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The Drosophila Sterile-20 kinase Slik promotes tissue
growth during development by stimulating cell prolifera-
tion and by preventing apoptosis. Proliferation within an
epithelial sheet requires dynamic control of cellular ar-
chitecture. Epithelial integrity fails in slik mutant
imaginal discs. Cells leave the epithelium and undergo
apoptosis. The abnormal behavior of slik mutant cells is
due to failure to phosphorylate and activate Moesin,
which leads to excess Rhol activity. This is distinct
from Slik’s effects on cell proliferation, which are medi-
ated by Raf. Thus Slik acts via distinct pathways to co-
ordinate cell proliferation with epithelial cell behavior
during tissue growth.
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Control of tissue growth requires coordination of the
rates of cell growth, proliferation, and cell death. Studies
in Drosophila and other organisms have demonstrated
that proteins involved in cell adhesion and apical-basal
polarity also regulate cell proliferation and survival
(Gateff 1978; Woods and Bryant 1989; Huang and Ingber
1999; Bilder et al. 2000; Humbert et al. 2003; Zahir and
Weaver 2004). Many proteins implicated in cellular
transformation, including small GTPases of the Rho
family, regulate actin dynamics (Lozano et al. 2003).
This indicates that appropriate cellular and tissue archi-
tecture is critical for proper regulation of tissue growth.
Sterile20 (Ste20) kinases have been implicated in numer-
ous processes, including cytoskeletal regulation (Dan et
al. 2001). The Drosophila Slik and Hippo Ste20 kinases
regulate cell proliferation, cell survival, and tissue
growth. Hippo acts together with Salvador and Warts to
suppress growth and promote apoptosis (Harvey et al.
2003; Pantalacci et al. 2003; Udan et al. 2003; Wu et al.
2003). Slik has the opposite effect, promoting growth by
accelerating cell proliferation in a Raf-dependent man-
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ner. Cells lacking Slik have an intrinsic survival defect
and undergo apoptosis (Hipfner and Cohen 2003).

Here, we report that Slik acts on cytoskeletal organi-
zation by regulating the ERM (ezrin/radixin/moesin) pro-
tein Moesin. ERM proteins connect the cortical actin
cytoskeleton to the cell membrane. The N-terminal
FERM (protein 4.1, ERM) domain of these proteins binds
to membrane proteins directly or through adaptor pro-
teins (Serrador et al. 1997; Heiska et al. 1998; Reczek and
Bretscher 1998; Yonemura et al. 1998; Yun et al. 1998;
Denker et al. 2000). The C terminus contains a con-
served actin-binding domain (Turunen et al. 1994). Intra-
molecular interaction between the FERM and C-termi-
nal domains blocks the membrane protein and actin-
binding sites to produce an inactive conformation (Gary
and Bretscher 1995; Reczek and Bretscher 1998). Phos-
phorylation of a conserved threonine residue in the C-
terminal domain causes a conformational change that
exposes both sites, activating the protein (Matsui et al.
1998).

ERM-mediated linkage of actin to membrane proteins
is important for determining cell shape and is required
for proper organization of apical membrane structures
such as microvilli (Takeuchi et al. 1994). Functional re-
dundancy between Ezrin, Radixin, and Moesin has com-
plicated the genetic analysis of ERM proteins in mam-
mals (Takeuchi et al. 1994; Doi et al. 1999). Moesin is
the only Drosophila ERM protein, and mutants lacking
Moesin have defects in epithelial organization (Polesello
et al. 2002; Speck et al. 2003). moesin mutant cells in the
wing imaginal disc lose apical-basal polarity and are ex-
truded from the basal surface of the epithelium. This
results in the formation of multilayered rather than
monolayered epithelia. All defects are associated with
depletion of apical filamentous F-actin and accumula-
tion of F-actin foci and result from overactivation of
Rhol (Speck et al. 2003). We present evidence that Slik
regulates Moesin and thereby controls Rho activity. Slik-
dependent activation of Moesin is required in proliferat-
ing epithelial cells to maintain epithelial integrity and
thus cell survival, and is also important for differentia-
tion of actin-based structures in postmitotic cells.

