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The histone acetyltransferase complex SAGA is well
characterized as a coactivator complex in yeast. In this
study of Drosophila SAGA (dSAGA), we describe three
novel components that include an ortholog of Spt20,
a potential ortholog of Sgf73/ATXN7, and a novel his-
tone fold protein, SAF6 (SAGA factor-like TAF6). SAF6,
which binds directly to TAF9, functions analogously in
dSAGA to TAF6/TAFGL in the yeast and human SAGA
complexes, respectively. Moreover, TAF6 in flies is re-
stricted to TFIID. Mutations in saf6 disrupt SAGA-
regulated gene expression without disrupting acetylated
or ubiquitinated histone levels. Thus, SAF6 is essential
for SAGA coactivator function independent of the en-
zymatic activities of the complex.
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In Drosophila melanogaster, the histone acetyltransfer-
ase (HAT) Genb is the catalytic subunit of two separate
high-molecular-weight complexes: ATAC and SAGA
(Kusch et al. 2003; Muratoglu et al. 2003). Studies in
Saccharomyces cerevisiae have shown that SAGA also
has ubiquitin protease activity specific for monoubiquiti-
nated histone H2B (ubH2B) (Henry et al. 2003). In addition
to its enzymatic activities, SAGA has transcription
coactivator activities mediated through its interactions
with transcription activators and the TATA-binding pro-
tein (TBP) (Baker and Grant 2007). We and others have
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shown previously that Drosophila SAGA (dSAGA) in-
cludes the orthologs of most components of the yeast
SAGA (ySAGA) complex (Supplemental Table S1; Kusch
et al. 2003; Muratoglu et al. 2003; Guelman et al. 2006;
Kurshakova et al. 2007; Weake et al. 2008). In addition,
dSAGA contains subunits that are unique to the fly com-
plex, such as the WD repeat-containing protein WDA
(Guelman et al. 2006).

SAGA is essential for development in multicellular
organisms, and Genb is required for viability in both
mice and Drosophila (Xu et al. 2000; Carre et al. 2005).
Furthermore, mutations that disrupt the HAT activity of
dSAGA, such as ada2b and wda, result in lethality in flies
(Qi et al. 2004; Pankotai et al. 2005; Guelman et al. 2006).
Moreover, mutations that specifically affect the ubiquitin
protease activity of dSAGA are lethal, and result in
defects in axon targeting in the larval eye-brain complex
(Weake et al. 2008). To characterize dSAGA more fully,
we sought to identify orthologs of all yYSAGA compo-
nents, as there are subunits present in the ySAGA and
human SAGA complexes for which orthologs have not
yet been identified in flies (Rodriguez-Navarro 2009). In
addition, the apparent orthologs of some ySAGA subunits
do not appear to function analogously in the Drosophila
complex. Specifically, it has been unclear from our pre-
vious studies whether TAF6, which is a shared subunit of
both the SAGA and TFID coactivator complexes in
yeast, is in fact a subunit of dASAGA (Kusch et al. 2003;
Guelman et al. 2006). In the human SAGA complexes,
TAF6 is replaced by TAF6L (PAF65a) (Ogryzko et al. 1998;
Martinez et al. 2001; Nagy et al. 2009). However, the
Drosophila homolog of TAF6L is encoded by a gene that
is expressed exclusively in primary spermatocytes (Hiller
et al. 2004). Thus, it is unlikely that this testis-specific
TAFGL is a subunit of SAGA in the majority of Drosoph-
ila cell types.

