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Dorsal Autoregulation in Drosophila

FIGURE 6. Recruitment of AP1-Dorsal complex on the B" motif controls dl repression. A, depletion of AP1 by RNAi abolishes d/ repression with kB -«B'
construct but does not affect its activation. Effect of depletion of AP1 on d/ repression is seen only in the later phase of immune response, although AP1-dsRNA
is present throughout the experiment. B, no effect of AP1 depletion on d/ repression was seen with kB"-«B” plasmid (where the two motifs have been swapped)
suggesting specific requirement of the kB” in the vicinity of the AP1-binding motif in the d/ promoter. C, depletion of AP1 by RNAi resolves the larger complex
of Dorsal (DL) and AP1 (lane 1) into smaller one of Dorsal only (lanes 2-5), suggesting assembly of both Dorsal and AP1 proteins as a complex on the k8” motif.
Lane 1, mock transfection; lanes 2-5, increasing amount of AP1-dsRNA; lane 6, cold competition; lane 7, nontarget RNAi; lane 8, mutant kB” oligonucleotide.
D, specific depletion of AP1 by RNAi was confirmed by EMSA. Nuclear extracts used in lanes 1-6 are the same as in C. E, dorsal interaction with AP1 and their
recruitment on the kB” motif is time-dependent as seen in EMSA. | and I denote two different sized complexes (complex ! Dorsal alone and complex Il

Dorsal-AP1). Nuclear extracts prepared at different time points post-PGN  LPS treatment of S2 cells were incubated with radiolabeled «B” and kB’ probes
together and resolved by EMSA. Numbers above each lane indicate nuclear extracts isolated at four different time points from immune-challenged S2 cells.

Lanes 1, 15 hpi; lane 2, 30 hpi; lane 3, 36 hpi; lane 4, 40 hpi.

motif, we performed competitive EMSA where the kB” and kB’
motif probes were added together in equal concentration for
the binding reaction. The mixture of the two probes was incu-
bated with the nuclear extracts isolated at different time points
from PGN  LPS-treated S2 cells so that the two complexes of
Dorsal with kB” and kB’ could be resolved in the same lane. Fig.
6E, lane 1 (where nuclear extract isolated at 15 hpi was used),
shows a strong retardation of a smaller complex of Dorsal
bound to kB’. However, with nuclear extracts isolated 24, 30,
and 40 hpi (Fig. 6E, lanes 2—4), retardation of a higher size
complex corresponding to Dorsal bound to B is also seen.
Results of competitive EMSA further emphasize that interac-
tion of Dorsal with the two kB motifs is dynamic and temporally
regulated.
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Overall, our data suggest that the kB’ motif controls the
induction of dl seen in immune-challenged Drosophila,
whereas the kB” motif brings about the repression of dl
observed at the end of the acute phase response. The fact that
Dorsal binding at these two motifs is time-dependent is sugges-
tive of dynamic interaction of Dorsal with the two kB motifs.
During the late phase of immune response, Dorsal is removed
from the kB’ motif (Figs. 4, A—D, 5D, and 6D) and is reposi-
tioned at the kB” motif. We have shown that the kB” motif on
its own is not a repressor motif (Figs. 2D and 3B), but it is the
binding of Dorsal-AP1 complex to this motif that leads to
repression of the downstream gene (Fig. 6, A—E). From the pro-
moter swap experiments, we have shown that d/ expression
requires both kB motifs in a kB”-kB’ orientation (Fig. 3, A-D).
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shutting off the AMP genes, for
which Dorsal availability has to be
retrenched. At this point, as we have
shown in this study, the second sub-
circuit involving AP1-Dorsal-kB”
gets activated and causes removal of
Dorsal from the «B’ motif and its
recruitment to the kB” motif.

B Our data indicate that Dorsal

ks
8 R !

