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Abstract

The post-translational acetylation of the histone components of chromatin mediates numerous DNA-templated events, including transcriptional activation, 
DNA repair, and genomic replication. The conserved SAGA (Spt-Ada-Gcn5 Acetyltranferase) and SLIK (SAGA-Like) Histone Acetyltransferase (HAT) 
complexes are required for transcriptional activation of a subset of yeast genes and contain multiple subunits including the histone fold-containing 
TBP- Associated Factors (TAFs): 6, 9, 10, and 12. These TAFs are also components of the TFIID complex and are consequently involved in most RNA 
polymerase II-transcription in yeast. Here we identify a novel conserved region of TAF12, termed ReNu, outside of its histone fold, which is required for 
SAGA and SLIK-directed nucleosomal acetylation. We demonstrate that this region is not required for chromatin association, but show that this region 
plays an important role for histone H3 acetylation at specific SAGA and SLIK-regulated promoters. Our data suggests that the ReNu region of TAF12 
regulates Gcn5 acetylation of specific substrates within the SAGA super-family of HAT complexes.

 

Introduction

The packaging of the eukaryotic genome into chromatin is 
generally believed to be refractive to DNA-templated processes such 
as transcriptional activation, DNA repair, and replication. However, 
chromatin-modifying complexes regulate these processes through 
histone modifications such as acetylation, methylation, ubiquitination, 
and phosphorylation [1]. Histone acetylation correlates with 
transcriptional capacity and is catalyzed by histone acetyltransferase 
(HAT) activities such as the yeast Spt-Ada-Gcn5-Acetyltransferase 
(SAGA) coactivator complex [2]. Both yeast and human SAGA 
complexes contain the HAT subunit Gcn5 (or the related PCAF 
protein), the Tra1, Ada, Spt, and a subset of TAF proteins [3–8]. 
The histone fold containing TAFs 6, 9, 10, and 12 are components 
of the SAGA, SAGA-like (SLIK/SALSA), and TFIID complexes in 
yeast, a feature conserved through evolution [9]. TFIID and SAGA 
are broadly required for transcriptional activation [10,11], however 
specific targeting of the TAF12 subunit of these complexes has 
recently been found to lead to a selective transcriptional response that 
interferes with acute myeloid leukemia [12]. Prior work had shown 
that TAF12 can bind to the activation regions of the Gal4, GCN4, 
VP16 and HNF4A transcription factors and that these interactions 
make differential contributions to transcriptional activation [13–18].

The observation that TAF12 is required for SAGA HAT activity 
on nucleosomal substrates is complicated by the fact that a taf12 
temperature sensitive mutation in yeast compromises SAGA structural 
integrity and size with the observed loss of at least the SAGA Spt3 
subunit [4]. Here we examine the direct role of TAF12 in SAGA 
and SLIK-mediated HAT activity on specific substrates by assaying 

complexes bearing various mutations in TAF12. Furthermore, we 
investigate the in vivo contributions of an evolutionarily conserved 
TAF12 region on nucleosome acetylation at specific SAGA and SLIK 
regulated promoters.

Materials and Methods

Yeast Strains and Point Mutation Generation 

SAGA and SLIK were prepared from yeast strain YSB493 (MATa, 
ura3-52, leu2::PET56, trp1-1, his3-200, ade2, taf12-259::LEU2 
{pRS314-TAF12}, YSB556(MATa, ura3-52, leu2::PET56, trp1-1, 
his3-200, ade2, taf12- 259::LEU2 {pZM279-taf12 322-539}), YSB557 
(MATa, ura3-52, leu2::PET56, trp1-1, his3- 200, ade2, taf12-259::LEU2 
{pZM280-taf12 374-539}) [19]  and YJR21-9 (taf12-9) [20].

