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ABSTRACT Caspases play an essential role in the execu-
tion of programmed cell death in metazoans. Although 14
caspases are known in mammals, only a few have been
described in other organisms. Here we describe the identifi-
cation and characterization of a Drosophila caspase, DRONC,
that contains an amino terminal caspase recruitment domain.
Ectopic expression of DRONC in cultured cells resulted in
apoptosis, which was inhibited by the caspase inhibitors p35
and MIHA. DRONC exhibited a substrate specificity similar
to mammalian caspase-2. DRONC is ubiquitously expressed
in Drosophila embryos during early stages of development. In
late third instar larvae, dronc mRNA is dramatically up-
regulated in salivary glands and midgut before histolysis of
these tissues. Exposure of salivary glands and midgut isolated
from second instar larvae to ecdysone resulted in a massive
increase in dronc mRNA levels. These results suggest that
DRONC is an effector of steroid-mediated apoptosis during
insect metamorphosis.

The caspase family of cysteine proteases are integral compo-
nents of the metazoan cell death apparatus. In mammals 14
caspases have been described so far, some of which play a
direct role in apoptosis, whereas others seem primarily in-
volved in the processing and activation of proinflammatory
cytokines (1–6). The function of individual caspases in differ-
ent cell death pathways is just beginning to be understood. In
the nematode Caenorhabditis elegans, a single caspase, CED-3,
appears to be essential for all developmental cell death as
loss-of-function mutants of the ced-3 gene exhibit a complete
inhibition of the death of all 131 cells that are programmed to
die during development (7). In mice, targeted disruption of
caspase-3 and caspase-9 results in profound developmental
abnormalities in the brain, largely because of the suppression
of developmental neuronal cell death (8–10), whereas caspase-
2-deficient mice show an increased number of female germ
cells (11). These recent results suggest that some caspases
regulate specific pathways of developmental cell death.

Developmentally programmed cell death in Drosophila be-
gins at stage 11–12 of embryogenesis and becomes widespread
in many developing tissues soon after (12). Apoptosis also
plays a major role in the deletion of obsolete larval tissues, such
as midgut and salivary glands, during insect morphogenesis
(13). Three caspases, named DCP-1, DREDDyDCP-2, and
drICE, have been reported in Drosophila to date (14–17). Loss
of function of dcp-1 gene results in larval lethality and mela-
notic tumors (14). Additionally, DCP-1 is required for Dro-
sophila oogenesis, as dcp-1 mutants show a defect in transfer
of nurse cell cytoplasmic contents to developing oocytes (18).
dredd mRNA accumulates in embryonic cells undergoing
programmed cell death and in nurse cells at a time that
coincides with nurse cell death (15). DREDD also has been

shown to act downstream of the apoptotic mediators
REAPER, GRIM, and HID (15). The precise role of drICE
in programmed cell death in Drosophila has not been estab-
lished, although in vitro antibody depletion experiments sug-
gest that drICE is required for apoptotic activity in the S2
Drosophila cell line (19). These recent studies suggest that
specific caspases may mediate tissue- and stage-specific pro-
grammed cell death during Drosophila development.

In this paper, we describe the characterization of DRONC,
the fourth Drosophila caspase. DRONC is the first Drosophila
caspase that carries a caspase recruitment domain (CARD) in
its prodomain region. We show that dronc gene expression is
induced by ecdysone, the insect hormone that controls meta-
morphosis. Thus, DRONC is the first steroid-regulated
caspase likely to be involved in programmed cell death during
insect metamorphosis.

MATERIALS AND METHODS

Identification and Sequencing of dronc cDNA. DRONC was
identified in a TBLASTN search as a GenBank expressed
sequence tag (EST) (accession no. AA949406) containing a
short ORF that showed homology to the prodomain of
caspase-2. The EST clone was obtained from the Berkeley
Drosophila Genome Project and sequenced in full. An addi-
tional EST (accession no. AA950690) from the same cluster
also was sequenced.

Expression of Recombinant DRONC and Enzyme Assays.
For expression in Escherichia coli a truncated form of DRONC
lacking the putative prodomain (residues 1–113) was amplified
by PCR and cloned into the NdeI and BamHI restriction sites
of plasmid pET32b. Cleared cell lysates from E. coli BL21 cells
harboring the pET32b-dronc were prepared and assayed for
caspase activity as described (20, 21). Caspase substrates
DEVD-7-amino-4-trif luomethyl coumarin (-afc) and YVAD-
afc were purchased from Enzyme Systems Products, Liver-
more, CA. VDVAD-amino-methylcoumaride (-amc) was from
California Peptide Research, Napa, CA.