To further characterize the subunit composition and
function of dSAGA, we used affinity purification and
MudPIT (multidimensional protein identification technol-
ogy) analysis. These efforts revealed proteins in SAGA,
including the products of genes CG17689, CG9866, and
C(G3883. Sequence analysis shows that CG17689 encodes
an ortholog of Spt20/p38IP, and CG9866 encodes a poten-
tial ortholog of Sgf73. The third subunit, encoded by an
uncharacterized gene, CG3883, is a novel histone fold
domain (HFD)-containing protein that we named SAF6
(SAGA factor-like TAF6). We show in this study that
SAF6 is homologous but not orthologous to TAF6, and
can functionally substitute for TAF6 within the majority
of dASAGA complexes, binding directly to the HFD of
TAF9. In contrast, TAF6 in flies is restricted to TFIID.
Hence, SAF6 provides a means by which the functions of
the TAF octamer in SAGA can be examined, independent
of TFIID. We show that TAF function within SAGA, as
examined through SAF6, is critical for Drosophila de-
velopment, as saf6 mutant animals die as second instar
larva. However, loss of SAF6 did not affect global levels of
acetylated or ubiquitinated histones, and is therefore
unlikely to affect the integrity or enzymatic activities
of the dASAGA complex. Instead, we show that SAF6 is
essential for the coactivator function of SAGA in reg-
ulating gene expression, independent of the catalytic
activities of the complex.
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Results and Discussion

Drosophila SAGA contains three previously
unidentified polypeptides

Orthologs of all subunits identified in the well-characterized
ySAGA complex have not yet been identified in Dro-
sophila. We sought to identify additional components
of dSAGA, and to characterize subunits involved in
formation of the TAF octamer complex within SAGA
(Selleck et al. 2001). To identify candidates for ASAGA
subunits, we isolated SAGA using tandem Flag-HA
affinity purification from S2 cell nuclear extracts with
the SAGA-specific subunits Ada2B, WDA, and Adal, and
the shared ATAC/SAGA subunit Sgf29 as bait proteins.
The composition of affinity-purified SAGA was deter-
mined by MudPIT (Florens and Washburn 2006). Pep-
tides from three novel proteins were consistently identi-
fied in affinity-purified SAGA: CG17689, CG9866, and
CG3883 (Fig. 1A). These three polypeptides were present
at levels similar to those of the SAGA subunits Gen5,
Spt3, and TAF9 (Figs. 1A, 2A), and were not found in
control purifications from cells expressing a nonspecific
tagged bait protein, or in samples from cells lacking
a tagged protein (Supplemental Table S2). Moreover,
none of these polypeptides were identified in purifica-
tions of the Gen5-containing ATAC complex (Suganuma
et al. 2008).

We then asked whether these polypeptides had simi-
larity to any subunits of the ySAGA complex. The
uncharacterized CG17689 gene (FBgn0036374) encodes
a 1873-amino-acid polypeptide with a predicted molecu-
lar mass of 201 kDa. Psi-BLAST searches revealed that
CG17689 shares specific sequence similarity with SPT20
(p38IP) in mammals, which has been identified recently
as a subunit of mammalian SAGA (Nagy et al. 2009).

A

% (spectral count) Mol. Mass
Ada2B WDA Ada1 Sgf29 (kDa)
CG4107 Gen5  53.5(346) 40.5(123) 33.3(78) 42.8(153)  92.2
CG3169  Spt3  28.9(61) 42.2(269) 27.6(32) 36.7 (35) 43.5
CGe474 TAF9  335(79) 67.3(403) 259 (21) 25.2(23) 293
CG17689 Spt20 18.4(173) 18.7(70) 7.7 (44) 21.0(102) 201.0
CG9866 CG9866 14.5(40) 15.0(32) 10.9(18) 26.0(56) 104.2
CG3883 SAF6 48.5(148) 50.6(849) 27.5(63) 31.1(57) 79.3
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Figure 1. (A) Peptides from CG17689, CG9866, and CG3883 are
identified in SAGA purifications from S2 cells using Ada2B, WDA,
Adal, and Sgf29 as bait proteins. Sequence coverage (percentage) and
number of peptides (spectral count) are shown for each polypeptide,
relative to the characterized SAGA subunits Gen5, Spt3, and TAF9.
(B) Bar diagram comparison of Drosophila CG3883/SAF6, TAF6, and
TAF6L. The percentage of consensus residues conserved between
the HFDs (red box) and TAF6 domains (blue box) of TAF6L and SAF6
relative to TAF6 are shown between the dotted lines. The amino
acid positions of the domains are indicated above the boxes.
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Figure 2. (A) Heat map showing the relative spectral abundance of
SAGA subunits expressed as cNSAF. These calculations include the
values for TAF6 in purifications using Ada2B, WDA, ADA1, SAF6, or
Sgf29 as bait proteins. The cNSAF scale is shown at the bottom of A,
with the highest abundance subunits represented in yellow, and
absent or underrepresented subunits in black. cNSAF values used to
generate the heat map are provided in Supplemental Table S2. (*)
P-value = 0.018 as calculated by Student’s t-test. (B) Western blot of
SAF6- or WDA-purified SAGA probed with anti-Gen5. (C) The HAT
activity of Flag-purified WDA and SAF6 SAGA complexes was
assayed using core histones as substrate. Incorporation of *H-acetyl
CoA was assayed by scintillation counting (top panel) and fluorog-
raphy (bottom panel), and the migrations of histones H3 and H4
were determined by Coomassie staining (middle panel).

