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The transcriptional activation potential of proteins can be assayed
in chimeras containing a heterologous DNA-binding domain that
mediates their recruitment to reporter genes. This approach has
been widely used in yeast and in transient mammalian cell assays.
Here, we applied it to assay the transactivation potential of
proteins in transgenic Drosophila embryos. We found that a
chimera between the DNA-binding bacterial LexA protein and the
transactivation domain from yeast GAL4 behaved as a potent
synthetic activator in all embryonic tissues. In contrast, a LexA
chimera containing Drosophila Fos (Dfos) required an unexpected
degree of context to function as a transcriptional activator. We
provide evidence to suggest that this context is provided by Djun
and Mad (a Drosophila Smad), and that these partner factors need
to be activated by signaling from Jun N-terminal kinase and
decapentaplegic, respectively. Because Dfos behaves as an auton-
omous transcriptional activator in more artificial assays systems,
our data suggest that context-dependence of transcription factors
may be more prevalent than previously thought.

Transcriptional activators are modular, bearing separable
DNA-binding and transactivation domains (1). The former

allow them to bind to enhancers of target genes, the latter to
recruit the basal transcription machinery to the promoter of
these genes (2). The function of transactivation domains can be
assayed if these are fused to a heterologous DNA binding
domain, for example that of the bacterial regulator LexA. These
chimeras reveal that typical yeast activators, such as GAL4 or
GCN4, contain potent transactivation domains (1, 3). Although
a single transactivation domain can suffice to activate transcrip-
tion, synergy often is observed between multiple domains de-
rived from the same, or from different, activators (e.g., refs.
4–6). This is thought to reflect multiple contacts with distinct
components of the basal transcription machinery (ref. 7, and
references therein).

In higher eukaryotes, transcriptional activation of target genes
often is based on synergy between different enhancer-binding
proteins (e.g., refs. 8–11). Typically, these enhancer-binding
proteins can function autonomously to activate transcription of
reporter genes from multimerized binding sites. However, there
are exceptions to these ‘‘genuine’’ transcriptional activators, for
example the high mobility group (HMG) proteins of the T cell
factor (TCF) family. These factors can only activate linked genes
in the presence of, and in cooperation with, adjacent DNA-
binding proteins (12, 13). Therefore, TCFs act in a context-
dependent way, and are thought to have architectural roles in the
assembly of multiprotein enhancer complexes (14). Interestingly,
TCFs serve as target transcription factors for Wnt-1yWingless
signaling (15, 16). Some of their DNA-binding partners are also
signal response factors, others are tissue-specific proteins (17,
18). Context-dependence would seem to be a desirable property
of signal response factors: obligatory partnerships with specific
sets of other positionally activated proteins would enable a signal
response factor to confer cell-type-specific responses to a ca-
nonical signaling cascade that acts on a multitude of tissues
during development.

Endoderm induction in Drosophila is a developmental event
during which Wingless, decapentaplegic (Dpp), and epidermal

growth factor receptor (Egfr) signaling pathways synergize to
stimulate the transcription of homeotic target genes (19). Dro-
sophila Fos (Dfos) is a critical component of this inductive
process: its expression is elevated locally in the endoderm in
response to Dpp and Egfr signaling, and its function is required
for the induction of the ultimate endodermal target gene labial
(20). To test the transactivation potential of Dfos and its possible
signal-dependence, we constructed chimeras between the whole or
parts of Dfos and the DNA-binding LexA protein and expressed
these in transgenic Drosophila embryos with the GAL4 system (21).
We found that a GAL4-LexA chimera functions as an autonomous
and efficient synthetic activator in all cells of transgenic embryos to
stimulate transcription from a reporter containing multimerized
LexA binding sites. Surprisingly, however, a Dfos-LexA chimera did
not. Rather, Dfos-LexA requires a context of cooperating DNA
sequences as well as inputs from different extracellular signals to
function as a transcriptional activator.

