
Activator Gcn4 Employs Multiple Segments of Med15/Gal11,
Including the KIX Domain, to Recruit Mediator to Target
Genes in Vivo*□S �

Received for publication, October 1, 2009, and in revised form, November 10, 2009 Published, JBC Papers in Press, November 23, 2009, DOI 10.1074/jbc.M109.071589

Iness Jedidi‡, Fan Zhang‡, Hongfang Qiu‡, Stephen J. Stahl§, Ira Palmer§, Joshua D. Kaufman§, Philippe S. Nadaud¶,
Sujoy Mukherjee¶, Paul T. Wingfield§, Christopher P. Jaroniec¶1, and Alan G. Hinnebusch‡2

From the ‡Laboratory of Gene Regulation and Development, Eunice Kennedy Shriver National Institute of Child Health and Human
Development, and the §Protein Expression Laboratory, NIAMS, National Institutes of Health, Bethesda, Maryland 20892 and the
¶Department of Chemistry, The Ohio State University, Columbus, Ohio 43210

Mediator is a multisubunit coactivator required for initiation
by RNA polymerase II. The Mediator tail subdomain, contain-
ing Med15/Gal11, is a target of the activator Gcn4 in vivo, criti-
cal for recruitment of native Mediator or the Mediator tail sub-
domain present in sin4� cells. Although several Gal11 segments
were previously shown to bind Gcn4 in vitro, the importance of
these interactions for recruitment of Mediator and transcrip-
tional activation by Gcn4 in cells was unknown. We show that
interaction of Gcn4 with the Mediator tail in vitro and recruit-
ment of this subcomplex and intact Mediator to the ARG1 pro-
moter in vivo involve additive contributions from threedifferent
segments in the N terminus of Gal11. These include the KIX
domain,which is a critical target of other activators, and a region
that shares a conserved motif (B-box) with mammalian coacti-
vator SRC-1, and we establish that B-box is a critical determi-
nant ofMediator recruitment byGcn4.We further demonstrate
that Gcn4 binds to the Gal11 KIX domain directly and, by NMR
chemical shift analysis combined with mutational studies, we
identify the likely binding site forGcn4on theKIX surface.Gcn4
is distinctive in relying on comparable contributions frommul-
tiple segments of Gal11 for efficient recruitment of Mediator
in vivo.

The Mediator complex is an important coactivator for RNA
polymerase II (pol II),3 comprised of more than 20 different
subunits (1). It is found associated with pol II in a holoenzyme
(2–5) but also exists free of pol II (6), and it can be recruited by

transcriptional activators to upstream activation sequences
(UASs) independently of pol II (7–12).Mediator promotes both
basal and activated transcription in vitro (13) and is critical for
transcription of most genes in vivo (14). It stimulates preinitia-
tion complex assembly at promoters in vivo by facilitating
recruitment of chromatin-modifying complexes (11, 12, 15,
16), TATA-binding protein, and pol II (12, 17–19). Mediator
interacts with transcription factors TFIIE and TFIIH and the
C-terminal domain (CTD) of pol II, and it stimulates CTD
phosphorylation by the Kin28 subunit of TFIIH (3).
Mediator can be divided into three modules based on results

obtained from structural, biochemical, and genetic analyses
(20–23). The “head” consists of eight subunits and can interact
with the pol II CTD, TFIIB, and TATA-binding protein and
supports basal, but not activated, transcription in vitro (24),
although there is evidence implicating head subunits Med17/
Srb4 and Med20/Srb2 in Mediator recruitment by activators
Gal4 (25) and Gcn4 (26). The head domain makes multiple
contacts with pol II in holoenzyme (20, 27), but the reconsti-
tuted head requires TFIIF to form a tight complex with pol II in
vitro (13). The middle domain also appears to contact pol II in
holoenzyme (27).
TheMediator tail makes limited contacts with pol II (27) and

appears to be the principal target of activators. The tail consists
of Med15/Gal11, Med16/Sin4, Med2, Med3/Pgd1/Hrs1, and
Med5/Nut1, none of which is essential in vivo (21, 28), and is
tethered to themiddle domain via theMed14/Rgr1-CTD.Dele-
tion of Med16/Sin4 leads to loss of the remaining tail subunits
from Mediator (20, 29, 30), and the released subcomplex con-
taining Gal11, Med2, and Pgd1 is stable in cell extracts, capable
of binding Gcn4 in vitro, and recruited independently of head
subunits by Gcn4 to target genes in vivo (26).

Consistent with these in vivo findings, purified mutant
holoenzymes lacking Gal11, Pgd1, or Med2 are impaired for
transcriptional activation by Gal4, VP16, and Gcn4 and fail to
bind these activators in vitro (4, 31). Interestingly, Gal11 was
the only Mediator subunit that photo-cross-linked to Gcn4 or
Gal4 in preinitiation complexes reconstituted with these acti-
vators in vitro (32). Park et al. (31) showed that several non-
overlapping segments of recombinantGal11 can bind in vitro to
Gal4 or Gcn4 and that deletions of the Gal4-binding segments
impaired transcriptional activation by Gal4. However, it was
not determined whether the Gal11 segments that bind Gcn4 in
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vitro are important for transcriptional activation or recruit-
ment of Mediator by Gcn4 in vivo. Thus, the physiological rel-
evance of these Gcn4-binding domains in Gal11 was unclear
(31).
Interestingly, an N-terminal Gal11 segment (amino acids

(aa) 116–255), shown previously to bind Gal4, Gcn4, and the
VP16 activation domain in vitro (31), likewise binds a portion of
the activation domain of mammalian glucocorticoid receptor
(GR) dubbed �1c. Indeed, Gal11 was the sole Mediator subunit
that cross-linked to �1c in vitro. A sequencemotif (B-box) in the
aa interval 116–255 of Gal11 is conserved in mammalian coac-
tivator SRC-1 and crucial for the function ofGal11 in transcrip-
tional activation by �1c in yeast. Several regions in Gal11 are
additionally required to support the function of an activation
domain from the mammalian androgen receptor in yeast (33).
Surprisingly, a different region of Gal11 is the key target

of yeast activators Pdr1 and Oaf1. The solution structures of
the extreme N-terminal regions of Gal11 and its mammalian
homolog (ARC105) are similar to the activator-binding
“KIX” domain of mammalian coactivator CREB-binding
protein/p300 (34, 35). The ARC105 and Gal11 KIX domains
interact in vitro with the activation domains of mammalian
sterol regulatory element-binding protein and yeast Pdr1,
although the KIX surfaces differ somewhat for these interac-
tions. Deletion of only the KIX domain of Gal11 nearly abol-
ishes transcriptional activation by Pdr1 and is predicted to
impair Mediator recruitment by Pdr1 in vivo. Similar findings
were reported for yeast activator Oaf1 (34–36). It is striking
that the KIX domain is crucial for activation by Pdr1 and Oaf1
but dispensable for the Gal4 activation domain in a lexA fusion
(37) andmakes only a small contribution to activation by native
Gal4. Moreover, it was reported that neither Gal4, Gcn4, nor
VP16 bound stably to the Gal11 KIX domain in vitro (31).
In this study, we sought to define the domains in Gal11

required for recruitment of Mediator by Gcn4 in living cells.
Our results indicate that Gcn4 uses a combination of at least
three non-contiguous segments in the N-terminal approxi-
mately one-third ofGal11, including theKIXdomain, to recruit
Mediator in vivo. We show that eliminating the KIX domain in
combination with one of the other Gcn4-binding regions in
Gal11 is required to evoke strong reductions inGcn4 binding to
Mediator tail subcomplex in extracts, in recruitment of the tail
subcomplex (or intact Mediator) in vivo, and in transcriptional
activation by Gcn4. We also provide evidence that Gcn4 can
bind directly to the KIX domain and identify the likely binding
surface for Gcn4 by NMR and mutational analysis. Thus, in
contrast to certain other activators that primarily target a single
region in Gal11, Gcn4 employs a highly redundant set of inter-
actions with different regions of Gal11 for efficient Mediator
recruitment in vivo.

EXPERIMENTAL PROCEDURES

Yeast Strain Constructions—All strains used in this study are
listed in Table 1. Strain HQY1037 was generated from
gal11�::kanMX4 strain 1742 by a two-step gene replacement of
ARG1with PARG1-HIS3, creating the arg1-�::PARG1-HIS3 allele
in which the ARG1 ORF is replaced by a fusion between the
N-terminal 62 codons ofARG1 and the entireHIS3ORF, using

integrative URA3 plasmid pHQ1459 digested at the unique
Eco47III site upstream of ARG1. Strain IJY1 was constructed
from HQY1037 using the gcn4�::hisG plasmid pHQ1240 as
described previously (38). IJY2 was constructed from HQY1037
using the trp1�::hisG disruption plasmid pNKY1009 (39).
sin4�:LEU2 strains IJY5, IJY6, and IJY7 were constructed from
HQY1037, IJY3, and IJY4, respectively, by transforming with a
PCR fragment containing the sin4�::LEU2 allele amplified
from LEU2 vector YCplac111 (40) using primers 5�-AAGAA-
GTATAATTTCATTTCAAAAATAAGGTCCAAAGAAAA-
GAAACTAGCAGACCTGACCTTCTGTTGGTAAATATT-
AGTTTAACTGTGGGAATACTCAGGT-3� and 5�-ACT-
GTCACTCTCATTTCTTTTTATTAAGTCGAGAAGTGA-
AATGTTTAAAACAATTCTATACAAAACTATGCTATA-
GTACTAATAATCTACCCTATGAACATATTCCATT-3�.

