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The YEATS domain, found in a number of chromatin-asso-
ciated proteins, has recently been shown to have the capac-
ity to bind histone lysine acetylation. Here, we show that
the YEATS domain of Taf14, a member of key transcrip-
tional and chromatin-modifying complexes in yeast, is a
selective reader of histone H3 Lys9 acetylation (H3K9ac).
Structural analysis reveals that acetylated Lys9 is sand-
wiched in an aromatic cage formed by F62 and W81. Dis-
ruption of this binding in cells impairs gene transcription
and the DNA damage response. Our findings establish a
highly conserved acetyllysine reader function for the
YEATS domain protein family and highlight the signifi-
cance of this interaction for Taf14.
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Histone post-translational modifications (PTMs) play a
fundamental role in the control of DNA-templated pro-
cesses in the cell. While many PTMs mediate their effects
through histone-histone or histone-DNA interaction, a
large fraction of these PTMs function through the re-
cruitment of chromatin-associated proteins that harbor
conserved “reader” domains (Musselman et al. 2012;
Rothbart and Strahl 2014). Histone lysine acetylation is
a dynamic PTM that is typically associated with 5’ pro-
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moter regions and transcriptionally active chromatin
but also plays a role in nucleosome assembly and the
DNA damage response (Shahbazian and Grunstein 2007;
Bannister and Kouzarides 2011). Acetylation neutralizes
the positively charged e-amino group of lysine residues,
which reduces electrostatic interactions that can intrinsi-
cally loosen chromatin structure, and serves to recruit
bromodomain-containing effector proteins to facilitate
the biological functions of these proteins (Grunstein
1997; Rothbart and Strahl 2014).

Until recently, bromodomains were considered the pri-
mary readers of histone acetylation (Dhalluin et al. 1999),
and, consequently, the structures and biological signifi-
cance of these domains have been studied extensively
(Zeng and Zhou 2002; Filippakopoulos et al. 2012). How-
ever, a new acetyllysine reader domain was recently de-
scribed in human AF9, a chromatin-associated protein
that is a common fusion partner of the mixed-lineage leu-
kemia (MLL) protein (Li et al. 2014). This study found that
the YEATS domain of AF9 selectively recognized acety-
lated Lys9 on histone H3 (H3K9ac) to facilitate the recruit-
ment of additional histone modifiers, thus highlighting
the potential for other domains outside of bromodomains
to interpret the acetyllysine mark (Li et al. 2014). Howev-
er, it is unclear whether other YEATS domain-containing
proteins act as acetyllysine readers to facilitate the DNA-
templated process within chromatin, similar to AF9.

The budding yeast Saccharomyces cerevisiae has three
YEATS domain-containing proteins: Sas5, Yaf9, and Taf14
(Fig. 1A). Together, these proteins are in nine chromatin-
and transcription-associated complexes that mediate his-
tone acetylation, chromatin remodeling, and transcription
(Schulze et al. 2009). Structural studies of the Yaf9 (Wang
et al. 2009) and Tafl4 (Wen et al. 2011) YEATS domains
show that they both adopt an immunoglobulin (Ig)-like
elongated B-sheet sandwich similar to that described for
AF9 (Lietal. 2014). Yaf9 is a member of the NuA4 histone
acetyltransferase complex and SWR1 chromatin remodel-
ing complex and was shown to have the capacity to bind to
H3K27ac in vitro (Li et al. 2014). However, it is unclear
whether the YEATS domains of Taf14 and Sas5 also recog-
nize histone acetylation and, more importantly, how the
YEATS domain contributes to the functional roles of these
proteins.

In our efforts to uncover the role of the YEATS domain
in these chromatin regulators, we found that the YEATS
domain of Tafl4 interacts with acetylated histone H3
with high preference for H3K9ac. The 1.9-A-resolution
crystal structure of the Taf14 YEATS domain in complex
with the H3K9ac peptide reveals an elongated binding site
with H3K9ac sandwiched in a threonine-lined aromatic
cage formed by F62 and W81 of the protein. Importantly,
disruption of the Taf14-H3Kac interaction in vivo impairs
transcription and sensitizes cells to DNA damage. Our re-
sults define a critical role for this YEATS domain in medi-
ating the functions of Taf14 and broadly establish the role
of the YEATS domain as an acetyllysine reader.
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Figure 1. The YEATS domain of the transcriptional regulator Tafl4 binds acetylated his-
tone peptides. (A) Schematic of the YEATS proteins in S. cerevisiae. The YEATS domains
in Yaf9 and Sas5 have 45% and 46% shared identity with the Tafl4 YEATS domain. (B) Rep-
resentative images of histone peptide microarrays of full-length Tafl4. (C) A scatter plot of
the relative binding intensity normalized to the most intense signal, highlighting binding
of Tafl4 to histone H3 acetylated peptides on duplicate arrays. (D) Western blot analyses
of peptide pull-down assays with the corresponding GST-tagged Tafl4 proteins and histone
peptides. (E) Western blot analyses of peptide pull-down assays with the corresponding GST-

