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c-Jun is a member of the AP-1 family of transcription
factors regulating expression of specific target genes in
a variety of cellular processes including proliferation,
stress response, and tumorigenicity. In the present
study we have analyzed the mechanism of c-Jun func-
tion as a transactivator with respect to members of the
basal transcription machinery, TATA-binding protein-
associated factors (TAFs). We show that one member of
the family, human TAF7 (formerly TAFII55), physically
interacts with c-Jun through two independent interac-
tion domains, within the N- and C-terminal part of c-
Jun. Interaction in vitro correlates with enhanced
transactivation function of c-Jun in HEK293 and COS
cells in the presence of increasing amounts of TAF7.
TAF7 interacts preferentially with DNA-bound phospho-
rylated c-Jun, suggesting that TAF7 represents a novel
c-Jun co-activator mediating activation of AP-1 target
genes in response to extracellular signals.

The AP-1 family of leucine zipper proteins is composed of Fos
(c-Fos, FosB, Fra-1, and Fra-2), Jun (c-Jun, JunB, and JunD),
and ATF proteins, which can form a variety of functional
dimers (for review see Ref. 1). Both gain-of-function and loss-
of-function approaches in tissue culture and in mice have es-
tablished specific and essential functions of the various sub-

units in a number of processes ranging from cell survival,
proliferation, oncogenic growth, cell death, neuronal excitation,
and chronic inflammation to the cellular defense against tox-
icity (for reviews see Refs. 2–7). During this broad spectrum of
important cellular processes, AP-1 activity is subject to rigor-
ous and complex regulation at transcriptional and post-tran-
scriptional levels. Regulatory signals by growth factors, onco-
proteins, proinflammatory cytokines, and environmental
stresses are transmitted to AP-1 by various signaling path-
ways, including those utilizing specific members of the mito-
gen-activated protein kinase family, such as extracellular sig-
nal-regulated kinases, JNKs,1 and p38 (8).

AP-1 factors represent prototypes of signal-modulated tran-
scriptional regulators. Much is known about the events that
lead to their activation. Both the signal transduction pathways
and the molecular events regulating the transcriptional poten-
tial of these factors are well described. Particularly, phospho-
rylation sites and their function are in many cases well defined,
like N-terminal phosphorylation of c-Jun at serines 63 and 73
by the Jun N-terminal kinases (9). c-Jun interacts with many
other transcription factors, which modulate AP-1-dependent
activity, such as steroid hormone receptors (10), Smads (11),
and Cbfa/runt (12).

The interaction of c-Jun with co-factors of transcription bear-
ing intrinsic acetyltransferase activity, like CBP (13), TAF1
(formerly TAFII250) (14), as well as the SWI/SNF chromatin
remodeling complex (15) and basal transcription factors, like
TBP and TFIIB (16), provides evidence for a cross-talk between
c-Jun and the basal transcription/chromatin remodeling
machinery.

Despite this detailed knowledge on signaling cascades and
interacting factors, neither the mechanism of how hyperphos-
phorylation is “translated” into increased RNA synthesis nor
the players involved in the process of transactivation, poten-
tially including components of the basal transcription machin-
ery, have been identified conclusively.

Among the activities involved in transcriptional regulation of
eukaryotic protein-coding genes the factor TFIID plays a par-
ticularly central role. Mammalian TFIID consists of TBP and
13 TBP-associated factors (TAFs) (for review see Refs. 17–19)
and several TFIID subpopulations comprising a subset of TAFs
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may exist in mammalian cells (18).
Evidence that TAFIIs function as co-activators in eukaryotic

cells has come from the investigation of the role of hsTAF11
(formerly TAFII28), hsTAF10 (formerly TAFII30), and hsTAF4
(formerly TAFII135) in transcriptional activation by several
transactivators, mainly by nuclear receptors (20–22). Further
evidence that TAFs are required for transcriptional activation
in vivo derives from genetic studies in Drosophila (23), Cae-
norhabditis elegans (24), and mouse (25). Thus, the currently
available information indicates that TAFs act as specific co-
activators in metazoans. Moreover, several studies (26–31)
suggested that TFIID subunits are important in the regulation
of cell cycle (TAF1, TAF2, TAF5, and TAF10) and apoptosis
(TAF4b and TAF6�).