All gene replacements were confirmed by PCR analysis of
chromosomal DNAusing the appropriate primers. Strains IJY3
and IJY4 were generated from IJY2 using the appropriate PCR
fragments containing the HA3::TRP1 cassette amplified from
pFA6a-3HA-TRP1 (41)with primers 5�-TAAATGATTTCAA-
CGACCTTAATATTGACTGGTCGACCACTGGAGATAA-
TGGCGAATTAGACCTCAGCGGCTTCAATATACGGAT-
CCCCGGGTTAATTAA-3� and 5�-TCATATATATACCAA-
TTAAATTCACGTAGCGAATGCACAACACGGTTTACA-
AGTCAATAGTTAACAATAGGAAGACCAAGGAATTCG-
AGCTCGTTTAAAC-3� forMED2, and with primers 5�-ACA-
TGAATAACGGGGGGAAAGAACTGGATTCTCTAGAC-
CTGAACAATCTGGAATTAGGTGGTCTGAACATGGAT-
TTCTTGCGGATCCCCGGGTTAATTAA-3� and 5�-AGCC-
TTTCGGGTAATAAGGTATAAAGAATAGAAGATTAT-
ACAGATAATTACTATCTTGGATACATAGATGCACC-
AGGAATTCGAGCTCGTTTAAAC-3� for PGD1. The
insertions were confirmed by PCR analysis of chromosomal
DNA and Western blot analysis of whole-cell extracts
(WCEs) using anti-HA antibodies.
Plasmid Constructions—Plasmid pHQ1459 was constructed

in two steps. First, an EcoRI-BamHI PCR fragment containing

TABLE 1
Yeast strains used in this study
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734 bp of 5�-non-coding DNA and the first 62 codons of ARG1
was amplified using primers 1094 (5�-CGCGAATTCTTTCC-
TGTTGCCTCTTTTTC-3�) and 1095 (5�-CGGGGATCCAC-
ACAAACGAACTTGCA-3�). A second, BamHI-XbaI PCR
fragment containing 737 bp of ARG1 3�-non-coding sequences
was amplified using primers 1100 (5�-CGGGGATCCCGC-
GAGCTCTAAGTCCGCTAGTTCATCGC-3�) and 1097 (5�-
CGCTCTAGATGTGAATTCATGGTTAACG-3�). Both frag-
ments were inserted between the EcoRI/XbaI sites of YIplac211
(40) to produce pHQ1457. A BamHI-EcoRV PCR fragment
containing the entire HIS3 ORF was amplified using primers

1098 (5�-CGCGGATCCCATGACAGAGCAGAAAGCCCT-
3�) and 1099 (5�-CGCGATATCACATAAGAACACCTTTG-
GTGG-3�) and between the BamHI/Ecl136II sites of pHQ1457
to produce pHQ1459.
Plasmids containing GAL11 deletion alleles are listed in

Table 2 along with the primers used in constructing them by
PCR fusion. All such deletions except �9 to �12 were con-
structed using as template the single copy URA3 plasmid
pMJS15, containing wild-type myc-GAL11 with the native
GAL11 promoter and ADH1 transcription terminator. For �9
to �12, the template was a derivative of pMJS15, pIJB25, with

TABLE 2
Plasmids containing GAL11 deletion alleles and primers used in their construction by fusion PCR mutagenesis
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the NsiI site in URA3 eliminated to render the NsiI site in
GAL11 unique. In the first stage of PCR fusion, two fragments
were amplified with the primer pairs 1 and 2 and 3 and 4,
respectively, listed in Table 2. These fragments were then used
in 1:1 ratio as templates for a second amplification using primer
pairs 1 and 4. For�1 to�3, the resulting fragments were cloned
between the Asp-718 and PflMI sites of pMJS15; for �4 to �8,
they were cloned between the BsaAI and PflMI sites of pMJS15;
for �9 to �12, they were cloned between the BsaAI and NsiI
sites of pMJS15; for �13 to �17, they were cloned between the
PflMI and BamHI sites of pMJS15; and for �18, they were
cloned between the PflMI and SalI sites of pMJS15. For all single
deletions, the BspEI restriction site (encoding Ser-Gly) was
inserted at the deletion junction. Alleles containing combina-
tions of deletions were constructed as follows, and the primer
pairs used are listed in Table 2. pIJB19, containing �1�2, was
generated by PCR fusion using pMJS15 as template, inserting a
BspEI site at the �1�2 deletion junction, and the resulting PCR
fragment was cloned between the Asp-718 and PflMI sites of
pMJS15. pIJB20 (�1�2�5) was generated by PCR fusion using
pIJB19 (�1�2) as template, inserting an AgeI restriction site
(encoding Thr-Gly) at the �5 deletion junction; the final PCR
fragment was cloned between the Asp-718 and PflMI sites of
pMJS15. pIJB21 (�1�2�8) was generated by PCR fusion using
pIJB19 as template and inserting an AgeI site at the �8 deletion
junction. The final PCR fragment was cloned between the Asp-
718 and PflMI sites of pMJS15. pIJB22 (�1�2�14) was gener-
ated by PCR fusion using pIJB14 as template and inserting an
BspEI site at the �1�2 deletion junction. The final PCR frag-
ment was cloned between the Asp-718 and PflMI sites of
pIJB14. pIJB23 (�5�8) was generated byPCR fusionusing pIJB8
as the template and inserting an AgeI site at the �5 deletion

junction. The final PCR fragment was cloned between Asp-718
and PflMI sites of pMJS15. pIJB24 (�8�14) was generated using
pIJB14 as the template and inserting a BspEI site at the �8
deletion junction. The PCR fragment was cloned between
BsaAI and PflMI sites of pIJB14. The subcloned fragments of all
deletion constructs were confirmed by DNA sequencing.
Plasmids p4913 and p4914, harboring the B-box mutation

WQV, were constructed by PCR fusion using pMJS15 (wild type
(WT)) or pIJB19 (�1�2) as templates, respectively, and the
following four primers: FZP277, 5�-GAATTCGAGCTCGGT-
ACCCAAC-3�; FZP278, 5�-ACATCCTTTGCAGTAGGTGT-
CAAC-3�; FZP279, 5�-AACATTCCACCCAATATCAACA-
CCGCTCAGGCTGCTACTGCTTTGGCTCAACAAAAG-
CTA-3�; FZP280, 5�-TAGCTTTTGTTGAGCCAAAGCAGT-
AGCAGCCTGAGCGGTGTTGATATTGGGTGGAATGTT-
3�. The final PCR fragments were inserted between the KpnI
and PflMI sites of pMJS15.
Plasmid pHQ1857 harboring theAla6 substitution in theKIX

domain was constructed as follows. Two PCR fragments were
amplified from genomic DNA with the following pairs of
primers 1617/1618 and 1619/1620: primer 1617, 5�-GAGCTC-
GGTACCCAACGGAGCATCAAACATGAC-3�; primer 1618,
5�-CAGCGTCTGCAGCCCCTCCGTTCAGAGTGGCAAT-
GTCCGCGAGCACCTGAAGCAACCCGT-3�; primer 1619,
5�-GAGGGGCTGCAGACGCTGCTGCTAAGATAAGAAT-
TCATGCCAAAA-3�; and primer 1620, 5�-CCTCGTATTGT-
ACGTGTTGCG-3�. The fragment obtained with primers
1617/1618 was digested with Asp-718 and PstI to produce a
fragment containing 695 bp of 5�-non-coding region and
codons 1–39 of GAL11 with mutations that substitute Ala
codons for Met-29, Asn-32, Ser-38, and Ser-39. The fragment
obtained with primers 1619/1620 was cut with PstI and BsaAI

TABLE 2—continued
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to produce a fragment containing codons 38–81 with Ala sub-
stitutions of Ser-38, Ser-39, Thr-41, and Asp-43, with the S38A
andS39A substitutions creating a unique PstI site. The two final
fragments were ligated with the Asp-718-BsaAI fragment from
pMJS15 to produce pHQ1857. pHQ1858, harboring the Ala4
substitution, was constructed as pHQ1857 except that the PCR
fragments do not encode theN32A andT41A substitutions and
were made using primer 1621 (5�-CAGTGTCTGCAGCCCC-
TCCGTTCAGAGTGTTAATGTCCGCGAGCACCTGAAG-
CAACCCGT-3�) instead of 1618 and primer 1622 (5�-GAGG-
GGCTGCAGACACTGCTGCTAAGATAAGAATTCATGC-
CAAAA-3�) instead of 1619.

Plasmids used for in vitro translation of Gal11 polypep-
tides are listed in Table 3 with the primers used in construct-
ing them. All of the PCR fragments amplified using the indi-
cated primers were cloned between the XhoI and XbaI sites
of pTNT (Promega).
The primers in Table 4 were used to construct the plasmids

for expression in Escherichia coli of theGal11 KIX domain (res-
idues 2–100), full-lengthGcn4, andGcn4 activation domain (aa
2–151), with each protein containing an N-terminal His6 tag
and a TEV protease cleavage site (ENLYFQS). The resulting
PCR products were cloned between the NdeI and XhoI sites of
pET-28a (Novagen). Plasmid p4915 containing the UASGCRE-
CYC1-lacZ reporter in a LEU2 episome was constructed from
URA3 plasmid pHYC(14X2) (42) using the marker-swap plas-
mid pUL9 (43) digested with SmaI.
Biochemical Methods—For Western blot analysis of Myc-

Gal11 expression, yeast strains were grown at 30 °C to an opti-
cal density at 600 nm (A600) of 0.6 in synthetic complete
medium (SC) lacking uracil (SC-URA) and treated with sulfo-
meturon methyl at 0.6 �g/ml for 30 min to inhibit biosynthesis
of isoleucine and valine and induceGcn4.WCEswere extracted
by the trichloroacetic acid method described previously (44)
and subjected toWestern blot analysis using the following anti-
bodies: anti-Myc (Roche Applied Science), anti-Gcn4 (45), and
anti-Gcd6 (46).