Experimental Procedures
Plasmids and P Element Transformation. For the LL and MadL
reporters, the following oligonucleotides were cloned into
HZ50PL as XbaIyKpnI inserts as described (22): LL (TC-
GAGCTGTATATACATACAGTGCTCGA)4, MadL (CTG-
TATATACATACAGTAGCGCCGGCGCTTCCAG)4 (LexA
binding site underlined). Full-length LexA protein was used for
the LexA chimeras (23). An efficient translational initiation
context and a nuclear localization sequence (TPPKKKRKVED)
were provided by inserting 59-AATTCGATGGCTCATAT-
GACCCCCCCCAAGAAGAAGCGCAAGGTGGAGGAC-
GGA-39 as a double-stranded oligonucleotide (13). A flexible
linker encoding KLGGGAPAVGGGPK was inserted between
LexA and its fusion partner (59-AATTGGGCGGCGGCGC-
CCCCGCCGTGGGCGGCGGCCCCGC-39). Constructs were
generated by standard PCR techniques and checked by sequenc-
ing or by in vitro translation using the TNT Coupled Reticulocyte
Lysate System (Promega). The GAL4 activation domain (GAD)
spans residues 768–881, whereas the Dfos full-length, N-
terminal and C-terminal inserts span residues 1–595, 1–249, and
325–595, respectively (Fig. 1B). These constructs were subse-
quently cloned into pUAST (21).

Transgenic flies were generated by standard techniques. For
each construct, 4–8 lines were isolated and made homozygous
for the transposon; each functional test in the embryo was
carried out with at least two different lines.
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Fly Strains and Phenotypic Analysis. For transformation, cn, ry42

(lacZ constructs), and y w1118 f lies (UAS constructs) were used
as hosts. The following GAL4 driver and responder lines were
used: arm.GAL4 (24) for ubiquitous expression; 24B.GAL4 (21)
for mesodermal expression; 48Y.GAL4 (25) for endodermal
expression; UAS.Djun and UAS.Dfos (26); UAS.junAsp,
UAS.junAla (27); UAS.Drac1V12 and UAS.Dcdc42V12 (28);
UAS.Dras1V12 (29).

The expression levels of different LexA constructs were tested
(and compared between individual transgenic lines) when pos-
sible by a-Dfos antibody staining (20) after GAL4-mediated
expression in the embryo. Also, they were overexpressed in the
eye or wing disk [with GMR.GAL4 (30) and ms1096.GAL4 (31),
respectively], which tends to cause phenotypic effects (eye
roughening, wing crumpling, wing vein defects), probably be-
cause of the LexA chimeras acting through fortuitous genomic
LexA binding sites near developmental control genes. On the
basis of the severity of these phenotypes, individual lines were
selected for each construct for further analysis. Their function-
ality was confirmed by their quenching effects on reporter-
mediated background expression (see Results) in the embryo.
Reporter gene expression was monitored by staining embryos
with a mouse a-lacZ antibody (Promega) as described (32).

Results
We constructed chimeras that contain the LexA protein fused
either to the whole of Dfos (LexFos), or to its N-terminal
(LexFosN) or its C-terminal part (LexFosC). Only the former,
but neither of the latter, contains the Dfos leucine zipper, which
is known to mediate dimerization with Dfos itself and also with
Djun (33). As a control, we fused the same part of LexA to the
transactivation domain of GAL4 (LexGAD). These chimeras
were expressed in transformed embryos by the GAL4 system
(21) (Fig. 1 A).

To test these chimeras, we generated a reporter gene (LL) that
contains four tandem LexA binding sites linked to a canonical
TATA box and the b-galactosidase (lacZ) coding sequence (Fig.
1B). We also designed an alternative reporter gene (MadL; Fig.
1B) that is similar to LL, but in which the LexA binding sites are
interspersed with a context sequence derived from the midgut
enhancer of Ultrabithorax (Ubx). This context sequence includes
a Mad (Mothers against Dpp) binding site, which, in the Ubx
enhancer, cooperates with an adjacent CRE-like sequence to
mediate the response to Dpp and Egfr signaling (Fig. 1C) (19,
26). Our evidence suggested that Dfos may be able to act through
this CRE-like sequence (unpublished observations). Hence, the
MadL reporter was designed to test whether the Dfos chimeras
required context sequences for function.

