
 

INTRODUCTION

 

Active self destruction of a cell, known as apoptosis, pro-
grammed cell death or physiological cell death, is a normal
process in multicellular organisms. Cell death plays important
roles in development and adult tissue homeostasis (Glucksman,
1950; Wyllie et al., 1980; Ellis et al., 1991; Raff, 1992; Vaux,
1993), selection of the immune cell repertoire (Murphy et al.,
1990), protection of cells from potentially mutagenic DNA
damage (Lowe et al., 1993; Clarke et al. 1993) and other poten-
tially oncogenic stimuli (Evan et al., 1992; Bissonette et al.,
1992; White and Stillman, 1987; Yonish-Rouach et al., 1991),
and as a host defense against viral infection (Pilder et al., 1984;
Subramanian et al., 1994; Clem and Miller, 1993). 

One approach to identifying components of the cellular
machinery that regulates cell death involves taking molecules
that are known to be able to activate or inhibit cell death in one
system, expressing them in 

 

Drosophila, in a nonessential tissue
such as the eye, and asking if they perturb cell death in vivo.
To the extent that the ability of the foreign proteins to manip-
ulate cell death is evolutionarily conserved, genetic and
physical interaction screens can be used to identify cellular
proteins with which these foreign proteins interact. Some such
interacting proteins may identify components of a Drosophila
cell death pathway. 

Viruses provide a rich source of proteins that perturb cell
death. Cell death induced by viruses may be either necrotic or
apoptotic in nature. Necrotic cell death may reflect either a
nonspecific response to a viral takeover of host biosynthetic
machinery or the result of cell lysis or cell fusion. In contrast,
it has been suggested that apoptotic cell death following virus
infection has evolved in multicellular organisms as a host
strategy to prevent virus spread, wherein the host sacrifices a
small number of infected cells to protect the organism as a
whole (Clouston and Kerr, 1985; Martz and Howell, 1989). A

predicted viral strategy to avoid this host response might be to
synthesize proteins that interfere with such a host suicide
pathway. In fact, a number of viruses have been shown to
express proteins that function to delay or prevent host cell
death (Chou and Roizman, 1992; Clem et al., 1991; Crook et
al., 1993; Henderson et al., 1991, 1993; White et al., 1992;
Gooding et al., 1988, 1991). Prevention of cell death has also
been associated with viral persistence (Levine et al, 1993) and
latency (Gregory et al., 1991). 

Is the apoptotic cell death pathway activated and inhibited
by viral proteins the same as that used during normal devel-
opment and adult function of higher eukaryotes? Apoptosis can
be induced in cells using a variety of stimuli involving different
signal transduction mechanisms. These probably converge on
a limited number of pathways that actually bring about killing.
Viral proteins such as adenovirus P19 and baculovirus P35,
which function to prevent cell death in multiple contexts
(White and Stillman, 1987; Hashimoto et al., 1991; Gooding
et al., 1991), likely identify functions at or downstream of these
points of signal convergence. Identifying the molecules
mediating these viral functions is thus likely to provide insight
into the machinery mediating cell death. Toward this end, we
have expressed baculovirus P35 in Drosophila tissues in which
cell death is known to occur and have found that normally
occurring and experimentally induced cell death is prevented
by P35 expression. 

MATERIALS AND METHODS

Staging pupae
Stocks were raised at 20°C on a standard cornmeal agar food. White
prepupae (time zero) were collected and maintained for the reported
times. The w

 

− stock used for P element transformation was used as
the wild-type strain.

 

2121Development 120, 2121-2129 (1994)
Printed in Great Britain © The Company of Biologists Limited 1994

 

The baculovirus P35 protein functions to prevent apoptotic
death of infected cells. We have expressed P35 in the devel-
oping embryo and eye of the fly 

 

Drosophila melanogaster.
P35 eliminates most, if not all, normally occurring cell
death in these tissues, as well as X-irradiation-induced
death. Excess pupal eye cells that are normally eliminated
by apoptosis develop into pigment cells when their death is
prevented by P35 expression. Our results suggest that one

mechanism by which viruses prevent the death of the host
cell is to block a cell death pathway that mediates normally
occurring cell death. Identification of molecules that
interact biochemically or genetically with P35 in
Drosophila should provide important insights into how cell
death is regulated. 