GST pulldown assays using yeast WCEs were performed as
described previously (26) using bacterial extracts containing
GST alone, encoded by p2645 (a modification of pGEX-5x-3,
Amersham Biosciences), or GST fusions containing full-length
wild-type Gcn4 (GST-GCN4) or themutant fusion with 10 ala-
nine substitutions in the Gcn4 activation domain (GST-Gcn4-
Ala10), encoded by p2865 and p2867, respectively (47). Coim-
munoprecipitation analysis with yeastWCEs was conducted as
described previously (26) using anti-Myc or anti-HA antibodies
conjugated to agarose (Santa Cruz Biotechnology) for the
immunoprecipitations. Western blot analysis of immune com-
plexes or fractions bound to immobilized GST proteins was
carried out using the following antibodies: anti-Myc (Roche
Applied Science), anti-HA (Santa Cruz Biotechnology), anti-
Med1 (48), anti-Srb5 (49), anti-Srb7 (50), anti-Srb4 (50), anti-
Sin4 (51), anti-Snf6 (provided by Joseph Reese), anti-Spt3 (pro-
vided by Fred Winston), and anti-Rpb3 (Neoclone). For GST
pulldown assays of recombinant Gal11 fragments, [35S]Gal11
fragments were synthesized in vitro using TNTTM quick-cou-
pled in vitro transcription/translation kits (Promega) and tested
for binding to the same GST, GST-GCN4, or GST-Gcn4-Ala10
proteins described above (26). Assays of UASGCRE-CYC1-lacZ
reporter expression were conducted as described previously
(52) except using LEU2 reporter plasmid p4915.
For chromatin immunoprecipitation (ChIP) experiments,

100-ml cultures were grown in SC-URA to A600 of �0.6, and
sulfometuronmethylwas added to 1�g/ml for 30min to induce
Gcn4. Cultures were immediately fixed with formaldehyde for
20min at ambient temperature and quenchedwith glycine. Cell
pellets were sonicated to produce DNA fragments of �500 bp,
and clarified extracts were used for ChIP experiments as
described previously (53), using the anti-Myc and anti-Rpb3
antibodies described above and the primers listed in Table 5.
For each primer set employed, we optimized the conditions for
PCR analysis to ensure that the amounts of amplified 33P-la-
beled products being generated are proportional to the
amounts of input DNA over the range of concentrations of
ARG1 and POL1 sequences present in samples of total or
immunoprecipitated chromatin.
Gal11 KIX and Gcn4 Expression and Purification for NMR

Studies—Expression in E. coli of isotopically labeled proteins
(13C,15N and 2H,15N) was performed as described previously
(54). After cell breakage, the His6-tagged fusion proteins were
mostly in the soluble cell fraction, but varying amounts of dena-
turants were included during purification to prevent nonspe-
cific protein interactions with host proteins.
For Gal11 KIX purification, cells were resuspended in 50mM

HEPES (pH 7.5) containing 4 M urea and protease inhibitor
mixture (Roche Applied Science), lysed with a French press

TABLE 3
Plasmids for in vitro translation of Gal11 fragments and primers used
in their construction

TABLE 4
Plasmids expressing Gal11 KIX and Gen4 polypeptides in E. coli and
primers used in their construction

TABLE 5
Primers used for ChIP analysis
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(Thermo Scientific), and centrifuged at 25,000 � g for 2 h. The
supernatant was loaded on a nickel-Sepharose Fast Flow col-
umn (GE Healthcare), washed with 20 mM imidazole, and
eluted with 0.5 M imidazole. Pooled fractions were concen-
trated and applied to a Superdex 200 column (GE Healthcare)
equilibrated with 50 mM Tris-HCl (pH 7.5) containing 3 M urea
and 3Mguanidine-HCl, and eluted fractions containing theKIX
polypeptide were pooled.
For purification of Gcn4 and the Gcn4 activation domain,

cells in 20 mM HEPES (pH 7.5) were lysed using a French press
and sonication. The lysate was centrifuged for 25,000 � g for
1 h. The pellet was washed with lysis buffer and extracted with
10 mM HEPES (pH 7.5) containing 4 M guanidine-HCl. The
solution was clarified by centrifugation at 100,000 � g for 1 h
using a Ti45 rotor (Beckman Coulter). The supernatant was
applied to a nickel-Sepharose Fast Flow column equilibrated in
10 mM HEPES (pH 7.4), 4 M guanidine-HCl. The column was
washed with buffer plus 8 mM imidazole, and then a gradient of
40–400 mM imidazole was applied. Gcn4/Gcn4 activation
domain-containing fractions were pooled and applied batch-
wise (10ml) to a SOURCE15RPC (GEHealthcare) column (1�
10 cm), and the protein was eluted using a gradient of 10–55%
acetonitrile in 0.1% trifluoroacetic acid.
For protein folding and His6 tag removal, proteins (0.5–1.0

mg/ml) were folded by sequential dialysis against 20 mM

sodium phosphate (pH 6.8), 30mMNaCl (dialysis buffer) plus 4
M urea, dialysis buffer plus 2 M urea, and dialysis buffer with no
urea. The recovery of folded proteinswas greater than 95%. The
N-terminal 26-residue sequence containing the His6 tag was
removed by TEV protease digestion (AcTEV, Invitrogen). The
proteins (0.25–1.0 mg/ml) in 50 mM Tris-HCl (pH 8.0), con-
taining 5mMdithiothreitolwere digestedwithTEV (1:100w/w)
overnight at 4 °C followed by dialysis against 20 mM sodium
phosphate, pH 6.8, 30 mM NaCl. Undigested protein was
removed by adding 1 ml of nickel-Sepharose, and the resin was
removed by centrifugation at 4,000 � g for 5 min and filtration
through a 0.2-�m filter.

The identity and purity (�95%) of proteins were confirmed
by SDS-PAGE andmass spectrometry. Concentrations of puri-
fied proteins were determined by absorbance at 280 nm using
calculated molar absorbance coefficients (55). Gal11 KIX, full-
length Gcn4, and Gcn4 activation domain were analyzed by
sedimentation equilibrium and determined to be monomers
with mass estimates within 2.5% of values predicted from the
respective cDNA sequences. Amicon Ultra-15 3,000 molecular
weight cut-off centrifugal devices (Millipore) were used to con-
centrate the proteins for NMR measurements.
NMR Spectroscopy—NMR spectra were recorded at 5 °C on

Bruker DMX-600 andDRX-800MHz spectrometers equipped,
respectively, with a room temperature probe with triple-axis
gradients and a cryogenic probe with z axis gradients. Spectra
were processed using NMRPipe (56) and analyzed in Sparky
(57).
The Gal11 KIX domain backbone amide 1H and 15N signals

were assigned from three-dimensional HNCA, HN(CO)CA,
andHN(CA)CB spectra recorded using pulse schemes based on
those reported by Yamazaki et al. (58). The sample used to
obtain the resonance assignments consisted of 13C,15N-labeled

KIX at a concentration of 1.2 mM in aqueous solution contain-
ing 20 mM sodium phosphate, 30 mM NaCl, 7% (v/v) D2O, and
0.02% (w/v) NaN3 at pH 6.8 in a total volume of 300 �l in a
Shigemi microcell.
Specific interactions in solution between the Gal11 KIX

domain and full-length Gcn4 as well as the Gcn4 activation
domain (aa 2–151) were probed by using a series of samples
each containing 20mM sodiumphosphate, pH6.8, 30mMNaCl,
7% D2O, 225 �M 2H,15N-labeled KIX, and increasing amounts
of unlabeled Gcn4 or Gcn4 activation domain. The Gcn4/acti-
vation domain concentrations used were 0 (free KIX control),
11.25, 22.5, 45, 90, and 180 �M corresponding to Gcn4/KIX
molar ratios of 0, 0.05, 0.1, 0.2, 0.4, and 0.8, respectively.
Changes in amide 1H and 15N chemical shifts as a function of
increasing Gcn4/activation domain concentration were subse-
quently monitored by recording two-dimensional 15N-1H het-
eronuclear single quantum correlation (HSQC) spectra. The
overall change in the amide chemical shift for each resolved
signal in the two-dimensional HSQC spectra was obtained
from the expression

�� � ����HN�2 � ���N/5�2 (Eq. 1)

where ��HN and ��N are the differences in the amide 1H and
15N chemical shifts, respectively, between the free KIX control
sample and the sample with the highest Gcn4/KIX ratio.

RESULTS

Three Non-contiguous Regions in Gal11 Mediate Its Efficient
Recruitment by Gcn4 in Vivo—To identify regions in Med15/
Gal11 involved in recruitment of Mediator by Gcn4 in vivo, we
constructed a set of internal deletions in a Myc epitope-tagged
allele (myc-GAL11) on a single copy plasmid and tested the
mutant alleles for complementation of the defect in transcrip-
tional activation byGcn4 in gal11� cells.We first constructed a
multiple sequence alignment of Gal11 orthologs in four yeast
species to identify regions of sequence conservation, which
might be candidates for activator-binding regions (supplemen-
tal Fig. S1). This alignment revealed five regions of significant
sequence conservation (Fig. 1A, regions KIX and C-II to C-V),
including the KIX domain at the N terminus. In the N-terminal
approximately two-thirds of the protein, the conserved blocks
are interspersed with non-conserved blocks variable in length
among different species and containing runs of Gln or (less
frequently) Asn, with proportions of Gln and Asn ranging from
50 to 66% (Fig. 1A, regions Q-I toQ-IV). In the C-terminal one-
third of Gal11, there are two blocks of non-conserved se-
quences that do not vary substantially in length amongdifferent
species nor exhibit high levels of Gln/Asn (Fig. 1A, regions NC-I
and NC-II).