H4 N-terminal peptides, but the Yaf9
YEATS domain showed a preference in-
stead for H3K27ac as previously de-
scribed (Li et al. 2014). Notably, we
found that the YEATS domain of Tafl4
had no detectable interaction with un-
modified histones and showed a strong
preference for H3K9ac. A weak inter-
action was also observed for the H3K4ac,
H3K14ac, H3K18ac, and H3K27ac pep-
tides along with individual acetylation
sites on the H4 N terminus (H4K5ac,
H4K8ac, H4K12ac, and H4K16ac). How-
ever, the Taf14 YEATS domain exhibited
a marked selectivity for acetyl-H3, as de-
termined by fluorescence polarization
(Supplemental Fig. S1C).

We next examined the known human
YEATS domains found in AF9, ENL, and
GAS41 to determine the extent to which
they associate with acetylated histone
H3. In agreement with a recent report,
we found that the YEATS domain of
AF9 showed a strong preference for

tagged YEATS domains and histone peptides.

Results and Discussion

The YEATS domain of Taf14 selectively
binds acetylated H3K9

To determine whether the YEATS-containing proteins in
S. cerevisiae bind histone PTMs, we interrogated the abil-
ity of recombinant full-length Sas5, Yaf9, and Taf14 to as-
sociate with histone peptides on our microarray platform,
which consists of core histone peptides (H2A, H2B, H3,
and H4) harboring >250 unique single or multiple PTMs
(Supplemental Table S1; Fuchs et al. 2011; Rothbart
etal.2012b). Of the three proteins examined, Taf14 showed
a strong interaction with a variety of acetylated H3 pep-
tides (Fig. 1B,C; Supplemental S1A), and this selective
binding was mediated through the N-terminal YEATS
domain as determined by in-solution peptide pull-down
assays (Fig. 1D; Supplemental S1B,C). Further analysis of
the exogenously expressed YEATS domain of Tafl4 in
both wild-type and histone deacetylase (HDAC)-deleted
strains containing increased levels of histone acetylation
further confirmed the ability of this domain to associate
with acetylated histones (Supplemental Fig. S1D). As
Tafl4 is a member of the preinitiation complex of tran-
scription (TFIID and TFIIF) and several chromatin-modi-
fying complexes, including INO80, Swi/Snf, RSC, and
NuA3 (see the schematic in Fig. 4A, below), these data
suggest an important role for histone acetylation binding
by Tafl4 in one or more of these complexes’ function.
Although peptide microarrays can interrogate a factor’s
association to histone peptides with individual or combi-
natorial PTMs, this approach is most effectively used to
detect relatively high-affinity interactions. To explore
the possibility that the YEATS domain of Taf14 as well
as those found in Sas5 and Yaf9 might bind other acetylat-
ed histone peptides below the detection limit of the array
platform, we next tested the PTM-binding specificity of
these proteins using in-solution peptide pull-down as-
says (Fig. 1E). Analysis of the YEATS domain of Sas5
showed that it interacted with both unmodified H3 and
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H3K9ac (Supplemental Fig. S1E). Strik-

ingly, we also found that the YEATS do-
mains of ENL and GAS41 also have a preference for both
H3K9ac and H3K27ac. Collectively, these results demon-
strate that the YEATS domain is a highly conserved reader
module of histone acetylation.