Key words: baculovirus, P35, cell death, Drosophila

SUMMARY

Expression of baculovirus P35 prevents cell death in 

 

Drosophila

Bruce A. Hay, Tanya Wolff and Gerald M. Rubin

Howard Hughes Medical Institute and Department of Molecular and Cell Biology, University of California Berkeley, Berkeley, CA
94720-3200, USA



2122

Detection of cell death
Acridine orange staining was carried out as described in Spreij (1971).
In situ nick translation to identify dying or dead cells based on the
presence of damaged cellular DNA was carried out essentially as
described in Meyaard et al. (1992). Embryos were fixed and the
vitelline membranes removed as described in Hay et al. (1988). Third
instar eye-antennal discs and pupal eyes were fixed similarly except
that treatment with methanol was omitted. Fixed tissue was stored in
0.1 M PO4, 0.3% Triton X-100 at 4°C. For nick translation reactions,
tissue was rinsed in 1× nick translation buffer several times (1× nick
translation buffer = 50 mM Tris-HCl (pH 7.2), 10 mM MgSO4, 100
µM DTT, 50 µg/ml BSA). Tissue was incubated in the above buffer
containing 30 µM each of dATP, dGTP, dCTP, Bio-16-dUTP (Enzo
Diagnostics, Syosset, NY) and 0.4 U/µl of E. coli DNA polymerase
(New England Biolabs) for 90 minutes at room temperature.
Following incorporation tissue was washed in 0.1 M PO4 (pH 7.2),
0.3% Triton X-100, 1% BSA several times for a total of 30 minutes.
To visualize the reaction product, a complex of avidin-horseradish
peroxidase (A+B reagents of the Vectastain ABC kit, Vector labs,
Burlingame, CA) was incubated with the tissue for one hour. Washes
as above were followed by development of an insoluble DAB reaction
product. Tissue was mounted in glycerol and photographed on a Zeiss
axiophot microscope. 

Anti-β-galactosidase antibody staining
Anti-β-galactosidase antibody staining of pupal eyes was carried out
as described in Hay et al. (1988) using a rabbit polyclonal anti-β-
galactosidase antibody (Cappel) diluted 1:5000 and preabsorbed
against fixed wild-type embryos in 0.1 M PO4 (pH 7.2), 0.3% Triton
X-100. A Vector anti-rabbit HRP kit was used as the secondary
antibody. 

Cobalt sulfide staining
Cobalt sulfide staining of larval and pupal eyes was carried out as
described in Wolff and Ready (1991). 

BrdU labeling
Labeling to identify cells engaged in S-phase activity was carried at
5 hour intervals, from 35 to 55 hours postpupation. Retinae were
removed and placed in a 50 µg/ml solution of BrdU in Schneider’s
medium (GIBCO) for 1 hour at 25°C. Tissues were then fixed and
stained as in Winberg et al. (1992).

Sectioning of adult heads
Fixation, embedding and sectioning of adult fly heads was carried out
as described in Wolff and Ready (1991).

X-irradiation
Third instar larvae were exposed to 4000 rads of X-irradiation using
a Torex 120D X-ray inspection system (Astrophysics Research Corp.,
Long Beach, CA). Following irradiation, vials were placed at 25°C
for 2-8 hours prior to dissection.