Based on this analysis, we constructed two or three consec-
utive deletions of 30–50 amino acids to cover each of the con-
served blocks, three deletions that each remove an entire Gln-
rich block, and three deletions of 60–100 residues that remove
portions of the non-conserved blocks near the C terminus (Fig.
1A, �1 to �18). Western analysis of WCEs with anti-Myc anti-
bodies revealed that all of the Myc-Gal11 deletion mutants
were expressed at WT levels relative to the loading control
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FIGURE 1. Identification of regions in GAL11 required to complement the 3ATS/Gcn� phenotype of gal11� and a summary of their roles in Gal11
expression and Mediator integrity. A, schematic of Gal11 domain organization (upper bar) and deletions made in a myc-Gal11 allele (lower bar). The region
of similarity to the Qr domain of mammalian SRC-1 is indicated above the top bar. The criterion used for designating the KIX and regions C-II, C-III, C-IV, and C-V
as conserved blocks was the occurrence of sequence identity or conservative replacements in all four fungal orthologs at �50% of the residues in the block (see
“Results” for further details). The color scheme for panels A–D is explained below under Keys. B, summary of the effects of deletions in myc-Gal11 on comple-
mentation of the 3ATS phenotype of gal11� arg1� PARG1 HIS3 strain HQY1037, with relative growth determined as in panel F and scored on a scale from 0 to 10,
with 10 and 0 corresponding to growth with wild-type or no myc-Gal11 allele, respectively. C, summary of the effects of deletions on expression of Myc-Gal11
protein determined as in panel E. D, summary of the effects of deletions on Mediator integrity determined as in Fig. 2A. E, transformants of HQY1037 harboring
WT myc-Gal11 or the indicated deletion alleles were cultured to mid-logarithmic phase in SC-URA medium and treated with sulfometuron methyl at 0.5 �g/ml
for 30 min to induce Gcn4. WCE extracts were prepared by trichloroacetic acid extraction and subjected to Western blot analysis using antibodies against the
Myc epitope to detect Myc-Gal11 and antibodies against Gcd6 and Gcn4. Two different amounts of extract, differing by a factor of 3, were loaded in successive
lanes for each strain. F, transformants described in E were cultured in SC-URA medium, and serial dilutions were spotted on SC-URA containing 15 mM 3AT and
incubated for 3 days at 30 °C.
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(Gcd6), except for �4 and �10 that were undetectable (�4) or
present at slightly reduced levels (Fig. 1E and data not shown;
summarized in Fig. 1C). The Western analysis was conducted
under conditions of amino acid starvation, and results in Fig. 1E
also indicate that none of the deletions affects induction of
Gcn4.Thus, except for�4 (whichwas excluded from the bulk of
our analysis), mutant phenotypes conferred by these deletions
cannot be attributed to reduced levels of Gal11 or Gcn4.
To determine whether the Gal11 deletions impair activation

by Gcn4, we examined sensitivity of the mutants to 3-amino-
triazole (3AT), an inhibitor of the histidine biosynthetic
enzyme encoded by HIS3. As gcn4� mutants are defective for
HIS3 induction, they are highly sensitive to this inhibitor
(3ATS). The gal11� strain we employed lacks the native HIS3
allele and contains instead HIS3 coding sequences replacing
those at ARG1, another Gcn4 target gene. Thus, the level of
3AT resistance in this PARG1-HIS3 strain provides a measure of
ARG1 promoter activity during activation by Gcn4.We wished
to monitor the ARG1 promoter because we found previously
that Mediator and other coactivators are recruited by Gcn4 to
higher levels above the uninduced levels at ARG1 when com-
pared with HIS3.

Because Gal11 is a coactivator for Gcn4 at ARG1, the paren-
tal gal11� PARG1-HIS3 strain is more sensitive to 3AT than the
isogenicGAL11 strain (Fig. 1F, 3AT). The strongest 3ATS phe-
notypeswere conferred by�16 and�17 in the conservedC-ter-
minal block C-V followed by �18 in the adjacent non-con-
served block NC-II and �10 and �12 in conserved region C-IV
(Fig. 1F and summary in Fig. 1B). Intermediate 3ATS pheno-
types were observed for both deletions removing different por-
tions of the KIX domain, for �5 in region C-II, and for �14 in
region NC-I, whereas somewhat weaker 3AT sensitivity was
conferred by �8 in the C-terminal portion of C-III. None of the
deletions of Gln-rich blocks Q-I to Q-III had any effect on 3AT
resistance (Fig. 1, A, B, and F). These results suggested that the
KIX domain is important, but not absolutely required, and that
sequences in other conserved and non-conserved blocks are of
comparable, or even greater importance, for Gal11 function in
transcriptional activation by Gcn4 at ARG1.

Previous results suggested that residues C-terminal to res-
idue 866 are required for association of Gal11 with Sin4
and most likely the rest of Mediator (26, 59, 60). Hence, the
strong 3ATS phenotypes of deletions in the extremeC-terminal
regions of Gal11 (Fig. 1B) could result from dissociation of
Gal11 or the entire tail domain from the rest of Mediator. To
address this possibility, we analyzed coimmunoprecipitation of
HA-tagged tail subunits Med2 and Pgd1 and also subunits
of the middle (Med1, Srb7) and head (Srb4, Srb5) domains of
Mediator, with Myc-tagged WT or mutant Gal11 proteins.
These experiments were carried out using independently pre-
pared extracts, with typical results shown in Fig. 2A, and the
findings are summarized in Fig. 1D.
As expected, all of theMediator subunits coimmunoprecipi-

tated with Myc-Gal11 from WCEs of the WT myc-GAL11
strain but not from the strain with untagged GAL11 (Fig. 2A,
lanes 1–6). Two of the three deletions affecting C-terminal
region C-V,�16 and�17, greatly reduced coimmunoprecipita-
tion of all subunits tested belonging to the tail, middle, or head

domain of Mediator, without reducing the recovery of mutant
Myc-Gal11 itself (Fig. 2A, lanes 40–45 versus 34–36). Deletion
of extreme C-terminal region NC-II by �18 also had a marked
effect on association of Gal11 with all subunits except tail sub-
unitMed2 (Fig. 2A, lanes 46–48 versus 34–36). Thus, in agree-
ment with previous findings, amino acids within the entire
C-terminal segment, spanning residues 881–1081, are required
for the interaction of Gal11 with the rest of Mediator. Two of
the three deletions in C-IV (�10 and �12) consistently reduced
the efficiency of coimmunoprecipitation of all subunits tested
with Myc-Gal11 (Fig. 2A, lanes 28–33 versus 25–27) but had
less dramatic effects when compared with themore C-terminal
deletions �16 and �17. By contrast, �15 in C-V moderately
reduced the coimmunoprecipitation efficiencies of only the
other three tail subunits (Fig. 2A, lanes 37–39 versus 34–36),
suggesting that the tail domain is selectively destabilized by this
deletion. Importantly, the remaining 3ATS deletions, including
�1 and �2 in the KIX domain, �5 and �8 in C-II and C-III,
respectively, and �14 in NC-I, had little or no effect on coim-
munoprecipitation of the other Mediator subunits with Myc-
Gal11 (Fig. 2A, lanes 7–9 versus 4–6; lanes 13–15 versus 10–12;
lanes 19–24 versus 16–18) and thus appear to impair Gal11
function in the context of intact Mediator.
We next employed ChIP analysis to examine whether this

last group of 3ATS deletions, which do not affect Gal11 stability
or Mediator integrity, reduce the occupancy of Myc-Gal11 at
the ARG1 UAS on induction of Gcn4 by starvation for isoleu-
cine and valine. In agreement with previous results (11, 12),
GCN4 cells exhibit �10-fold greater Myc-Gal11 occupancies
when compared with gcn4� cells, which exhibit background
occupancy values (Fig. 2, B and C). Interestingly, �1 and �2 in
the KIX domain,�5 in C-II, and�8 in C-III all producemarked
reductions in Myc-Gall11 occupancies by 50–60% of the WT
values.�14 provokes a smaller, but still significant, reduction in
Gal11 recruitment (Fig. 2C). These findings suggest that several
distinct regions in theN-terminal region of Gal11 contribute to
its recruitment by Gcn4 in vivo. As none of the deletions
impairs Gal11 recruitment to the degree observed for gcn4�, it
follows that none of the corresponding regions are essential for
Gal11 recruitment by Gcn4.
To identify the complete contribution of the KIX domain to

Gal11 recruitment, we combined �1, which removes only the
N-terminal helix (�1), with �2, which removes �2 and �3, to
eliminate the entire KIX domain from Myc-Gal11. The �1�2
double mutation has no effect on Myc-Gal11 expression or its
association with other Mediator subunits (data not shown).
Although the combined deletion �1�2 produced a slightly
larger decrease in Myc-Gal11 occupancy when compared with
the single deletions (Fig. 2C), we did not discern greater 3ATS

for �1�2 when compared with �1 and �2 (Fig. 1F). Hence, �1
and �2 each largely disrupts the function of the KIX domain in
recruitment of Gal11 by Gcn4.
It is noteworthy that �16 and �17, which have the most dra-

matic effects on Gal11 association with other Mediator sub-
units (Figs. 1D and 2A), have little or no impact on recruitment
of Gal11 by Gcn4 (Fig. 2C). This finding is in accordance with
our previous determination that deletion of SIN4, which dis-
sociates the tail from the rest of Mediator, had no effect on
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Gal11 recruitment by Gcn4 (26).
The fact that �16 and �17 also
reduce or eliminate Gal11 associa-
tion with tail subunits Med2 and
Pgd1 (Fig. 2A) raises the possibility
that Gcn4 can recruit Gal11 as a free
subunit to ARG1. If so, then the
markedly reduced recruitment of
Myc-Gal11 evoked by �10 and �12
would imply that the regions
impaired by these deletions, C-IV,
also contribute directly to Gal11
recruitment by Gcn4, a possibility
we consider further under the “Dis-
cussion.”�15 has a smaller effect on
Gal11 recruitment when compared
with the deletions of similar 3ATS

phenotype, such as �10 and �12
(Fig. 2C), which suggests that the
3ATS phenotype of �15 results at
least partly from a defect in Media-
tor function following its recruit-
ment by Gcn4.
The KIX Domain and Regions