Results and Discussion

Epithelial integrity and cell survival

The wing imaginal disc is an epithelial sac composed of
two distinct but continuous epithelial layers enclosing a
central lumen. The portion of the disc that will form the
wing is a pseudostratified columnar epithelium. In opti-
cal cross-section, the dense packing of the cells is visible,
with nuclei appearing stacked in layers (Fig. 1A). Over-
lying the columnar epithelium is the squamous peripo-
dial epithelium. The apical surface of both epithelial lay-
ers is oriented toward the lumen of the disc, as seen by
the concentration of F-actin near the adherens junctions
(Fig. 1A,E). In wing discs lacking Slik activity, the co-
lumnar epithelium was abnormally thin (Fig. 1B). Many
cells lost their capacity to remain integrated in the epi-
thelium and were extruded basally to form a disorga-
nized mass (Fig. 1B). Many of these cells underwent ap-
optosis as evidenced by pyknotic nuclei and by TUNEL
labeling, though clusters of cells survived (Fig. 1B, ar-
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Figure 1. Epithelial integrity defects in Slik mutants. (A) Optical cross-section of a wild-type wing imaginal disc showing the presumptive
wing, labeled to visualize F-actin (green) and nuclei (DAPI, blue). Note the multilayered nuclei in the pseudostratified wing pouch area, and the
transition from columnar to squamous epithelial organization in the overlying peripodial layer. F-actin is enriched at the apical junctional
complexes. (B) Optical cross-section of a slik! homozygous null mutant wing disc. Apoptotic cells were labeled by TUNEL (red). The pseu-
dostratified epithelium (pse) is abnormally thin. The space beneath the basal surface of the disc is full of extruded cells; many are TUNEL-
positive with pyknotic nuclei. Clusters of TUNEL-negative live cells are also extruded (arrow). Note also a few apoptotic cells in the epithelial
layer. (C,D) Horizontal optical sections taken just below the wing pouch epithelium of slik““**3” hypomorphic mutant and slik<“4537/slik’
mutant discs. Apoptotic cells are labeled with antibody to activated caspase 3 (red in C). slik mutant cells with abnormally high levels of F-actin
(arrows in C) lose their epithelial character and are extruded from the basal surface of the epithelium (pse, viewed in cross-section). Arrows in
D indicate F-actin-rich filopodia-like extensions in a cluster of cells migrating out of the epithelium (pse). (E-G) Cross-sections through wing
disc epithelia with large clones of slik’ mutant cells. Slik protein (red) is absent from the clones. (E,F) E-Cadherin (green) and Discs large protein
(blue) are localized normally in mutant cells in the epithelium, but are not localized in extruded cells (arrows in E). (F) Slik is apical to
E-Cadherin and Discs large. (G) Slik is apical to the Patj protein (green) and to adherens junctions labeled by concentrated Phosphotyrosine

(blue). (H) Slik and F-actin colocalize apically in wild-type cells in an optical section that crosses a fold in the disc.

row). A similar but milder defect was seen in discs with
reduced Slik activity. Many apoptotic cells with acti-
vated Caspase were seen in optical sections below the
epithelial layer (Fig. 1C). Some of the extruded slik mu-
tant cells were alive and appeared mesenchymal, having
lost their polarized epithelial character (Fig. 1C,D).
These cells produced F-actin-rich filopodia and appeared
to acquire motile behavior (Fig. 1D, arrow). Thus slik
activity helps cells to maintain epithelial integrity.

The observation that many live slik mutant cells were
extruded from the epithelium suggested that loss of epi-
thelial integrity was not a consequence of apoptosis.
This was confirmed by producing clones of slik mutant
cells that expressed the baculovirus caspase inhibitor
p35. p35-expressing slik mutant cells also lost epithelial
integrity and were extruded from the epithelium, but
remained alive (data not shown). This suggests that ap-
optosis is a consequence of the loss of epithelial organi-
zation, perhaps due to loss of survival signaling by Raf
(Hipfner and Cohen 2003).