Construction of eye expression vector
PCR was used to amplify a fragment from construct 29-1 (Ellis et al.,
1993). This fragment contains a pentamer of truncated glass-binding
sites derived from the Drosophila Rh1 promoter. The primers used to
amplify this pentamer and downstream TATA box sequences were
ATCGATATCTAGATCTCGAG and GAACTCTGAATAGGGA-
ATTCGGG. These primers contain XhoI and EcoRI sites, respec-
tively, near their 3′ end. PCR products (about 500 bp) were digested
with XhoI and EcoRI and ligated into XhoI, EcoRI cut CaSpeR-hs
(Pirotta, 1988), thus replacing the HSP 70 promoter and TATA box
of CaSpeR-hs with the PCR product derived from construct 29-1. The
vector generated is known as pGMR (glass multimer reporter).
Plasmid pRS, obtained from Lois K. Miller (University of Georgia,

Athens), contains the P35 coding region from the baculovirus Auto-
grapha californica. This plasmid was digested with NruI and BglII.
The fragment containing the P35 coding region was ligated into
pGMR cut with HpaI and BglII. This plasmid, pGMRP35, was used
to generate transgenic flies as described (Rubin and Spradling, 1982).
Three transgenic lines containing a single P-element, integrated on the
X, second or third chromosome, were characterized. Similar pheno-
types were seen with each line. Phenotypes shown are from the trans-
genic fly with a P-element on the third chromosome. 

Heat-shock expression of P35
Heat-shock-induced expression of P35 during embryogenesis was
carried out by crossing flies carrying glass under the control of a heat-
shock promoter (hs-glass) (Ellis et al., 1993) to flies carrying
pGMRP35. The control cross involved crossing hs-glass-expressing
flies to the w− stock used for P element transformation. Embryos from
these crosses, kept at 25°C, carrying both hs glass and GMRP35 or
hs-glass alone, were heat shocked for 1 hour at 37°C between 3 and
5 hours after egg laying. They were allowed to develop for 5 hours
and then fixed and processed as described above. 

RESULTS

P35 prevents cell death during Drosophila
embryogenesis
During normal Drosophila embryogenesis, large amounts of
cell death are first apparent during germ band shortening and
cell death continues throughout embryogenesis (Campos-
Ortega and Hartenstein, 1985; Abrams et al., 1993). We have
examined the effects of a heat-shock-induced pulse of P35
expression on the first cell deaths in the embryo, during
germband shortening. These experiments do not attempt to dis-
tinguish between a role for P35 in preventing initiation of cell
death or in blocking subsequent events. Heat-shock expression
of P35 several hours prior to the beginning of germ band short-
ening results in a loss of most cell death normally seen during
early- and mid-germ band shortening (Fig. 1A-D). The identity
of the cells that normally die is unknown, as is the fate of these
cells following their rescue by P35. Therefore the role that cell
death plays in embryogenesis is unclear. Understanding this
role will be best addressed by expressing P35 in specific tissues
and following the fate of cells identified using tissue-specific
markers. Such an analysis is presented below for the develop-
ing eye. 

P35 prevents normally occurring cell death
throughout eye development
The developing Drosophila eye is made up of cells arranged in
ordered, repeating units, known as ommatidia. Pattern formation
is initiated in the 3rd larval instar as a wave of morphogenesis
sweeps across the eye from posterior to anterior (Wolff and
Ready, 1993). The wave front is identified by a dorsoventral
indentation, the morphogenetic furrow. Ommatidia are initiated
at spaced intervals in the furrow and grow by accretion as neigh-
boring cells are recruited into specific cell fates. By 30 hours of
pupal life, ommatidia consist of 8 photoreceptors, 4 cone cells
and 2 primary pigment cells. Unpatterned and undifferentiated
cells are present between ommatidia. These cells will ultimately
resolve into a honeycomb lattice of shared bristles and
secondary and tertiary pigment cells. The interommatidial cell
population initially contains 2 to 3 excess cells per ommatid-
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ium. These cells are eliminated by death (Cagan and Ready,
1989; Wolff and Ready, 1991). 