Thus, CG17689 will be referred to hereafter as Spt20. The
uncharacterized CG9866 (FBgn0031420) gene encodes
a 971-amino-acid polypeptide with a predicted molecular
mass of 104.2 kDa. Iterative Psi-BLAST searching identi-
fied weak similarity between the N-terminal region of
CG9866 and the first nonglobular Sgfll-related domain
of S. cerevisiae Sgf73 and human ATXN7. However, in
contrast to Sgf73 and ATAXN7, CG9866 does not contain
a recognizable SCA7 domain. Although it shares one
homologous domain with Sgf73/ATXN7, it is unclear
whether CG9866 also regulates the histone deubiquiti-
nation activity of SAGA-like yeast Sgf73 (Kohler et al.
2008; Lee et al. 2009). For this reason, we refrained from
naming CG9866 until functional similarity between this
protein and Sgf73 can be established.

The third novel polypeptide identified in affinity-
purified SAGA, CG3883 (FBgn0031281), has a predicted
molecular mass of 79.3 kDa, and shares no discernable
overall similarity with any of the known ySAGA sub-
units. However, closer examination of CG3883 using
sequence similarity searches revealed the presence of
a HFD with significant similarity to the H4-like HFDs
that are confined to the N termini of TAF6 and TAF6L
(Fig. 1B; Supplemental Fig. S1). However, there is no
significant sequence conservation between CG3883 and
TAF6 or TAF6L outside of this region (Fig. 1B). Due to the
similarity between the HFDs of CG3883 and TAF6, we
named CG3883 SAF6.

SAF6 is a subunit of dSAGA

To confirm that SAF6 is a bona fide subunit of dASAGA, we
purified tagged SAF6 from S2 cell nuclear extract by
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tandem Flag-HA affinity chromatography. MudPIT anal-
ysis of affinity-purified SAF6 revealed the presence of
all known subunits of SAGA (Fig. 2A; Supplemental
Table S2). In contrast, no peptides for ATAC-specific
subunits were identified. We then asked whether SAF6-
purified SAGA had comparable HAT activity to SAGA
purified through other SAGA-specific subunits, such as
WDA (Guelman et al. 2006). HAT assays were performed
using Gen5-normalized SAF6- and WDA -purified SAGA
complexes (Fig. 2B) using HeLa core histones as substrate.
SAF6-purified SAGA exhibited a similar level of HAT
activity and histone preference to WDA-purified SAGA
(Fig. 2C; Guelman et al. 2006). While these studies were
conducted in S2 cells, the broad temporal expression
of SAF6 suggests that it is a primary component of
SAGA in flies (Supplemental Fig. S2). We concluded from
these results that SAF6 is indeed a bona fide subunit of
dSAGA.

