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The NF-�B-like transcription factor Relish plays a central role in the
innate immune response of Drosophila. Unlike other NF-�B pro-
teins, Relish is activated by endoproteolytic cleavage to generate
a DNA-binding Rel homology domain and a stable I�B-like frag-
ment. This signal-induced endoproteolysis requires the activity of
several gene products, including the I�B kinase complex and the
caspase Dredd. Here we used mutational analysis and protein
microsequencing to demonstrate that a caspase target site, located
in the linker region between the Rel and the I�B-like domain, is the
site of signal-dependent cleavage. We also show physical interac-
tion between Relish and Dredd, suggesting that Dredd indeed is
the Relish endoprotease. In addition to the caspase target site, the
C-terminal 107 aa of Relish are required for endoproteolysis and
signal-dependent phosphorylation by the Drosophila I�B kinase �.
Finally, an N-terminal serine-rich region in Relish and the PEST
domain were found to negatively regulate Relish activation.

Innate immune responses rely on transcription factors of the
Rel�NF-�B family. In unstimulated cells, Rel proteins reside

in the cytoplasm complexed with an inhibitory I�B molecule.
After an immune challenge, the inhibitor is phosphorylated by
the I�B kinase (IKK) complex, ubiquitinated, and degraded by
the 26S proteasome. The released Rel protein translocates to the
nucleus where it activates target genes. The signaling cascades
that activate Rel proteins are remarkably conserved between
flies and human (1–3). Many proteins involved in the mamma-
lian tumor necrosis factor receptor pathway have close homologs
in the Drosophila immune deficiency (imd) pathway, which
controls the immune-induced production of antimicrobial pep-
tides. Recent genetic studies have established an order in which
the participating genes may act in this signaling pathway (4–7).
The central transcription factor in the imd signaling cascade is
the NF-�B factor Relish (8, 9). With its composite structure,
comprising a Rel homology domain and an I�B-like domain,
Relish is similar to the mammalian NF-�B precursors p100 and
p105.

But in striking contrast to its mammalian counterparts, the
activation of Relish does not require proteasome-dependent
degradation of the I�B-like region. Instead, Relish is processed
by rapid, signal-dependent endoproteolysis, generating two sta-
ble fragments: REL-68, which contains the Rel homology do-
main and translocates to the nucleus, and REL-49, which
includes the I�B-like region and remains cytoplasmic (10).
Unexpectedly, a role for a caspase in Relish activation was
indicated by the fact that mutants in Dredd, a Drosophila caspase
gene, are deficient in Relish processing and antimicrobial pep-
tide production (10–12). But whether Dredd acts directly on
Relish has been an open question.

In addition to Dredd, we found that the Drosophila IKK
complex regulates Relish processing. The IKK complex is acti-
vated by immune stimulation and Drosophila IKK� can directly
phosphorylate Relish in vitro (13). Moreover, mutants in ird5
(IKK�) and kenny (IKK�) have the same immune phenotype as
Relish mutants (14, 15). It has not been clear though whether

IKK�-mediated phosphorylation of Relish occurs in response to
an immune stimulus and whether it is required for Relish
cleavage in vivo.

Here, we further investigated the roles of Dredd and IKK� in
Relish cleavage and characterized those sequences in Relish that
are required for its endoproteolysis. We report the actual
cleavage site and direct interactions between Dredd and Relish,
which together provide strong evidence that Relish endoprote-
olysis is indeed carried out by the caspase Dredd.

Materials and Methods
Cell and Fly Culture. The culture of flies and the Drosophila cell
lines Schneider L2* and mbn-2 (16, 17) have been described (10).
As a Drosophila WT strain we used Canton-S. The mutant fly
strains are described elsewhere: imd (18), ird52 (14), key1 (15),
and DreddB118 (12). FLAG-Relish-RGSH6 (FRH)��S29-S45
transgenic flies will be described elsewhere. Third-instar larvae
were challenged and protein extracts were prepared according to
ref. 10. Transient transfections of cell cultures were carried out
according to ref. 19.