Expression Constructs. The 1.35-kb dronc ORF was ampli-
fied by PCR using Pfu polymerase from the original pOT2
vector and subcloned into pBluescript (SK1). dronc coding
sequence was released by HindIIIyXbaI digestion and direc-
tionally cloned into pCDNA3 expression vector (Invitrogen).
Mutation of the catalytic Cys-318 to Gly was accomplished by
using the Quickchange method (Stratagene). To generate
constructs in which Aequorea victoria green fluorescent protein
(GFP) was fused to DRONC, both wild-type and the catalytic
Cys mutant of DRONC were amplified by PCR with appro-
priate primers and cloned into the EcoRI and BamHI sites of
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pEGFP-N1 (CLONTECH) to generate a construct in which
GFP is fused to the C terminus of DRONC. Expression
constructs for CrmA, P35, OpIAP, and MIHA have been
described (22). The Bcl-2 expression vector was kindly pro-
vided by David Vaux (Walter and Eliza Hall Institute of
Medical Research, Melbourne, Australia).

Cell Culture and Transient Transfection. NIH 3T3 cells
were maintained in DMEM with 10% FCS. For cell death
assays, 2 3 105 cells were plated per 35-mm dish the day before
transfection. Expression vectors (2 mg total DNA) were trans-
fected into cells by using the Fugene reagent (Boeringer
Mannheim) according to the manufacturer’s protocol. We
used 1.5 mg of pCDNA3-dronc mixed with 0.5 mg of pEF-b-gal,
a b-galactosidase expression vector (23), or 2 mg of pEGFP-
N1-dronc construct. Where necessary, cells were stained for
b-galactosidase and scored for apoptotic morphology as de-
scribed (23). Cells transfected with GFP expression vectors
were observed by using a fluorescence microscope (Olympus
BH2-RFCA). In some cases DRONC expression vectors were
cotransfected with either CrmA, P35, OpIAP, MIHA, or Bcl-2
expression constructs at a ratio of 1:3.

Northern and in Situ mRNA Analysis. Total RNA from
various developmental stages of Drosophila was prepared by
using RNAzol B according to the manufacturer’s (Tel-Test,
Friendswood, TX) protocol. Approximately 20 mg of total
RNA was electrophoresed onto a 2.2 M formaldehyde gel and
transferred to Biodyne A nylon membrane (Pall). The blot was
probed with 32P-labeled full-length dronc cDNA and exposed
to Kodak XAR-5 film. For in situ RNA analysis, an antisense
digoxygenin-labeled riboprobe was prepared by using SP6

RNA polymerase from the original pOT2-dronc cDNA clone
linearized by EcoRI digestion. The sense riboprobe was pre-
pared by using T7 RNA polymerase from pOT2-dronc linear-
ized with SspI. Digoxygenin labeling was according to the
manufacturer’s instructions (Boeringer Mannheim). In situ
hybridization to Drosophila embryos and larval tissues were
essentially as described (24), with some modifications. Em-
bryos and dissected larval tissues were fixed in 0.1 M Hepes,
50 mM EGTA, 0.01% NP40, 4% formaldehyde, pH 6.9 for 20
min. The proteinase step was omitted. Dissected ovaries from
3-day-old adult females were fixed as described for embryos
and treated with 50% ethanoly50% xylene for 30 min, washed
in ethanol, then in methanol and finally in PBS with 0.01%
Triton X-100 (PBT). Ovaries then were refixed for 25 min in
4% paraformaldehyde and then treated with proteinase K (5
mgyml) for 8 min at room temperature. After hybridization,
nonspecifically bound probe was removed by digestion with
RNase A (125 mgyml in PBT) for 1 hr at 37°C. Hybridization
was detected by using the alkaline phosphatase-coupled sec-
ondary antibody detection system according to the manufac-
turer’s instructions (Boeringer Mannheim).

Ecdysone Treatment. Larval tissues were dissected in
Schneider cell medium (GIBCOyBRL) and incubated with or
without 1 mM ecdysone (Sigma) in Schneider cell medium for
1 hr at 25°C. Samples then were fixed as described above and
in situ hybridization was carried out by using an antisense dronc
riboprobe.