Individual transformants were established and tested for expres-
sion levels and functionality of their LexA chimeras (see Experi-
mental Procedures). Embryos from LL and MadL reporter trans-
formant lines were stained with an antibody against lacZ, revealing
in both cases a distinct background pattern of lacZ staining that
barely varied between lines. LL-mediated staining was very low
(Fig. 2A). MadL-mediated background staining was more notice-
able, especially in the endoderm primordia, and later in the middle
midgut (Fig. 2C), presumably reflecting the activity of an endoder-
mal factor binding to the context sequence in MadL.

The Function of LexGAD as a Synthetic Activator. We combined
expression of individual chimeras and reporters in transgenic
embryos. This revealed that LexGAD potently and ubiquitously
activated transcription from the LL reporter (Fig. 2B). The lacZ
staining levels were not completely uniform in some of the
tissues, and were lower in some tissues than in others. For
example, staining was very strong in the mesoderm, but weaker
in the central nervous system. Nevertheless, we found LexGAD
to be a potent synthetic activator that can function efficiently in
all embryonic tissues.

Fig. 1. Maps and sequences of constructs and of the signal-responsive module of the Ubx midgut enhancer. (A) Layout of the LexA chimeras. The LexA coding
sequence (white) is flanked by translation initiation and nuclear translocation signals (left-hand black box) and flexible linker (right-hand black box). Dark gray
top line, GAL4 activation domain (GAD); dark gray underneath, DNA-binding and dimerization domain of Dfos. (B) Sequences in the LL and MadL reporters; four
tandem copies were inserted upstream of a canonical TATA box. The LexA binding site is underlined. The context sequence in MadL is derived from the DppyRas
responsive element in the Ubx midgut enhancer (bracketed in C). (C) The signal responsive module of the Ubx midgut enhancer contains a Wingless response
sequence (binding site for TCF) and an adjacent bipartite DppyRas response sequence (CRE, DppyRas target; tandem Mad binding sites, Dpp target). Note that
the Mad binding sites are also the target for a Wingless induced repressor (see text).
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Interestingly, when we tested LexGAD with the MadL re-
porter, the lacZ staining was more restricted. For example, when
expressed in the mesoderm, LexGAD produced lacZ staining
exclusively in the middle midgut and in a region around the
gastric caeca (Fig. 2D), both areas which experience Dpp and
Egfr signaling (19). This is in contrast to the test with LL in which
mesodermal LexGAD produced essentially pan-mesodermal
staining (Fig. 2E). This suggested that LexGAD activity can be
restricted by a repressor that binds to the context sequence in
MadL in the absence of DppyEgfr signaling. If so, this repression
might be relieved by more widespread signaling.

To test this, we coexpressed LexGAD with Dpp, or with an
activated form of Dras1 (Dras*), in the mesoderm. Indeed,
coexpression with Dpp enabled LexGAD to be active through-
out the mesoderm when tested on MadL: we observed strong and
uniform lacZ staining from the anterior to the posterior end of
the visceral midgut mesoderm (Fig. 2F). On the other hand,
whereas Dras* showed a noticeable stimulatory effect on MadL-
mediated staining in the somatic mesoderm, and also a mild one
in the visceral mesoderm, it did not lead to uniformly high
expression in this tissue (not shown). These activating effects
were specific for the MadL reporter, and not visible with LL. We
conclude that Dpp signaling relieves the repressive effect of the
MadL context sequence on LexGAD. Recall that this context
sequence contains a Mad binding site (ref. 19; see Fig. 1C).
Because Dpp signaling triggers the nuclear import of Mad (34),
it is possible that Mad, on nuclear entry, binds to MadL and
displaces a repressor from it, thus allowing full function of
LexGAD. In support of this, we previously found that the Mad
binding site in the Ubx enhancer is a target for a repressor whose
activity is relieved by Dpp signaling (35).