The Taf14 YEATS domain forms an
aromatic cage around H3K9ac

Given that Taf14 showed the highest specificity for bind-
ing acetylated peptides, we focused on this protein further
to understand the structural basis and biological signifi-
cance of the association with H3K9ac. To identify key res-
idues involved in this interaction, nuclear magnetic
resonance (NMR) chemical shift perturbation (CSP) exper-
iments were carried out on uniformly '°N-labeled Taf14
YEATS (residues 1-132) (Fig. 2A). The 'H,'>N heteronu-
clear single quantum coherence (HSQC) spectra of Tafl4
YEATS revealed good dispersion of amide resonances, in-
dicative of a well-folded protein. Upon addition of the
H3K9ac;_;» peptide, substantial changes in amide reso-
nances were observed globally, confirming direct interac-
tion between the protein and the peptide (Fig. 2A).
Increasing the peptide concentration resulted in progres-
sive shifting, broadening, and disappearance of cross-
peaks. This pattern of CSPs indicated a strong interaction.
Contrary to the H3K9ac peptide, no resonance changes
were observed upon addition of an unmodified H31_, pep-
tide (Fig. 2B). Based on NMR CSP and fluorescence polari-
zation experiments (Fig. 2A,C, respectively), the K4 for the
interaction between the Tafl4 YEATS and acetylated
H3K9 was estimated to be 150 uM. We observed a stronger
interaction in the context of polyacetylated H3 (Fig. 2C).
Interestingly, while this binding affinity for H3K9ac is
~50-fold higher than that of the human AF9 YEATS for
H3K9ac, it is comparable with the binding affinity of the
yeast Yaf9 YEATS for H3K27ac (Li et al. 2014). This sug-
gests that tighter regulation of these marks may be neces-
sary in more complex multicellular organisms.

The acetyl-dependent resonance changes observed in
NMR CSP signify that acetylation of K9 is required for
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Figure 2. Tafl4 YEATS selectively binds H3K9ac. (A,B) Superim-
posed 'H,'>N HSQC spectra of the Tafl4 YEATS domain (residues
1-132) collected upon titration with the H3K9ac,_;, peptide (A) and
unmodified H3;_;, peptide (B). Spectra are color-coded according to
the protein:peptide molar ratio. (C) Fluorescence polarization binding
assays of the Tafl4 YEATS domain with fluorescently labeled H3;_q
(black), H31_50K9ac (blue), and H3,_,0K9,14,18ac (green) peptides. (D)
Superimposed 'H,'>N HSQC spectra of the Taf14 YEATS domain col-
lected upon titration with acetylated lysine (free amino acid).

the H3,_;, peptide to be recognized by Taf14 YEATS. To
determine what residues of the histone tail are involved
in the interaction, the H3K9acs ;53 peptide was tested.
The H3K9ac5_;3 peptide induced a nearly identical reso-
nance perturbation pattern in the Tafl4 YEATS domain,
although binding was slightly decreased as compared
with binding of the H3K9ac;_15 peptide (Supplemental
Fig. S2A). Binding of a free acetylated lysine amino acid
to the Tafl4 YEATS domain led to CSPs primarily in an
acetyllysine-binding pocket; however, an ~10-mM bind-
ing affinity suggested that the surrounding K9ac residues
provide additional favorable interactions that enhance
the affinity of Taf14 YEATS (Fig. 2D).

Of the acetylated lysine residues found in histones,
H3K9 and H3K27 are surrounded by strikingly similar
landscape (i.e., ARKS). Both the H3K9 and H3K27 se-
quences possess an A_,R_; and S, relative to acetylated
lysine. Therefore, we examined whether Taf14 could also
recognize H3K27ac (Supplemental Fig. S2B). The CSPs ob-
served in the Taf14 YEATS domain upon addition of the
H3K27ac,y; 31 peptide were similar in direction to CSPs
seen upon addition of H3K9ac, indicating that the binding
mode is conserved. However, the CSPs were smaller in
magnitude, inferring that the binding is weaker. These re-
sults further corroborate pull-down experiments showing
thatthe Taf14 YEATS domain selects for the H3K9ac mark.

To establish the molecular mechanism for recognition
of H3K9ac by the YEATS domain of Taf14, we determined
the crystal structure of the Taf14— H3K93C5 13 complex to
a resolution of 1.9 A. In the complex, the Tafl4 YEATS
domain adopts a characteristic Ig scaffold (Fig. 3A). It folds
into an elongated p sandwich composed of eight anti-par-
allel B strands, with two short N-terminal and C-terminal
a helices positioned at one of the open ends of the p sand-
wich. The opposite end of the § sandwich is capped by four

Taf14 functions through acetylated H3

loops: the longest loop (p1-p2) and the three short loops
(B3-p4, p5-p6, and B7-P8) that create a binding site for
the H3K9ac peptide (Fig. 3B).