RESULTS
Identification of DRONC as a Unique Caspase. To identify

CARD-containing molecules, we searched the GenBank da-

FIG. 1. Sequence and structure of DRONC. (A) Deduced amino acid sequence of DRONC. The full-length nucleotide sequence of dronc cDNA
comprises 2,090 bp. dronc ORF extends from base 370 to base 1722 (450 aa). The catalytic Cys residue is underlined. (B) Putative structure of
DRONC. The potential cleavage sites (D113, D135, and D324) in the DRONC precursor are indicated. The position of pentapeptide sequence
PFCRG containing the catalytic Cys residue is shown as a hatched box. (C) An alignment of the CARDs of various caspases. The locations of the
six a-helices (H1-H6) are marked. Residues conserved in at least four proteins are marked in black, those conserved in three proteins are highlighted
in dark gray and those showing conservative changes are shown in light gray. Note that the DRONC CARD contains an extended linker region
between H3 and H4, not present in other CARDs.

4308 Biochemistry: Dorstyn et al. Proc. Natl. Acad. Sci. USA 96 (1999)
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tabase by using the prodomain of Nedd2 (mouse caspase-2). By
using the TBLASTN program, we identified a Drosophila EST
with a small ORF that shares 29% sequence identity with the
caspase-2 prodomain over a 88-aa stretch. This EST belongs to
a cluster of 11 ESTs in the Berkeley Fly Database. Sequencing
of two independent cDNA clones revealed the presence of a
complete ORF for a caspase-like molecule that we named
DRONC (for Drosophila Nedd2-like caspase). The full-length
dronc cDNA sequence of 2,090 nt has been deposited in
GenBank. The putative DRONC protein consists of 450 aa
residues (Fig. 1A). In vitro translation of mRNA generated
from dronc cDNA produced a 50-kDa protein consistent with
the expected size (data not shown). Over the entire length of
the protein, DRONC shares 25% identity (40% similarity)
with caspase-2. The region downstream of the prodomain,
which encodes the two subunits of DRONC, shares highest
homology (27–28% identity, 44–48% similarity) with all
CPP32-like caspases, including caspase-3, -7, -8, -9, -10, and
CED-3 (data not shown). Interestingly, DRONC shares ,20%
identity with the three known Drosophila caspases. The puta-
tive prodomain of DRONC contains a CARD (Fig. 1B) that
is similar to the CARDs of caspase-1, -2, -9, and CED-3 (Fig.
1C). A unique feature of DRONC is the sequence PFCRG that
encompasses the catalytic Cys (Cys-318) residue, which is
distinct from the QAC(RyQyG)(GyE) sequence found in all
other known caspases.

Enzymatic Activity and Substrate Specificity of DRONC. To
check whether DRONC is indeed a caspase, we generated
recombinant DRONC in E. coli and assessed its proteolytic
activity on synthetic f luorogenic peptide substrates. Expres-
sion of both the full-length DRONC precursor or truncated
DRONC lacking the putative prodomain (residues 1–113)
generated enzyme that showed low-level activity on a
caspase-3 substrate DEVD-afc (Fig. 2). However, DRONC
activity on the caspase-2 pentapeptide substrate VDVAD-amc
was 5-fold higher than on DEVD-afc (Fig. 2), suggesting that,
similar to caspase-2 (25), the minimum substrate requirement
for DRONC includes a P5 residue. Under identical conditions,
recombinant DRONC and caspase-2 show approximately sim-
ilar activities on VDVAD and DEVD substrates (data not

shown). No significant cleavage by DRONC of caspase-1
substrate YVAD-afc was observed (Fig. 2).

Ectopic Expression of DRONC Induces Apoptosis. A num-
ber of caspases have been shown to induce apoptosis when
overexpressed (3, 4, 23, 26). We transiently coexpressed
DRONC with b-galactosidase in NIH 3T3 cells. At 48 hr
posttransfection approximately 60% of the b-galactosidase
positive cells had undergone apoptosis (Fig. 3). DRONC-
induced cell death was almost completely abolished by coex-
pression of baculovirus P35 and inhibited to a lesser extent by
MIHA, OpIAP, and Bcl-2 (Fig. 3). CrmA, an inhibitor of
caspase-1, was least effective in inhibiting DRONC-induced
apoptosis. A substitution mutation of the catalytic Cys-318 to
Gly completely abolished the cell-killing activity of DRONC,
suggesting that cysteine protease activity was responsible for
the apoptotic function of DRONC (Fig. 3). We also monitored
the localization of DRONC protein in transfected cells by
using DRONC-GFP fusion constructs. Fusion of GFP to the
carboxyl terminal of DRONC did not affect its cell-killing
activity (Fig. 4, data not shown). At 24 hr, when most of the
transfected cells appeared morphologically normal, DRONC
was mostly localized in the cytoplasmic fraction of cells. In
some cells, DRONC protein appeared to be concentrated
asymmetrically near the cellular nucleus (Fig. 4B), possibly
associated with some subcellular structures. Staining of trans-
fected cells with mitochondrial markers suggested that
DRONC did not localize to mitochondria (data not shown). At
48 hr after transfection, DRONC-GFP protein was uniformly
distributed in apoptotic cells (Fig. 4C).