In order to express P35 specifically in the developing eye,
an expression vector was constructed in which multimerized
glass-binding sites from the Drosophila Rh1 promoter were
exchanged for the heat-shock promoter in
the expression vector CaSpeR-hs (see
methods). Glass is expressed in all cells in
and posterior to the morphogenetic furrow
in the eye disc during larval development
(Moses et al., 1991; Ellis et al., 1993) and
at detectable levels in all retinal cells except
the cone cells, during pupal development
(Ellis et al., 1993). Expression is largely
restricted to the developing eye, the larval
photoreceptor organs and a small number of
cells in the larval brain which may also be
involved in photoreception (Ellis et al.,
1993). Coding regions expressed down-
stream of these binding sites are expressed
in a similar pattern (Ellis et al., 1993; B. H.,
unpublished). Some transgenic lines show
low level expression in tissues other than
the eye or show dominant phenotypes
indicative of expression elsewhere (B. H.,
unpublished). This expression may reflect a
general leakiness of the promoter or
enhancer trapping by transcriptional regu-
latory elements in the nearby genomic
region. 

During eye development, cell death is conspicuous at several
different stages. In the third instar eye disc, a small, variable
amount of cell death is present posterior to the morphogenetic
furrow (Spreij, 1971; Wolff and Ready, 1991; Bonini et al.,
1993). Between 35 and 50 hours postpupation, approximately

Fig. 1. Heat-shock expression of P35 during embryogenesis prevents normally occurring cell death. Flies carrying a hs-glass construct were
crossed to wild-type w− flies or to flies carrying pGMRP35. Embryos from these crosses were processed for heat shock and in situ nick
translation as described in Methods. Similar results were obtained using acridine orange with living embryos (not shown). (A) View of the
lateral surface of a wild-type embryo in which expression of hs-glass had been induced. Many cells and cell fragments with damaged DNA are
visible as dark dots. (B) Internal view of the same wild-type embryo. (C) Lateral surface of heat-shocked embryo transheterozygous for hs-
glass and GMRP35. Very few cells with damaged DNA are present in the lateral epidermis. (D) An internal view of the embryo shown in C.
A few staining fragments are present. 

Fig. 2. Scanning electron micrographs of adult eyes from wild-type (A) and GMRP35-
expressing flies (B). Note that the normally highly regular array of facets, as seen in the eye
in A, is slightly disordered in the eye shown in B.
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1500-2000 surplus cells are eliminated by cell death, resulting
in the formation of an ordered cellular lattice (Cagan and
Ready, 1989). A failure of cell death to remove these surplus
cells disorganizes the lattice. In a third phase of cell death
between 60 and 70 hours postpupation, the perimeter clusters,
a population of stunted ommatidia that contain photoreceptors,
cone cells and primary pigment cells, and that end each omma-
tidial row, are removed (Wolff and Ready, 1991). 

The adult eye of P35-expressing flies is mildly disordered
compared to that of wild type (Fig. 2). To determine if P35
expression prevents cell death, eyes were examined using
acridine orange or in situ nick translation to identify dying
cells, and cobalt sulfide staining to show apical profiles of cells
in the epithelium. In wild-type third instar eye-antennal discs,
cell death is seen in the antennal region and both anterior and
posterior to the morphogenetic furrow (Fig. 3A). In discs from
P35-expressing flies, death posterior to the furrow is eliminated
(Fig. 3B); however, cell death anterior to the furrow, where
glass is not detectably expressed, is still present, though often

at reduced levels (Fig. 3B). This reduced death may reflect
low-level expression of P35 anterior to the morphogenetic
furrow. Dying cells in wild-type third instar eye discs derive
from the undifferentiated epithelial cells surrounding the
developing ommatidial clusters. The ultimate fate of cells
prevented from dying at this stage is not known since there is
no way of distinguishing between unpatterned cells that would
not normally have died and those that were prevented from
dying by P35 expression. 