Analysis of the Taf14:H3K9ac interface revealed a set of
polar interactions between the main chain of H3K9ac and
Tafl4 (Fig. 3C). The N-terminal acetyl group, which mim-
ics the backbone carbonyl of H3K4, forms a bridging water
H bond with the guanidinium group of R30. The carbonyl
group of H3A7 interacts with the backbone amide of G83.
The main chain amide of K9ac is hydrogen-bonded to the
carbonyl oxygen of G83. The imidazole group of H59 pro-
vides further stabilization of the H3 peptide via a H bond
with the main chain carbonyl group of H3S10.

A number of intermolecular hydrogen bonds involve
the side chains of the H3 peptide (Fig. 3C). The side chain
amide of H3Q5 forms a hydrogen bond with the carbonyl
oxygen of L108, and the guanidinium group of H3R8
forms a salt bridge with the carboxylate group of D104.
The carbonyl oxygen of the K9ac side chain makes two
H bonds: one via bridging water to the carbonyl group of
G82 and the other with the main chain nitrogen amide
of W81. The ¢ nitrogen atom of K9ac is in an apparent H
bond with the hydroxyl group of T61.

In addition to the polar interactions, the acetyl group of
H3K9ac is sandwiched between two aromatic residues,
F62 and W81, located in the f3—p4 and p5-p6 loops, respec-
tively (Fig. 3D). This mode of K9ac recognition is reminis-
cent of that seen in the AF9:H3K9ac complex (Li et al.
2014), although the Tafl4 YEATS domain has a threo-
nine-lined aromatic cage as opposed to a serine-lined aro-
matic cage in AF9. Additionally, the AF9 YEATS domain
contains a tyrosine residue in the positional equivalent of
W81 (Fig. 3D).

i H3K9ac

Figure 3. Structural basis for the interaction between Taf14 YEATS
and H3K9ac. (A) The overall structure of the Taf14 YEATS domain
(gray) in complex with the H3K9ac peptide (orange) depicted as car-
toon. (B) Surface representation of the Tafl4 YEATS domain reveals
a deep binding pocket for acetylated lysine. (C) Hydrogen-bonding
(blue dashes) network between the H3K9ac peptide and the Tafl4
YEATS domain. Water molecules are shown as red spheres. (D)
Close-up view of the K9ac-binding pocket, with the hydrogen-bond-
ing interaction represented by blue dashes.
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To determine the importance of the aromatic cage for
H3K9ac binding, a W81A mutant in the Tafl4 YEATS
domain was generated and examined by NMR. The lack
of CSPs in the HSQC spectra of the Taf14 W81 A mutant
upon addition of the H3K9ac peptide implied that there
is no binding (Supplemental Fig. S2C). This was further
confirmed by in-solution peptide pull-down assays and
chromatin association assays in vivo (Fig. 4B,C). These re-
sults demonstrate that the polar and electrostatic interac-
tions observed between the peptide and protein are not
sufficient to stabilize the complex and that the aromatic
cage of Tafl4 is essential for binding of H3K9ac.

Disruption of the YEATS domain impairs transcription
and the DNA damage response

Tafl4 is a member of at least three chromatin remodeling
complexes, including INOS8O (Shen et al. 2004), SWI/SNF,
and RSC (Cairns et al. 1996; Kabani et al. 2005), as well as
the NuA3 histone acetyltransferase complex (John et al.
2000) and the TFIID and TFIIF general transcription factor
complexes (Fig. 4A; Henry et al. 1994). Given the observed
interaction between H3K9ac and TAF14 YEATS, we pos-
tulated that the YEATS domain might be a critical deter-
minant for the function of one or more of these
complexes. We therefore screened for genetic interactions
between the Taf14 YEATS domain and several genes in-
volved in transcription and histone acetylation by generat-
ing taf14A cells that exogenously express full-length HA-
tagged TAF14 wild type or a YEATS domain point mutant
(W81A), which are expressed at equivalent levels (Supple-
mental Fig. S3A). Under optimal growth conditions, the
sickness of the taf14A strain was rescued to a similar de-
gree by both wild-type TAF14 and the taf14ys; 4 mutant.
In contrast, the YEATS point mutant exhibited increased
heatand cold sensitivity (Fig. 4D). Further genetic analyses
did not reveal any genetic interactions with the catalytic
subunits of INO80, SWI/SNF, and NuA3 (Supplemental
Fig. S3B), possibly due to redundant roles of other complex
members in mediating histone interactions.