Plasmids and Immunoreagents. The double-tagged full-length
FRH construct was generated by PCR from a cDNA clone (8)
using Relish-specific primers that also contained the sequences
for the FLAG epitope (5�-TGTCTAATCTAGACCAAAAT-
GGACTATAAGGACGATGACGACAAAAACATGAAT-
CAGTACTACGACC-3�) and the RGSH6 epitope (5�-TTAG-
ACATCTAGATCAACTGTGATGGTGATGGTGATGCG-
ATCCTCTAGTTGGGTTAACCAGTAGGGCG-3�). The
PCR product was first inserted into the pCR 4Blunt-Topo vector
(Invitrogen) and then subcloned as an XbaI fragment into the
transfection vector pPacPL (20). N-terminal deletions were
created by restriction enzyme digests as indicated in Fig. 1.
C-terminal deletions were generated by PCR, deleting the
indicated amino acids but restoring the RGSH6 tag. Internal
deletions and the point mutation were PCR-generated by using
site-directed mutagenesis (QuikChange, Stratagene). For the
kinase assay, FLAG-tagged Relish constructs were inserted into
the pCITE-2A vector (Novagen). All PCR products were veri-
fied by sequencing. Metallothionein promoter expression con-
structs of the c-myc-tagged �* isoform of Dredd are described in
refs. 21 and 22. The Relish anti-C antibody is described in ref. 10.
Mouse anti-FLAG IgG and mouse anti-c-myc antibodies were
obtained from Sigma; mouse anti-RGSH6 was from Qiagen
(Chatsworth, CA). Secondary antibodies were goat anti-mouse�
horseradish peroxidase (Amersham Pharmacia) and donkey
anti-mouse�Cye3 conjugates (Jackson ImmunoResearch).
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Protein Extracts, Immunoblotting, and Gel-Shift Assay. Transfected
cells were challenged for 45 min and harvested. The PBS-washed
cell pellets were lysed in either 3 vol of 20 mM Hepes (pH 7.9),
0.56 M KCl, 0.2 mM EDTA, 1.5 mM MgCl2, 2 mM DTT, and
25% glycerol for gel-shift assays or in 4–5 vol of immunopre-
cipitation-lysis buffer (10 mM Tris, pH 8�140 mM NaCl�1%
Triton X-100) for all other purposes. Protease inhibitor mixture
(Roche Molecular Biochemicals) and the phosphatase inhibitors
sodium vanadate (1 mM) and sodium fluoride (50 mM) were
added to lysis buffers. Protein concentrations were determined
by Bradford assay (Bio-Rad). Both types of protein preparations
were suitable for Western blotting and reporter enzyme assays.
Immunoprecipitations followed a down-scaled protocol from
ref. 23: 100 �g of protein extract was diluted 1:5 in immuno-
precipitation-lysis buffer containing 1% BSA and incubated
overnight at 4°C with 1 �l of the precipitating antibody. This
mixture was loaded onto 30 �l of preblocked Protein G Sepha-
rose (50% slurry, Amersham Pharmacia) and mixed end-over-
end for 3–4 h at 4°C. The beads were then washed according to
protocol, and protein complexes were eluted by warming the
beads at 56°C for 1 h in 30 �l of 2� sample buffer for
SDS�PAGE. 2-Mercaptoethanol (5%) was added to the eluate
after separation from the beads and before boiling and gel
electrophoresis. Immunoblotting was according to ref. 10 with
minor modifications. Protein samples were separated on 10%
SDS polyacrylamide gels and blotted. Membranes were incu-
bated with primary antibody in RPMI medium 1640 (Invitrogen)
and washed in PBS�0.05% Tween 20. Gel-shift assays were
essentially carried out as described (10, 19).

Phosphatase Treatment. Protein extracts were diluted 1:5 in 50
mM Tris�HCl (pH 7.5), 0.1 mM EDTA, 5 mM DTT, and 0.01%
Brij 35 and treated with 40 units of � protein phosphatase (New
England Biolabs) per 25-�l reaction for 45 min at 30°C before
SDS�PAGE.

Kinase Assay. Versions of Relish were translated in vitro in
reticulocyte lysates (Promega) and then immunoprecipitated
by using anti-FLAG agarose (Sigma). Half of these immuno-
precipitates were used in the control Western blot, the other

half in an in vitro kinase reaction with recombinant Drosophila
IKK� (13).

Immunohistochemistry. Immunohistochemistry was carried out as
described (10).