To investigate whether slik is essential for epithelial
polarity per se, we compared the subcellular localization
of junctional complex proteins in normal cells and
clones of slik? null mutant cells. In wild-type cells, Slik
protein was concentrated apically and colocalized with
cortical actin, in addition to a diffuse cytoplasmic stain-
ing (Fig. 1E-H). Slik was concentrated apical to septate
junctions (marked by Discs large) and adherens junctions
(marked by E-Cadherin and anti-phosphotyrosine) and to
the apical-most marginal zone complexes containing the
PDZ-domain protein Patj, indicating that Slik is at or
near the apical membrane rather than in the junctions.
Junctional complexes appeared normal in slik mutant
cells that remained in the disc epithelium, but were
lacking in mutant cells that had left the epithelium (Fig.
1E, arrows). Thus, although it is not essential for apical-
basal polarity, slik contributes to maintaining epithelial
organization. Cells lacking slik often lose epithelial po-
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larity and leave the epithelium. Many of these cells un-
dergo apoptosis.

Defects in differentiation
of microvilli-based structures

slik’ mutant clones generated in the eye disc early in
development and provided with a growth advantage can
grow to large sizes. As in the wing disc, many cells were
extruded from the eye disc and underwent apoptosis,
whereas others remained integrated in the epithelium
and showed normal expression of the neuronal marker
ELAV in photoreceptors (data not shown). Adult eyes
with large slik! mutant clones showed moderate exter-
nal roughness. Although we found many properly orga-
nized ommatidial clusters in these eyes, mutant photo-
receptors showed defects during subsequent differentia-
tion. Each photoreceptor normally projects a stack of
actin-based microvilli, or rhabdomere, from the apical
membrane domain that provides the increased mem-
brane surface for harvesting light. Rhabdomeres form
during pupal development (PD; Kumar and Ready 1995).
By 70% PD, the eight photoreceptors that comprise a
single facet in the wild-type eye have begun to form
rhabdomeres consisting of short bundles of microvilli
(Fig. 2A, arrows; note that only seven photoreceptors are
visible in a section). The cells are connected to each
other by adherens junctions, which separate the apical
from the basolateral membrane domains (Fig. 2A, circle).
At 95% PD the microvilli have extended to form regular
bundles (Fig. 2B). The arrangement of photoreceptors
was largely normal in complete ommatidia containing
slik mutant clones, but many slik mutant photorecep-
tors had patches of apical membrane devoid of microvilli
(Fig. 2C, arrows). Where present, the microvilli in slik
mutant photoreceptors did not form organized stacks
(Fig. 2C,D). Mutant photoreceptors were present in eyes



Figure 2. Defects in rhabdomere differentiation in slik mutant
photoreceptors. (A,B) Transmission electron microscopy (TEM)
sections of single wild-type ommatidia. (A) 70% PD. Some adherens
junctions are indicated (red circles). Green arrows indicate forming
microvilli arrays. (B) 95% PD. (C-F) Ommatidia with slik’ mutant
clones. Wild-type cells have pigment granules (+). (-) Mutant cells;
(red arrows) apical membranes lacking microvilli. (C) 70% PD.
(D) 95% PD. (E,F) 18-day-old adult. (F) Detail of the disorganized
microvilli.

from 18-day-old adult flies, indicating that their survival
as postmitotic cells was not impaired (Fig. 2E,F). These
defects resemble those described recently in photorecep-
tors lacking Moesin (Karagiosis and Ready 2004).

Slik acts via Moesin

The similarity in slik and moesin mutant phenotypes
prompted us to compare the defects in imaginal discs in
more detail. Loss of Moesin causes defects in epithelial
integrity due to Rhol-induced changes in the actin cy-
toskeleton (Speck et al. 2003). Interestingly, we
found that cells extruded from moesin mutant
discs also underwent massive apoptosis (Supple-
mentary Fig. S1A,B). The organizational changes
in the actin cytoskeleton were strikingly similar
in the two genotypes. These defects in moesin
mutant discs can be rescued by reduction of rhol
gene dosage (Speck et al. 2003). Similarly, the de-
fects in epithelial integrity and cell survival in
hypomorphic slik mutants were strongly sup-
pressed when rhol gene dosage was reduced
(Supplementary Fig. S1C,DJ, suggesting that
some defects in slik mutants are due to excessive
Rhol activity and that Slik acts in the same path-
way as Moesin.