TAF12 ReNu region point mutations were generated using the 
Quick Change Protocol (Stratagene) where pRS314-TAF12 served as 
a TAF12 template. Point mutation incorporated TAF12 plasmids were 
shuffled into yeast strain YSB452 (MATa, ura3-52, leu2::PET56, trp1-
1, his3-200, ade2, taf12-259::LEU2 {pJA73-TAF12-URA3}) to generate 
strains YMT1 (MATa, ura3-52, leu2::PET56, trp1-1, his3-200, ade2, 
taf12-259::LEU2 {pRS314-taf12 N336A}), YMT2 (MATa, ura3-52, 
leu2::PET56, trp1-1, his3-200, ade2, taf12-259::LEU2 {pRS314-taf12 
L344A}) and YMT3 (MATa, ura3-52, leu2::PET56, trp1-1, his3-200, 
ade2, taf12-259::LEU2 {pRS314-taf12 S342A}).

Purification of Mutant SAGA and SLIK Complexes 

SAGA and SLIK complexes were partially purified by a scheme 
adapted from our earlier work [4]. In brief, 4 liters of yeast were grown 
to mid-log phase at 30ºC. Yeast whole cell extracts were prepared by 
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glass bead disruption [4]. Extracts were bound batch wise with 15ml 
of Ni2+-nitrilotriacetic acid (NTA) agarose (Qiagen). The resin was 
washed in a column with 20mM imidazole followed by elution with 
300mM imidazole. The Ni2+-NTA agarose eluate was directly loaded 
onto a MonoQ HR 5/5 column (GE Healthcare). Bound proteins were 
eluted with a 25ml linear gradient from 100 to 500 mM NaCl. Peak 
SAGA fractions were pooled and concentrated down to 0.7ml with 
a Centriprep-30 concentrator (Millipore). Samples were then loaded 
on a Superose 6 H/R 10/30 column (GE Healthcare) equilibrated with 
350mM NaCl. Peak fractions were used in subsequent assays.

Western Blotting and HAT Assays

Proteins from column fractionations were separated by 12% SDS-
PAGE, transferred to nitrocellulose, and processed for immunoblotting 
using the antisera described. HAT assays were performed in the 
presence of 2 mg HeLa nucleosomes or core histones, 0.25 µCi of 
[3H]acetyl coenzyme A, and equivalent amounts of purified SAGA 
complexes, as described [4].

Chromatin Immunoprecipitation Assays

ChIP assays were performed largely as described [21].  Yeast strains 
YSB493 and YSB557 were grown in Synthetic Complete (SC) medium 
containing 2% dextrose to an OD 600 of 1.0. The yeast were reseeded 
in SC dextrose-medium, SC medium containing 2% galactose, or SC 
medium containing 2% KAc and then grown for an additional 4 hr. 
Antiserum specific for histone H3 acetylated at lysine 9 (Millipore) 
was used for ChIP. Input and precipitated DNA was PCR amplified 
for regions upstream of the CIT2, GAL10, RPL9A, and RPS5, as 
described in Pray-Grant MG et al [7]. Real-time PCR experiments 
were performed with three biological replicates and conducted with 
a SYBR Green/Taq polymerase reaction mix (Bio-Rad) in a MyIQ 
real-time PCR detection system (Bio-Rad). Data were collected and 
analyzed with thermal cycler software (Bio-Rad).

Results and Discussion

The Novel TAF12 ReNu Region Regulates SAGA and SLIK 
Nucleosomal Acetylation

Primary sequence analysis of yeast TAF12 reveals that the protein 
consists of three regions: an amino-terminal glutamine rich domain, 
followed by a novel-conserved region upstream of the TAF12 carboxy-
terminal histone fold domain (Figure 1a). We examined the structural 
and functional roles of these domains by assaying SAGA complexes 
containing full length TAF12 (WT), a TAF12 mutant protein deleted 
of amino acids 1-322 spanning the non-conserved glutamine rich 
domain (QΔ,), and a TAF12 mutant deleted of both the glutamine rich 
domain and an additional 52 amino acids (QΔ + ReNuΔ), hereafter 
named ReNuΔ. Western analysis using antisera against multiple SAGA 
subunits reveal that the structural integrity of the partially purified 
SAGA complex was intact in both of the TAF12 truncation protein 
strains, and interestingly, Spt3 was identified as a component of SAGA 
in all complexes (Figure1b). This could be because the two histone 
folds of Spt3 may be free to interact with the remaining histone fold 