We next asked whether loss of Gen5, a transcriptional
coactivator and H3 acetyltransferase that shows synthetic
genetic interactions with many of the Tafl4-containing
complexes (Grant et al. 1999; Howe et al. 2001; Barbaric
et al. 2007; Roberts and Winston 1997), would result in a
synthetic growth defect when Tafl4 was deleted and, in
particular, when the Tafl4 YEATS-H3K9ac interaction
is disrupted. Using a GCN5 shuffle strain harboring a
wild-type exogenous copy of GCN5 covering the endoge-
nous deletion of this gene (Gilbert et al. 2014), we found
that loss of GCNS5 is lethal when combined with a dele-
tion of TAF14, a result not previously reported (Supple-
mental Fig. S3C). As expected, expression of the wild-
type version of TAF14 was able to rescue lethality (Fig.
4E). In contrast, the expression of the taf14ys;4 mutant
was unable to fully rescue the lethality caused by the dou-
ble deletion (Fig. 4E). These data imply an important role
for Taf14-H3ac interaction in coordinating transcription-
al regulation with Genb.

Consistent with a role of Taf14 in transcriptional regula-
tion, we reconfirmed the previously shown growth sick-
ness of tafl4A in the presence of the transcriptional
elongation inhibitor 6-azauracil (6-AU) (Fig. 4F; Schulze
et al. 2010). Significantly, while exogenously expressed
TAF14 could rescue the 6-AU sickness, the taf14yg; 4 mu-
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tant was unable to rescue this growth. These results sug-
gest that Tafl4 functions in transcription at least in part
through acetylated H3 interaction. In order to determine
whether the YEATS domain globally impacted tran-
scription, we performed high-throughput sequencing of
transcripts expressed in wild-type and tafi4A cells and
compared them with transcripts expressed in taf14A cells
expressing either full-length wild-type TAF14-HA or a
taf14ws;a-HA mutant. Of the 843 Taf14-dependent genes
that were differentially expressed between wild-type and
taf14A cells (P <0.01, fold change >1.5), 204 genes (24 %)
were differentially regulated in cells expressing the YEATS
point mutant compared with wild-type Tafl4 (Fig. 4G). Of
these YEATS-dependent Tafl4 target genes, ~65% (132
genes) were down-regulated in taf14yg; 4 (Fig. 4H). These
genes were involved in transposition, DNA replication,
pheromone response, coenzyme biosynthesis, and MAPK
signaling (Fig. 4I). Genes involved in amino acid me-
tabolism and heat response were enriched in the genes
up-regulated in taf14ywsg;4 (Fig. 41). Further validation by
quantitative real-time PCR confirmed the YEATS-depen-
dent expression of several of these genes, while other
Tafl4-dependent genes did not require a functional
YEATS domain for proper expression (Fig. 4]). Collective-
ly, these results demonstrate an important role for the
Tafl4 YEATS domain in transcriptional regulation.

It had been shown previously that Taf14 plays a role in
the DNA damage response, and taf14A cells are sensitive
to DNA-damaging agents such as UV light, methane
methylsulfonate (MMS), and hydroxyurea (HU) (Zhang
et al. 2004). Tafl4 also genetically interacts with both
Rad5 and Rad6, which are involved in the post-replication
repair process (Erlich et al. 2008). Given the connection of
Tafl4 to DNA repair, we postulated that the YEATS
domain of Tafl4 and its ability to bind to H3 acetylation
might also be important for the proper function of Taf14
in the response to genotoxic stress. To examine this, we
screened taf14A cells expressing wild-type or tafldwsia
for sensitivity to UV, MMS, and HU. We found that
disruption of the Tafl4 YEATS domain significantly
impaired the response to MMS (Supplemental Fig. S3D).
However, sensitivity to other DNA-damaging agents
(UV, HU, and phleomycin) observed in the taf14A strain
was rescued with both the wild type and the tafl14yg;a
mutants (Supplemental Fig. S3D). These results reveal
that H3 acetyl binding by Tafl4 is required for some, but
not all, forms of DNA repair, a result that may be ex-
plained through its association with one or more complex-
es that are also sensitive to MMS, such as SWI/SNF,
INO8O, RSC, or the Mediator complex (Erlich et al. 2008).