Moesin is activated by phosphorylation on a
conserved Threonine residue in the C-terminal

Slik promotes epithelial integrity via Moesin

the kinase domain of Slik was sufficient to induce P-
Moesin in the wing disc, whereas a catalytically inactive
version of this domain had no effect (Fig. 3E,F). Activated
Moesin has been shown to stabilize F-actin (Speck et al.
2003), and we observed increased F-actin staining in Slik-
kinase domain-expressing cells (Fig. 3E). These data in-
dicate that Slik activity is required for Moesin Thr 556-
phosphorylation in vivo. However, we were unable to
detect direct phosphorylation of Moesin by Slik in vitro,
suggesting that Slik may act indirectly to promote Moe-
sin phosphorylation in vivo.

Speck et al. (2003) showed that activated Moesin lim-
its Rho activity in vivo. Experiments in cultured mam-
malian cells have suggested that Rho might also act up-
stream of Moesin to promote its phosphorylation, form-
ing a feedback loop (Matsui et al. 1998; Shaw et al. 1998;
Tran Quang et al. 2000). To assess the involvement of
Rho in Moesin phosphorylation, we compared the effects
of removing Slik, Rhol, and the Rho effector kinase Rok
from S2 cells by RNAi. Depletion of endogenous Slik
strongly reduced Moesin phosphorylation (Fig. 4A, lane
1). Most cells depleted of Slik showed low levels of Moe-
sin phosphorylation (Fig. 4B, middle row). Expression of
the Slik kinase domain in the Slik-depleted cells restored
Moesin phosphorylation to an extent that was consistent
with the transfection efficiency in the experiment (Fig.
4A [lane 2], B). Depletion of Rhol caused a modest re-
duction in Moesin phosphorylation, and expression of
the Slik kinase domain increased the level of Moesin
phosphorylation in Rhol-depleted cells (Fig. 4A, lanes
3,4). Many cells depleted of Rhol showed levels of Moe-
sin phosphorylation similar to those of control S2 cells
(Fig. 4B, bottom row), and cells expressing the Slik ki-
nase domain were always among those with the higher
level of Moesin phosphorylation. This indicates that
Rhol is not required for Slik-induced phosphorylation of
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domain. Thr 556-phosphorylated Moesin (P-Moe-
sin) colocalized with apical Slik protein in wild-
type cells (Fig. 3B, arrowhead), in addition to a
diffuse distribution of both proteins. P-Moesin
levels were considerably reduced in slik’ clones,
compared to adjacent Slik-expressing cells in the
wing disc (Fig. 3A,B). Immunoblot analysis
showed that Thr 556-phosphorylation was re-
duced in slik mutant wing discs, as the level of
total Moesin was unchanged (Fig. 3C). Likewise,
Slik RNAIi in S2 cells resulted in a dose-depen-
dent decrease in endogenous Slik protein and in
Moesin phosphorylation (Fig. 3D). Expression of