Here we provide evidence that hsTAF7 is involved in the
transcriptional activity of c-Jun. We show the importance of
their synergistic interaction, which is mediated through the N-
and C-terminal domains of c-Jun.

EXPERIMENTAL PROCEDURES

Recombinant Plasmids—hTAFII55 (TAF7) expression vectors have
been described previously (21). RSV-c-Jun (32), �73/63 collCAT, thy-
midine kinase-CAT (3), 5xcoll TRE luc TATA-luc (53), GST-vJun �6–91
(33), c-Jun 1–87, c-Jun �6–194, �194–223, �6–223, �146–221, GHF-cJ
(34), GLZ (35), c-Jun1–166 (36), c-Jun-ser63/73, GSTc-Jun1–79 (37),
and GSTc-Jun1–166 (36) have been described. GSTc-JunbZip contain-
ing amino acids 223–331 was constructed by cloning a BglII/EcoRI
fragment of RSV-c-Jun �194–223 (34) into BamHI/EcoRI-digested
pGEX-3X. c-J basicD covering amino acids 1–6 and 221–288 was
created by PCR using c-Jun�146–221 as a template. Insect cell bacu-
lovirus expression vectors for TAFs and TBP have been previously
described in Ref. 32.

Antibodies and Oligonucleotides—The following antibodies have
been previously described: �-TAF7 (34), �-B10 (38), �-c-Jun (Signal
Transduction Laboratories), �-p-c-Jun (New England Biolabs), and
�-H-Ras (Santa-Cruz). Expression of baculovirus-expressed recombi-
nant TAFs was monitored using the following antibodies: �-TAF1,
Santa Cruz Biotechnology, �-TAF4 (22), �-TAF5 (32), �-TAF6 (26), and
�-TAF7 (38). The oligonucleotides used are the following: TRE (5�-AG-
CTAAAGTGGTGACTCATCACTAT-3�) and mt TRE (5�-AGCTAAAGT-
GGCGATCGTTCACTAT-3�).

Cell Culture and Transfection—COS and HEK 293 cells were main-
tained in Dulbecco’s modified Eagle’s medium supplemented with 10%
fetal bovine serum and used for transfections. For transient expression
assays, the cells were seeded at 30% confluency and transfected by the
calcium phosphate method. 2 �g of the �-galactosidase expression plas-
mid pCH110 (Pharmacia Corp.) was used to normalize for transfection
efficiencies, and the total amount of DNA was kept constant at 20
�g/plate with the use of pSG5 plasmid (Ref. 40). 18 h after the trans-
fection, the precipitate was removed, and the cells were further incu-
bated in Dulbecco’s modified Eagle’s medium with 10% fetal bovine
serum for 30 h. In the cases of c-Jun-induced hyperphosphorylation,
MMS was added 36 h after the transfection at a concentration of 1
mg/ml, and the cells were incubated for 2 h (39).

Total Cell Extracts, in Vitro Translation, and Bacterial and Baculo-
virus Expression of Recombinant Proteins—Total cell extracts that were
used for Western blot and immunoprecipitations were prepared as
described (34, 39, 40). In vitro translation was performed using the
TNT T7 coupled reticulocyte lysate system (Promega), as described
previously (12, 41).

Immunoprecipitation and Pull-down Assays—Immunoprecipitation
assays were carried out using 40 �g of protein A-Sepharose (Sigma),
mixed with 1 �g anti-c-Jun antibody in nondenaturing immunoprecipi-
tation buffer (20% glycerol, 0.05 M Tris, pH 7.9, 1 mM dithiothreitol, 0.1
M KCl, 0.1% Nonidet P-40) and incubated for 2 h at 4 °C with rotary
shaking. The resin with the bound antibody was collected by centrifu-
gation (6500 rpm, 1 min) and washed three times for 5 min with 1 ml of
ice-cold immunoprecipitation buffer. 100 �g of total cell extracts and 4
ng/�l of DNA were added, and the mixture was further incubated for 4 h
at 4 °C with rotary shaking. The resin was then washed and collected by
centrifugation as above. The pellet was resuspended in 2� SDS sample
buffer and assayed by Western blot analysis. Expression and purifica-
tion of GST fusion proteins and GST pull-down assays were performed
as described previously (36, 41).