SAF6 replaces TAF6 in dSAGA

Due to the similarity between the HFDs of SAF6 and
TAF6, we wondered whether SAF6 might be present
instead of TAF6 within dSAGA complexes. Studies in S.
cerevisiae have shown that TAF6, TAF9, TAF12, and
Adal within ySAGA combine to form a TAF octamer
complex with marked similarities to the histone octamer
(Selleck et al. 2001; Tora 2002). Peptides corresponding
to orthologs of TAF9, TAF12, and Adal were consistently
identified with a high percent of sequence coverage
in purifications of dSAGA (Fig. 2A; Supplemental Table
S2). However, TAF6 is consistently underrepresented
or absent from these same purifications. When compar-
ing cNSAF (complex-specific spectral abundance factor)
(Florens et al. 2006) values for TAF6 and its presumed
binding partner, TAF9, across five different SAGA purifi-
cations, TAF6 detection is significantly lower than TAF9
(P-value = 0.018). TAF6 cNSAF values are also signifi-
cantly lower than the mean SAGA subunit cNSAF value
(P-value = 0.017).

Only one SAGA-specific subunit, WDA, consistently
copurifies more than a few peptides from TAF6 (Supple-
mental Table S2). The higher coverage of TAF6 peptides
in WDA -purified SAGA raised the possibility that a subset
of SAGA complexes might contain TAF6 in addition to,
or instead of, SAF6. Thus, to determine whether TAFG6 is
a bona fide subunit in any fraction of dSSAGA complexes,
we purified tagged TAF6 from S2 cell nuclear extract by
tandem Flag-HA affinity chromatography and analyzed
the resulting complex. TAF6 is a known subunit of TFIID
and, as expected, high numbers of peptide spectra corre-
sponding to the other TAF components of TFIID were
identified in the TAF6 purification (Fig. 3). However, very
low levels of SAGA-specific subunits were identified in
the TAF6 purification (Fig. 3; Supplemental Table S2). A
comparison of the ANSAF (distributive normalized SAF)
(Mosley et al. 2009) values from SAGA-specific purifica-
tions with values from the TAF6 purification reveals
a low level of TFIID that copurifies with SAGA (Fig. 3).
No nucleases are used in our purifications; therefore, it is
possible that the limited amount of TFIID in the SAGA
purifications results from co-occupancy of these coacti-
vator complexes at some genomic loci (Zhang et al. 2008).
Alternatively, there may be a weak interaction between
these complexes. Notably, TAF6 is not present at levels
higher than any of the other non-SAGA TAFs in SAGA-
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Figure 3. Heat map showing the relative spectral abundance of
SAGA and TFID subunits in purifications using TAF6, SAF6, Ada2B,
WDA, ADAI, or Sgf29 as bait proteins expressed as dANSAF. The
dNSAF scale shows the highest-abundance subunits represented in
yellow, and absent or underrepresented subunits in black. dNSAF
values used to generate the heat map are provided in Supplemental
Table S2.

specific purifications, indicating that its presence is likely
to result from being a component of TFIID. We then asked
whether a paralog of TAF6, TAF6L, is present in dSAGA
instead of TAF6, as it replaces TAF6 in the human SAGA
complexes (Ogryzko et al. 1998; Martinez et al. 2001;
Nagy et al. 2009). Drosophila TAF6L is encoded by the
testis-specific gene meiosis I arrest (mia) (Hiller et al.
2004). Consistent with the spermatocyte-specific expres-
sion of TAF6L in flies, no peptides for TAF6L were de-
tected in SAGA isolated from S2 cells. Thus, neither
TAF6 nor TAFGL are stable subunits of the majority of
dSAGA complexes in S2 cells; therefore, we conclude
that the majority of dSAGA complexes contain SAF6
instead of TAF6.