Concluding remarks

The YEATS domain is a conserved domain found in >100
proteins from at least 50 different species (Schulze et al.
2009). Many YEATS-containing proteins are associated
with transcription and chromatin, including the three
YEATS proteins found in budding yeast (Fig. 1A). The
YEATS domain of the human protein AF9 was recently
found to be an acetyllysine reader domain (Li et al.
2014), and we here established this conserved function
of the YEATS domain in budding yeast. Our structural
analysis of the Tafl4 YEATS domain in complex with
H3K9ac peptide reveals that the YEATS domain forms
an aromatic cage around the acetyllysine residue.
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tified by RNA sequencing (P <0.01, fold change >1.5). Of the 843 DE genes identified in
taf14A (red), 204 genes (24%) were also identified as DE between TAF14 and taf14ws; (yel-
low). (H) Scatter plot of log,-normalized gene counts in TAF14 and taf14wg;4. Of the 204
genes identified in G, 72 genes were up-regulated (orange), and 132 genes were down-regulat-
ed (blue) in taf14ws;4. (I) Gene ontology analysis of the 204 genes identified in G, showing
that up-regulated genes and down-regulated genes were enriched in several molecular func-
tions (enrichment scores shown in orange and blue, respectively) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways (red). (/) Quantitative RT-PCR showing reduced tran-
scription of several genes in both taf144 and taf14g; 4. In contrast, GAL7 transcript levels do
not depend on Taf14 YEATS. Error bars represent standard deviations of three biological rep-
licates. (*) P <0.05 compared with wild type.

We further demonstrate a critical role for the Tafl4
YEATS domain in mediating transcription and the DNA
damage response. Because Tafl4 is a member of at least

Taf14 functions through acetylated H3

six key chromatin-associated complexes,
defining the function of Taf14 and, in par-
ticular, its YEATS domain in each com-
plex will be a challenge for future
studies. Our study focused on determin-
ing whether there would be a function
for the Taf14 YEATS domain in two key
chromatin-templated processes: tran-
scription and DNA repair. We provide ev-
idence that the YEATS domain of Tafl4
regulates transcription in a YEATS-ace-
tyl-binding manner. With respect to
DNA damage, Taf14 has been shown pre-
viously to play a role in post-replication
repair induced by the alkylating agent
MMS, probably through several of its as-
sociated complexes, including SWI/SNF,
INO8O, RSC, and the Mediator complex
(Erlich et al. 2008). We further established
this role and determined that the YEATS
domain of Tafl4 is a critical determinant
in the response to DNA damage induced
by MMS. While the studies presented
here further our understanding of Tafl4
and YEATS domain function, it will be
interesting to understand how the YEATS
domains of Sas5 and Yaf9 as well as
the other uncharacterized human
YEATS domains contribute to chromatin
regulation.

Materials and methods

Peptide microarray

The peptide microarray platform was generated as de-
scribed previously (Fuchs et al. 2011; Rothbart et al.
2012a) with the exception that the array contained
four triplicate spots of each peptide listed in Supple-
mental Table SI.

In-solution peptide pull-down assays

In-solution peptide pull-down assays were performed
as described previously (Rothbart et al. 2012b) with
the exception that 500 pmol of biotinylated peptide
was immobilized on streptavidin-coated magnetic
beads (Pierce) prior to incubation with 40 pmol of pro-
tein for 1 h at 4°C with rotation. Bound protein was
eluted from the beads with 1x SDS buffer and ana-
lyzed by Western blot detection with GST antibody
(Sigma).

X-ray crystallography

Taf14 (residues 1-138) was purified as described in the
Supplemental Material and incubated for 10 min at
room temperature with the H3K9acs_;3 peptide (acet-
ylated at the N terminus) in a 1:5 molar ratio prior to
crystallization. Crystals of the complex were grown
using the sitting-drop diffusion method at 25°C by
mixing 800 nL of protein-peptide solution with 800
nL of well solution composed of 0.2 M sodium citrate
(pH 5.5) and 48 % (v/v) PEG600. X-ray diffraction data
were collected from a single crystal on beamline 4.2.2

at the Advance Light Source administrated by the Molecular Biology
Consortium. Processing of raw diffraction data and further structural re-
finement are described in the Supplemental Material. Data and refinement
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statistics are summarized in Supplemental Table S2. Structural data have
been deposited to Research Collaboratory for Structural Bioinformatics
(RCSB) Protein Data Bank with accession number 5D7E.