Western Blot Assays—30 �g of total cell extracts separated by SDS

electrophoresis on 15% polyacrylamide gels were transferred on a ni-
trocellulose membrane. The blots were incubated with the correspond-
ing rabbit antisera. The immunocomplexes were visualized using the
kit of enhanced chemiluminescent substrate (Pierce), and quantitation
was performed by densitometry of x-ray films.

CAT and Luciferase Assays—Total cell extracts were prepared as
described above, and expression of CAT and luciferase reporter genes
was measured as described previously (36, 42). The experiments were
repeated at least three times.

RESULTS

c-Jun Interacts with TAF7 (TAFII55) in Vitro and in
Vivo—To identify cellular proteins involved in mediation of the
transactivation function of c-Jun, we searched for the potential
interaction partners of c-Jun in TFIID, using recombinant
baculovirus expression vectors to express TAFs and TBP (Fig.
1A, right panel). First, in vitro protein-protein interactions
were performed using baculovirus expressed, recombinant hu-
man TBP and TAFs (TAF1, TAF4, TAF5, TAF6, TAF7, and
TAF15) and bacterially expressed recombinant GST-c-Jun (1–
79; Fig. 1A) encoding the minimal transactivation domain of
c-Jun. In agreement with previous reports (16), recombinant
TBP was bound by immobilized GST-c-Jun (Fig. 1B, right pan-
el). Similarly, TAF7, but none of the TAFs tested here, showed
a detectable physical interaction with c-Jun (Fig. 1B and data
not shown). Under these conditions, TAF7 also interacted with
the GST control. However, this interaction was much weaker
compared with that with GST-c-Jun1–79.

FIG. 1. c-Jun interacts with hsTAF7 in vitro. A, GST c-Jun 1–79
(left panel) was expressed in bacteria and purified by affinity chroma-
tography. hsTAFs (right panel, as indicated) and hTBP were expressed
in SF9 cells using recombinant baculovirus expression vectors. The
samples from each preparation were subjected to SDS-PAGE and either
stained with Coomassie (GST or GST-c-Jun) or analyzed by Western
blot analysis using specific �-TAF antibodies as described under “Ex-
perimental Procedures.” B, hsTAFs and hTBP were mixed with c-Jun
1–79 in vitro and subjected to GST pull-down assay as described under
“Experimental Procedures.”
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These data show that under these conditions in addition to
TBP, only one of the analyzed TAF family members, TAF7, was
able to interact with the N-terminal region of c-Jun in vitro.
Note that under different interaction conditions another TFIID
component, TAF1, can also bind to c-Jun in vitro (14).

To confirm the physical interaction between TAF7 and c-Jun
proteins in living cells, immunoprecipitation assays combined
with Western blotting were performed using extracts from
transiently transfected COS cells (Fig. 2A). The cells received
the B10-hTAFII55 plasmid expressing human TAF7 protein
tagged with the B10 epitope (lanes 1 and 4), the RSV c-Jun
expression vector encoding wild-type c-Jun (lanes 2 and 5), or
both (lanes 3, 6, and 7). After transfection total cell extracts
were prepared and expression of c-Jun (Fig. 2B, upper panel),
and B10-tagged TAF7 (Fig. 2B, lower panel) was confirmed by
Western blot. To demonstrate the c-Jun/TAF7 interaction, c-
Jun-containing protein complexes were immunoprecipitated
using an anti-c-Jun antisera (Fig. 2A, lanes 4–6), and the
amount of co-precipitated TAF7 was determined by Western
blot, using the anti-B10 antibody. As shown in Fig. 2A (lane 4),
significant amounts of TAF7 interacting with endogenous c-
Jun can be co-precipitated, which is further amplified in cells
overexpressing c-Jun (Fig. 2A, lane 6). Immunoprecipitation of
the same samples using an anti-Ras antisera as a negative
control showed that TAF7 was not co-precipitated unspecifi-
cally under these conditions (Fig. 2A, lanes 1–3). These data
show that TAF7 specifically interacts with c-Jun both in vitro
and in vivo.