of TAF12 in either complex [22]. Ada2, Ada3, and Gcn5 also associate 
with the TAF12- truncated SAGA complexes (Figure 1b) and are 
important for SAGA HAT function [23–25]. We assayed WT, QΔ, 
and ReNuΔ SAGA for HAT activity on specific histone substrates. We 
found that deletion of the glutamine rich domain of TAF12 did not 
interfere with SAGA HAT activity on free histones or nucleosomes 
(Figure 1b). However, deletion of both the TAF12 glutamine rich 
domain and the additional 52 C-terminal amino acids abolished 
nucleosomal acetylation, while there was no effect on SAGA HAT 
activity on free histone substrates (Figure1b). This result suggests that 
within the SAGA complex, this novel TAF12 region regulates Gcn5 
substrate specificity, and we have consequently named it the ReNu 
(Required for Nucleosomal acetylation) region. Consistent with this, 
invariant amino acids within the ReNu region contribute to SAGA 
nucleosomal acetylation (Figure 4b).

The related SLIK complex also contains both Gcn5 and TAF12 
[7,26]. Therefore, we examined the contribution of the ReNu region in 
SLIK-mediated nucleosomal acetylation. We found that the structural 
integrity of partially purified SLIK was intact in both WT and ReNuΔ 
complexes and that Spt3 associates with ReNuΔ SLIK (Figure 1c). 
Similar to ReNuΔ SAGA, ReNuΔ SLIK was found to acetylate free 
histones at a level comparable to WT levels, but was unable to acetylate 
nucleosomes (Figure 1c).

These data establish a nucleosome acetylation regulatory role for 
the TAF12 ReNu region within the SAGA and SLIK HAT complexes 
and help explain the acquired ability of Gcn5 to acetylate nucleosomal 
histones when present in native complexes [7,8,27]. This may be 
achieved by directly interacting with the core catalytic components 
of the complex, Gcn5, Ada2 or Ada3 [23,24] or through histone tail 
presentation in the context of the nucleosome. Notably, Ada3 is a 
key component in regulating Gcn5’s nucleosomal acetyltransferase 
activity, but is still insufficient to drive native SAGA dependent 
nucleosomal acetylation in the absence of functional TAF12.

Yeast Strains Lacking the TAF12 ReNu Region Exhibit a 
Modest gcn5 Phenotype 

We examined the role of the ReNu region in genetic assays, 
hypothesizing that yeast lacking the TAF12 ReNu region may display a 
gcn5 phenotype, due to the loss of SAGA nucleosomal acetylation. We 
assayed wild-type and ReNu deleted yeast strains for growth defects on 
media containing low nitrogen, potassium acetate as a carbon source, 
and caffeine [7,8]. Serial dilutions of a ReNu wild-type strain, a ReNu-
deleted yeast strain and a gcn5 strain were compared. We found that 
in these media, yeast bearing a deletion of the ReNu region exhibit a 
modest growth defect, not as severe as that of a gcn5 strain (Figure 2). 
All strains showed equivalent growth on the rich media YPD (Figure 
2). Presumably, the observed intermediate gcn5 phenotype may be 
because TAF12 is not present in all yeast Gcn5 containing complexes 
[28]. Therefore, the observed modest phenotype might be a result of 
compensation of SAGA/SLIK acetyltransferase activity by other Gcn5 
containing complexes, such as ADA and HAT-A2.
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Figure 1. The TAF12 ReNu domain is required for SAGA-dependent nucleosome acetylation.