Reporter Enzyme Assays. Reporter plasmids for chloramphenicol
transferase (CAT) and Cecropin A1-lacZ (24) were cotransfected
along with the Relish constructs. Before lipopolysaccharide
(LPS) addition, half of each culture was harvested to serve as the
uninduced sample. To monitor the transfection efficiency, the
amount of CAT was determined spectrophotometrically by
ELISA (Roche Molecular Biochemicals). CAT correction was
used to standardize all other analyses. �-Galactosidase activity
was measured spectrophotometrically at 420 nm after substrate
conversion: 10 �l of protein extract was added to 250 �l of
substrate solution (0.8 mg�ml o-nitrophenyl-D-galactoside in 60
mM Na2HPO4, 40 mM NaH2PO4, 10 mM KCl, 1 mM MgSO4,
modified from ref. 25). These values were first normalized for
CAT expression and then compared with empty vector trans-
fections. Finally, the values for the mutated forms of Relish were
related to the one for the full-length protein.

Results
Sequences Required for Relish Endoproteolysis. To identify regions
of the Relish protein required for its signal-dependent cleavage,
a series of deletion mutants was constructed (Fig. 1). We first
analyzed truncations from the N-terminal or C-terminal ends.
All constructs were expressed in cultured Drosophila cells and
gave rise to proteins of the expected molecular weight. The
responsiveness of WT and mutant Relish proteins to LPS
treatment was tested, and Fig. 2 shows that all of the N-
terminally truncated forms were endoproteolytically processed
upon LPS treatment in the same way as the full-length FRH
protein. The �N435 and �N533 proteins were unstable and
could be detected only after application of the proteasome
inhibitor MG132, which does not interfere with normal Relish
cleavage (10). Even the highly truncated �N533 protein was
processed into the slightly smaller REL-49 cleavage product. In
contrast to the N-terminal deletions, truncations of the C
terminus at position 865 or 824 greatly reduced LPS-induced
cleavage. However, the �PEST protein, which lacks the domain

Fig. 1. Relish deletion constructs. Map of the double-tagged full-length FRH
construct (Upper) and all of the mutations created from this basic construct.
The FLAG epitope, I�B-like domain, PEST domain, Rel homology domain
(RHD), RGSH6 epitope, the serine-rich region (SRR), and sites for restriction
enzymes used in the cloning procedure are indicated. Internally deleted
sequences appear as white boxes. A flash indicates the cleavage site.

Fig. 2. Effects of terminal truncations on Relish processing. Western blots of
protein extracts from mbn-2 cells transfected with the indicated Relish con-
struct. The proteasome inhibitor MG132 (Calbiochem) was added to the
cultures 1 h before LPS challenge. Antibodies used for detection are indicated
at the bottom. Relish cleavage products are marked by an asterisk (REL-49) or
a dot (REL-68).
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between these two deletion end points, was cleaved normally.
We conclude that the C-terminal 107 aa of Relish are necessary
for signal-dependent endoproteolysis, whereas the entire N-
terminal half is dispensable.

Identification of the Relish Cleavage Site. We also generated a series
of internal deletions in the 130-residue linker between the Rel
homology domain and the I�B-like domain, each removing �20
amino acid residues (Figs. 1 and 3). Lanes 1–8 in Fig. 3A show
that all of the mutant proteins were processed normally in
response to an immune stimulus, except for �C535-V552 (lane
6). Thus, residues 535–552 are required for recognition by the
endoproteolytic machinery. Interestingly, this region contains a
potential caspase target site, L-Q-H-D-G, in positions 542–546
that is similar to the consensus target site for group III caspases,
L-E-x-D (26). The aspartate in the fourth position is known to
be critical for recognition and cleavage by caspase proteases
(27–29). Therefore, D545 was substituted by an alanine and the
substitution mutant was tested for its ability to be cleaved in
response to LPS. Fig. 3A, lane 11 shows that this mutant protein
is completely resistant to signal-induced cleavage. Thus, this
single aspartate residue within the caspase site is absolutely
necessary for Relish endoproteolysis.

Processing by a caspase at this site should result in peptide
bond cleavage between D545 and the following glycine. To test
this prediction, the N-terminal sequence of the REL-49 cleavage
product was determined. A stably transfected cell line expressing
the FRH protein was established, cells were challenged with
LPS, and RGSH6-tagged REL-49 was enriched by nickel affinity
chromatography and analyzed by Edman degradation (Fig. 7,
which is published as supporting information on the PNAS web
site, www.pnas.org). The obtained N-terminal sequence, G-H-
N-R-A-E-V-P, is unique in the database and identical to residues
546–553 in Relish. We conclude that the LPS-induced endopro-
teolysis of Relish occurs between D545 and G546.