The replacement of TAF6 by SAF6 within SAGA is
likely to have functional consequences for the DNA-
binding activity of SAGA, because sequence analysis
indicates that the sequence conservation between SAF6
and TAF6 sequences is limited to the HFD and does not
include the region of TAF6 that contains DNA-binding
activity (Shao et al. 2005). Thus, the replacement of TAF6
by SAF6 in dSAGA is likely to convey differential
specificity of DNA binding by SAGA relative to TFIID
in flies. One particular aspect of this differential DNA-
binding specificity might involve the downstream core
promoter element (DPE), which is present at many
TATA-less promoters in Drosophila and other meta-
zoans, but not in yeast (Burke and Kadonaga 1997;
Juven-Gershon et al. 2008). TAF6 binds directly to the
DPE (Burke and Kadonaga 1997). Whereas yeast pro-
moters lack DPEs and contain TAF6 as a common sub-
unit of both TFIID and SAGA, metazoans such as
Drosophila, in which a subset of promoters contains
DPE motifs, confine TAF6 to TFID. Analysis of the
promoters of SAGA-regulated genes confirms that these
are less likely to contain a DPE motif compared with the
rest of the genome (Supplemental Table S3), supporting
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Figure 4. The HFDs of TAF9, TAF6, and SAF6 were coexpressed in
E. coli as pairwise combinations of GST and Flag fusion proteins.
Soluble bacterial lysate was prepared from each of the following
pairwise combinations: GST and Flag-TAF9 (lane 1), GST and Flag-
TAFG6 (lane 2), GST and Flag-SAF6 (lane 3), GST-TAF9 and Flag (lane
4), GST-TAF9 and Flag-TAF6 (lane 5), GST-TAF9 and Flag-SAF6 (lane
6), GST-SAF6 and Flag (lane 7), and GST-SAF6 and Flag-TAF9 (lane 8).
(Top panel) Soluble lysate (input; 0.02%) was probed with antibodies
against GST or Flag. (Bottom panel) HFD complexes were purified by
sequential glutathione-Sepharose chromatography followed by Flag-
agarose chromatography, separated by SDS-PAGE, and stained with
Coomassie.

the hypothesis that, without TAF6, dSAGA is not prefer-
entially targeted to DPE-containing promoters.

The HFD of SAF6 interacts with TAF9

As discussed above, TAF6 forms part of a TAF octamer
complex within ySAGA that bears remarkable similari-
ties to the histone octamer (Selleck et al. 2001). Moreover,
the HFDs of TAF6 and TAF9, which are most similar to
those of histones H4 and H3, respectively, interact via
hydrophobic contacts within this octamer complex to
form a heterodimer (Xie et al. 1996). Structural studies
have shown that the TAF6/TAF9 complex exists as
a heterotetramer that is similar to the (H3/H4), hetero-
tetrameric core of the histone octamer (Xie et al. 1996).

Alignment of TAF6 and TAF6L from multiple species
with Drosophila SAF6 shows that, within the HFD of
SAF6, 18 of the 28 residues involved in heterodimer
contacts between TAF6 and TAF9 are conserved with
TAF6 (Supplemental Fig. S1; Xie et al. 1996). Since SAF6
replaces TAF6 within dSAGA, we asked whether the
HFD of SAF6 could interact with TAF9. The HFDs of
SAF6, TAF6, and TAF9 were coexpressed in Escherichia
coli as pairwise combinations of GST- and Flag-tagged
proteins. Heterodimer complexes were purified by se-
quential glutathione-Sepharose chromatography, fol-
lowed by Flag-agarose chromatography. This approach
showed that GST-TAF9 copurifies with both Flag-TAF6
and Flag-SAF6 (Fig. 4, lanes 5,6). Furthermore, GST-SAF6
reciprocally copurifies with Flag-TAF9 (Fig. 4, lane 8).
However, the HFDs of TAF9 and SAF6 do not copurify
through these chromatographic steps in controls contain-
ing only a single HFD in the presence of either Flag or
GST alone (Fig. 4, lanes 1-4,7). Thus, the HFD of SAF6
is sufficient to interact with the HFD of TAF9 in vitro.
This suggests that SAF6 could incorporate into the TAF
octamer structure within dSAGA via interactions with
the HFD of TAF9.