Impaired by �5 and �8 Make Inde-
pendent Contributions to Gal11 Re-
cruitment in Vivo and to Gcn4 Bind-
ing in Vitro—To evaluate whether
each of the regions removed by dele-
tions �1�2, �5, and �8 makes an
independent contribution to Gal11
recruitment or, rather, only promotes
the function of another region in
recruitment, we constructed triple
mutants that combine �1�2 with
�5 or �8. Both triple mutants
displayed stronger 3ATS pheno-
types when compared with �1�2
(Fig. 3A). Consistent with this,
these triple mutations, and also
the �5�8 double mutation, all
provoke greater reductions than
the constituent mutations alone
in the induction of a Gcn4-depen-
dent reporter, UASGCRE-CYC1-lacZ,
with Gcn4-binding sites upstream
of a CYC1 promoter (42) (Fig. 3B).
These synthetic defects in tran-
scriptional activation do not result
from decreased expression of Myc-
Gal11 (Fig. 3C) or diminishedMedi-
ator integrity in the compound
mutant strains (Fig. 3D and data not
shown).
Interestingly, by ChIP analysis,

we observed a marked decrease in
Myc-Gal11 occupancy at the ARG1
UAS for the �1�2�5 triple mutant

FIGURE 2. Deletion of segments in the N-terminal third of Myc-Gal11 reduce its recruitment to the ARG1
UAS in vivo without affecting Myc-Gal11 expression or Mediator integrity. A, coimmunoprecipitation
analysis of Mediator integrity. WCEs from transformants of IJY3 (gal11� MED2-HA), IJY4 (gal11� PGD1-HA), or
HQY1037 (gal11�) containing GAL11 or the indicated myc-Gal11 alleles were immunoprecipitated (IP) with Myc
antibodies. Immune complexes were subjected to Western analysis with the appropriate antibodies to detect
the proteins listed on the left, Myc antibodies to reveal Myc-Gal11, and HA antibodies to reveal HA-Med2 and
HA-Pgd1. I, 5% of the input WCE; P, total pellet fraction from immunoprecipitations; S, 10% of supernatant
fraction. B and C, ChIP analysis of Myc-Gal11 recruitment to the ARG1 UAS by Gcn4. Transformants of HQY1037
harboring the indicated myc-GAL11 alleles and IJY1 (gcn4�) containing WT myc-GAL11 were cultured at 30 °C in
SC-URA medium and treated with sulfometuron methyl to induce Gcn4. ChIP analysis was performed using
Myc antibodies. ARG1 UAS and POL1 coding sequences were quantified in the immunoprecipitated and input
chromatin samples by PCR in the presence of [33P]dATP using primers listed in Table 5. PCR products were
resolved by PAGE and either visualized by autoradiography (as illustrated in panel B) or quantified with a
PhosphorImager. The ratios of ARG1 to POL1 signals in immunoprecipitated samples were normalized for the
corresponding ratios for input samples, and the resulting occupancy values were normalized to the occupancy
measured for the WT myc-GAL11 strain to yield the relative Gal11 occupancies. At least three independent
cultures and two PCR amplifications for each immunoprecipitation were performed for each strain to yield the
means � S.E. (error bars) (n 	 6 –16) plotted in C.
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versus the �1�2 and �5 mutants (Fig. 4A). A much smaller
decrease in occupancy was observed for the �1�2�8 triple
mutant versus the �1�2 strain (Fig. 4B). However, combining
�5 and �8 also produced a strong additive reduction in Myc-
Gal11 occupancy in the�5�8 doublemutant (Fig. 4C). Consist-
ent with these results, we observed a strong additive reduction
in the occupancy of pol II subunit Rpb3 in the promoter and
coding sequences at ARG1 in the �1�2�5 triple mutant when
compared with the �1�2 and �5 strains (Fig. 4D) and in the

�5�8 double mutant versus the �5
and �8 single mutants (Fig. 4F).
Again, less pronounced additivity in
the reduction of Rpb3 occupancy
was observed on combining �1�2
and�8 in the�1�2�8 triplemutant
(Fig. 4E). These results strongly sug-
gest that the region deleted by �5
acts independently of the KIX
domain to support Gal11 recruit-
ment by Gcn4 and the attendant
recruitment of pol II to the pro-
moter at ARG1. Evidence suggest-
ing that the region deleted by �8
also acts independently of the KIX
and �5 regions in recruitment by
Gcn4 is presented below.
As indicated above, �16 and

�17 disrupt the association of
Gal11 with Mediator (Fig. 2A) but
do not impair recruitment of Gal11
by Gcn4 (Fig. 2C). On the other
hand, we found that �16 and �17
produce strong reductions in Rpb3
occupancy in the ARG1 promoter
and coding region (Fig. 4G). �18,
which has a relatively smaller effect
on Mediator integrity, produces a
correspondingly smaller decrease in
Rpb3 occupancy (Fig. 4G). The
marked reductions in pol II (Rpb3)
occupancy produced by �16 and
�17, along with their strong 3ATS

phenotypes (Fig. 1, B and F), indi-
cate that the high level Gal11
recruitment observed for these mu-
tant proteins (Fig. 2C) does not pro-
vide significant coactivator function
at ARG1, presumably because the
mutant Gal11 proteins are not
tightly associated with other Medi-
ator subunits (Fig. 2A).
We next addressed whether the

regions removed by �1�2, �5, and
�8 contribute to a direct interaction
of the Mediator tail domain with
Gcn4 in vitro. We showed previ-
ously that the tail subcomplex con-
taining Med2/Gal11/Pgd1 is disso-

ciated from the rest of Mediator in WCEs of a strain lacking
Sin4, and this stable subcomplex binds specifically to recombi-
nant GST-Gcn4 in glutathione-Sepharose pulldown assays de-
pendent on the critical hydrophobic residues in the Gcn4 acti-
vation domain (26). Accordingly, we investigated the effects of
deleting KIX and the regions encompassing�5 and�8 on bind-
ing ofMyc-Gal11 andHA-Med2 in sin4�WCEs to GST-Gcn4.
Multiple pulldown assays were conducted for each mutant
strain, and typical results are shown in Fig. 5, A and B.

FIGURE 3. Combining deletion of the Gal11 KIX domain (�1�2) with �5 or �8 exacerbates Gcn� pheno-
types without affecting Myc-Gal11 expression or Mediator integrity. A, complementation of the 3ATS/
Gcn
 phenotypes of gal11� by the indicated plasmid-borne myc-GAL11 alleles was determined as described in
the legend for Fig. 1. B, expression of the UASGCRE-CYC1-lacZ reporter in transformants of strain IJY3 harboring
the indicated myc-GAL11 alleles was assayed by measuring �-galactosidase-specific activities in WCEs after
culturing strains in SC-URA and LEU and treating with sulfometuron methyl at 0.5 �g/ml for 6 h. �-Galactosid-
ase activities were corrected by subtracting the activity measured in transformants harboring empty vector in
place of a myc-GAL11 allele and normalizing the resulting values for the corresponding corrected value mea-
sured for the WT myc-GAL11 strain to yield the plotted values. The means � S.E. (error bars) were calculated
from two independent assays on three different transformants for each construct (n 	 6). C, expression of the
indicated myc-GAL11 alleles was determined by Western blot analysis of the transformants in A, as described in
the legend for Fig. 1. Two different amounts of extract, differing by a factor of 3, were loaded in successive lanes
for each strain. D, integrity of Mediator was analyzed by coimmunoprecipitation analysis of the transformants
in A, as described in the legend for Fig. 2.
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In agreement with previous results, we found that Myc-
Gal11 and HA-Med2 bound to WT GST-Gcn4 but not GST
alone or GST-Gcn4-Ala10, which harbors multiple Ala substi-
tutions in the critical hydrophobic residues of the activation
domain (Fig. 5A, lanes 1–4). Equivalent amounts of all three
GST fusions were immobilized on the beads (data not shown).
Importantly, deletion of theKIXdomain and�5 both conferred
marked reductions in binding of Myc-Gal11 and HA-Med2 to
GST-Gcn4 without affecting the binding of SWI/SNF (Snf6) or
SAGA (Spt3) subunits in the WCEs to GST-Gcn4 (Fig. 5A, cf.
lanes 3, 7, and 11). Similar results were obtained for�8 (Fig. 5B,
cf. lanes 3 and 11). Furthermore, the �1�2�5 and �1�2�8 tri-
ple mutants showed no binding whatsoever to GST-Gcn4 (Fig.
5, A and B), indicating a strong additive effect of combining
either �5 or �8 with elimination of the KIX domain in this
binding assay. These findings support the idea that the KIX
domain and the regions removed by�5 and�8 all contribute to
direct and independent interactions of the Mediator tail sub-
complex with the Gcn4 activation domain.
To provide an in vivo counterpart to these in vitro binding

data, we conducted ChIP assays in the sin4� background.
We showed previously that the Mediator tail subcomplex,
but not Mediator subunits from the middle or head domains,
is recruited efficiently to ARG1 in sin4� cells (26). Thus, we
observed the expected Gcn4-dependent recruitment of Myc-
Gal11 to theARG1UAS in the sin4� background on starvation
for Ile/Val (Fig. 5C). Importantly, �1�2, �5, and �8 all pro-
ducedmarked reductions inMyc-Gal11 recruitment, and com-
bining �1�2 with either �5 or �8 led to substantial further
reductions inMyc-Gal11 recruitment in the two triple mutants

(Fig. 5,C andD). Coimmunoprecipitation analysis revealed that
�1�2, �5, �8, and the �1�2�8 triple mutant do not reduce the
amount of HA-Med2 that coimmunoprecipitates with Myc-
Gal11 from sin4� extracts, indicating that the deletions do not
disrupt the free tail subcomplex present in sin4� cells (Fig. 5E).