NMR spectroscopy and fluorescence polarization

NMR experiments and fluorescence polarization were performed as de-
scribed in the Supplemental Material.

Spotting assays

Spotting assays were performed with serial dilutions of saturated over-
night cultures of the indicated yeast strains, and growth was assessed after
2-3 d. All yeast strains used in this study are described in Supplemental Ta-
ble S3, and plasmids used in this study are presented in Supplemental Ta-
ble S4. Chromatin association assays are described in the Supplemental
Material.

RNA sequencing and quantitative PCR

Total RNA was extracted from triplicate log-phase cultures of BY4741
(wild type) transformed with pRS313-HA3-SSN6 and taf14A transformed
with pRS313-HA3-SSNG (empty vector) full-length pRS313-TAF14-
HA3-SSN6, or pRS313-taf14ys;4-HA3-SSN6 cultured in synthetic com-
plete medium lacking histidine. Library preparation and sequencing
were performed at the University of North Carolina High-Throughput
Sequencing Facility. Details of the methods used and downstream analy-
ses are described in the Supplemental Material. All data have been made
publicly available through Gene Expression Omnibus (accession no.
GSE71768). Quantitative PCR was performed as described in the Supple-
mental Material.

Acknowledgments

We thank Mark Bedford for his contribution of the human YEATS pro-
teins, and Michael Keogh for the pRS313-HA3-SSN6 vector. This work
was supported by National Institutes of Health grants RO1 GM110058 to
B.D.S. and GM100907 and GM101664 to T.G.K. E.K.S. was supported by
National Institute of General Medical Sciences Institutional Research
and Academic Career Development Award grant K12-GMO000678, and
FH.A was supported by National Institutes of Health grant
T32AA007464. S.L.M. and J.V.D. were supported in part by a grant from
the National Institute of General Medical Sciences under award 5T32
GMO007092.

References

Bannister AJ, Kouzarides T. 2011. Regulation of chromatin by histone
modifications. Cell Res 21: 381-395.

Barbaric S, Luckenbach T, Schmid A, Blaschke D, Hoérz W, Korber P.
2007. Redundancy of chromatin remodeling pathways for the induc-
tion of the yeast PHO5 promoter in vivo. | Biol Chem 282: 27610~
27621.

Cairns BR, Henry NL, Kornberg RD. 1996. TFG/TAF30/ANC1, a compo-
nent of the yeast SWI/SNF complex that is similar to the leukemogenic
proteins ENL and AF-9. Mol Cell Biol 16: 3308-3316.

Dhalluin C, Carlson JE, Zeng L, He C, Aggarwal AK, Zhou M-M. 1999.
Structure and ligand of a histone acetyltransferase bromodomain. Na-
ture 399: 491-496.

Erlich RL, Fry RC, Begley TJ, Daee DL, Lahue RS, Samson LD. 2008. Ancl,
a protein associated with multiple transcription complexes, is in-
volved in postreplication repair pathway in S. cerevisiae. PLoS One
3:e3717.

Filippakopoulos P, Picaud S, Mangos M, Keates T, Lambert J-P, Barsyte-
Lovejoy D, Felletar I, Volkmer R, Miiller S, Pawson T, et al. 2012.. His-
tone recognition and large-scale structural analysis of the human bro-
modomain family. Cell 149: 214-231.

1800 GENES & DEVELOPMENT

Fuchs SM, Krajewski K, Baker RW, Miller VL, Strahl BD. 201 1. Influence of
combinatorial histone modifications on antibody and effector protein
recognition. Curr Biol 21: 53-58.

Gilbert TM, McDaniel SL, Byrum SD, Cades JA, Dancy BCR, Wade H,
Tackett AJ, Strahl BD, Taverna SD. 2014. APWWP domain-containing
protein targets the NuA3 acetyltransferase complex via histone H3 ly-
sine 36 trimethylation to coordinate transcriptional elongation at cod-
ing regions. Mol Cell Proteomics 13: 2883-2895.

Grant PA, Eberharter A, John S, Cook RG, Turner BM, Workman JL. 1999.
Expanded lysine acetylation specificity of Gen5 in native complexes. |
Biol Chem 274: 5895-5900.