By 55 hours postpupation cell death has eliminated excess
cells such that the eye shows an exact, stereotyped arrange-
ment of cell types: four central cone cells are surrounded by
two primary pigment cells; six secondary pigment cells are
arranged along the faces of the ommatidial hexagon; these are
separated by alternating tertiary pigment cells and bristles at
the vertices of the hexagon (Fig. 4A). Perimeter clusters, which
have not yet died, are also apparent (arrowhead). Similarly
aged P35-expressing pupal eyes show many extra cells in the
positions of secondary and tertiary pigment cells. (Fig. 4B). By
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Fig. 3. P35 expression prevents normally occurring cell death and death in response to X-irradiation in the third instar eye disc. (A) Wild-type
third instar eye-antennal disc stained with acridine orange. Within the eye disc (eye) a small number of dying cells are seen anterior to the
morphogenetic furrow (arrow); more cell death is seen posterior to the furrow. Cell death is also observed in the antennal disc (ant). (B) Third
instar eye-antennal disc expressing P35 in and posterior to the morphogenetic furrow. Staining fragments are essentially absent posterior to the
morphogenetic furrow. Staining fragments are present, however, in the antennal disc, where P35 is not expressed. (C) Wild-type third instar eye
disc irradiated with 4000 rads 6 hours prior to dissection. Large amounts of cell death are present anterior and posterior to the morphogenetic
furrow as well as in the antennal disc. (D) P35-expressing third instar eye-antennal disc treated as in C. Large amounts of cell death are present
anterior to the morphogenetic furrow and in the antennal disc. Only a few staining fragments are present posterior to the morphogenetic furrow,
where P35 is expressed at high levels. In all discs anterior is to the right. 
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70 hours primary pigment cells have forced the apical surfaces
of secondary and tertiary pigment cells into thin profiles so
they are not visible in cobalt stains. Perimeter clusters are not
present in wild-type 70 hour eyes (Fig. 4C), but are still present
in 70 hour P35-expressing flies (Fig. 4D, arrowheads).
Perimeter ommatidia in P35-expressing flies persist into adult
life as seen in scanning electron micrographs and light micro-
scope sections (Fig. 5). In wild-type adult eyes, all lenses are
of uniform size and they abut the edge of the eye (Fig. 5A,B).
In contrast, in eyes of P35-expressing flies small bumps, pre-
sumably reflecting a small amount of lens secretion by the
perimeter clusters, are present at the end of many rows, and
rows end some distance from the edge of the eye. (Fig. 5G,H).
Small peripheral lenses are seen in thick sections from P35-
expressing eyes (Fig. 5I,J); these small profiles are absent in
wild-type eyes (Fig. 5C,D). Serial sections through the
periphery of P35-expressing eyes show that photoreceptor
clusters are present beneath the small perimeter lens bumps
(Fig. 5K,L).

In wild-type 25 hour pupal eyes, extra potential primary pig-
ment cells are present but are ultimately excluded from contact
with the cone cells and are presumed to fall back into the undif-
ferentiated cell population (Cagan and Ready, 1989). Pupal
eyes of P35-expressing flies often fail to exclude these extra pri-
mary pigment cells (Fig. 4B). We do not understand the mecha-

nism behind the effect of P35 on primary pigment cell sorting,
which does not appear to involve cell death (Cagan and Ready,
1989; Wolff and Ready, 1991). It is formally possible that P35’s
ability to prevent the death of potential secondary and tertiary
pigment cells is an indirect effect of the supernumerary primary
pigment cells (and thus the information that neighboring poten-
tial secondaries and tertiaries receive); however, given P35’s
ability to prevent death in diverse situations in Drosophila, we
think this possibility is unlikely.

The excess cells in 55 hour P35 pupal eyes may result from
increased cell division, prevention of cell death or some com-
bination of the two. Acridine orange staining of living tissue
or in situ nick translation on fixed tissue was carried out to
determine if cell death is prevented in the eyes of P35-express-
ing flies. In wild-type 50 hour pupal eyes, many acridine
orange-stained fragments of dying or dead cells are present
throughout the eye (Fig. 6A). Staining fragments are com-
pletely absent in similarly staged eyes from P35-expressing
flies (Fig. 6B). In wild-type 65 hour eyes, strong acridine
orange staining is present at the perimeter, reflecting the death
of the perimeter clusters (Fig. 6C). Similar staining is not
present in 65 hour eyes from P35-expressing flies (Fig. 6D).
These observations indicate that P35 prevents cell death
throughout eye development. Extra cell divisions during pupal
eye development do not contribute to the population of excess