(A) Primary sequences of the Saccharomyces cerevisiae, Mus musculus, Homo sapien, Drosophila melanogaster, and Xenopus 
laevis TAF12 homologs were aligned in ClustalW and graphically represented with the BoxShade program. Conserved residues are 
shown in bold and similar residues are shaded. The regions encompassing the minimal ReNu region and four histone-fold α-helices, 
but excluding the yeast non-conserved glutamine rich region, are represented by bars underneath the alignment in light and dark 
grey respectively. The changed sequence of invariant amino acids in the TAF12 yeast mutants is shown above the corresponding 
wild-type residues. (B) HAT assays and Western blot analysis of partially purified SAGA complexes. SAGA was prepared from the 
yeast strains YSB493, expressing full length TAF12 (WT), YSB556, yeast deleted of the TAF12 glutamine rich N-terminus (QΔ), 
and YSB557, yeast deleted of the TAF12 glutamine rich and ReNu regions (ReNuΔ). HAT assays were performed with free histone 
or nucleosome substrates and Western analysis was performed with the indicated antisera. (C). HAT assays and Western blot analysis 
of partially purified SLIK complexes. SLIK was prepared from the yeast strains YSB493 and YSB557. HAT assays were performed 
with free histone or nucleosome substrates and Western analysis was performed with the indicated antisera.
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Figure 2. The TAF12 ReNu domain mediates Gcn5 function 
in vivo.
Wild-type, gcn5Δ and TAF12 ReNuΔ yeast strains were 
assayed for their ability to grow on Yeast extract-Peptone-
Dextrose (YPD) media, synthetic complete media with 2% 
Potassium Acetate as a carbon source (Acetate), synthetic 
complete media supplemented with 12mM caffeine, and 
synthetic complete media lacking ammonium sulphate (low 
nitrogen). Shown are agar plates with ten-fold serial dilutions 
of each yeast strain, from left to right.

The TAF12 ReNu Region is not Required for SAGA 
Substrate Associations

The observed loss of nucleosomal acetylation in ReNuΔ SAGA and 
SLIK could be due to a loss of chromatin association. We examined 
this possibility by binding ReNu WT or ReNuΔ SAGA complexes to 
SONs (short, 3–6, oligonucleosomes) and then fractionating these 
reactions by size exclusion chromatography. Fractions were processed 
for western analysis and immunoblotted with histone H4 antisera 
in order to detect the presence of SONs in any given fraction. We 
hypothesized that unbound SONs should fractionate at later fractions 
than those SONs bound to SAGA because the SAGA-SON interactions 
would shift SONs on a size exclusion column to an earlier fraction, 
corresponding to a higher molecular mass. As predicted, unbound 
SONs fractionated with an apparent mass of 0.6–1.0 MDa (fraction 
22–24). Both ReNu WT and ReNuΔ SAGA shifted SONs towards the 
2MDa column exclusion volume, fraction 18/19, which correlates to a 
mass at or above that predicted for SAGA, 1.8 MDa (Figure 3A). This 
data suggests that the ReNuΔ SAGA complexes retain the ability to 
associate with nucleosomes and furthermore, this association is salt 
stable in 350mM NaCl buffer.

We further assayed whether or not immobilized core histones 
could pulldown SAGA in standard binding assays. We bound WT 
SAGA and ReNuΔ SAGA to core histone agarose resin and analyzed 
the bound fractions with antisera against SAGA subunits. Similar to 
our SAGA- nucleosome interaction data, we observed that ReNuΔ 
SAGA can interact efficiently with core histones (Figure 3b) or 
double stranded DNA (data not shown). Taken together, our data 
demonstrate that ReNuΔ SAGA retains nucleosomal and core histone 
substrate interactions and that the loss of nucleosomal acetylation by 
ReNuΔ SAGA is likely not due to a loss in substrate association.

Invariant Amino Acids within the ReNu Region Contribute 
to SAGA Nucleosomal Acetylation

SAGA complexes were purified from yeast bearing point 
mutations in invariant amino acids: N336A, S342A, and L344A 
(Figures 4a and 4b), as described [7,27]. Western analysis indicates 
that similar to ReNuΔ SAGA, point mutant SAGA complexes retained 
their structural integrity and predicted native size of a 1.8 Mda (Figure 
4a). Also similar to ReNuΔ SAGA, the three point mutants had little 
effect on SAGA’s free histone acetylation (Figure 4b). However, each 
significantly reduced nucleosomal acetylation by SAGA (Figure 4b) 
albeit not as completely as ReNuΔ. Additionally, ReNu point mutant 
yeast were serially diluted on low nitrogen and found to give an 
intermediate phenotype between our ReNu WT and ReNuΔ yeast 
(Figure 4c). Together, these findings indicate that each of the three 
invariant residues within the ReNu region play an important role in 
SAGA-mediated nucleosomal acetylation.