A HFD protein replaces TAF6 in dSAGA

SAF6 is essential for SAGA coactivator function
independent of enzymatic activity

The interaction of SAF6 and TAF9 suggests that SAF6
might incorporate into the TAF octamer within dASAGA
and thus play a TAF-mediated role within the complex.
Hence, SAF6 provides a means of examining TAF func-
tion within SAGA independent of TFIID. Mutations dis-
rupting SAF6 might therefore affect the expression of
SAGA-regulated genes and/or the catalytic activities of
the complex if the TAF components within SAGA are
critical for these processes.

To distinguish these possibilities, we sought to gener-
ate a mutation in safé that would disrupt expression of
the protein. We identified a nonlethal P-element inser-
tion in the 5’ untranslated region (UTR) of saf6: EY05869.
Imprecise excision of EY05869 generated a 303-base-pair
(bp) deletion [safé*3%%] that removed 15 nucleotides (nt)
of the first exon of safé as well as a large region of the
adjacent gene, CG3639 (Supplemental Fig. S2). We gen-
erated a genomic rescue construct containing the adja-
cent uncharacterized gene, CG3639, together with its
upstream and downstream regulatory regions, including
116 nt of the first exon of saf6. This construct [CG36397]
completely rescues CG3639 expression in larvae homo-
zygous for the saf6*>%® deletion (Fig. 5B; Supplemental
Fig. S2). The saf6*3% deletion is a likely null allele be-
cause it removes the predicted promoter region, trans-
lation initiation codon, and part of the first exon. No
SAF6 transcripts are detected by RT-PCR analysis in
larvae homozygous for saf6*3%%. The saf6*3%%; CG3639*
genotype will be referred to hereafter as saf6.

If SAF6 is important for either of the SAGA enzymatic
activities, the global levels of acetylated or ubiquitinated
histones should be altered in the safé mutant. We isolated
histones from homozygous saf6 second instar larvae and
compared them with histones from OregonR second
instar larvae by Western blotting. Mutant saf6 larvae
show no significant increase in global levels of ubH2B,
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Figure 5. (A)Histones were acid-extracted from wild-type (OregonR)
or saf6 second instar larvae and analyzed by Western blotting using
antibodies against ubH2B, H2B, H3K9ac, H3K14ac, H3K18ac, H3K23ac,
or H3. (*) Cross-reactive band. (B) Quantitative PCR was performed
on cDNA isolated from OregonR (n = 3), saf6 (n = 3), and wda (n = 3)
stage 14-16 embryos.
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and exhibit similar levels of H3 Lys 9 acetylation
(H3K9ac) both globally (Fig. 5A) and at SAGA-regulated
genes (Supplemental Fig. S3). This contrasts with other
SAGA mutations: ada2b and wda significantly decrease
H3K9ac, whereas nonstop and sgf11 mutations increase
levels of ubH2B (Guelman et al. 2006; Weake et al. 2008).
Furthermore, in contrast to wda embryos (Guelman et al.
2006), safé mutant animals show no decrease in H3K9ac
levels, as observed by immunostaining of stage 15-16
embryos (data not shown). This implies that SAF6 is not
critical for catalytic activities of SAGA, and suggested
that SAGA remains intact and properly targeted in the
absence of SAF6. Confirming this, antibodies against
Genb and Ada3 coimmunoprecipitate the SAGA-specific
subunit Ada2b in extracts prepared from safé6 embryos
(Supplemental Fig. S4). Additionally, there is no signifi-
cant loss of Gen5 at SAGA-regulated genes in the safé
mutant (Supplemental Fig. S3).

Studies in yeast have shown that SAGA has important
functions as a coactivator that are independent of its
enzymatic activity. At SAGA-regulated promoters, SAGA
is required for recruitment of the general transcription
machinery independent of the HAT Gen5 (Dudley et al.
1999; Bhaumik and Green 2001). Specifically, Spt3 within
ySAGA interacts with TBP and is required for TBP re-
cruitment to the promoters of some inducible genes
(Eisenmann et al. 1992; Sterner et al. 1999; Larschan and
Winston 2001; Mohibullah and Hahn 2008). Furthermore,
the ySAGA subunit Spt8 binds TBP directly, and activator-
recruited SAGA has been implicated in transferring TBP
to the TATA box (Warfield et al. 2004; Sermwittayawong
and Tan 2006; Mohibullah and Hahn 2008). Our MudPIT
data support a limited interaction between SAGA and
TBP/TFID in Drosophila (Fig. 3).