The results in Fig. 5, A–E, provide compelling evidence that
the KIX domain and the distinct regions impaired by�5 and�8
mediate independent interactions with the Gcn4 activation
domain and make additive contributions to recruitment of the
Mediator tail subcomplex by Gcn4 in vivo. We currently do not
understand why involvement of the �8 region in KIX-indepen-
dent Mediator recruitment appears to be more pronounced in
sin4� cells, where �8 produces a large decrease in recruitment
when combined with �1�2 (Fig. 5D), when compared with the
situation in SIN4 cells where �8 produces only a slight addi-
tional reduction in Gal11 recruitment in the �1�2 background
(Fig. 4B).
Conserved B-box Motif in the SRC-1-related Region of Gal11

Is Required for Efficient Gal11 Recruitment by Gcn4—While
this work was in progress, it was reported that Gal11 residues
Gln-198 and Val-199 are required for its physical association in
vitro with a portion of the AF-1 activation domain of mamma-
lian glucocorticoid receptor (GR) known as �1c and that Gln-
198/Val-199 further support the activation function of �1c in
yeast cells. Interestingly, these residues occur in an �160-aa
stretch of Gal11 that exhibits some sequence similarity to the
Qr domain of the mammalian coactivator SRC-1, and the
SRC-1 Qr domain can substitute for the corresponding region
in Gal11 to support transcriptional activation by �1c in yeast
cells. Of two conserved motifs in this region, dubbed A- and

FIGURE 4. The KIX domain and regions encompassing �5 and �8 contribute independently to Myc-Gal11 and Rpb3 (pol II) recruitment in vivo.
A–C, recruitment of Myc-Gal11 to the ARG1 UAS by Gcn4 was measured by ChIP analysis in transformants of gal11� strain HQY1037 harboring the indicated
myc-GAL11 alleles, as described in the legend for Fig. 2. D–G, pol II recruitment to PARG1-HIS3 was measured by ChIP analysis of transformants of HQY1037 as
described in the legend for Fig. 2 except using antibodies against Rpb3p and primers to amplify the ARG1 TATA element or 5� end of the HIS3 coding region.
Rpb3 occupancies calculated as in described in the legend for Fig. 2 were corrected by subtracting the Rpb3 occupancy measured in transformants harboring
empty vector in place of a myc-GAL11 allele and normalizing the resulting values for the corresponding corrected value measured for the WT myc-GAL11 strain.
At least three independent cultures and two PCR amplifications for each immunoprecipitation were performed for each strain to yield the means � S.E. (error
bars) (n 	 6 –16) plotted in the figure.
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B-boxes, only the latter, containing Gln-198 and Val-199, is
required for �1c activation in yeast (33). The Qr-related region
of Gal11 extends from within Gln-rich segment Q-1, across
conserved region C-II (eliminated by�4 and�5), and into Gln-
rich segment Q-2 (Fig. 1A). The B-box is located at the extreme
C-terminal end of the segment removed by �4 (Fig. 1A), whose
product is unstable in yeast (Fig. 1C). To assess whether the
B-box might be important for activation by Gcn4, we tested a
3-residue Ala substitution of B-box residues Trp-196, Gln-198,
and Val-199 (dubbed WQV) for their effects on activation and
Gal11 recruitment by Gcn4.
TheWQV substitution confers a 3ATS phenotype similar to

that of�1�2 and, interestingly, combining theWQV and�1�2
mutations produces a greater 3ATS phenotype than given by
the individual mutations alone (Fig. 5F). Moreover, WQV and
�1�2 provoked comparable and additive reductions in Gcn4-
dependent activation of the UASGCRE-CYC1-lacZ reporter
(Fig. 3B) and inMyc-Gal11 recruitment (Fig. 5G), similar to the
effect of combining �5 with �1�2 (Figs. 3B and 5G). Western
analysis of WCEs revealed that WQV alone or in combination
with �1�2 did not significantly affect the steady-state level of
Myc-Gal11 (data not shown). These findings indicate that the
B-boxmotif is required for high level recruitment ofMyc-Gal11
by Gcn4 and that the B-box and KIX domains act indepen-
dently inMyc-Gal11 recruitment and attendant transcriptional
activation by Gcn4. We speculate that the B-box and residues
removed by �5 comprise a single, Gcn4-binding domain.
Evidence That Gcn4 Interacts Directly with the KIX Domain—

Park et al. (31) showed previously that Gcn4 interacts in vitro
with three separate fragments of recombinant Gal11 (Fig. 6A,
boxes labeled Gcn4). Consistent with our results, two of these
fragments encompass the regions deleted by �5 and �8 (Fig.
6A). However, the Gal11 fragment containing the entire KIX
domain was not observed to bind Gcn4, Gal4, or VP16 in the
previous study.Hence, we sought evidence thatGcn4 can inter-
act specifically with a recombinant KIX domain and to confirm
the ability of other recombinant regions encompassing �5 and
�8 to bind Gcn4 in vitro.

To this end, we tested 35S-labeled fragments of Gal11 trans-
lated in vitro for binding to GST-Gcn4 in glutathione-Sepha-
rose pulldown assays. The fragment Gal111–168, containing the
KIX domain but lacking the region encompassing B-box/�5,
showed stronger binding to GST-Gcn4 than to equal amounts
of GST alone or GST-Gcn4-Ala10 (Fig. 6B, lanes 1–4), consist-
ent with a specific interaction between the Gcn4 activation
domain and the Gal11 KIX domain. Similar results were

obtained for fragment Gal1187–289, encompassing B-box/�5
(Fig. 6B, lanes 5–8), and for the full-length and various trun-
cated forms of Gal11233–499 (generated by in vitro translation),
encompassing �8 (Fig. 6B, lanes 9–12). These results suggest
that Gcn4 can interact directly with the KIX domain, as well as
two other regions encompassing B-box/�5 and �8, dependent
on the critical residues in the Gcn4 activation domain. As the
yield of complex formation in all of these assays was quite low,
it appears that Gcn4 makes low affinity interactions with mul-
tiple segments in Gal11. The biological implications of this
aspect of Gcn4-Gal11 association are discussed below.
Solution NMR spectroscopy has shown that the Gal11 KIX

domain (residues 6–90) forms a tight three-helix bundle pack-
ing around a hydrophobic core (35) (Fig. 7D). To provide direct
evidence that the KIX domain interacts specifically with Gcn4
and to identify potential interaction sites, we used NMR chem-
ical shift mapping for a similar construct (residues 2–100). All
of the backbone assignments were made for our KIX domain
construct, confirming the presence of a three-helix bundle and
enabling the chemical shifts observed on binding to Gcn4 to
be mapped to the structure. Spectra of the 15N-labeled KIX
polypeptide were determined in the absence and presence of
increasing amounts of unlabeled full-length Gcn4 or the Gcn4
activation domain (aa 2–151), up to an �1:1 molar ratio of the
two polypeptides, and the residues experiencing significant
changes in amide chemical shifts (��) were identified as
described under “Experimental Procedures.”
FortheGcn4activationdomain,weobservedsignificantdose-

dependent chemical shift changes at 7 residues, displaying ��
values of 0.1 ppm or greater: Met-29, Asn-32, Leu-34, Ser-38,
Ser-39, Thr-41, and Asp-43 (Fig. 7, A–C). These �� values are
�8-fold higher than the average �� value (0.012 ppm), calcu-
lated for a set residues whose spectral shifts are not appreciably
affected by Gcn4 binding, e.g. Phe-57, Ser-61, Arg-78, Asn-82,
Lys-85, and Thr-89 (Fig. 7B), which we regarded as experimen-
tal noise. The 7 residues displaying �� values of 0.1 ppm or
greater map near the end of helix �1, the beginning of �2, and
the loop connecting �1 and �2 (Fig. 7, D and E). We also con-
sidered residues that display shift changes between 0.05 and 0.1
ppm and found an additional 15 residues that satisfy this crite-
rion. About half of these additional residues are located in the
same regions containing the 7 residues with �� values greater
than 0.1 ppm (supplemental Fig. S5). Thus, overall, 14 of 22
residues displaying amide chemical shift changes of 0.05 ppm
or greater map to the region between aa 25 and 49. Using full-
length Gcn4, the overall magnitude of the chemical shift