c-Jun-dependent Transcriptional Activation Is Increased by
TAF7—To determine whether co-expression of TAF7 further
increases c-Jun-dependent activity of AP-1-dependent promot-
ers, transactivation experiments with c-Jun-responsive pro-
moters fused to luciferase or CAT reporters were performed in
COS and HEK 293 cells. In COS cells transfected with the
standard AP-1-dependent reporter gene 5xcoll TRE-luc con-
taining five synthetic AP1 sites, c-Jun had an almost 4-fold
effect on transactivation of the reporter that was further en-
hanced about 4-fold upon ectopic overexpression of TAF7 (Fig.
3A). Expression of the TATA-luc reporter lacking AP-1 sites,
which was used as a negative control, was affected by neither
c-Jun nor TAF7 nor overexpression of both. These data show
that the TAF7-induced enhancement of 5xcoll-TRE-luc re-
porter gene expression was specifically mediated through c-Jun
rather than by a general effect on components of the basal
transcriptional machinery. Similar to the 5xcoll-TRE-luc con-
struct expression of the “classical” AP-1-dependent reporter

�73/63 CollCAT was increased about 5-fold by c-Jun (Fig. 3B,
lanes 1 and 2), which was further enhanced in the presence of
increasing amounts of TAF7 (Fig. 3B, lanes 3–5). When we
analyzed the promoters/enhancer units of thymidine kinase or
RSV-LTR, whose high basal activity is not affected by c-Jun
overexpression,2 no major changes in activity of these regula-
tory units were detected (Fig. 3B, lanes 6–9, and data not
shown). These data show that the series of transcription factors
regulating the activity of these potent promoters were not
affected by TAF7. Co-transfection of expression vectors encod-
ing other TAFs (i.e. TAF12) did not influence the activation of
the reporters by c-Jun (data not shown), confirming our data
obtained by in vitro interaction of recombinant proteins. These
data demonstrate that TAF7 interacts with c-Jun and posi-
tively influences the transcriptional activation by c-Jun.

c-Jun Contains Two Binding Sites for TAF7—Previous find-
ings showed an interaction between TBP or p300 with both the
N- and C-terminal halves of c-Jun (27, 43). These findings
prompted us to test whether in addition to the N-terminal
domain the DNA-binding domain of c-Jun could also partici-
pate in an interaction with TAF7. To answer this question,
GST pull-down assays followed by Western blot analysis were
performed using protein extracts from 293 cells transiently
transfected with a hsTAF7 expression vector. In agreement
with the data on in vitro interaction of recombinant hsTAF7
and c-Jun N terminus (Fig. 1), using a GST fusion protein
containing the N-terminal part of c-Jun (amino acids 1–166) as
a bait, significant amounts of hsTAF7 could be pulled down
(Fig. 4A, lane 3). A GST-c-Jun fusion protein containing amino
acids 1–79 of c-Jun was less efficient. In contrast, GST alone
did not pull down detectable levels of hsTAF7 (lane 1), confirm-
ing specificity of interaction. Interestingly, compared with the
transactivation domain, the C-terminal part of c-Jun bZip con-
taining the DNA-binding region was even more efficient in
hsTAF7 pull down (lane 2). These data suggest that in addition
to the N terminus, the C-terminal part of c-Jun is able to
interact with hsTAF7.

The potent binding of hsTAF7 to the bZip sequence of c-Jun
can be explained by direct interaction or by heterodimer for-
mation of c-Jun with a hsTAF7-loaded dimerization partner. To
distinguish between these two possibilities and to define the
structural requirements of c-Jun required for hsTAF7 interac-
tion in more detail, GST pull-down assays were performed with