The existence of a coactivator function of dSAGA that
is independent of enzymatic activity is supported by
our observations that SAF6 is essential for Drosophila
development. Mutant saf6 larvae die during the second
larval instar stage and, in addition, no viable saf6~/~ adult
progeny are obtained when the saf6 allele is crossed to
a deficiency spanning the SAF6 gene. In order to test for
defects in SAGA coactivator function, we examined safé
mutants for defects in SAGA-mediated gene regulation.
RNA was isolated from saf6 and wda mutant stage 14-16
embryos, and the expression of SAGA-regulated genes was
examined using quantitative RT-PCR (Fig. 5B). RNA was
isolated from wild-type OregonR embryos for comparison.
Mutant individuals of both genotypes show no apparent
gross morphological defects during embryogenesis (data
not shown), despite the decrease in H3K9ac already
observed by stage 16 of embryogenesis in wda individuals
(Guelman et al. 2006). However, in both safé and wda
mutants, expression of a subset of SAGA-regulated genes
that include the JUN kinase basket and the Notch
signaling pathway component liquid facets is down-
regulated relative to the wild type. saf6 mutant animals
have near wild-type levels of WDA transcripts, indicating
that these defects in gene expression do not result from
down-regulation of WDA. Transcripts corresponding to
the gene adjacent to SAF6, CG3639, which is rescued in
the saf6 mutant animals by a genomic expression con-
struct, are similar in all three genotypes. Thus, while safé6
mutants fail to alter SAGA recruitment or histone acet-
ylation, both globally and at SAGA-regulated genes, they
show defects in SAGA-regulated gene expression similar
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to those observed for wda mutants. These data indicate
that SAF6, and likely the TAF octamer in SAGA, primar-
ily play a role in the coactivator functions of the SAGA
complex and are not essential for the histone-modifying
activities or recruitment of the complex.

Materials and methods

Additional methods are provided in the Supplemental Material.

Affinity purification and MudPIT analysis

Stable S2 cell lines expressing Ada2B (isoform B; NP_001027151.1), Sgf29
(CG30390; NP_726051.1), SAF6 (CG3883; NP_608545.1), CG6459
(NP_611243.1), WDA, Adal, and TAF6 (FBgn0010417; NP_524161.2) in
the pRmHa3-CHA,FL, vector were generated as described previously
(Guelman et al. 2006).

HAT assays

HAT assays were performed using Flag-purified HAT complexes and 500
ng of HeLa core histones as substrate (Eberharter et al. 1998).

Coexpression and purification of HFD proteins

The HFDs of TAF6 (residues 1-82), SAF6 (residues 123-204), and TAF9
(residues 11-95; NP_523391.3) were subcloned into pGex6P1 or pET28bN-
Flag and coexpressed and purified from E. coli.

Western blots

The following antibodies were used: Gen5 (rabbit, 1:3000); Ada2b
(guinea-pig; 1:1000) (Kusch et al. 2003); GST-Z5 (rabbit, 1:5000; Santa
Cruz Biotechnologies); Flag-HRP (mouse, 1:5000; Sigma); H3 (rabbit,
1:3000; Abcam); H3K9ac (rabbit, 1:1000; Abcam), H3Kl4ac (rabbit,
1:1000; Upstate Biotechnologies); H3K18ac (rabbit, 1:1000; Upstate Bio-
technologies); H3K23ac (rabbit, 1:1000; Abcam); H2B (rabbit, 1:1000;
Upstate Biotechnologies), ubH2B (mouse, 1:100) (Minsky et al. 2008).
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