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Spt-Ada-Gcn5 acetyltransferase (SAGA) is a previously described
histone acetyltransferase�transcriptional coactivator complex in
yeast. At promoters of certain genes (HIS3 and TRP3), SAGA has an
inhibitory function involving a nonproductive TATA-binding pro-
tein interaction mediated by the Spt3 and Spt8 subunits. Related to
this, Spt8-less SAGA is a major form of the complex under activat-
ing conditions for these genes. In the present study, we purify this
activation-specific complex, called SALSA (SAGA altered, Spt8 ab-
sent). Besides lacking Spt8, SALSA contains Spt7 subunit that is
truncated. Examining the role of this subunit, we find that C-
terminally truncated SPT7 resulted in derepressed HIS3 transcrip-
tion. Furthermore, when grown in rich media (repressing condi-
tions), wild-type cells yielded predominantly SAGA, but Spt7
C-terminal truncations resulted primarily in a form of complex
similar to SALSA. Thus, SALSA-like structure and activating func-
tion can be partially recapitulated in yeast by truncating the C
terminus of Spt7. Overall, these results lead to a model that for a
subset of promoters SAGA is inhibitory through Spt3, Spt8, and an
Spt8-interacting subdomain of Spt7, whereas SALSA is a form of
complex for positive transcriptional regulation. These data clarify
a mechanism by which a transcriptional regulatory complex can
switch between positive and negative modulation.

Transcription by RNA polymerase II in eukaryotes is highly
regulated and involves various proteins in addition to the

general transcriptional machinery. Coactivator complexes,
which bridge the interaction between activator proteins and the
transcription complex, have been shown to harbor various
regulatory functions (1). Among these are activities, such as
histone acetyltransferases (HATs) (2), that counteract repres-
sive chromatin structure (3). In Saccharomyces cerevisiae, the
HAT complexes NuA4 and SAGA (Spt-Ada-Gcn5 acetyltrans-
ferase) are coactivators that have been specifically implicated in
acetylation and transcriptional regulation in vivo and in vitro
(4–8).

The SAGA complex, which is important for normal growth of
yeast and transcription of various genes, contains several groups
of previously identified transcription-related proteins (4, 9).
Known subunits include the HAT Gcn5 (10), Ada adaptor
proteins (Ada1 through 5; Ada4 is Gcn5) (11), the TATA-
binding protein (TBP)-related subgroup of Spt proteins (Spt3,
Spt7, Spt8, and Spt20, also known as Ada5) (12), a subset of
TBP-associated factors (TafII17, 25, 60, 68, and 90) (13), and the
essential protein Tra1 (14, 15), the yeast homolog of human
coactivator TRRAP. Consistent with its diverse composition,
SAGA is known to have a modular structure and contain several
discrete regulatory functions (9, 16): defined subgroups within
SAGA include Gcn5�Ada2�Ada3 (HAT�adaptor), Spt3�Spt8
(TBP-related function), and Ada1�Spt7�Spt20 (apparently re-
quired for SAGA structural integrity).

The multiple functions within SAGA and their roles in
transcription have been examined experimentally in various
studies. The HAT activity of Gcn5 has been extensively studied
in vitro and in vivo, and in the context of SAGA it is known to
have a positive effect on transcription of certain genes (reviewed
in ref. 2). The activator-binding ability of SAGA [such as through
Tra1 (17)] is another positive function shown to be critical for

activation in transcription assays (5, 18), and recently SAGA was
also demonstrated to have the positive effect of facilitating
transcription complex assembly at GAL1 (7, 8). On the other
hand, components of SAGA have also been shown to mediate an
apparent negative effect on transcription at certain Gcn4-
regulated genes such as HIS3 and TRP3 (19). Specifically,
unscheduled derepression of these genes is promoted in vivo by
mutation of SPT3, SPT8, or the TBP-encoding gene (spt15–21,
a point mutant suppressable by point mutant spt3–401), and
SAGA complexes lacking either Spt3 or Spt8 inhibit TBP
binding to TATA box DNA in vitro (19), suggesting that a
TBP-related repression mechanism is at work in SAGA at these
promoters.