2 P. Angel and T. Oehler, unpublished observation.

FIG. 2. c-Jun interacts with hTAF7 in vivo. A, COS cells were transiently transfected with hsTAF7 (lanes 1 and 4), c-Jun (lanes 2 and 5), or
hsTAF7 and c-Jun (lanes 3, 6, and 7) as indicated at the top. Extracts of these transfected cells were immunoprecipitated (IP) with an anti-Ras
(lanes 1–3) or anti-c-Jun antibody (lanes 4–6). Nonimmunoprecipitated extracts were loaded on lane 7. Western blot analysis followed, using the
anti-B10 antibody, which recognizes the B10 epitope of the transfected hsTAF7. B, Western blot analysis, showing the expression levels of c-Jun
and hsTAF7 after the transfection, using the anti-c-Jun (upper panel) and anti-B10 (lower panel) antibodies, respectively. The lanes correspond
to the same transfections described for A.
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in vitro transcribed and translated c-Jun proteins (Fig. 4, C,
lanes 1–5, and D, lanes 1, 2, 7, and 8) and GST fusion proteins
containing the full-length hsTAF7 protein (Fig. 4B, lane 3). As
shown in Fig. 4C, 35S-labeled wild-type and mutant c-Jun
proteins containing an intact bZip region were efficiently bound
to GST-hsTAF7 (lanes 6, 8, 10, 12, and 14). Even the minimal
DNA-binding domain of c-Jun (amino acids 224–331) was pre-
cipitated as efficiently as the wild-type protein (lanes 6 and 12).
As a negative control a GST fusion protein containing a small
part of the N-terminal region of avian c-Jun, which completely
lacks the transactivation domain, was used (Fig. 4, B, lane 6,
�6–91, and C, lanes 7, 9, 11, 13, and 15). This protein precip-
itated the various Jun proteins with only very low efficiency.
These data show that the region of c-Jun spanning amino acids
224–331 is able to interact with TAF7 independently of a
dimerization partner. Moreover, this domain acts independ-
ently from the hsTAF7 interaction domain in the N terminus.
This is further supported by the very efficient precipitation of a
GHF1-c-Jun fusion protein composed of the DNA-binding do-
main of c-Jun and the transactivation domain of the transcrip-
tion factor GHF1/Pit1 (Fig. 4D, lanes 5 and 6). Analysis of
additional c-Jun mutants revealed that in the absence of the N
terminus, the leucine zipper region is required for c-Jun/TAF7
interaction (Fig. 4D). Deletion of this region in a c-Jun mutant
containing only the basic domain (c-Jun basicD; amino acids
221–288) led to a complete loss of complex formation (lanes 3
and 4). Moreover, the Jun-TAF7 interaction was similarly lost
upon replacement of the c-Jun leucine zipper by the corre-
sponding region of GCN4 (GLZ, lanes 11 and 12). Together
these results suggest that dimerization is not sufficient for
hsTAF7 binding but rather relies on c-Jun-specific sequences of
the leucine zipper domain.

hsTAF7 Interacts Preferentially with DNA-bound Phospho-
rylated c-Jun in Vivo—Having defined hsTAF7 interaction re-
gions in the N- and C-terminal parts of c-Jun, we wanted to
know whether this interaction could be modulated by the phos-
phorylation events that regulate the activity of the c-Jun trans-
activation domain. To address this question, HEK 293 cells
were transiently transfected with a c-Jun expression vector to
increase c-Jun levels in the cell (Fig. 5A, lanes 3 and 4). To
efficiently generate phosphorylated c-Jun, the cells were
treated with the alkylating agent MMS, which is one of the
most potent inducers of the JNK pathway (42, 39). When we

analyzed phosphorylation of c-Jun at serines 63 and 73 by
Western blot using a phosphospecific antibody (lanes 5–8), a
low level of spontaneous c-Jun phosphorylation was observed
in transfected cells already in the absence of MMS treatment
(lane 7), which was possibly induced in response to the trans-
fection procedure. Phosphorylation was drastically increased in
both untransfected (lane 6) and c-Jun overexpressing cells
(lane 8) in response to treatment with MMS. A significant
percentage of c-Jun exhibits a slower electrophoretic mobility,
which is caused by hyperphosphorylation of c-Jun at serines 63
and 73, as well as threonines 89 and 91 (34, 36). These slower
migrating forms are also detectable in MMS-treated c-Jun
overexpressing cells using the antibody, which recognizes both
unphosphorylated and phosphorylated forms of c-Jun (lane 4,
marked by an asterisk). When we incubated GST-hsTAF7 pro-
tein with extracts from untreated c-Jun overexpressing cells, a
significant amount of c-Jun was retained (Fig. 5B, lane 2). The
amount of TAF7-bound c-Jun is not significantly increased
when extracts from MMS-treated cells were used (lane 3).
These data were obtained in the presence of an oligonucleotide
comprising a mutated AP-1 binding site. However, when we
included an excess of oligonucleotides representing a wild-type
AP-1 binding site in the binding reaction, the level of TAF7-
bound c-Jun was increased when comparing with untreated
cells (lane 4). Thus, in the presence of wild-type AP-1 binding
sites, the amount of co-precipitated Jun was strongly increased
(compare lanes 3 and 5). Particularly, the slower migrating,
hyperphosphorylated form of c-Jun became preferentially
bound to GST-hsTAF7 (lane 5). These data strongly suggest
that c-Jun and hsTAF7 interact in solution regardless of the
phosphorylation status of c-Jun. DNA binding of Jun may
induce a conformational change of the N terminus, making this
transactivation domain susceptible for phosphorylation-
dependent binding of TAF7.