FIGURE 5. Three segments in the Gal11 N-terminal region function additively to promote binding to Gcn4 in vitro and recruitment to ARG1 in vivo of
the Mediator tail in sin4� cells, and B-box mutation WQV mimics the Gcn� phenotype of �5 in SIN4 cells. A and B, WCEs from transformants of sin4�
strain IJY6 harboring the indicated myc-GAL11 alleles were incubated with equal amounts of GST, GST-Gcn4 (WT), and mutant GST-Gcn4-Ala10 (10Ala) proteins
immobilized on glutathione-Sepharose resin. Bound fractions and 10% of the input yeast WCEs were subjected to Western analysis with antibodies against
Snf6 or Spt3, Myc antibodies to detect Myc-Gal11, and HA antibodies to detect HA-Med2. C and D, ChIP analysis of Myc-Gal11 occupancy of the ARG1 UAS in
transformants of sin4� strain IJY6 harboring the indicated myc-GAL11 alleles, conducted as described in the legend for Fig. 2. At least three independent
cultures and two PCR amplifications for each immunoprecipitation were performed for each strain to yield the means � S.E. (error bars) (n 	 6 –16) plotted here.
E, coimmunoprecipitation analysis of the Mediator tail subdomain in transformants of gal11� sin4� MED2-HA strain IJY6 containing the indicated myc-GAL11
alleles. WCEs were immunoprecipitated with HA antibodies, and immune complexes were subjected to Western analysis with c-Myc antibodies to detect
Myc-Gal11, HA antibodies to detect HA-Med2, or Rpb3 antibodies. I, 5% of input WCE; P, total immunoprecipitate; S, 10% of supernatant. F, complementation
of the 3ATS/Gcn
 phenotype of gal11� by the indicated myc-GAL11 alleles in transformants of strain IJY3, as described in the legend for Fig. 1. G, ChIP analysis
of Myc-Gal11 occupancy of the ARG1 UAS in transformants of SIN4 strain IJY3 harboring the indicated myc-GAL11 alleles, as described in the legend for Fig. 2.
At least three independent cultures and two PCR amplifications for each immunoprecipitation were performed for each strain to yield the means � S.E. (error
bars) (n 	 6 –16) plotted here.
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changes upon Gcn4 binding was slightly reduced relative to
that seenwith theGcn4 activation domain; however, essentially
the same set of KIX domain residues in the region aa 25–49
displayed the largest chemical shift changes (supplemental Fig.
S6). Together, these results indicate that specific regions of the
KIX domain interact with the Gcn4 activation domain, with a
prominent contribution of surface-exposed residues near the
end of �1, beginning of �2, and the loop connecting these two
helices (Fig. 7,D andE). This region of the KIX domain partially
overlaps, but is also distinct from, the binding sites identified by
this same technique for segments of the activation domains of
yeast Pdr1 and mammalian sterol regulatory element-binding
protein (35).
To provide evidence that residues undergoing chemical shift

changes in the NMR analysis are involved in Gcn4-KIX inter-
action,we constructedmultipleAla substitutions in 4 or 6 of the

residues that show the largest shift changes, that are surface-
exposed, and that do not contribute significantly to the hydro-
phobic core of the structure (35). The Ala6 substitution of
Met-29, Asn-32, Ser-38, Ser-39 Thr-41, and Asp-43 in themyc-
Gal11 allele conferred 3AT sensitivity (Fig. 8A), reduced acti-
vation of the UASGCRE-CYC1-lacZ reporter in vivo (Fig. 8B),
and reduced binding of the Mediator tail subdomain in WCEs
to recombinant GST-Gcn4 in pulldown assays (Fig. 8C) to an
extent comparable with the effects of the KIX deletion (�1�2)
in these assays. The Ala4 substitution of Met-29, Asn-32, Ser-
38, and Ser-39 similarly reduced UASGCRE-CYC1-lacZ expres-
sion and produced smaller, but still significant, reductions in
3AT resistance and binding of the tail subdomain toGST-Gcn4
when comparedwith theAla6 substitution (Fig. 8). Neither sub-
stitution affected Myc-Gal11 expression in vivo (data not
shown).Hence, the cluster of surface-exposedKIX residues dis-

FIGURE 6. Multiple recombinant Gal11 regions interact with Gcn4p in vitro. A, schematic representation of Gal11 indicating regions (labeled Gcn4) shown
previously to interact with Gcn4 in vitro (31) (upper bar), locations of GAL11 deletions analyzed here (middle bar), and the recombinant Gal11 segments tested
here for binding to Gcn4 (three lower bars labeled with amino acid coordinates). B, 35S-labeled Gal11 fragments synthesized in rabbit reticulocyte lysate were
incubated with equal amounts of GST, GST-Gcn4p (WT), or GST-Gcn4-Ala10 (10Ala) expressed in E. coli and immobilized on glutathione-Sepharose resin. The
bound fractions and 20% of the input 35S-labeled Gal11 fragments were separated by SDS-PAGE, stained with GelCode Blue stain reagent (Pierce), and
subjected to autoradiography or phosphorimaging analysis. Arrows indicate the full-length Gal11 polypeptides, which exhibit the predicted electrophoretic
mobilities.
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playing the largest chemical shift changes on interaction with
Gcn4 are important for Gcn4 binding to the Mediator tail sub-
domain, consistent with a role in direct KIX-Gcn4 interaction.

DISCUSSION

In this study, we have shown that Gal11 employs multiple
distinct regions to interact efficiently with the Gcn4 activa-
tion domain, including the N-terminal KIX domain (aa
10–86), a second region encompassed by the Qr-related seg-
ment (aa 116–277) containing the B-box motif (aa 196–203)
and residues removed by �5 (aa 202–232), and a third region
encompassing the residues removed by �8 (aa 319–354).
Deleting each of these segments individually impairs binding
of the Med2/Gal11/Pgd1 tail subcomplex present in sin4�
extracts to recombinant Gcn4 and, importantly, also reduces
the recruitment of both the tail subcomplex and the native
Mediator by Gcn4 to the ARG1 UAS in living cells. Further-
more, combining mutations in these three regions produced
additive reductions in binding of the tail subcomplex toGcn4 in
vitro, in recruitment of the tail subcomplex or intact Mediator
toARG1 in vivo, and in the ability of Gcn4 to activate transcrip-
tion. Regarding this last point, we observed additive reductions

in resistance to 3AT, in activation of a Gcn4-dependent lacZ
reporter, and in pol II occupancy of the ARG1 promoter and
coding region when a deletion of the KIX domain was com-
bined with �8 or �5. Similar results were obtained when the
WQV substitution in the B-boxmotif was combined with dele-
tion of the KIX domain. None of these mutations that impaired
Mediator recruitment had any effect onGal11 stability or integ-
rity of the Mediator tail subdomain, either singly or in combi-
nation. Together, our findings suggest that each of these Gal11
segments interacts directly with Gcn4 and contributes to the
efficiency of Mediator recruitment and attendant preinitiation
complex assembly in vivo.
It could be argued that the deletion mutations defining the

three distinct Gcn4-binding domains in Gal11, �1, �2, �5, and
�8, alter the interaction with Gcn4 by producing gross alter-
ations in Gal11 structure rather than excising discrete interac-
tion modules. There are several persuasive arguments against
this possibility. First, these are limited deletions of 30–50-a-
mino acid segments that have no effect on Gal11 stability or its
incorporation into the Mediator tail subdomain, even when
they are combined in double or triple mutants. Second, the fact
that removing the intervening Gln/Asn-rich segments had no

FIGURE 7. NMR analysis of the interactions between the Gal11 KIX domain (residues 2–100) and the Gcn4 activation domain (residues 2–151).
A, assigned 800-MHz two-dimensional 15N-1H HSQC spectrum of 15N,2H-labeled Gal11 KIX domain. B, representative regions of overlaid HSQC spectra of free
15N,2H-Gal11 KIX (red contours) and 15N,2H-Gal11 KIX in the presence of increasing amounts of unlabeled Gcn4 activation domain, corresponding to Gcn4/KIX
molar ratios of 0.2 (green), 0.4 (blue), and 0.8 (magenta). C, the plot of amide chemical shift changes (see Equation 1 under “Experimental Procedures”) of Gal11
KIX observed upon the addition of the Gcn4 activation domain. D, ribbon representation of Gal11 KIX (Protein Data Bank (PDB) entry 2K0N) with residues
displaying amide chemical shift changes. �� � 0.10 ppm is highlighted in red. E, left, surface representation of the ribbon diagram in panel D, and right, the same
surface representation rotated by 90° about the axis indicated.
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effect on Gal11 function argues strongly in favor of a modular
structure of Gal11. Third, �1�2 precisely excises the KIX
domain, which folds autonomously in solution, and there is no
reason to suppose that its removal would alter the structures of
other domains in Gal11. Fourth, the point mutations we made
in the B-boxmotif and theKIX domain closely approximate the
phenotypes of deletions of the cognate domains, indicating that
the effects of the deletions are confined to the specific segments
of Gal11 they eliminate. Fifth, the deletions in the C terminus

that actually do disrupt Mediator
integrity had little or no effect on
Gal11 recruitment, reflectingourpre-
vious findings that the Mediator tail
can be recruited by Gcn4 indepen-
dently of the rest of the complex (26).
Supporting the conclusion that

Gal11 contains independently func-
tioning interaction modules, we
found that distinct recombinant
Gal11 polypeptides containing the
KIX domain, a region altered by �5
and the WQV substitution, and a
region encompassing �8 all bind to
recombinant Gcn4 in vitro in a
manner enhanced by the hydropho-
bic residues in Gcn4 necessary for
Mediator binding to Gcn4 in vitro
and transcriptional activation by
Gcn4 in vivo (47, 61, 62). Further-
more, we used NMR chemical shift
mapping to provide evidence that the
recombinantGcn4activationdomain
interacts specifically with the KIX
domain in solution, contacting a sur-
face that overlaps with, but is distinct
from, surfaces contacted by segments
of other yeast or mammalian activa-
tion domains.
Previous studies by Park et al. (31)

showed that three non-overlapping
segments of Gal11 can bind individ-
ually to recombinant GST-Gcn4 in
vitro (Fig. 6A), but it was unknown
whether these interactions are de-
pendent on the key hydrophobic
residues in the Gcn4 activation
domain. Moreover, it was not de-
termined whether mutating the
relevant Gal11 segments impairs
activation by Gcn4, the binding of
Mediator to Gcn4 in vitro, or Medi-
ator recruitment by Gcn4 in vivo.
Two of these Gal11 segments, aa
116–255 and aa 256–410, include
the B-box/�5 and �8 regions, re-
spectively (Fig. 6A), which we im-
plicated in Gal11 recruitment by
Gcn4 with both in vitro and in vivo

experiments (Fig. 5). The segment encompassing �8 is of addi-
tional interest because it includes a residue (Thr-322) shown
previously to be required for binding and transcriptional acti-
vation by a hydrophobic 8-aa peptide dubbed P201 (37). In
addition, theGAL11-Pmutation,which creates a novel target in
Gal11 for the Gal4 dimerization domain, also maps in the �8
interval at Asn-342 (59). These findings support the idea that
this region of Gal11 is surface-exposed and available for inter-
actions with activation domains.