The TAF12 ReNu Region is Essential for Promoter 
Acetylation

To further investigate the in vivo role of the TAF12 ReNu region in 
nucleosomal acetylation and to validate our in vitro observations, we 
examined specific promoter acetylation in wild type ReNu and ReNu 
region deleted yeast strains. Therefore, we conducted Chromatin 
Immunoprecipitation (ChIP) assays to assess the acetylation status 
of SAGA and SLIK-regulated promoters GAL1 and CIT2 [7,29–32]. 
Under inducing conditions, the GAL1-10 UAS is occupied by the 
SAGA and SLIK complexes [7,32–35], SAGA/SLIK is required for 
GAL1 and GAL10 mRNA production [36,37], and CIT2 expression 
is regulated by SLIK [38]. ChIP assays were performed using antisera 
against H3K9Ac (acetylated lysine 9 of histone H3) because this 
modification is implicated as being dependent on Gcn5 [39,40]. Upon 
activation, WT ReNu yeast show increased H3 K9Ac signal at both 
the GAL1-10 and CIT2 UAS. However, we found a striking absence of 
H3K9Ac signal at GAL1-10 and CIT2 UAS in ReNuΔ yeast (Figure 5a). 
These findings are in agreement with our in vitro data showing a loss 
of nucleosomal acetylation in ReNuΔ SAGA and SLIK. Interestingly, 
H3K9Ac ChIPs for the RPS5 and RPL9A promoters, both described 
as TFIID-regulated genes [36], showed no loss of acetylation in the 
ReNuΔ yeast (Figure 5a). These results suggest that the TAF12 ReNu 
region is required for H3K9Ac at the SAGA and SLIK- regulated genes 
GAL1-10 and CIT2, but not at the TFIID-regulated genes RPS5 and 
RPL9A. To quantify the changes in acetylation observed in TAF12 
mutant strains we performed real-time PCR for the GAL-10 UAS under 
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inducing conditions. We performed ChIP in gcn5Δ, or TAF12 mutant 
strains for H3K9Ac relative to wild-type strains. These experiments 
revealed a reduction in acetylation to approximately 55% in gcn5Δ 

(p=0.003) and 63% in ReNuΔ strains (p=0.01), while deletion of the 
Q-rich region caused no reduction in acetylation (Figure 5b).

Figure 3. ReNu deleted SAGA interacts with nucleosomes and core histones.

(A) Partially purified wild-type (WT) and ReNuΔ SAGA complexes were incubated with short oligonucleosomes (SON) and then fractionated over a 
Superose 6 size exclusion column. Fractions were processed for western blotting and the presence of SON were detected with histone H4 antiserum, 
and the elution of SAGA was monitored with TAF6 antiserum. Elution of the dextran blue (2MDa) and thyroglobulin (669kDa) molecular mass 
markers from the same column is indicated. (B) WT SAGA and ReNuΔ SAGA were bound to immobilized core histones. Inputs, supernatants (sup), 
and bound fractions (bead) from the reactions were analyzed by western blotting with the indicated antisera to SAGA components