The Context-Dependence of LexFos Chimeras. In contrast to Lex-
GAD, none of the Dfos-LexA chimeras showed any transcrip-
tional activity when tested with LL (not shown). This was
somewhat surprising, given that a similar LexA-Fos chimera can
activate transcription in yeast from multimerized LexA binding

sites (36) and that Dfos can activate transcription in vitro (33).
However, when we tested LexFos with MadL, this chimera
produced conspicuous lacZ staining in the dorsal region of
embryos, along the leading edge (Fig. 3B, compare with A).
Significantly, these cells are involved in the process of dorsal
closure of the embryo (37), and endogenous Dfos is not only
expressed at high levels in these cells, but also required for this
process (38, 39). This is a strong indication that LexFos mimics
the function of endogenous Dfos in these cells.

Neither LexFosN nor LexFosC produced any staining in the
leading edge cells (not shown). However, all three chimeras,
after ubiquitous expression, eliminated the endodermal back-
ground staining that we observe with MadL alone (Fig. 3D, ‚;
compare with Fig. 3C). This quenching activity may reflect a
displacement by the chimeras of the endogenous endodermal
factor binding to MadL (see above). The quenching provides
further evidence that all three chimeras are expressed and
functional at a comparable level. However, the observation that
only LexFos, but neither of the others, shows any transactivation
potential suggests that this potential may reside not in Dfos itself,
but in a dimerization partner of Dfos. The only presently known
dimerization partner of Dfos is Djun (33). Notably, Djun is also
required for dorsal closure of the leading edge cells (40–43), and
its activity for this process depends on the Jun N-terminal kinase
(JNK) signaling pathway, which is active in these cells (37). It
thus seemed conceivable that LexFos recruits activated Djun to
mediate transcriptional activation of MadL.

To test this, we coexpressed LexFos with an activated form of
c-Jun [JunAsp (27); we shall refer to this as Jun*], with a control
version of this (JunAla; ref. 27), and also with Djun or with Dfos
throughout the embryo. When testing these pairs with MadL, we
found that Jun*, but none of the other Jun proteins nor Dfos,
were able to synergize with LexFos to produce strong and
widespread lacZ staining in various embryonic tissues (predom-
inantly in the mesoderm, but also in the dorsal epidermis; Fig.
3F, compare with E). This effect of Jun* very largely depended
on LexFos (Fig. 3F) as very little extra staining was observed
when Jun* was tested alone with MadL (Fig. 3E), implying that

Fig. 3. LexFos is a context-dependent transcriptional activator. Side views of
'14-h-old embryos bearing MadL, stained with a-lacZ antibody (A and B,
surface views; C–F, focused on midgut). (A) MadL reporter only. (B) MadL with
ubiquitous LexFos; note lacZ staining in the dorsal leading edge cells (arrows)
because of LexFos. (C) MadL only; endodermal background staining is indi-
cated by arrowhead. (D) MadL with ubiquitous LexFos; the background stain-
ing because of MadL is suppressed by LexFos (‚). (E) MadL with ubiquitous
Jun*. (F) MadL with ubiquitous LexFos and Jun*; Jun* potently synergizes with
LexFos in various embryonic tissues.