FIGURE 8. Ala substitutions of surface-exposed KIX residues displaying the largest chemical shift
changes on interaction with Gcn4 impair activation by Gcn4 in vivo and Gcn4 binding to the Medi-
ator tail subdomain in vitro. A, complementation of the 3ATS/Gcn
 phenotypes of gal11� by the indi-
cated plasmid-borne myc-GAL11 alleles was determined as described in the legend for Fig. 1. B, expression
of the UASGCRE-CYC1-lacZ reporter in transformants of strain IJY3 harboring the indicated myc-GAL11
alleles was assayed by measuring �-galactosidase-specific activities in WCEs as described in the legend for
Fig. 3. The means � S.E. (error bars) were calculated from two independent assays on 4 – 6 different
transformants for each construct (n 	 8 –12). C, WCEs from transformants of sin4� strain IJY7 harboring
the indicated myc-GAL11 alleles were incubated with GST-Gcn4 (WT) immobilized on glutathione-Sepha-
rose resin, as described in the legend for Fig. 5.
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The thirdGal11 segment found by Park et al. (31) to bindGcn4
in vitro, aa 701–864, encompasses�13,�14, and a portion of�15.
We found that both �14 and �15 confer statistically significant
decreases in Gal11 recruitment by Gcn4 to ARG1; however, the
effectswere smaller thanobserved for removal of theKIXdomain,
�5, or�8 (Fig. 2C). In addition, as documented in the supplemen-
tal material, we found that�14 has little or no effect on binding of
recombinant Gcn4 to the Mediator tail subcomplex in sin4�
extracts or in recruiting the tail subcomplex byGcn4 in vivo, even
when combined with deletion of the KIX domain (supplemental
Fig. S2, C and D). On the other hand, �14 does confer a 3ATS

phenotype (Fig. 1F and supplemental Fig. S2A) and impairs acti-
vation of the UASGCRE-lacZ reporter, and �14 exacerbates these
same phenotypes conferred by elimination of the KIX domain
(supplemental Fig. S2B). Thus, the region defined by�14 contrib-
utes to the coactivator functionofGal11, but it appears to function
primarily after recruitment ofMediator by Gcn4.
It is noteworthy that �10 and �12 produced substantial reduc-

tions inGal11 recruitment byGcn4 in vivo (Fig. 2C). Because both
mutations appeared to partially disrupt the interaction of Gal11
with the rest of Mediator (Fig. 2A), we did not explore intensively
the possibility that the conserved region C-IV interacts directly
withGcn4.However, our finding that�16 and�17 in the extreme
C terminus provoke stronger disruptions of Gal11 association
withMediator thando�10and�12 (Fig. 2A), but confernoreduc-
tion in Gal11 recruitment by Gcn4 (Fig. 2C), suggests that the
recruitment defects produced by �10 and �12 go beyond their
moderate effects onMediator integrity. Accordingly, region C-IV
might contain an additional interaction module for Gcn4. Sup-
porting thispossibility, additional results shownin thesupplemen-
tal material indicate that GST-Gcn4 can bind to recombinant
Gal11 segment aa 355–697, containingC-IV and its flankingGln-
rich regions (supplemental Fig. S3). Hence, it is likely that all four
conserved blocks flanked by Gln/Asn-rich segments in Gal11, i.e.
KIX, C-II, C-III, and C-IV, provide independent binding surfaces
for the Gcn4 activation domain in vivo.
Because the Gal11 KIX domain did not bind to GST-Gcn4 in

the study of Park et al. (31), involvement of this highly conserved
domain in Mediator recruitment by Gcn4 was unexpected.
Indeed, only a small fraction of theKIX-containing polypeptide in
our study was recovered in a complex with GST-Gcn4, although
the interactionwas specifically dependent on the keyhydrophobic
residues of the Gcn4 activation domain. Our NMR chemical shift
data indicated a specific interaction between KIX and Gcn4
involving primarily a cluster of�10–15 residues at the end of �1,
beginning of �2, and the loop connecting these two helices in the
three-helix bundle of the Gal11 KIX domain. Although residues
that exhibitNMRchemical shifts on ligand binding are not neces-
sarily sites of direct contact, we showed that Ala substitutions of
the surface-exposed KIX residues associated with the largest
chemical shift changes impaired interaction of the Mediator tail
subdomain with Gcn4 in vitro and the ability of Gal11 to support
activation by Gcn4 in vivo. Hence, it seems likely that these resi-
dues contribute to a binding site for Gcn4 on the KIX surface.
Interactions of the KIX domains of Gal11 and mammalian

MED15/ARC105 and CREB-binding protein have been mapped
by NMR for segments of different mammalian and yeast activa-
tors. The results indicate overlap, but also significant differences,

in the surfaces of the KIX domains that appear to interact with
different activators (34–36). Our results extend this conclusion to
include theGcn4-KIX interaction. The putative Gcn4-interacting
residues in theKIXdomain are located in a relatively hydrophobic
portion of the KIX surface (supplemental Fig. S4), consistent with
the possibility of interactionswith critical hydrophobic residues in
the Gcn4 activation domain.
In our NMR studies, we observed fast exchange between

unbound KIX and KIX in complex with Gcn4, which is consist-
ent with a high off-rate for the Gcn4-KIX interaction. Indeed,
NMR is one of the few techniques capable of mapping such
transitory interactions. A high off-rate probably also character-
izes the interactions between Gcn4 and the other Gal11 seg-
ments we examined, accounting for the low yields of complex
formation detected in all of the pulldown assays (Fig. 6 and
supplemental Fig. S3). Hence, we propose that the Gcn4 activa-
tion domain makes multiple, low affinity interactions with sev-
eral regions throughout Gal11, which are cumulative and prob-
ably cooperative in nature, resulting in the specific and stable
association of full-length Gcn4 with Mediator tail that we
observe in GST pulldown assays (Fig. 5, A and B).
Recent studies have led to quite different conclusions about

the domains in Gal11 that are critical for interacting with par-
ticular activation domains in yeast cells. Yeast activators Pdr1
and Oaf1 bind tightly to the Gal11 KIX domain in vitro and are
highly dependent on this interaction for the activation of target
genes in vivo (35, 36). By contrast, the activation domains in
Gal4, VP16, or GR-�1c interact weakly or not at all with the
recombinant Gal11 KIX domain, and eliminating KIX has little
or no effect on activation by Gal4 (31, 37) or �1c (33) in cells. By
contrast, �1c binds tightly to a recombinant Gal11 fragment
containing the B-box, and substituting the B-box completely
impairs its coactivator function for �1c (33).
Our results indicate that Gcn4 differs from both Pdr1/Oaf1

and GR-�1c in requiring both the KIX and the B-box for wild-
type levels of Mediator recruitment and transcriptional activa-
tion but is not strongly dependent on either one of these Gal11
domains for substantial Mediator recruitment and coactivator
function at Gcn4 target genes in vivo. Moreover, Gcn4 binds to
Gal11 segments encompassing the regions affected by �8 and
�10/�12, which also contribute to the efficiency of Mediator
recruitment by Gcn4. All of these interactions appear to be of
lower affinity than those involving the KIX domain and Pdr1 or
Oaf1 (35, 36). Thus, although Gcn4 appears to make multiple,
low affinity interactions with several Gal11 regions, Pdr1 and
Oaf1 interact more tightly, and perhaps exclusively, with the
KIX domain. This view is consistent with our previous finding
that the Gcn4 activation domain has a random coil structure in
solution (63) and contains seven different clusters of hydropho-
bic residues scattered throughout the acidic activation domain,
whose functions in Gcn4-Mediator interactions and transcrip-
tional activation are highly redundant (47, 61, 62).
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61. Drysdale, C. M., Dueñas, E., Jackson, B. M., Reusser, U., Braus, G. H., and

Hinnebusch, A. G. (1995)Mol. Cell. Biol. 15, 1220–1233
62. Jackson, B. M., Drysdale, C. M., Natarajan, K., and Hinnebusch, A. G.

(1996)Mol. Cell. Biol. 16, 5557–5571
63. Huth, J. R., Bewley, C. A., Jackson, B. M., Hinnebusch, A. G., Clore, G. M.,

and Gronenborn, A. M. (1997) Protein Sci. 6, 2359–2364

Gcn4 Targets Multiple Regions in Med15/Gal11

JANUARY 22, 2010 • VOLUME 285 • NUMBER 4 JOURNAL OF BIOLOGICAL CHEMISTRY 2455