The coexistence of positive and negative regulatory features or
the interconversion between these functions has also been
observed in other complexes involved in transcriptional regula-
tion. For example, TFIID generally supports transcription, and
overall, its Taf subunits act as positive cofactors (20). However,
TAF250 homologs (such as Drosophila TAF230 and yeast
TafII145) have been shown to have a negative, autoinhibitory
effect on TFIID by preventing TBP-TATA interaction (21, 22),
but this may be counteracted by activators or TFIIA, possibly
acting through TAF135 (23). Another example is that human
coactivator PC4 can be converted from a repressive to an active
form in a stepwise process that may involve phosphorylation by
TFIIH and�or TAF250 (24). In addition, yeast or Drosophila
transcription factor NC2 (Dr1-Drap1) can also either activate or
repress transcription, in this case depending on the nature of the
promoter it occupies (25, 26).

The structure and composition of certain regulatory com-
plexes can also vary, influencing regulatory states. For example,
human chromatin-remodeling complexes containing Brg1 can be
purified in at least two different forms, largely similar but
containing or lacking the regulatory protein mSin3A and several
other subunits (27). In addition, the STAGA complex, a human
homolog of SAGA, seems to exist in multiple forms with
different functional moieties (28).

Yeast SAGA is also a modular complex with variable subunit
composition, and these properties may be directly related to its
positive and negative transcriptional effects, mentioned above.
The negative regulation of HIS3 and TRP3 apparently occurs
through nonproductive interaction with TBP, mediated by the
Spt3 and Spt8 subunits. Moreover, there are at least two similar,
but structurally and chromatographically distinct, forms of the
SAGA complex in yeast cells: classically defined SAGA and an
altered form of SAGA lacking Spt8 (19). The prevalence of these
forms shows an interesting correlation with SAGA’s inhibitory
function in that SAGA is predominant in rich media (repressive
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for HIS3 and TRP3), whereas the altered form of SAGA is
predominant under activating conditions for these genes. Be-
cause a major characteristic of this latter complex is lack of the
Spt8 subunit, we therefore name it SALSA, for SAGA altered,
Spt8 absent. In the present study, we purify the SALSA complex
to near homogeneity and further characterize its structural and
apparent functional differences with SAGA. Specifically, the
Spt7 C terminus has a role in Spt8 interaction with SAGA and
may be an important distinguishing feature between SAGA and
activation-specific SALSA.

Materials and Methods
Yeast Strains and Media. For large-scale purification of SAGA and
SALSA, Ada2–2FLAG epitope-tagged strain SB345 (29) was
used. Wild-type strain FY631 and spt7 mutants FY571 (spt7–
217) and FY569 (spt7–223) were provided by the Winston lab
(30) and used for S1 analysis and conventional purification (4)
of complexes. SPT7-deleted strain FY963 was used for pY-SPT7
integrations and subsequent S1 analysis. For SPT7 integrations
followed by anti-FLAG immunoprecipitations, haploid strains
SB345 and SB303 (31) were crossed to create a diploid, which
underwent spt7�::LEU2 knockout (30) and was sporulated and
tetrad-dissected, followed by identification of an spt7� Ada2–
2FLAG-containing haploid. For anti-Myc immunoprecipita-
tions, 13 tandem Myc tags were added to the C-terminal ends of
the SPT3, SPT20, or SPT8 genes in the strain FY1531 (from F.
Winston, Harvard Medical School, Cambridge, MA) by the
method of Longtine et al. (32); URA3-plasmid-borne SPT7 was
removed by growth on 5-fluoro-orotic acid media (33), and SPT7
wild-type or �213C were integrated as described below. Rich
(yeast extract�peptone�dextrose) and synthetic complete media
(34) were used for nonselective and selective growth, respec-
tively, at 30°C.

Plasmids, Sequencing, and S1 Analysis of HIS3 Transcription. To
prepare SPT7 constructs for plasmid integration of spt7� strains,
3.1-kb and 5.2-kb ClaI�MluI fragments of pYES2 (Invitrogen)
and pFW128 (30) were ligated to produce pY-SPT7; a modifi-
cation (35) of the QuikChange mutagenesis method (Strat-
agene) was used to prepare C-terminal truncation constructs of
this plasmid. These were digested with ApaI and transformed
into FY963 for integration at the URA3 locus; for empty-vector
integration (spt7�), NsiI-digested pRS306 (36) was used.

Sequencing of the spt7–217 and spt7–223 mutations was
accomplished by preparing genomic DNA from the FY571 and
FY569 strains and PCR cloning (TOPO-TA cloning kit, Invitro-
gen) SPT7 C-terminal regions into pCR2.1. Analysis of in vivo
HIS3 transcription was carried out as described (19), by hybrid-
ization of 40 �g of total RNA with specific probes.