DISCUSSION

Transcriptional activation by sequence-specific activators
can be mediated via TAFs, through interaction between trans-
activation domains and the TAFs (21, 44, 45). However, there is
not much known about how and whether these interactions
participate in vivo in the regulation of specific target genes.

Here we describe novel interactions in vitro and in living
cells between the hsTAF7 component of TFIID and the tran-

FIG. 3. Overexpression of hsTAF7 enhances transactivation by c-Jun in COS (A) and HEK 293 (B) cells. A, 1.5 �g of the 5xcoll TRE
or TATA reporter plasmids were transfected with 4 �g of RSV c-Jun and 0.3 �g of B10-hsTAF7. The cells were harvested after 36 h and analyzed
for luciferase activity. The results of three independent experiments (� S.D.) are shown by graphic representation. B, 5 �g of �73/63 CollCAT or
thymidine kinase-CAT reporter plasmids were transfected with 4 �g of empty vector (lane 1) or RSV c-Jun (�) and 1, 2.5, or 5 �g of RSV-hsTAF7
(lanes 3–5 and 7–9). Expression of the reporter genes in the absence of expression vectors was set as 1. The experiment was performed three times,
and the averages (� standard deviations) are shown.
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scriptional activator c-Jun, a member of AP-1 family of tran-
scription factors. Under these conditions c-Jun did not interact
with other TAFs, and strong promoter/enhancer units, which
are controlled in a c-Jun-independent manner, were not af-
fected, showing selectivity of interaction.

TAF7 protein contains almost 40% of charged residues and
has been shown to interact with Sp1, USF, YY1, and CTF
transactivators in solution interaction studies but not with
NF-�B p50 subunit (60). Thus, similar to other c-Jun-interact-

ing proteins involved in transcriptional regulation, such as
CBP/p300 (41, 46, 47) and ASC proteins (48), this highly
charged protein potentially represents a central component of
transcription factor cross-talk that interacts under various cell
and/or promoter context with multiple molecules sharing sub-
tle commonality in structure.

TAF7 interacts with two independent sites in the N-terminal
and C-terminal parts of c-Jun. The first one comprises the
dimerization domain, adjacent to the basic DNA-binding do-
main, referred as the “leucine zipper” (49). In the absence of the
N-terminal interaction domain, either deletion or replacement
of the leucine zipper results in a complete loss of interaction.
Previously, a number of other structurally unrelated cellular
proteins including NF-AT, members of the Ets and Smad pro-
tein families, and p300 have been identified that interact with
the DNA-binding domain of bZip proteins, including c-Jun (for
review see Ref. 50). Nevertheless, c-Jun/TAF7 interaction sig-
nificantly differs from complex formation of Jun with these
proteins. First, c-Jun/TAF7 complexes were detectable in the
absence of DNA, whereas Jun-NFAT interactions rely on the
presence of adjacent binding sites. In contrast to Jun/NF-AT,
interactions between Ets and Jun proteins are formed in a
DNA-independent manner. However, interaction is mediated
through the basic region of c-Jun (50). Similarly, the basic