Fig. 4. Cobalt sulfide stain of wild-type and P35-expressing pupal eyes. (A) Apical surface of wild-type 55 hour pupal eye. Death has removed
extra pigment cells, resulting in an ordered hexagonal array in the center of the eye. Perimeter clusters are apparent at the edge of the eye
(arrow). (B) P35-expressing 55 hour pupal eye. Many extra apical profiles in the positions of secondary and tertiary pigment cells are present.
Asterisks identify examples of ommatidia that contain an extra primary pigment cell. (C) Wild-type 70 hour pupal eye. Note that perimeter
clusters are absent. Apical profiles of secondary and tertiary pigment cells are not visible. (D) P35-expressing 70 hour pupal eye. Perimeter
clusters (arrowheads) are still present.
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Fig. 5. The perimeter clusters are present in eyes expressing P35. Scanning electron micrographs of the edge of wild-type (A,B) and P35-
expressing (G,H) eyes. In A and G, the edge of the eye is shown at low magnification. Note that in wild-type eyes large lenses abut the edge
of the eye, whereas in the P35-expressing eye they sit some distance back. At higher magnification, small bumps (the perimeter clusters)
are evident at the ends of some rows in P35-expressing eyes (H) but not wild-type eyes (B). Serial sections of the perimeter of wild-type
(C-F) and P35-expressing eyes (I-L). Sections progress from apical (C,I) to basal (F,L). Numbers identify specific ommatidia through the
depth of the sections. In the wild-type eye, the lenses are uniformly large and regularly spaced along the perimeter of the eye (C,D). Due to
the curvature of the eye the lenses appear larger on the edges of the sections. Photoreceptors are seen underneath these perimeter lenses in
more basal sections (E,F). In contrast, in P35-expressing eyes small lens profiles are present in apical sections at the end of rows numbered
1, 2, 4, 6 and 8 (I,J). More basal sections show that photoreceptors are present beneath these small lenses (K,L). 
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pigment cells in P35-expressing eyes since BrdU labeling of
pupae from 35 to 55 hours does not label any cells other than
a few bristle precursors (data not shown), which also label in
wild type (Cagan and Ready, 1989). 

Pigment cell precursors prevented from dying
differentiate as pigment cells
We determined the fate of the potential secondary and tertiary
pigment cells that do not die in P35-expressing eyes with the
use of a lacZ enhancer trap line (LE07). In this line, expression
of lacZ in the eye is restricted to secondary and tertiary pigment
cells in pupae and adults (Ross Cagan, personal communica-
tion). Wild-type flies expressing LE07 have a characteristic
lacZ expression pattern in the midpupal eye in which three
groups of three pigment cells (secondary, tertiary, secondary)
are separated by unstained bristle groups (Fig. 7A). Eyes of
flies expressing both P35 and LE07 have many extra staining
cells (Fig. 7B), which persist into adulthood (data not shown).
By these criteria, cells prevented from dying as a result of P35
expression go on to differentiate as secondary and tertiary
pigment cells. 

P35 prevents death in response to X-irradiation
Death of Drosophila cells in response to X-irradiation, which
results in damage to DNA as well as proteins and lipids, is well
documented (Ashburner, 1989), though little is known about
signals required for bringing about this death (Abrams et al.,
1993). To determine if P35 could prevent radiation-induced
death in the Drosophila eye, wild-type and P35-expressing 3rd
instar larvae were irradiated and allowed to recover from 2 to
10 hours before discs were stained with acridine orange.
Acridine orange staining is greatly increased in irradiated wild-
type discs (Fig. 3C) compared to unirradiated controls (Fig.

Fig. 6. Acridine orange stain of
wild-type and P35-expressing pupal
eyes. (A) 50 hour wild-type pupal
eye. Large numbers of small,
fluorescent fragments are present
throughout the eye. Fluorescence at
the edge of the eye is background
staining. (B) 50 hour P35-
expressing pupal eye. Acridine-
staining cell fragments are largely
absent. Large diffuse staining
bodies are cells of the optic lamina
and fat bodies (arrow). (C) Edge of
a 65 hour wild-type pupal eye.
Staining fragments are present
along the eye perimeter. (D) Edge
of a 65 hour P35-expressing pupal
eye. Staining fragments are absent
from the eye perimeter. 