Thus, only the caspase site at 542–545 and the C terminus are
required for Relish cleavage. In the human p100 and p105
proteins a glycine-rich sequence C-terminal to the nuclear
translocation signal is important for the constitutive processing
to p52 and p50, respectively. This region was proposed to
function as a ‘‘stop signal,’’ preventing the complete degradation
of the precursors by the proteasome (30, 31). Relish has a
serine-rich region in a corresponding position and a similar one
near the N terminus. However, the deletion of these motifs in the
�G459-S475 and �S29-S45 mutants had no effect on Relish
cleavage as determined by Western blot analysis (Fig. 3A, lanes
2 and 10). These results illustrate the difference between the
signal-induced activation of Relish and the proteasome-
dependent processing of p100 and p105.

Interactions Between Dredd and Relish. The immune phenotype of
Dredd mutant flies and their inability to process Relish showed
that this caspase is involved in NF-�B activation (10–12). Our
identification of the Relish cleavage site as a bona fide caspase
target site further supports the proposal that Relish is actually
cleaved by a caspase. To test whether Dredd interacts directly
with Relish, we carried out coimmunoprecipitation experiments.
Because Relish processing occurs rapidly, we sought to
strengthen the interaction by using loss-of-function versions of
both proteins. FLAG-tagged Relish (WT or noncleavable form)
was expressed together with c-myc-tagged Dredd (WT or
caspase-inactive) in different combinations in mbn-2 cells. Pro-
tein complexes were then precipitated by using either an anti-
c-myc or the anti-FLAG antibody. As shown in Fig. 3B, Relish
was coprecipitated with Dredd and vice versa. The interaction
occurred with similar strength regardless of the enzymatic
activity of the caspase or the form of Relish and was not
LPS-induced. Note, that not only REL-110 but also small
amounts of REL-68 bound to the caspase (Fig. 3B, lanes 5, 9, and
11). It is possible that Dredd acts as a dimer, and the combination

Fig. 3. Determination of the Relish cleavage site and interaction with Dredd. (Upper) Outline of the linker sequence. Borders of the deletion constructs used
in A are indicated, and the caspase site and the sequence obtained from Edman degradation are boxed (see Fig. 7). (A) Analysis of internal deletion constructs
and the point mutation D545A by immunoblotting. (B) Physical interaction between Dredd and Relish. Western blots showing coimmunoprecipitates of Relish
with Dredd (Left) and vice versa (Right). Mbn-2 cell cultures were transfected with the indicated combination of expression plasmids for FLAG-tagged Relish and
c-myc-tagged Dredd. Control reactions contained either lysates from only FRH-expressing cells (lane 1) or only buffer (lane 8). To avoid detection of the
precipitating antibody, an alkaline phosphatase-conjugated anti-c-myc antibody and colorimetric detection were used to visualize Dredd. LPS induction was for
10 min. Forms of Relish were detected by using the anti-FLAG antibody.
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of endogenous Dredd with the C408A mutant still produces
cleavage product. We also observed that coexpression of WT
Dredd and WT Relish resulted in reduced amounts of Relish
(Fig. 8, which is published as supporting information on the
PNAS web site).

Signal-Dependent Phosphorylation. Among all of the genes known
to act in the imd pathway, only the loss-of-function phenotypes
of PGRP-LC and Dredd have so far been connected with a defect
in Relish processing (10, 32). We extended these analyses with
mutants in the ird5 (IKK�) and kenny (IKK�) genes along with
those from imd mutants, which all display the same deficiency in
Relish cleavage (Fig. 4). This result is consistent with our
previous data on the importance of the Drosophila IKK complex
for Relish cleavage in cell culture (13) and the published genetic
findings (14, 15).

Consistent with the role of Dredd in the imd pathway, we found
that the caspase inhibitor zVAD-fmk blocks Relish processing in
a dose-dependent manner in Drosophila cell culture (Fig. 5A).
Under these conditions an increase in the apparent molecular
weight of REL-110 was observed upon stimulation with LPS.
This modification could be reversed by phosphatase treatment
(Fig. 5B), a result that we also obtained with the noncleavable
D545A mutant after LPS induction (Fig. 9, which is published as
supporting information on the PNAS web site). Thus, Relish is
phosphorylated in a signal-dependent manner before proteolytic
cleavage. The phosphorylation is likely to be mediated by the
IKK complex, which can directly phosphorylate Relish in vitro
(13). Inhibition of this kinase activity by overexpressing a
dominant negative form of IKK� prevented Relish cleavage and
did not result in the accumulation of the modified Relish species
(Fig. 5A, lane 6).