SAGA and SALSA Purification from Ada2–2FLAG Yeast Strain. The
complexes were purified as illustrated in Fig. 1A, a scheme
adapted from previous methods (4, 19). Yeast strain SB345 was
grown in 60 liters of synthetic complete medium at 30°C to an
optical density (600 nm) of 1.5. Sixty milliliters of Ni2�-NTA
agarose (Qiagen, Chatsworth, CA) was used for initial binding of
whole-cell extract, and eluate was run on an 8-ml Mono Q HR
10�10 column (Amersham Pharmacia). Peak SALSA and SAGA
fractions (monitored by Western blots with antibodies to known
shared subunits) were pooled separately, dialyzed against the
buffer containing 0.1 M NaCl and 40 mM Hepes, pH 7.5, and
loaded onto a Mono S HR 5�5 column, followed by a 10 column
volume, 0.1–0.5 M NaCl linear gradient. Peak fractions were
adjusted to 0.25 M NaCl and incubated with anti-FLAG M2-
Agarose (Sigma) overnight. The resin was extensively washed on
a column, and bound proteins were eluted with FLAG peptide
(Sigma) at 0.2 mg�ml. Samples of SALSA and SAGA were then

run on an SDS�PAGE gradient gel (4–20%; Invitrogen) and
stained with colloidal blue (Coomassie G-250; Invitrogen).

Immunoprecipitation of Complexes and Western Blotting. Extracts of
yeast extract�peptone�dextrose-grown pY-SPT7 integrants of
the spt7� Ada2–2FLAG-tagged strain were immunoprecipitated
with anti-FLAG antibodies and eluted with FLAG peptide as
described (29). Immunoprecipitations of Myc-tagged strains
were performed similarly, but with mouse anti-c-Myc mAb
(9E10; Santa Cruz Biotechnology). A total of 5–20 �l of the
elutions was used for Western blots with SAGA subunit anti-
bodies as described (19). Additional antibodies used in this study
were anti-Ada1 (1:1,000 dilution) from L. Guarente (Massachu-
setts Institute of Technology, Cambridge, MA), anti-Spt7 (1:250)
from F. Winston, and anti-Tra1 (1:1,000) from J. Workman
(Pennsylvania State University, State College, PA). It should be
noted that Saleh et al. (15) previously performed an spt7�-
extract immunoprecipitation experiment analogous to ours and
observed Tra1 in the immunoprecipitate; however, the strain,
epitope tags [hemagglutinin (HA)-Ada2 and Myc-Tra1], and

Fig. 1. Purification and subunit composition of the SALSA and SAGA com-
plexes. (A) Purification scheme for the isolation of SALSA and SAGA from
Ada2–2FLAG cells. IP, immunoprecipitation; cV, column volume. (B) Coomas-
sie-stained gradient gel (SDS�PAGE) run with similar amounts of purified
SALSA and SAGA. Molecular mass markers (kDa) are shown at left. Indicated
at right are subunits identified by size and�or Western blotting. (C) Western
blots of purified SALSA and SAGA with antibodies against various subunits in
the complexes.
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immunoprecipitation conditions (anti-HA antibody, and 150
mM salt instead of 350 mM) differed significantly from ours.

Results
Purification and Subunit Characterization of SALSA. Previously, we
identified an altered form of the SAGA complex predominant
under activating conditions for certain genes [amino acid bio-
synthesis derepression by 3-aminotriazole (3-AT)], and its pri-
mary observed difference with SAGA was lack of the Spt8
subunit and shifted elution from a Mono Q ion exchange column
(19). In the present study, we seek to characterize this altered
complex (SALSA) further. To do this, we prepared an extract
from epitope-tagged Ada2–2FLAG cells grown in synthetic
complete media [shown previously to result in approximately
similar levels of SAGA and SALSA (19)] and purified the two
complexes to near homogeneity by the purification scheme
shown in Fig. 1 A. These purifications resulted in bands mostly
identifiable by size (Fig. 1B) and�or Western blot analysis (Fig.
1C) as known SAGA subunits. A subsequent Superose 6 gel
filtration column of these preparations demonstrated that
SALSA eluted in similar fractions to SAGA, and therefore the
complexes are not discernibly different in size (1.8 MDa) within
the resolution of the column (data not shown).