Expression of dronc During Drosophila Development. RNA
blot analysis of dronc detected a 2.2-kb transcript, consistent
with the size of cDNA, at all embryonic stages (Fig. 5).
Between first and third instar larva stages dronc transcript was
barely detectable, however, as discussed below, from late third
instar larva stage, dronc mRNA was remarkably up-regulated.
We further examined dronc expression by in situ hybridization
to Drosophila embryos and larval tissues by using a digoxige-
nin-labeled antisense mRNA probe (Fig. 6). Dronc is ex-

FIG. 2. Activity of recombinant DRONC on fluorogenic peptide
substrates. E. coli lysates containing recombinant DRONC were
incubated with various fluorogenic caspase substrates at 37°C for 30
min and release of amc or afc was monitored by a fluorimeter.
Equivalent amount of E. coli lysates lacking DRONC were used in
control experiments.

FIG. 3. DRONC induces apoptosis in transfected cells. Various
expression constructs were cotransfected with pEF-b-galactosidase
into NIH 3T3 cells by lipofection. At 48 hr posttransfection cells were
fixed and stained with 5-bromo-4-chloro-3-indolyl b-D-galactoside
(X-gal), and blue cells were observed for apoptosis. Bars represent
apoptotic cells as % of total b-galactosidase-positive cells 6SEM. At
least 400 blue cells were scored for each dish. The data shown were
derived from three independent experiments.

Biochemistry: Dorstyn et al. Proc. Natl. Acad. Sci. USA 96 (1999) 4309
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pressed highly in stage 1–4 syncitial embryos (Fig. 6A).
Because zygotic expression does not begin before stage 5 (27),
this early expression of DRONC represents maternally derived
mRNA. In stage 8 cellularized embyros, dronc mRNA is
ubiquitously expressed (Fig. 6B), but as development proceeds
expression levels generally are reduced (Fig. 6C). Expression
of the Drosophila caspase dredd has been shown to be up-
regulated in embryonic cells undergoing programmed cell
death (15). However, unlike dredd, dronc expression was not
up-regulated in apoptotic cells in embryos (Fig. 6 A–C).

dronc expression was further examined in second and third
instar larval tissues (Fig. 6 E–N). High levels of dronc expres-
sion was observed in midgut and salivary glands from late third
instar larvae (Fig. 6 E and G), but not from second instar
larvae (Fig. 6 I and J). Massive apoptosis of midgut tissues
occurs at the onset of pupariation although small numbers of
apoptotic cells can be detected in the gastric caeca in late
second instar larvae, whereas apoptosis of the salivary glands
begins 13.5 hr after pupariation (13). Thus, high expression of
dronc precedes apoptosis in these tissues. Low levels of dronc
expression were observed throughout third instar larval eye
discs and brain lobes (Fig. 6 K and M), which contain apoptotic
cells at this stage (28). However, up-regulation of dronc
expression was not observed in eye disc or brain lobe cells that
should be undergoing apoptosis (data not shown). The cells
strongly staining with dronc in the eye disc are blood cells (Fig.
6K), which often associate with imaginal discs. High expression
of dronc in a subset of blood cells is consistent with pro-
grammed cell death also occurring in these cells. We also

checked dronc expression in ovaries (Fig. 6 O and P). During
oogenesis in adult f lies, nurse cells undergo apoptosis in stage
12 oocytes, which is required for the deposition of nurse cell
cytoplasm into the oocytes (29). We observed strong dronc
expression in egg chambers after stage 10, but also in earlier
stages (Fig. 6O), indicating that dronc expression precedes
apoptosis during oogenesis.