As the �C865 and �C824 mutants were not cleaved, the
deleted regions could be involved in phosphorylation. Therefore,
we tested both proteins in an in vitro kinase assay with Drosophila
IKK�. Fig. 5C shows that neither the �C865 nor the �C824
truncation was phosphorylated whereas the full-length protein
was. Deletion of the PEST domain resulted only in a slight
reduction of phosphorylation (not shown). From these data we
conclude that the 107 C-terminal residues of Relish are required
both for phosphorylation by IKK� and subsequent cleavage of
Relish. It remains to be shown whether the phosphorylation
actually occurs within this region. Interestingly, phosphorylation
of human p105 by IKK� requires a docking site in the PEST
region and a phospho-acceptor site further C terminally (33, 34).
A similar separation of functional sites might exist in Relish.

Effects on Rel Factor Function. After the signal-induced cleavage of
endogenous Relish, the N-terminal Rel homology domain is
translocated to the nucleus, binds to the promoters of target
genes, and activates their transcription (10). We tested whether
these activities were affected in the Relish deletion mutants.

First, the subcellular localization of the mutated proteins was

analyzed in cultured cells. Using the anti-FLAG antibody, the
full-length protein and all of the mutant precursor proteins were
detected in the cytoplasm of unstimulated cells (Fig. 6A a and
a�). After stimulation with LPS, the staining was concentrated in
the nucleus for all cleavable forms of Relish, as shown for the
full-length protein and �S29-S45 in Fig. 6A b and d. Only the two
noncleavable mutants, �C535-V552 and D545A, remained in the
cytoplasm after stimulation, as shown for D545A in Fig. 6Ae.
These results are consistent with the conclusion that Relish
cleavage is a prerequisite for efficient nuclear translocation (10).
Surprisingly, we also observed constitutive nuclear staining in
cells expressing �S29-S45 (Fig. 6Ac) and �PEST (not shown).

Second, electrophoretic mobility-shift assays were carried out
with the Relish mutants by using a Cecropin A1 �B site as probe
and whole-cell extracts (Fig. 6B). After stimulation with LPS, the
oligonucleotide was bound by activated Relish. This was the case
both for the endogenous and the overexpressed protein (Fig. 6B,
lanes 1 and 4). A supershift assay with anti-FLAG antibody was
used to specifically detect the DNA-binding capacity of the
transfected Relish proteins (Fig. 6B, lanes 5–15). Except for the
�C535-V552 and D545A mutations (Fig. 6B, lanes 11 and 15),
all other Relish mutants exhibited a signal-dependent supershift,
demonstrating that their respective REL-68 products can bind a
�B site. The �S29-S45 protein also showed elevated �B binding
in the absence of an LPS stimulus (Fig. 6B, lane 6) and a weaker
constitutive binding was observed with �PEST (not shown).

Third, the transactivation capacity of the mutant Relish
proteins was monitored after cotransfection with a Cecropin-
lacZ reporter. Fig. 6C shows that in unstimulated cells full-length
Relish and many of the mutants gave a modest activation of the
reporter, �2-fold higher than empty vector transfections. The
addition of LPS gave only a minor increase (data not shown). As
expected, the two noncleavable mutants, �C535-V552 and

Fig. 4. Inhibition of Relish endoproteolysis in immunodeficient fly strains.
Immunoblotting of protein extracts from untreated (�) and challenged (�)
WT or mutant larvae. Appearance of REL-49 as visualized by the anti-C
antibody indicates signal-induced endoproteolysis.

Fig. 5. Signal-dependent phosphorylation of Relish. (A) Signal-dependent
modification of endogenous Relish demonstrated by immunoblotting of
protein extracts from Schneider L2* cells that were treated with the caspase
inhibitor zVAD-FMK (Calbiochem) 20 min before challenge. In lane 6 Relish
processing was inhibited by expression of a dominant negative form of
Drosophila IKK� (13). (B) Phosphatase treatment of LPS-activated endogenous
REL-110 from Schneider L2* cells treated with caspase inhibitor. PP, � protein
phosphatase. (C ) In vitro kinase assay showing IKK�-mediated phosphoryla-
tion of full-length Relish, but not of the C-terminally truncated forms. Syn-
thesis and immunoprecipitation of the proteins in question was controlled by
immunoblotting (Lower). IKK� autophosphorylation is indicated by *. In B and
C Relish was detected with the anti-C antibody.
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D545A, showed reduced activity. �H497-I515 also appeared to
be inactive. Consistent with their constitutive activity in the first
two functional assays, �S29-S45 had �10-fold and �PEST
�5-fold higher activity relative to full-length FRH. This result
was also confirmed in a Northern blot, showing that the expres-
sion of the endogenous Diptericin gene was up-regulated in cells
transfected with �S29-S45 and by �S29-S45 transgenic flies that
have constitutively elevated levels of Diptericin RNA (not
shown). The �S29-S45 and �PEST proteins were neither con-
stitutively cleaved (Figs. 2 and 3A) nor were they more stable
(data not shown). However, as shown above, both exhibited
increased nuclear localization and �B binding without LPS
stimulus. We cannot fully explain these observations but it seems
likely that the N-terminal serine-rich region and the PEST
domain are both important to prevent the Relish precursor from
entering the nucleus (see below).