Besides the presence�absence of Spt8, the most apparent
difference between SAGA and SALSA is the gel mobility of the
Spt7 subunit: it has a significantly smaller apparent size in
SALSA compared with SAGA. Multiple species of Spt7 had
been observed previously (15), although it was not determined
whether the smaller forms of Spt7 were associated with specific
Gcn5-containing complexes. It should be noted that aside from
Spt7, SALSA and SAGA also show differences in a few faint
bands in Fig. 1B (particularly near the mobility of the 116-kDa
marker), but at this point it is unclear whether these are
nonspecific, substoichiometric contaminants, altered species of
other subunits, or unknown subunits unique to the particular
forms of complex.

Transcriptional Effects of SPT7 C-Terminal Truncation Mutants. Be-
cause of initial evidence of the existence of C-terminally pro-
cessed Spt7 in extracts (P.-Y. J. Wu and F. Winston, personal
communication), we investigated the possibility that the faster
gel mobility of Spt7 in SALSA represented a truncation of the
protein. To explore this phenomenon further and determine
whether it was related to our previous observations of Spt3�
Spt8-mediated transcriptional repression, we characterized two
existing C-terminal truncation mutants of SPT7—spt7–217 and
spt7–223. Previous results had shown that both mutants gave
Spt� phenotypes and that the mutant proteins were stable in
extracts (30). Furthermore, spt7–223 was found to have a larger
truncation and more severe phenotype than spt7–217.

To investigate possible transcriptional effects of these trun-
cations and potential relationship with SALSA, gene expression
was tested at the SAGA-dependent HIS3 gene by isolating RNA
from cells under noninducing and inducing conditions (� and �
3-AT) and performing S1 nuclease assays (Fig. 2A). As observed
in ref. 19, wild-type cells show a significant amount of HIS3
transcription (focusing on the �13 start-site band) under induc-
ing conditions (Fig. 2 A, lane 2), but display a low basal level of
transcription under noninducing conditions (Fig. 2 A, lane 1). In
the case of spt7�, transcription is low under both conditions (19)
(Fig. 2 A, lanes 7 and 8). The more dramatic truncation of Spt7,
spt7–223, displays a transcription profile (Fig. 2 A, lanes 5 and 6)
very similar to that of spt7�, suggesting that this mutant has lost
Spt7 function. However, a different profile is observed in the
spt7–217 samples: basal transcription is elevated �3-fold (Fig.
2A, lane 3) compared with wild type (Fig. 2 A, lane 1). This
high-basal effect is a hallmark of spt3�, spt8�, and spt15–21
mutants, which disrupt the TBP-related negative regulation of

SAGA, and the relative values are comparable to those of an
spt8� strain (about 4-fold over wild-type basal) (19). The spt7–
217 results therefore indicate that the C terminus of Spt7 may
also be involved in the same process.

Because the spt7–217 and spt7–223 alleles were not previously
sequenced, we determined where these mutations occurred in
SPT7, revealing the extent of the truncations (Fig. 2B). spt7–217
had a single-base deletion at codon 1120, leading to six out-of-
frame residues followed by a stop codon. The net result is that
the last 213 residues of Spt7 are no longer coded for in the altered
ORF. In spt7–223, a single-base substitution occurred, changing
codon 843 to a stop codon and removing the last 490 residues of
Spt7. Notably, this removed the potential histone fold motif of
Spt7, defined as between residues 975 and 1051 (37).

To map the critical regions of the Spt7 C terminus more
precisely, we prepared a series of truncations of Spt7, deleting
the C terminus at 50-residue intervals (Fig. 3A), and used them
for S1 analysis. Truncations of 50, 100, or 150 residues led to no
discernible effect on HIS3 transcription (Fig. 3B Upper). A
400-residue deletion mutant displayed a profile similar to that of
spt7�, like spt7–223; although this truncation was slightly less
extensive than spt7–223, it did also remove Spt7’s histone-fold
motif. Unlike the smaller deletions, truncations of 200 or 213
residues did give high-basal effects (Fig. 3B Lower). �213C was
designed to recapitulate the spt7–217 mutation (it removes the
same residues, albeit by deletion instead of frameshift), and this