dronc mRNA Expression Is Induced by Ecdysone. The
steroid hormone ecdysone has been shown to mediate apo-
ptosis of larval tissues during pupariation (13). To investigate
whether ecdysone also induces expression of dronc, we exam-
ined the levels of dronc mRNA after the addition of ecdysone
to second instar larval midgut and salivary gland tissues, which
normally show only low levels of dronc mRNA (Fig. 7). After
1 hr exposure to ecdysone there was a several-fold increase in
dronc mRNA levels in the early second instar larval midgut
tissue (Fig. 7 A and B), indicating that ecdysone can induce
dronc expression in the midgut. However, salivary glands from
early second instar larvae did not show dronc induction after
ecdysone treatment (data not shown). Because salivary glands
normally undergo apoptosis later than midgut tissues, it was
possible that the failure of ecdysone to induce dronc in salivary
glands was the result of the absence of a developmentally
controlled factor required for ecdysone-induced gene expres-
sion. For this reason we then examined whether ecdysone
could induce dronc expression in salivary glands at a later
developmental stage. Salivary glands from late second instar
larvae, which normally only express very low levels of dronc,
were found to strongly express dronc 1 hr after ecdysone
treatment (Fig. 7 C and D). Thus, ecdysone induces dronc
expression in both midgut and salivary gland tissues.

Processing and Activation of DRONC. Consistent with high
expression of dronc, cell extracts prepared from late third
instar larvae efficiently processed in vitro-translated DRONC
into subunits of approximately 20 kDa and 14 kDa (data not
shown). We then measured caspase activity in extracts pre-
pared from larvae and pupae on VDVAD and DEVD sub-
strates. There was at least a 5-fold increase in VDVAD
cleavage activity in late third instar larvae as compared with
second instar larvae, whereas, DEVD cleavage activity, which
was comparable to VDVAD cleavage activity in second instar
larvae, only increased by approximately 1.5-fold (data not
shown). These results suggest that increased VDVAD cleavage
activity in late third instar larvae may be attributable to
increased levels of DRONC. In 16- to 18-hr pupae, both
VDVAD and DEVD cleavage activities were reduced to about
half of those observed at second instar larval stage (data not
shown).

DISCUSSION

Caspases belong to two distinct classes. Caspases with long
N-terminal prodomains (the class I caspases) are believed to be

FIG. 4. Cellular localization of GFP-DRONC protein. Expression vectors containg (A) GFP or (B and C) GFP-DRONC fusion were transfected
into NIH 3T3 cells. At (A and B) 24 hr or (C) 48 hr posttransfection, cells were fixed and GFP-positive cells were examined by using a fluorescence
microscope and photographed.

FIG. 5. Expression of dronc mRNA during Drosophila develop-
ment. Approximately 20 mg of total RNA isolated from various
developmental stages was analyzed by Northern blotting. (Lower) A
portion of the ethidium bromide stained gel before transfer to
membrane.

4310 Biochemistry: Dorstyn et al. Proc. Natl. Acad. Sci. USA 96 (1999)
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directly recruited to specific death complexes through the
death effector domains (DED) or the CARDs present in their
prodomain regions (3, 4, 26). This recruitment facilitates
oligomerization and autoactivation of class I caspases. The
class II caspases have very short or no prodomain and hence
they lack the ability to be recruited to specific death complexes.
It is thought that class II caspases require cleavage by upstream
class I caspases for their activation. Among proapoptotic
mammalian caspases, caspase-2 and -9 contain CARD do-
mains, whereas caspase-8 and -10 carry two copies of DEDs in
their prodomain region (3, 4, 26). The C. elegans CED-3
caspase also contains a CARD domain, whereas Drosophila
DREDD contains two DEDs (3, 4, 15, 16, 26). The DED-
containing caspases, such as caspase-8 and -10, are activated on
adaptor-mediated recruitment to death receptors, whereas the
CARD containing caspase-9 requires APAF-1 (the mamma-
lian homologue of CED-4), cytochrome c released from
mitochondria, and dATP for its activation (3, 4, 26, 30). The
presence of a DED containing caspase DREDD in Drosophila
implies that a death receptor-mediated pathway may exist in
the fly (15, 16). Our identification of DRONC as a CARD-
containing Drosophila caspase suggests that a pathway similar
to CED-3ycaspase-9 also may exist in Drosophila. This implies
that CARD-containing adaptors such as CED-4yAPAF-1,

might be required for DRONC activation. No CED-4 homo-
logues have been reported in Drosophila to date; however, it
now might be possible to identify such proteins by using
DRONC as an interacting partner.