Early immune response

N

FIGURE 7. Model of Dorsal autoregulation. Infection by Gram-positive bacteria or fungi activates the Toll-
Dorsal circuit that leads to nuclear localization of transcription factor Dorsal. A, once inside the nucleus, Dorsal
binds to the enhancer kB’ motif of the dl gene leading to induction of Dorsal synthesis thus establishing a
positive feedback loop that constitutes subcircuit | (thick arrow). B, termination of immune response is marked
by repositioning of Dorsal at repressor kB” motif (dashed arrow). Binding of Dorsal to the kB” motif is facilitated
by its interaction with co-regulator AP1. Assembly of Dorsal-AP1 complex at kB” shuts dl expression thus
marking the termination of acute phase response. This constitutes subcircuit Il of the autoregulatory loop. It is
to be noted that dl activation is independent of any co-regulator. In contrast, dl repression is co-regulator-de-
pendent (AP1 shown as diamond). Thus, both activation and repression of d/ are autoregulated by Dorsal in a

modular fashion and are temporally regulated.

The requirements of kB”-kB’ orientation and dynamic reloca-
tion of Dorsal from one motif to another imply a possible role of
chromatin dynamics in the regulation of dl.

DISCUSSION

Conventional knowledge of autoregulation suggests that the
gene product causes either auto-activation or auto-repression
of its own gene. Here, while studying d! regulation, we have
deciphered a novel mechanism of autoregulation where the
gene product controls activation as well as repression of its own
gene. In the study reported here, the following points have
emerged. (i) dl autoregulation is mediated by two distinct B
motifs in the d/ gene as follows: an enhancer motif present in
the first intron, and a repressor motif in the promoter. (ii) The
two motifs act independently to control overall regulation (ini-
tial activation and late repression) of d/ during the course of
acute phase response. (iii) d/ activation appears to be indepen-
dent of co-factor requirement; however, dl repression requires
a co-repressor, identified here as AP1. (iv) Both AP1 and Dorsal
proteins are required for the repression of dl at the terminal
phase of acute phase response; in the absence of AP1 or its
binding motif, Dorsal bound to the kB” motif did not function
as either activator or repressor. (v) Dorsal repositioning at these
two motifs is temporally regulated and probably involves chro-
matin alteration.

Dorsal is a transcription factor and orchestrates many events,
including embryonic development and immune response in
Drosophila (32—35). We have shown that Dorsal acts during
immune response via two subcircuits that dynamically interact
with each other. The first subcircuit activates the d/ gene with
binding of Dorsal to the enhancer motif,kB’. This subcircuit
gets established just after immune challenge and ensures supply
of Dorsal during acute phase response. This positive feedback
leads to accumulation of Dorsal protein during the post-infec-
tion period (Fig. 7A). But once the bacterial infection is cleared,
the cell needs to come back to normal state, which requires
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Late immune response

bound to the kB’ motif activates its
own expression possibly by directly
interacting with transcriptional
machinery (Fig. 7). However, in
later stage of acute phase response,
binding of AP1 to kB” motif might
cause localized chromatin changes
facilitating its interaction with Dor-
sal but at the same time preventing
interaction of Dorsal with transcrip-
tional machinery to turn off dl
transcription.

We believe that this repositioning
of Dorsal is facilitated by localized chromatin changes in the d!/
gene region that lead to opening of the chromatin near the kB”
motif in the promoter and contraction of chromatin near the
kB’ motif in the first intron. As a result, the kB’ motif would
become inaccessible to Dorsal. Simultaneous opening of chro-
matin in the promoter region may allow Dorsal to bind the kB”
motif. Our results that Dorsal auto-activation is independent of
co-regulator and auto-repression is dependent on its interac-
tion with a co-repressor, AP1, support the previous findings
that the Dorsal, by default, is an activator and to function as
repressor it needs to interact with a co-repressor (26). To
account for overall Dorsal regulation presented here, a mecha-
nism explaining Dorsal acting as an auto-activator versus auto-
repressor is warranted. On the basis of the data presented in
this study, we propose that the distinction between auto-acti-
vator and auto-repressor Dorsal lies in its ability to interact with
co-regulators, which also probably involves chromatin changes.