Fig. 2. HIS3 transcriptional analysis and sequencing of spt7 mutants. (A)
(Left) S1 nuclease assays of RNA isolated from wild-type and spt7 mutant
strains under repressing and derepressing conditions (� and � 3-AT). tRNA
was probed as a control for normalization. (Right) The quantitation of basal
transcription (minus 3-AT) from HIS3’s �13 start site, relative to wild type. (B)
(Upper) Sequencing of the spt7–217 and spt7–223 mutant genes. Partial DNA
sequences and predicted protein sequences (amino acids as one-letter codes)
indicate the positions of the mutations (*) and introduction of premature stop
codons. (Lower) A schematic diagram of the truncated proteins and the
number of residues they contain is shown.
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mutant does in fact display the same high-basal profile as
spt7–217, indicating that this effect is specific to Spt7 truncation
and not to anything else in the spt7–217 strain background (for
example, the spt7–217 strain, FY571, contains four additional
auxotrophies compared with the FY963 integrants). In the case
of �200C, the basal transcription level was nearly as high as that
of �213C, suggesting that the region responsible for the high-
basal effect has its C-terminal border between 150 and 200, and
the region may continue beyond 200.

Analysis of SAGA�SALSA Complexes from spt7 Mutants. The above
results suggest a link between Spt7 C-terminal truncation and the

SALSA form of SAGA observed under activated conditions. To
address this directly, we performed chromatographic prepara-
tions of HAT complexes (4) from yeast extract�peptone�
dextrose-grown (noninducing conditions) wild-type and spt7–
217 strains and analyzed the resulting Mono Q fractions for
SAGA and SALSA (Fig. 4). The wild-type fractions displayed a
typical profile for this strain: abundant SAGA in fractions 38–39
and a very small amount of SALSA about seven fractions earlier.
spt7–217, however, led to a dramatically shifted profile with the
predominant form of Spt-Ada complex now eluting at or near the
SALSA position. SAGA was still present (Fig. 4, lanes 38 and
39), albeit at a significantly reduced level.

The original chromatographic study of SAGA (4) suggested
that SPT7 deletion causes disruption of the complex, but it did
not explore the issue of possible partial complexes in spt7
deletion or truncation mutant extracts. To investigate this, we
immunoprecipitated Ada2–2FLAG-containing complexes
(which should include at least SAGA, SALSA, and the non-Spt-
containing complex ADA) (4, 38) from extracts of cells with
wild-type, �213C, or �400C Spt7 or with SPT7 deleted, and
characterized them by Western analysis (Fig. 5A). In the case of
Spt7�213C, all tested SAGA subunits were present with the
exception of Spt8, again supporting the structural and functional
relationship between the Spt7 C terminus and the participation
of Spt8 in the complexes. This is further supported by an
alternative set of immunoprecipitations (Fig. 5B), where SAGA�
SALSA could be pulled down by Spt8 in the presence of wild
type (Fig. 5B, lane 4) but not �213C Spt7 (Fig. 5B, lane 5),
demonstrating that Spt8 is disconnected from the complex in the
truncation mutant, even in rich media. However, because the
conventional purification from spt7–217 did show some Spt8-
containing SAGA (Fig. 4), Spt8 may have a weak interaction
with SAGA in that mutant.

To verify that the spt7�213C mutant does in fact approximate
the state of Spt7 in SALSA, we performed a direct size com-
parison of mutant-derived Spt7 with Spt7 from purified wild-
type SALSA. As shown in Fig. 5C, the truncation mutant does
lead to an Spt7 species very similar in apparent size to naturally
processed Spt7 in SALSA, but the migration of the mutant
protein is slightly faster, indicating that the normal processing

Fig. 3. HIS3 transcriptional analysis of Spt7 C-terminal truncation mutant
series. (A) Diagram of truncation mutations prepared in pY-SPT7 plasmid and
integrated into spt7� strain FY963. (B) (Upper) S1 nuclease assays of RNA
isolated from wild-type and spt7 mutant strains under repressing and dere-
pressing conditions (� and � 3-AT). Lanes at right in the lower panel show
direct comparison of �13 basal transcription (minus 3-AT) for repeated
samples of wild type, �213C, and spt7–217. (Lower) Quantitation of basal tran-
scription relative to wild type. tRNA was probed as a control for normalization.