FIG. 4. Mapping of domains of c-Jun that interact with hsTAF7
in vitro. A, HEK 293 cells were transiently transfected with RSV-
hsTAF7, and cell extracts were prepared after 36 h. 500 �g of extract
was subjected to GST pull-down analysis using the various GST pro-
teins indicated at the top (lanes 1–4), and the amount of pulled down
hsTAF7 was determined by Western blot analysis. In lanes 5 and 6, in
parallel, 50 �g of cellular extracts from mock transfected and RSV-
hsTAF7-transfected cells, respectively, were subjected to gel electro-
phoresis, and the amount of hsTAF7 in the extract was determined by
Western blotting. B, expression and purification of GST-hsTAF7 and
GST-JunTAD�6–91 proteins. Bacteria expressing the GST proteins
indicated at the top were lysed, the protein extracts were prepared, and
a fraction of them were analyzed by SDS-PAGE followed by Coomassie
staining on the gel. Lanes 1 and 4, total extracts; lanes 2 and 5, soluble
fraction; lanes 3 and 6, affinity-purified proteins. The molecular masses
of GST-hsTAF7 (80 kDa) and GST-JunTAD�6–91 (50 kDa) are indi-
cated. C, hsTAF7 interacts with the bZip domain of c-Jun. Various
c-Jun deletion mutants were synthesized in vitro (lanes 1–5) in the
presence of [35S]methionine and subjected to GST pull-down analysis
(lanes 6–15) using GST-hsTAF7 (�). GST-Jun�6–91 was used as a
negative control. Pulled-down c-Jun proteins were subjected to SDS-
PAGE and visualized by autoradiography. D, the c-Jun leucine zipper is
a target for interaction with hTAF7 in vitro. [35S]Methionine-labeled
c-Jun mutants were synthesized in vitro (lanes 1, 2, 7, and 8) and
analyzed as described for C. WT, wild type; sol.-fr., soluble fraction.

FIG. 5. TAF7 interacts preferentially with DNA-bound, phos-
phorylated c-Jun. A, HEK 293 cells were mock transfected (lanes 1, 2,
5, and 6) or transfected with a c-Jun expression vector (RSV c-Jun;
lanes 3, 4, 7, and 8). After 36 h, the cells were left untreated (�) or
treated with MMS (1 mg/ml) to induce c-Jun phosphorylation. 2 h later
the cellular extracts were prepared, and the total amount of c-Jun
(lanes 1–4) as well as the level of phosphorylated c-Jun at serines 63
and 73 (lanes 5–8) was determined by Western blot analysis using
antibodies that recognize either both unphosphorylated and phospho-
rylated forms of c-Jun (left panel) or only the phosphorylated forms of
c-Jun (right panel). The asterisk marks the more slowly migrating forms
of hyperphosphorylated Jun detectable in MMS-treated c-Jun overex-
pressing cells (lane 4). B, cell extracts from untreated (�) or MMS-
treated (�) HEK 293 cells, which were transiently transfected with a
c-Jun expression vector (see lanes 3, 4, 7, and 8 in A) were subjected to
GST pull-down analysis using GST (lane 1) or GST-hTAF7 (lanes 2–5)
in the presence of wild-type (W) or mutant (M) AP-1 binding sites.
Pulled down c-Jun proteins were visualized by Western blot analysis
using the antibody, which recognizes both unphosphorylated and phos-
phorylated forms of c-Jun.

TAF7 and c-Jun Cooperate in Regulation of Transcription21514

 by guest on D
ecem

ber 8, 2020
http://w

w
w

.jbc.org/
D

ow
nloaded from

 

http://www.jbc.org/


domain of c-Jun is involved in p300 interaction (43). In the case
of Smad proteins, amino acid substitutions, which interfere
with homodimerization of Jun or ATF-2, also interfere with
Smad interaction (51). Whether this interference is due to the
requirement of specific amino acid sequences in the leucine
zipper domain (as found for c-Jun/TAF7 interaction) or to the
general loss of dimerization remains to be determined. Struc-
tural analysis of TAF7/c-Jun complexes will be required to
determine in more detail the structural features of interaction.

What are the possible functions of TAF7 binding to the
leucine zipper region of c-Jun? A potential mechanism of coop-
erativity between c-Jun leucine zipper domain and TAF7 in-
cludes the stabilization of specific heterodimers, thus providing
selective dimerization between specific AP-1 subunits in the
cell. Interestingly, synergistic interactions of Jun complexes
with non-bZIP DNA-binding proteins, like NF-AT, Ets, and
Smad family members are mediated through their DNA-bind-
ing domains, extending the recognition specificity of the com-
plex, as compared with the individual components (for review
see Ref. 50). An additional function of TAF7 binding to the bZIP
domain of c-Jun may reside in prevention of this domain for
binding to negatively acting factors, such as steroid hormone
receptors (10).