The loss of H3K9Ac at the GAL1-10 and CIT2 UAS in ReNuΔ yeast 
could be caused by an inability of SAGA and SLIK to interact with the 
promoter-chromatin environment. SAGA and SLIK components are 
recruited to the GAL1-10 UAS during activation [7,32–35].  We tested 
this possibility by using antisera against SAGA and SLIK components 
Ada2 and Tra1 in ChIP assays at the GAL1-10 UAS. As expected, we 
found Ada2 and Tra1 were recruited to the GAL-10 UAS in ReNu WT 
yeast under inducing conidtions. When we examined ReNuΔ yeast, 
we not only found that we could ChIP ReNuΔ SAGA/SLIK to the 
GAL1-10 UAS, but that there was a modest enrichment of Ada2 and 
Tra1 to the GAL1-10 locus (Figure 5c). These data, taken together with 
our findings that ReNuΔ SAGA interacts with nucleosomes, (Figure 
3a) suggest that the observed loss of H3K9Ac at GAL1 is not caused by 
an inability of SAGA or SLIK to interact with the GAL1 UAS in vivo. 
Furthermore, our studies agree with findings [34] which demonstrate 
that SAGA is recruited to the GAL1 UAS in the absence of the Gcn5, 

which is equivalent to the loss of SAGA-mediated nucleosomal 
acetylation found in ReNuΔ complexes.

SAGA possesses multiple activities besides its nucleosomal 
acetylation function such as TATA binding protein (TBP) recruitment 
via Spt3 and Spt8 [32,41–43], acidic activator association [32,33,44–
47], deubiquitination of histone H2B [35,48], and methyl H3K4 
binding [26,49]. We examined a SAGA function that is independent 
of its nucleosome HAT activity in order to determine whether or 
not ReNuΔ SAGA and SLIK were compromised in other complex 
functions. We examined SAGA and SLIK’s ability to recruit TBP to 
the GAL1 UAS [30,36,50,51] by ChIP using an antiserum against TBP 
in WT and ReNuΔ yeast. Our data reveal that both WT and ReNuΔ 
SAGA/SLIK recruit TBP to the GAL1 locus, and interestingly, TBP 
is modestly enriched at this locus in the ReNuΔ strain (Figure 5b). 
This could be explained through the enhanced GAL1 UAS residency 
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of the SAGA and SLIK complexes also found in the ReNuΔ yeast. 
Furthermore, a similar result shows that a taf12 ts strain shows a slight 
enrichment of TBP at GAL1 and that TBP can still be recruited to the 

GAL1 UAS in gcn5Δ yeast, which lack Gcn5-mediated nucleosomal 
acetylation [36]. 

Figure 4. ReNu region point mutations compromise SAGA catalytic function, but not structural integrity.

(A) Western blot analysis of partially purified WT ReNu, ReNuΔ, or ReNu point mutant SAGA complexes. SAGA was prepared from the yeast strains YSB493, 
YSB557, YMT1 (taf12 N336A), YMT2 (taf12 L344A), and YMT3 (taf12 S342A). Yeast extracts were sequentially purified by nickel-NTA, anion exchange, and size 
exclusion chromatography. SAGA fractionated in superose 6 fractions 17–19 as determined by Ada2 immunoblotting, in an approximately 1.8 MDa complex. (B) 
SAGA complexes were similalrly partially purified from the yeast strains and peak fractions were incubated in HAT assays with nucleosome and free histone substrates. 
Western blotting from the same fractions was performed with the indicated antisera. (C) ReNu region point mutant yeast N336A, S342A, and L3444A were serially 
diluted on low nitrogen and found to give an intermediate phenotype relative to ReNu WT and ReNuΔ yeast.

ReNuΔ yeast are capable of growing in galactose because the GAL1 
gene is still transcribed in the absence of Gcn5 [42,50]. In addition, the 
loss of nucleosomal acetylation at the GAL1 and CIT2 UAS is likely 
not caused by compromised HAT complex recruitment via acidic 
activators because studies have shown that the acidic activator GAL4 
can bind the GAL1 UAS in the absence of the SAGA subunits Spt3, 
Spt20, or Gcn5 [42]. This suggests that the acetylation function or 
structural integrity of SAGA is not required for GAL4 association 
with the GAL1 promoter. Also, Rtg3, the acidic activator required 
for CIT2 expression has been shown to interact with the CIT2 UAS 
independently of SAGA or SLIK [52] and Rtg3 protein levels are 
comparable between WT, gcn5Δ, or ada2Δ yeast strains [53].