Fig. 7. Expression of β-galactosidase in enhancer trap line (LEO7) in
wild-type and P35-expressing 75 hour pupal eyes. β-galactosidase is
localized to nuclei of secondary and tertiary pigment cells.
Photographs focus on the pigment cell nuclear layer. (A) Expression
of LEO7 in a wild-type 75 hour pupal eye is restricted to groups of
three staining cells (2,3,2) separated by non-staining bristle cells.
These cells surround a central non-staining region (asterisk) from
which photoreceptor axons protrude. (B) Expression of LEO7 in
P35-expressing 75 hour pupal eyes. Many extra staining nuclei
surround the central axonal region.
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3A). P35 prevents cell death posterior to the morphogenetic
furrow in third instar irradiated discs (Fig. 3D). Anterior to the
morphogenetic furrow and in the antennal region, where P35
is not expressed at high levels, large numbers of acridine
orange-staining fragments are present. 

DISCUSSION

Cell death occurs in many contexts in the Drosophila life cycle,
during development as well as in the adult (Bate and Arias,
1993). Presumably, diverse signaling mechanisms are used to
initiate cell death in these contexts and during the lepidotperan
host cell response to baculovirus infection, yet cell death in
response to these signals can be blocked through P35
expression. The ability to block death in these different
contexts suggests that P35 is functioning in the cell death
pathway itself, rather than changing cell fate such that cells no
longer see death as an option. The above observations also
suggest that cell death pathways activated during normal devel-
opment, by X-ray damage, and as a response to baculovirus
infection are the same or contain common components, and
that one or more of these are the targets of P35 action. We
cannot, however, formally exclude the possibility that P35
expression functions primarily to activate a parallel pathway
which functions to antagonize cell death cascades. P35’s role
in preventing cell death in Drosophila is not understood;
however, direct observation of baculovirus-infected cells
suggests that P35 may function downstream of cell death
initiation (Crook et al., 1993). 

A previous screen identified two genes, roughest (rst) and
echinus (ec), as being required for the normal elimination of
cells from the retinal epithelium. In both these mutants,
potential secondary and tertiary pigment cells that would
normally die fail to do so, though perimeter clusters die on
schedule (Wolff and Ready, 1991). The cellular phenotype of
ec midpupal eyes is similar to that of flies expressing P35 in
that secondary pigment cells are often duplicated end-to-end
and ommatidia sometimes contain extra primary pigment cells.
This similarity may reflect the existence of common elements
in the signal transduction pathways mediating these processes,
in elements targeted by P35 and in ec mutants. 

In the developing eye, cells prevented from dying through
P35 expression either maintain their previously attained fate
(the cells of perimeter clusters) or they achieve the normal cell
fate alternative to death (the secondary and tertiary pigment
cell precursors). Thus, cell death is not simply the cell fate
resulting from a failure to maintain or receive appropriate
differentiation signals; the information necessary to determine
or maintain cell fate decisions is independent of that required
for the decision to die. Similar observations have been made
in both C. elegans embryos (Avery and Horvitz, 1987) and
mammalian hemopoietic stem cells in which normally
occurring cell death has been blocked (Fairbairn et al., 1993).
Thus, signals that regulate cell death may, in many cases,
function in pathways parallel to those required for bringing
about or maintaining cell fate. 

P35 expression can also prevent cell death in the nematode
C. elegans (Sugimoto et al., 1994) and in mammalian neural
cell cultures (Rabizadeh et al., 1993). These observations all
point strongly to the conclusion that P35 targets component(s)

of an evolutionarily conserved cell death pathway. The ability
to express P35 in specific tissues and at specific times (this
work, Brand and Perrimon, 1993) provides a powerful tool for
exploring the role that cell death plays in the biology of
Drosophila. P35-dependent dominant phenotypes identified as
a result of preventing cell death in specific tissues should
provide a useful background for genetic screens to identify
interacting Drosophila proteins. 
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