Grunstein M. 1997. Histone acetylation in chromatin structure and tran-
scription. Nature 389: 349-352.

Henry NL, Campbell AM, Feaver WJ, Poon D, Weil PA, Kornberg RD.
1994. TFIE-TAF-RNA polymerase II connection. Genes Dev 8:
2868-2878.

Howe L, Auston D, Grant P, John S, Cook RG, Workman JL, Pillus L. 2001.
Histone H3 specific acetyltransferases are essential for cell cycle pro-
gression. Genes Dev 15: 3144-3154.

John S, Howe L, Tafrov ST, Grant PA, Sternglanz R, Workman JL. 2000.
The something about silencing protein, Sas3, is the catalytic subunit
of NuA3, a yTAFII30-containing HAT complex that interacts with
the Sptl6 subunit of the yeast CP (Cdc68/Pob3)-FACT complex.
Genes Dev 14: 1196-1208.

Kabani M, Michot K, Boschiero C, Werner M. 2005. Ancl interacts with
the catalytic subunits of the general transcription factors TFIID and
TFIIF, the chromatin remodeling complexes RSC and INO80, and
the histone acetyltransferase complex NuA3. Biochem Biophys Res
Commun 332: 398-403.

LiY, Wen H, Xi Y, Tanaka K, Wang H, Peng D, Ren Y, Jin Q, Dent SYR, Li
W.2014. AF9 YEATS domain links histone acetylation to DOT1L-me-
diated H3K79 methylation. Cell 159: 558-571.

Musselman CA, Lalonde ME, Coté ], Kutateladze TG. 2012. Perceiving the
epigenetic landscape through histone readers. Nat Struct Mol Biol 19:
1218-1227.

Roberts SM, Winston F. 1997. Essential functional interactions of
SAGA, a Saccharomyces cerevisiae complex of Spt, Ada, and Gen5
proteins, with the Snf/Swi and Srb/mediator complexes. Genetics
147: 451-465.

Rothbart SB, Strahl BD. 2014. Interpreting the language of histone and
DNA modifications. Biochim Biophys Acta 1839: 627-643.

Rothbart SB, Krajewski K, Nady N, Tempel W, Xue S, Badeaux Al, Barsyte-
Lovejoy D, Martinez JY, Bedford MT, Fuchs SM, et al. 2012a. Associa-
tion of UHRFI with methylated H3K9 directs the maintenance of
DNA methylation. Nat Struct Mol Biol 19: 1155-1160.

Rothbart SB, Krajewski K, Strahl BD, Fuchs SM. 2012b. Peptide microar-
rays to interrogate the ‘histone code’. Methods Enzymol 512: 107.
Schulze JM, Wang AY, Kobor MS. 2009. YEATS domain proteins: a diverse
family with many links to chromatin modification and transcription.

Biochem Cell Biol 87: 65-75.

Schulze JM, Kane CM, Ruiz-Manzano A. 2010. The YEATS domain of
Tafl4 in Saccharomyces cerevisiae has a negative impact on cell
growth. Mol Genet Genomics 283: 365-380.

Shahbazian MD, Grunstein M. 2007. Functions of site-specific histone
acetylation and deacetylation. Annu Rev Biochem 76: 75-100.

Shen X. 2004. Preparation and analysis of the INO80 complex. Methods
Enzymol 377: 401-412.

Wang AY, Schulze JM, Skordalakes E, Gin JW, Berger JM, Rine ], Kobor MS.
2009. Asfl-like structure of the conserved Yaf9 YEATS domain and
role in H2A.Z deposition and acetylation. Proc Natl Acad Sci 106:
21573-21578.

Wen Z, Jiahai Z, Xuecheng Z, Chao X, Xiaoming T. 2011. Solution struc-
ture of the Tafl4 YEATS domain and its roles in cell growth of Saccha-
romyces cerevisiae. Biochem J 436: 83-90.

Zeng L, Zhou M-M. 2002. Bromodomain: an acetyl-lysine binding domain.
FEBS Lett 513: 124-128.

Zhang H, Richardson DO, Roberts DN, Utley R, Erdjument-Bromage H,
Tempst P, Coté J, Cairns BR. 2004. The Yaf9 component of the
SWR1 and NuA4 complexes Is required for proper gene expression, his-
tone H4 acetylation, and Htz1 replacement near telomeres. Mol Cell
Biol 24: 9424-9436.