Fig. 4. Subunit analysis of conventionally purified complexes from wild-type
and spt7–217 cells grown in rich media. Western blots of three Spt subunits
show the relative amounts of the Spt�Ada complexes and the Mono Q
fractions in which they elute. In the case of the earlier-eluting species from
spt7–217, it is unclear whether it is SALSA itself, or a mutant-specific, Spt8-less
derivative of SAGA, or a mixture of both.
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site is slightly downstream of the mutant’s truncation point.
These results are therefore consistent with the mapping of the
transcriptional effect, where a 150-residue truncation had no
effect, whereas a 200-residue truncation gave a result similar to
that of �213C (Fig. 3B).

In the case of loss of Spt7 or its histone fold (�400C),
SAGA�SALSA was disrupted, resulting in an adaptor complex
containing just Ada2, Ada3, Gcn5, and Spt20�Ada5 (Fig. 5A).
Thus, as suggested previously, Spt7 is critical for integrity of the
complexes. It may be significant that loss of the Spt7 histone fold
correlates with complex disruption, because several other his-
tone fold proteins are contained in SAGA–Ada1, Spt3, and Tafs
17, 25, 60, and 68. One possibility is that loss of a potential
histone octamer-like structure (37) could contribute to disrup-
tion of the complex. The data in Fig. 5A also point to a potentially
integral relationship between Spt20�Ada5 and the adaptor�
HAT module, as demonstrated by its apparent stable association
with these subunits even in the absence of the rest of the
complex. Spt7, on the other hand, seems to have a closer
functional relationship through its C terminus to Spt3�Spt8, and
a structural relationship with the TafIIs, Ada1, and Tra1 through
Spt7’s histone fold.

Discussion
In yeast, many highly inducible promoters are primed to be
rapidly activated. Although the level of DNA-bound activators
generally rises after induction, there is activator present at many
promoters even in the repressed state. In addition, many coac-

tivators are present constitutively in the nucleus. The paradox of
needing rapid induction but at the same time preventing asso-
ciation with coactivators at repressed promoters has been solved
by negative regulation inherent at many promoters. One mech-
anism is direct blockage of an activation domain, such as Gal80
for the activator Gal4 (39). A related mechanism is illustrated by
Pho80 binding to the Pho4 activator, at a region distinct from the
activation domain and inhibitory to activation (40). A different
mechanism is to build negative regulation into coactivator
complexes to prevent their activity, such as the TFIID complex’s
reversible inhibition of TBP-TATA interaction, described above.

We have identified a second example of this latter strategy,
within the yeast SAGA complex. Our data indicate that Spt7 and
Spt8 within SAGA participate in negative regulation at the HIS3
promoter. Under derepressing conditions, Spt7 within SAGA is
processed (perhaps by proteolysis), and Spt8 is not associated,
resulting in SALSA, an apparent activated form of the complex.
That SALSA’s Spt7 is C-terminally truncated is supported by a
very recent study that examined Spt7 with epitope tags at both
ends and demonstrated that the form that copurifies with
SALSA lacks the C-terminal tag, but not the N-terminal tag (41).
So far, it is unclear whether processing of the Spt7 C terminus
is a cause or effect of Spt8 loss from the SAGA complex.
However, it is clear that a SALSA-like complex and a partial
activated state of transcription in cells can be recapitulated in
repressing conditions by truncating the Spt7 C terminus. At the
molecular level, one obvious possibility is that the C-terminal
end of Spt7 may act as part of a docking site for Spt8 to maintain
negative regulation of SAGA during gene repression, whereas
the rest of the protein, including the histone fold motif, has a
more integral function in holding modules of SAGA�SALSA
together.

A recent study from Wu and Winston (41) characterized Spt7
C-terminal interaction with Spt8 and mapped Spt7’s processing
site (via an unprocessable, internal-deletion mutant), and these
results agree well with ours. Their unprocessable Spt7 construct
resulted in reduced amounts of SALSA and little effect on
HIS3�TRP3 activation, interpreted as evidence of a subtle
transcriptional role for SALSA. However, their spt7� strain also
had only minor HIS3�TRP3 transcriptional effects compared
with our observations. Thus, further investigation will be re-
quired to reconcile the different results and conclusions of these
studies.

Recently, a human homolog of Spt7 has been described (28).
The gene product is a component of STAGA, a human coun-
terpart of yeast SAGA�SALSA, but encompasses just the C-
terminal third of yeast Spt7, including the histone fold and
putative Spt8-interacting region, suggesting that the C-terminal
functional regions described above may be conserved through-
out the eukaryotes. Although no human homolog of Spt8 (or
Spt20) has yet been identified, STAGA’s subunit composition
and function remain to be fully characterized.

