementary information is linked to the online version of the paper 
on the Cell Research website.)
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