The SAGA/SLIK component Spt3 recruits TBP [32,42,43] and 
TAF12 is required for Spt3 association with the SAGA complex [4]. 
Here we show that Spt3 is retained in ReNuΔ SAGA, but there is a loss 
of nucleosomal acetylation, indicating that the effects we observe are 
relevant to TAF12 rather than Spt3 function. The increased occupancy 
of mutant SAGA at target promoters seen in our ChIP assays may 
indicate that substrate acetylation is required for dissociation of the 
SAGA complex. Furthermore, TBP is also recruited at GAL1-10 at 

higher levels in ReNuΔ yeast. One possible explanation for this is 
that Mot1 may not be able to remove TBP from the GAL1-10 UAS in 
ReNuΔ yeast. It has been reported that Mot1 occupancy at the GAL1 
promoter is greatly reduced in a gcn5 yeast strain [54].

Conclusion

Our results describe a novel regulatory function for a TAF protein, 
which is mediated by a conserved disordered region outside of the 
histone fold domain. The in vitro nucleosomal acetylation defects 
observed with ReNu-lacking SAGA complexes agree with the in vivo 
loss of acetylation at SAGA and SLIK-regulated promoters. Complexes 
bearing wild-type or truncated TAF12 are capable of interacting with 
DNA, histones and nucleosomes in in vitro binding studies, indicating 
that the ReNu region is not necessary for substrate interaction.

Together these data suggest that TAF12 mediates a regulatory 
mechanism for modulating Gcn5 HAT activity in SAGA and SLIK. 
This may be achieved by directly interacting with the core catalytic 
components of the complex, Gcn5, Ada2 or Ada3 [23,24] or through 
histone tail presentation in the context of the nucleosome. These 
findings may also implicate a putative mechanism by which HAT 
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complexes are activated, which would likely be conserved in all other 
members of the SAGA HAT superfamily: SLIK, PCAF, STAGA, and 
TFTC. It is noteworthy that some of the conserved amino acids in 
the ReNu region have been described as sites for post-translational 

modification, including serines 342, 348 and 352 in S.cerevisiae and 
threonine 283 in S.pombe [55–58], which may serve to regulate ReNu 
function and correspondingly Gcn5 activity.

Figure 5. The ReNu region is required for H3K9Ac at SAGA and SLIK regulated UAS.

(A) ChIP assays were performed from wild type (WT) or ReNu-deleted (Δ) yeast under noninducing dextrose (Dex) or raffinose (Raff) and inducing potassium acetate (KAc) and galactose 
(Gal) conditions, respectively, with antisera against H3K9Ac. Precipitated DNA was amplified by PCR using primers for the gene loci indicated. A control IP was performed without antibody 
(no Ab). (B) Down regulation of H3K9 acetylation at the GAL-10 UAS in gcn5Δ and ReNuΔ strains under inducing (Gal) conditions was quantified using Real-time PCR. Error bars represent 
standard errors and p-values were derived from two-tailed Student t tests. (C). ChIP assays were performed under noninducing (RAF) or inducing (GAL) conditions with antisera against Tra1, 
Ada2, and TBP. Precipitated DNA was amplified by PCR using primers for the GAL-10 UAS.

Data Availability

Data not included within this manuscript are available from the 
corresponding author upon request.

Footnotes

Abbreviations used are: SAGA, Spt-Ada-Gcn5-acetyltransferase; 
TAF, RNA polymerase II Specific TATA-binding protein associated 
factors; ReNu, TAF12 region required for nucleosomal acetylation; 
SLIK, SAGA-like histone acetyltransferase; HAT, histone acetyltranse 
complex; GCN5, general control non-derepressible; PCAF, p300/
CBP-associated factor; ADA, alteration/deficiency in activation; 

SPT, suppressors of Ty transcription; TBP, TATA-binding protein; 
TFTC, TBP-free TAF containing; STAGA, Spt3-TAF31-Gcn5L 
acetyltransferase; SC, synthetic complete media; YPD, yeast extract-
peptone-dextrose media, ChIP, chromatin immunoprecipitation 
assay; PCR, polymerase chain reaction; NTA, Ni2+-nitrilotriacetic 
acid
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