Overall, four yeast proteins have been implicated in SAGA-
mediated negative regulation of HIS3—Spt3, Spt7, Spt8, and
TBP (Spt15)—and mutation of their genes can lead to high-basal
effects on transcription (ref. 19 and present study). However, it
should be noted that transcription is only partially derepressed
by engineered truncation of Spt7 or loss of Spt8, whereas dis-
ruption of Spt3, also centrally involved in the inhibitory mech-
anism, derepresses more fully (19). Therefore, we hypothesize
that Spt3 is likely also to be altered in SALSA (perhaps by
covalent modification) to contribute to activating function,
although this is not yet apparent in the subunit analysis.

It is important to note that the relationship between SALSA
and activated transcription has been studied here primarily just
in the context of HIS3 and repression�derepression of amino
acid biosynthetic genes. So far, only HIS3, and by extension
TRP3, have been identified as having Spt7�Spt8-mediated re-

Fig. 5. Subunit analysis of immunoprecipitated complexes from rich-media
extracts of spt7 mutants. (A) Western blots of immunoprecipitated Ada2–
2FLAG complexes (should include ADA, SAGA, and SALSA) showing various
Ada, Spt, and Taf subunits and Tra1 recovered from the indicated strains. (B)
Western blots of immunoprecipitated complexes from extracts of strains with
Myc-tagged SAGA components as indicated. As shown, one strain had C-
terminally truncated Spt7�213C in combination with Spt8–13Myc, whereas
the others had wild-type Spt7. (C) Size comparison of truncated Spt7�213C
with naturally processed Spt7 in SALSA. Purified SALSA and SAGA (side lanes)
from Fig. 1 were run alongside Ada2–2FLAG-immunoprecipitated �213C and
wild-type samples (center lanes) on a 6% SDS�PAGE gel, Western blotted, and
visualized with anti-Spt7 antibodies. The migrations of molecular size markers
are indicated at left.
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pression, but potentially, any genes up-regulated by loss of Spt8
or C-terminal truncation of Spt7 may be candidates for this
scheme of negative regulation. For example, these may include
Swi5-dependent genes such as HO and PCL2, shown by S1
analysis to have heightened expression in spt3� or spt8� mutants
(ref. 42 and D. Stillman, personal communication).

In actuality, the expression of many inducible yeast genes
depends on Spt�Ada complexes, but different subsets of pro-
moters seem to be regulated in different ways by them, so the
question remains as to how these modes are reconciled in the
cell. In cases such as GAL1–10 or PHO5, the complex may act
simply as a coactivator, linking an activator with the transcrip-
tional machinery. At GAL1–10, the HAT activity of Gcn5 is not
required, and the Spt3 moiety (inhibitory in the case of HIS3�
TRP3) interacts with TBP to positively, instead of negatively,
affect transcription (43). Thus, SAGA may be the functional
form of the complex at some promoters (7, 8), but at others (such
as HIS3) the altered form SALSA is used for activation. The
basis for this selectivity is unknown. One possible determinant
(like for NC2) is the nature of the promoter: the sequence,
position, or environment of the TATA box might dictate a
productive or nonproductive interaction between TBP and
SAGA. Another possibility is that there is yet another mode or
level of regulation that has yet to be described, such as an
unknown Spt3 modification, as mentioned above.

Alternatively, SALSA may be the active form at many Spt�
Ada-complex-regulated promoters, but perhaps certain promot-

ers are not subject to SAGA-mediated repression because they
are negatively regulated by other, epistatic means (e.g., the
inhibitor Gal80 at GAL1–10). It may be that many or most
SAGA�SALSA-dependent genes (based on known examples
such as HIS3, TRP3, GAL1, and PHO5) are inducible, and their
standard state, absent of extreme conditions in the cell, is
repression (hence the predominance of SAGA over SALSA in
rich media). One way this model may be tested is to examine
levels of SALSA versus SAGA from cells under inducing
conditions other than 3-AT for various known genes (for exam-
ple, low phosphate media for PHO5 or galactose media for
GAL1–10), to see whether the SAGA�SALSA equilibrium
changes in response to which form is needed at these promoters.
Although much remains to be learned about transcriptional
regulation by coactivator complexes such as SALSA and SAGA,
it is clear that the flexibility offered by the multiple levels of their
control is an important aspect of gene regulation.
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