Although ternary complexes containing Jun and non-bZIP
proteins stably associate with DNA, at present it is still unclear
whether or not TAF7 remains associated with the bZIP region
of c-Jun upon DNA binding. We have preliminary unpublished
data that in vitro interaction between TAF7 and a recombinant
c-Jun mutant lacking the N terminus (c-Jun�6–223) is reduced
in the presence of wild-type but not mutant AP-1 binding sites.
Clearly, following c-Jun-mediated recruitment of TAF7 to AP-1
binding sites, liberation of TAF7 from the bZIP domain of c-Jun
upon DNA binding will enhance the local concentration of
TAF7 and support its interaction with the N-terminal transac-
tivation domain of c-Jun. Our GST pull-down assays suggest
that the site of interaction between TAF7 and the transactiva-
tion domain of c-Jun is localized between amino acids 1 and
166. Although deletion of amino acids 119–166 did not affect
complex formation,3 loss of the region between amino acids 79
and 118 reduced Jun/TAF7 interaction. Interestingly, these
sequences overlap with the previously described a1 and � re-
gions (52) also known as region III (33), which functionally
cooperate with upstream sequences containing the JNK phos-
phorylation sites Ser63 and Ser73. Neither the nature of the
factor(s) binding to these regions nor the mechanisms of how
these factors mediate the transactivation potential of c-Jun
have been defined. Possibly, TAF7 directly binds to two sites
located between amino acids 1–79 and 79–116. However, we
consider this possibility unlikely, because these regions of c-
Jun did not interact with TAF7 produced in bacteria or by in
vitro transcription/translation (data not shown). Only recombi-
nant TAF7 produced in insect cells or protein extracts from
mammalian cells expressing TAF7 yielded efficient co-precipi-
tation. These data suggest that one more additional factor
associating with TAF7 is required for complex formation. This
bridging factor might bind directly to c-Jun. On the other hand,
it is also possible that post-translational modification of TAF7
contributes to c-Jun/TAF7 interaction.

Importantly, binding of TAF7 to the TAD of Jun was greatly
enhanced in extracts from MMS-treated cells in the presence of
wild-type but not mutant AP-1 binding sites. Under these
conditions, the majority of Jun appears to be in a DNA-bound
status (53). We propose a model where changes in the DNA-
binding domain of c-Jun upon DNA binding leads to conforma-

tional change in the N terminus supporting binding of TAF7 to
the transactivation domain of c-Jun. Several examples of con-
formational changes of transcription factors have been re-
ported that are important for their activity, e.g. Ets (54, 55),
ATF-2 (56), and c-Jun (57), where auto-inhibition by cis-acting
modules is relieved by DNA-binding, post-translational modi-
fications or the binding to other co-regulatory proteins. Binding
of TAF7 to the N terminus of c-Jun is most efficient on c-Jun
molecules, which underwent strong hyperphosphorylation at
multiple serine and threonine residues in response to stress
signaling. Enhanced binding of TAF7 might keep the c-Jun
protein in an “open” active conformation by unmasking inhib-
itory sequences. By that, binding of additional factors, such as
the phosphoisomerase Pin1, which specifically binds to hyper-
phosphorylated c-Jun and whose activity is required for JNK-
mediated, c-Jun-dependent transcription of cyclin D1 (58),
might be supported. Alternatively, phosphorylation-dependent
interaction of c-Jun with other activators or co-factors of tran-
scription with histone acetyltransferase activity, like p300/
CBP (59), facilitates opening of chromatin structures. Subse-
quent interaction of c-Jun with TFIID components, like TAF7,
stabilizes TFIID and enables more efficient initiation of tran-
scription process. Although the role of TAFs in transcription is
not entirely understood, additional interactions of c-Jun with
TAF7 may well contribute to transactivation through AP-1
responsive elements. These inducible functional interactions
with co-factors like TAFs can allow extracellular signal regu-
lated transactivators, like c-Jun, to integrate these signals in
basal transcription machinery in a promoter-specific manner.
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