Fig. 2. LexGAD is a potent autonomous activator in transgenic embryos. Side
views of '14-h-old embryos, bearing lacZ reporter and expressing various
LexA chimeras, stained with a-lacZ antibody. (A) LL reporter only. (B) LL with
ubiquitous LexGAD; LexGAD activates LL throughout the embryo. (C) MadL
reporter only. (D) MadL with mesodermal LexGAD; LexGAD cannot activate
MadL in regions of the visceral mesoderm that do not experience Dpp stim-
ulation (open triangles). (E) LL with mesodermal LexGAD; LexGAD activates LL
throughout the visceral mesoderm (arrows). (F) MadL with mesodermal Lex-
GAD and Dpp; in the presence of Dpp, LexGAD activates MadL throughout the
mesoderm (arrows). Anterior to the left, dorsal up in all panels.
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recruitment of Jun* by LexFos is necessary for the widespread
activity of LexFos under these conditions. Interestingly, it also
depended on the reporter because there was no synergy between
Jun* and LexFos when tested with LL (see below). Because only
the activated version of Jun was able to produce widespread lacZ
staining, this suggested that JNK signaling may be required for
the transactivation potential of the LexFosyJun dimer. If so,
LexFos might be expected to exhibit a more widespread activity
if expressed under conditions of ubiquitous JNK signaling. Note
that the only embryonic territory known to experience JNK
signaling are the leading edge cells (44), whereas Djun is
expressed fairly ubiquitously throughout the embryo (43).

To mimic constitutive JNK signaling, we made use of an
activated form of Drac (Drac*) that is thought to activate JNK
(44). When LexFos was coexpressed with Drac* throughout the
embryo and tested with MadL, we found very strong and
widespread lacZ staining (not shown). However, the embryos
were highly abnormal and it was difficult to assess in which cells
reporter activity was observed. As it seemed that most activity
was in the mesoderm, we coexpressed LexFos and Drac* in the
mesoderm and tested them with MadL. This produced conspic-
uous staining throughout the embryonic mesoderm, including
the visceral mesoderm (Fig. 4B, compare with A), but also in cells
dotted around the embryo (possibly blood cells, mesodermal
derivatives) and, curiously, within the yolk. A similar effect was
observed after coexpression with an activated version of Dro-
sophila cdc42 (Dcdc42*), also thought to activate JNK (44) (not
shown). Clearly, LexFos was strongly responsive to Drac* (and
Dcdc42*) in mesodermal cells. Neither LexFosN nor LexFosC
were able to synergize with Drac*, once again indicating that the
target of Drac* may not be LexFos itself, but an endogenous
dimerization partner of LexFos. This partner could be Djun
because Djun is known to be phosphorylated by JNK (45). The
synergy between Drac* and LexFos is consistent with the synergy
between Jun* and LexFos, and with the observation that LexFos
is only active in cells which experience JNK signaling (i.e., the
leading edge cells).

Recall that the activating effect of Jun* or Drac* on LexFos
was not observed in all embryonic cells. For example, the synergy
between Jun* or Drac* and LexFos was predominantly seen in
the mesoderm, whereas there was little if any synergy in the
ventral ectoderm of the embryo. Furthermore, the synergy
between Jun* or Drac* and LexFos was not observed if tested
with the LL reporter (not shown). This suggested that the activity
of LexFos depended on a context sequence, and possibly on a
second context signal. Dpp seemed an obvious candidate be-

cause MadL contains part of a Dpp response element (the Mad
binding site; Fig. 1). Also, the embryonic territories in which we
observed the synergy between Jun* or Drac* and LexFos appear
to correlate with territories that experience Dpp stimulation
(e.g., the mesoderm and the dorsal epidermis). We thus coex-
pressed Dpp with LexFos and tested its activity in embryos with
MadL. This revealed robust additional lacZ staining in the
anterior endoderm, and some additional staining scattered
throughout the embryo (Fig. 4D). Evidently, Dpp signaling can
also synergize with LexFos. However, this synergy is less pro-
nounced and less widespread than that between LexFos and Jun*
or JNK signaling, being largely restricted to the endoderm. This
suggests that the anterior endoderm is an embryonic territory
that normally experiences JNK but no Dpp signaling. Con-
versely, the mesoderm, the dorsal epidermis, and the other
tissues in which we observe synergy between LexFos and ectopic
JNK signaling presumably experience Dpp but no JNK stimu-
lation in normal development.