Any gene regulation mechanism that employs general factors
for regulation must involve specific transcriptional regulators
for spatio-temporal specificity. In yeast, for example, tissue-
specific repression of a2 promoter is regulated by its own gene
in the presence of a general factor SIN4 (36). Being a chromatin
modifier, SIN4 acts as a general factor, but spatial specificity is
imparted by the tissue-specific transcription factor a2. Further-
more, GATA factors have been shown to impart tissue speci-
ficity in the expression of AMP genes (30, 31). Our result that
AP1 not only acts as co-repressor of Dorsal but also imparts
temporal specificity in binding of Dorsal to the kB” is consistent
with these findings that gene expression is regulated by a gen-
eral factor in combination with a specific factor. Hence, we
propose that Rel proteins act as general transcription factors
during immune response, and spatio-temporal specificity of
Rel-mediated gene expression is imparted by other regulators
like AP1 and GATA.

AP1-binding region in the d/ promoter is A-T-rich. Similar
A-T-rich sequence is also present upstream of the Dorsal-bind-
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ing site in the zen promoter (37). Deletion or point mutation in
the A-rich sequence of the zen promoter turns Dorsal into an
activator. Although the nature of the putative co-repressor has
remained uncharacterized, its physical interaction with Dorsal
was established (37). Together with the findings of Kirov et al.
(37), the results presented here highlight the role of cis-motifs
proximal to Dorsal-binding sites in co-regulation of Dorsal.

Our results demonstrate that the kB’ motif is a general
enhancer motif. However, d/ autorepression requires not only
binding of Dorsal to the kB” but also its interaction with AP1
(Fig. 6). The motif-swapping experiments demonstrate that
AP1 interaction was specific for the kB motif (Figs. 4—6). It
raises the following question: how does only the kB” motif facil-
itate cross-talk between Dorsal and AP1 but not the kB’ motif?
It is pertinent to note that the repressor motifs kB” of dl
(AGAAAAACA) and zen promoter (GGAAAATCC) have an
A-rich core (37). It is known that a continuous stretch of four or
more “A” nucleotides induces bending in the DNA (38). Fur-
thermore, biophysical analyses of different kB motifs suggest
that A-tract imparts a flexible conformation that may favor
Dorsal-co-regulator interaction compared with typical kB
motifs.* This may explain why the AP1-kB” motif in dl pro-
moter interacts in cis but not when the xB’ motif is placed next
to AP1 motif in the same d/ promoter (Figs. 4—6).

Another example of tissue-specific regulation by an atypical
A-rich kB motif comes from the regulation of iNOS gene by
NE«kB protein (39). Human iNOS gene has multiple kB motifs,
and the one present 6.4 kb upstream has an A-rich core
(GGAAAAACC), similar to the kB” motif. The GGAAAAACC
motif of iINOS was functional in A549 cells but not in AKN-1
cells unlike the other four kB motifs that were functional in
both the cell types (39). The tissue-specific activation/silencing
of GGAAAAACC motif of iINOS may be due to interaction of
NEkB with a co-regulator that may be present in one cell type
but not in the other. Taken together, these results prompt us to
hypothesize that A-rich kB motifs might be more amenable to
facilitating Rel interactions with co-regulators. In conclusion,
our study demonstrates that Dorsal autoregulation constitutes
a regulatory feedback loop through two subcircuits during
immune response. Currently, we are testing this model of d!/
regulation in early embryonic development. However, it
remains to be investigated whether the kinetics of activation of
the two subcircuits also depends on the amount of Dorsal.
Importantly, we have shown context-dependent repositioning
of one regulator to two different cis-elements in the same gene
leading to different phenotypes. Our study suggests that auto-
regulation can be a dynamic process that allows the regulator to
interact with co-regulator(s) as well as different cis-elements,
separated in space and time, leading to distinct phenotypes.
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