Discussion
The data presented here demonstrate that the signal-dependent
cleavage of Relish occurs at a caspase target site. The residues
immediately adjacent to the cleavage site fit the caspase con-
sensus and the critical aspartate within this site, at position 545,
is required for cleavage. These data strongly argue for a caspase
as the Relish endoprotease. Although Dredd, by homology to the
human caspases-8 and -10, is thought to be an initiator rather

than an effector caspase, it is the prime candidate for the Relish
endoprotease. Dredd mutants are unable to process Relish.
Here, we demonstrated that Dredd and Relish interact physi-
cally. Furthermore, we did not find any of the other six known
Drosophila caspases to be involved in Relish activation when we
used RNA interference in cell culture (data not shown). How-
ever, we have so far failed to reconstitute cleavage in vitro with
purified Dredd and IKK�-phosphorylated Relish (P. Chen, N.S.,
and J. Abrams, unpublished data).

We noted that Dredd and Relish are bound to each other
before an immune stimulus, suggesting the existence of a pre-
assembled Dredd�Relish complex that is awaiting the incoming
signal. This signal is most likely identical with phosphorylation
by IKK�. This set-up fits well with the speed of Relish process-
ing, which occurs within seconds after LPS stimulation (10).

We identified additional regions in Relish that control its
activation. The N-terminal serine-rich region and the PEST
domain seem to negatively regulate Relish activation. One
attractive model for Relish activation is that the precursor is held
in a closed conformation, via an interaction between the serine-
rich region and the PEST domain. This closed conformation
would prevent nuclear translocation, inappropriate cleavage,
and DNA binding by concealing the nuclear localization signal
and the poorly structured linker with the caspase target site.
Upon stimulation, Relish is phosphorylated in a reaction that

Fig. 6. Effects of mutations in Relish on its function as a transcription factor. (A) Subcellular localization of mutated forms of Relish before (a and c) and 10
min after (b, d, and e) an immune stimulus. Relish proteins were detected with the anti-FLAG antibody and a Cye3-conjugated secondary antibody (red, a–e).
The nuclei were counterstained with 4�,6-diamidino-2-phenylindole (blue, a�–e�). (a and b) Nuclear translocation of the FRH protein is shown and is representative
for all other internal deletions except for those mentioned below. (c and d) Constitutive nuclear staining for the �S29-S45 protein is shown. (e) The lack of
translocation for the D545A protein is shown. The same result was obtained for �C535-V552 (not shown). (B) �B-binding activity of mutated Relish proteins as
tested by gel-shift assay using the same protein extracts as in Fig. 3A and a CecA1 �B oligonucleotide. (C) Relative transcriptional activity of mutated forms of
Relish as determined by �-galactosidase activity. Results from uninfected cells of three independent transfection series are shown.
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requires IKK� and the C-terminal 107 residues of Relish. This
modification results in an open conformation in which the
nuclear localization signal and the caspase target site would
become accessible.

The direct involvement of a caspase in Relish endoproteolysis
represents a novel mechanism of NF-�B activation and caspase
function. Interestingly, a similar mechanism may also exist in
mammalian systems. For example, Chun et al. (35) recently
reported a caspase-8 loss-of-function mutation in human
patients that is connected with defective activation of lympho-
cytes, a process that is known to require NF-�B. This new
function of caspase-8 is independent of death receptor signaling
and apoptosis induction. Another parallel between Relish pro-

cessing and NF-�B activation in mammals is given by the
so-called noncanonical NF-�B pathway, which requires NF-�B
inducing kinase and IKK for the signal-dependent processing of
p100 (36, 37).
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