Discussion
LexA chimeras have been a potent tool for probing the tran-
scriptional activation potential of proteins (2). These chimeras
can reveal autonomous transcriptional activation domains that
interact with, and probably recruit, the general transcription
machinery. For example, yeast GAL4 contains an autonomous
and potent transactivation domain that functions fairly univer-
sally (1, 46–48). We show here that a LexA chimera with this
domain constitutes a synthetic activator (LexGAD), which, like
GAL4 itself, functions autonomously and efficiently in all em-
bryonic tissues of Drosophila. This opens up the possibility of
using LexA chimeras for assaying the transcriptional activation
potential of proteins during embryonic development of Dro-
sophila. The same approach could also be applied for demon-
strating and mapping transcriptional repression domains (see
ref. 49). Finally, the synthetic activator LexGAD could be used
as an alternative to, or in conjunction with, GAL4 itself (see ref.
21) for targeted expression of genes in transformed Drosophila.

We applied this approach of LexA chimeras to assess the
transcriptional activation potential of Dfos in Drosophila em-
bryos. To our surprise, we found that LexFos exhibited no
activity on its own in stably transformed embryos. Rather,
LexFos required a surprising degree of context as its function as
a transcriptional activator depended on interaction with multiple
signal-activated partner factors (see below). This contrasts with
the autonomous function of Dfos in activating transcription in
vitro (33). Furthermore, c-Fos behaves as an autonomous tran-
scriptional activator in yeast (36) and in transfected mammalian
cells (50–52). Bearing in mind that Dfos and c-Fos may not be
true functional homologs and may thus not be entirely compa-
rable regarding their transcriptional activation potential, we
nevertheless think it possible that these differences in transac-
tivation potential may reflect the different assay conditions used.
In our assay system, LexFos is expressed at roughly the same
levels as endogenous Dfos, and its target reporter is present as
a single copy gene stably integrated into a chromosome and
wrapped up in chromatin. Potentially, this assay is more stringent
than a transient transfection assay, and is thus likely to reveal
true functional requirements that are significant for normal
development.

A precedent for a transcription factor showing variable func-
tional autonomy depending on the assay conditions may be
found in the case of TCFs. One member of this group, LEF-1,
contains a context-dependent transcriptional activation domain
that, together with a T cell-type specific partner transcription
factor, recruits a context-dependent coactivator (called ALY)
(ref. 53; see also Introduction). However, LEF-1 and other TCFs
can also use an alternative coactivator to stimulate transcription,
namely the Wnt-induced factor b-cateninyArmadillo (15, 16).

Fig. 4. LexFos synergizes with JNK and Dpp signaling. Side views of '14-h-
old embryos bearing MadL, stained with a-lacZ antibody. (A) MadL with
mesodermal Drac*. (B) MadL with mesodermal LexFos and Drac*; Drac*
potently synergizes with LexFos in various embryonic tissues. (C) MadL with
ubiquitous Dpp. (D) MadL with ubiquitous LexFos and Dpp; Dpp synergizes
with LexFos in the anterior endoderm (arrows; lacZ staining in the salivary
glands, arrowheads in C and D depends on Dpp, but not on LexFos).
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Experiments with a synthetic target reporter containing mul-
timerized TCF binding sites have revealed an autonomous
transactivation potential of TCFyb-catenin (54–56). However,
this potential is only apparent in transient transfection or
injection assays, whereas on chromosomal integration in trans-
genic mice, the same reporter does not reliably respond to
Wnt-induced TCFyb-catenin (H. Clevers, personal communica-
tion). Likewise, a similar reporter with multimerized TCF bind-
ing sites requires a context sequence to respond to TCFy
Armadillo in transgenic Drosophila embryos (18). This strongly
suggests that TCFs are genuinely context-dependent, regardless
of which coactivator they recruit, and that the apparent discrep-
ancies between autonomous vs. context-dependent behavior may
reflect the different assay conditions.