An unusual feature of DRONC is the sequence PFCRG
surrounding the catalytic Cys residue. All known mammalian
caspases have a consensus QAC(RyQyG)G sequence (1–6),
whereas Drosophila DCP-2yDREDD differs somewhat with a
QACQE sequence (15, 16). However, in all caspases except
DRONC, the QAC sequence is completely conserved. The
variation in the sequence may reflect unique substrate speci-
ficity of DRONC. Interestingly, recombinant DRONC shows
little or no activity on caspase-1 and caspase-3 substrates, but
has appreciable activity on the pentapeptide caspase-2 sub-
strate (Fig. 2). This suggests that, like caspase-2 (25), DRONC
requires a minimum of a pentapeptide sequence as a substrate.
It is, however, unclear at present, whether the caspase-2
substrate is the optimal substrate for DRONC.

Insect metamorphosis is controlled by the production of
waves of the steroid hormone, ecdysone, which regulates the
deletion of obsolete larval tissues and their replacement by
tissues of the adult animal (13, 31). A large transient increase
in ecdysone levels occurs before puparium formation and
prepupal development, and again 10 hr later just before

FIG. 6. In situ analysis of dronc mRNA expression during Drosophila development. Expression of dronc transcript was detected by in situ
hybridization with a digoxigenin-labeled antisense mRNA probe. (A) A stage 3 syncitial embyro showing high levels of dronc expression. (B) A
stage 8 embryo with uniform dronc expression throughout. (C) By stage 13 dronc expression is reduced throughout. Arrow indicates amnioserosa.
(D) A stage 13 embryo hybridized with the dronc sense control probe shows no background staining. (E) A late third instar larval midgut with
high dronc expression. (F) A late third instar larval midgut hybridised with the sense control riboprobe. (G) A late third instar larval salivary gland
showing high dronc expression. (H) dronc sense control on late third instar salivary gland. (I) A late second instar midgut showing low levels of
dronc expression. (J) A second instar salivary gland tissue showing no dronc expression. (K) A late third instar eye imaginal disc shows ubiquitous
low level of dronc mRNA and higher staining in a subset of blood cells associated with the eye disc (arrow). (L) dronc sense control on late third
instar eye imaginal disc. (M) Brain lobes from late second instar larva showing ubiquitous low levels of dronc mRNA. (N) dronc sense control on
late second instar brain lobes shows weak background staining. (O) Adult egg chambers showing high expression of dronc particularly at the later
stages of oogenesis. The stages of oogenesis for each chamber are indicated. (P) dronc sense riboprobe control on adult egg chambers.

Biochemistry: Dorstyn et al. Proc. Natl. Acad. Sci. USA 96 (1999) 4311
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pupation (32). Recent studies have shown that larval midgut
and salivary glands undergo ecdysone-induced programmed
cell death during prepupal and early pupal development (13).
In late third instar larvae, VDVAD cleavage activity was
significantly higher than in second instar larvae. This increased
VDVAD cleavage activity is likely to be attributable to
DRONC activity consistent with its high expression in third
instar larvae. Our demonstration that dronc mRNA can be
dramatically up-regulated by ecdysone suggests that this
caspase may be the main effector in mediating programmed
cell death in larval midgut and salivary glands. Our data
suggest the possible transcription regulation of a caspase gene
by a steroid hormone. This up-regulation may be the result of
a direct interaction between the ecdysone receptor complex
and the ecdysone response elements in the dronc promoter or
indirectly through an ecdysone-induced transcription factor.
Characterization of the dronc promoter region will provide
information on whether dronc is directly regulated by ecdy-
sone. Expression of dronc in other embryonic, larval, and adult
tissues (Fig. 6) suggests that DRONC also may function in
other cell death pathways. Examination of dronc mutant
phenotypes will further establish the function of DRONC in
developmentally programmed cell death in Drosophila.
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FIG. 7. dronc mRNA is up-regulated by ecdysone. An early second
instar midgut incubated for 1 hr (A) without or (B) with ecdysone. A
late second instar salivary gland incubated for 1 hr (C) without or (D)
with ecdysone. Note massive induction of dronc expression on ecdy-
sone treatment in both larval midgut and salivary gland. The sense
control riboprobe did not show any staining on tissues with or without
ecdysone treatment (data not shown).
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