Which factors provide the context for Dfos function? Several
lines of evidence implicate JNK and Dpp signaling and their
transcriptional target factors Djun and Mad as the essential
context. First of all, the only embryonic cells in which LexFos
functions reliably and robustly to stimulate transcription are the
dorsal leading edge cells which experience both of these signals
(see above; ref. 37). Second, neither of the LexFos derivatives
(LexFosN, LexFosC) function in these cells, strongly implicating
the basic leucine zipper domain of LexFos (the only domain
absent from both derivatives) in its function. As this domain
mediates dimerization with Djun, the only known dimerization
partner of Dfos in Drosophila (33, 57), this indicates that the
activity of LexFos depends on Djun. Recall that Djun is present
and activated by JNK signaling in the leading edge cells (40–43).
Third, JNK signaling as mimicked by overexpression of Drac* or
Dcdc42*, potently synergizes with LexFos to mediate widespread
transactivation in the embryo. A very similar widespread synergy
was also seen between LexFos and Jun*, a mutant form of c-Jun
that mimics signal-activation of this protein (27). The embryonic
territories in which these synergies were observed appear to
correspond to sites of Dpp stimulation. Consistent with this, we
also observed a limited synergy between Dpp and LexFos in
some embryonic cells. These synergies strongly implicate JNK
and Dpp as necessary context signals for LexFos function. Last,
LexFos activity strictly depended on the context sequence in the
MadL target reporter; under no conditions did it transactivate
the LL reporter (albeit LexGAD very efficiently did so; see
above). The context sequence in MadL essentially consists of a
binding site for the Dpp response factor Mad (Fig. 1), which is
thus a likely partner for the putative LexFosyDjun* dimer.

Our results indicate that JNK-activated Djun and Dpp-
activated Mad may be critical and widespread context partners
of Dfos. Consistent with this, Dfos function is required for dorsal
closure of the embryo (38, 39) and, by implication, functions
normally in cells that experience JNK and Dpp signaling. In the
embryonic midgut, Dfos functions in cells that experience Dpp
and Egfr signaling (19, 20). Because the LexFosyJNK synergy in
the mesoderm implies that JNK signaling is normally absent
from this tissue, this suggests that the normal partner of Dfos in
the midgut visceral mesoderm may be a factor, as yet uniden-
tified, that is activated by Egfr signaling. Interestingly, synergy
between the c-Junyc-Fos dimer and TGF-b activated Smad has
also been observed in mammalian cells (58–60). Furthermore,
Jun proteins have recently been shown to bind directly to
Smad3y4 (61). Thus, the partnership between signal-activated
JunyFos dimers and Smads may be fairly widespread and
fundamental.

Our work has revealed an unexpected degree of context-
dependence of Dfos. As in the case of the well-documented
context-dependence of TCF, the partners of Dfos appear to be
signal-activated transcription factors, i.e., Djun and Mad. Smads
themselves seem to function in a highly context-dependent way
(62). And recently, a striking case of context-dependence has
been discovered in the Drosophila wing disk in which the activity
of the enhancer-binding protein Scalloped is determined by its
obligatory partner factor Vestigial as well as by signal-activated
factors (63, 64). Thus, although examples of context-dependent
transcription factors are beginning to emerge, this mode of
action still seems to be the exception rather than the rule.
Interestingly, context-dependence appears prevalent among sig-
nal-responsive factors, perhaps reflecting a built-in versatility
that this class of transcription factors need to have. Whatever the
case, it is possible that context-dependence may have been
overlooked in some cases, because of the assay systems used. If
Dfos and TCFs were to be representative in this regard, this
would suggest that there may be many more context-dependent
transcription factors than previously thought.

We thank Lucas Waltzer and Rudi Grosschedl for helpful comments on
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Peterhouse, Cambridge.
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