Figure 3. Slik kinase is required for regulatory phosphorylation of Moesin. (A)
Projection of a series of optical sections through the apical region of a wing disc
with a large slik’ mutant clone. Thr 556-phosphorylated Moesin (P-Moe) was
detected with a phospho-specific antibody (Polesello et al. 2002). P-Moe (blue) is
reduced in cells lacking Slik protein (green). F-actin is shown in red. (B) An
optical section through another clone crossing a fold shows two cell layers with
their apical surfaces apposed. Slik and P-Moesin colocalize apically in wild-type
cells (arrowheads), but are absent in slik mutant cells (arrows). (C) Immunoblot
of extracts from wild-type (WT), homozygous slik““#%%7 and sIik““*%7/slik’
mutant wing discs. (D) Immunoblot of extracts from S2 cells treated with in-
creasing concentrations of double-stranded RNA for Slik. (E-G) Wing discs ex-
pressing GFP (green) and wild-type (E,G) or catalytically inactive (F) forms of the
Slik kinase domain under ptc““* control and labeled for F-actin (red) and P-
Moesin (blue). (G) Cross-section of the disc in E. The Slik kinase domain is not
apically localized and causes relocalization of P-Moesin from the apical surface.
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Figure 4. Role of Rho and Slik in Moesin phosphorylation. (A) Im-
munoblots of lysates from S2 cells treated with double-stranded
RNA for Slik, Rho, or Rok. (+) Cells transfected to express the Slik
kinase domain. (Upper panel) Slik protein was depleted by RNAI.
The transfected kinase domain is not detected by the Slik antibody.
(Second panel) Rho protein was depleted by RNAI. (Lower two pan-
els) Long and short exposures of immunoblots showing levels of
P-Moesin. (B) S2 cells labeled with anti-Slik (red), anti-P-Moe
(green), and anti-Myc to visualize the transfected Myc-tagged Slik
kinase domain (blue). Nuclei labeled with DAPI are shown at right.
(Upper panels) Control S2 cells. (Middle panels) Cells treated with
Slik dsRNA. Slik and P-Moe levels were strongly reduced. Few un-
transfected cells had high levels of P-Moe, but cells expressing the
Slik kinase domain did (arrows). (Lower panels) Cells treated with
Rho dsRNA. P-Moe levels were comparable to wild-type cells.

Moesin in S2 cells. The mammalian kinase Rock has
been suggested to serve as an effector of Rho in mediat-
ing ERM protein phosphorylation, though this is contro-
versial (Matsui et al. 1998, 1999; Oshiro et al. 1998; Tran
Quang et al. 2000). Here, depletion of the Drosophila
ortholog, Rok, from S2 cells had little or no effect on the
level of Moesin phosphorylation, and did not prevent
Slik kinase domain-induced Moesin phosphorylation
(Fig. 4A, lanes 5,6). These observations suggest that Rhol
is not required for Moesin phosphorylation in S2 cells.
Although the level of Rho activity is elevated in slik
mutants (Supplementary Fig. S1), the level of Moesin
phosphorylation is very low (Fig. 3), suggesting that Rho
activity cannot compensate for the lack of Slik activity.

Partial rescue of slik mutants by activated Moesin

We next asked whether the epithelial defects in slik mu-
tants could be rescued by expression of a constitutively
active, phosphomimetic form of Moesin (Moesin™>;
Speck et al. 2003). moe““32° mutants served as a control.
Moesin protein was nearly undetectable in moe““%23
discs by immunoblot (Fig. 5B). In moe““323 discs,
arm““t% drove ubiquitous Moesin™ expression to a
level lower than endogenous Moesin. This level of acti-
vated Moesin had no effect on the development of wild-
type animals. moe©“32% mutants grew more slowly than
wild-type larvae, reached pupal stages later, and died as
pupae (Fig. 5A). More than half of the mutant larvae were
rescued to pharate adult (25%) or adult stages (28%) by
expression of Moesin™ (vs. 0% and 1% for moe©°°23).
Moesin™ expression also partially rescued slik’ mu-
tants. Nearly half of the slik’ animals survived to pupa-
tion, but all died shortly thereafter. In contrast, 9% of
slik’ mutants expressing Moesin™™ reached the pharate
adult stage (Fig. 5A,C). One small rescued slik’ mutant
fly survived to adulthood (Fig. 5D). Discs from rescued
slik’ mutants showed some improvement in overall
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structure and actin organization. Basal extrusion of cells
was reduced and in some cases nearly eliminated
(Fig. 5E).

Slik-driven growth is independent
of Moesin regulation

Moesin™™ expression did not rescue slik’ animals to the
same extent as moe““32® mutants. Despite improve-
ments in epithelial integrity and the stage of lethality,
Moesin™ had little or no effect on the slow rate of de-
velopment and growth of slik’ mutants (Fig. 5A). One
explanation for this may be that Moesin acts down-
stream of Slik to regulate epithelial integrity but not to
promote growth. We tested this by examining the re-
quirement for Moesin in Slik-driven tissue growth. The
effect of Slik on cell proliferation is easily observed in
the peripodial cells overlying the columnar wing disc
epithelium (Supplementary Fig. S2). Expression of Slik in
the columnar epithelium induced nonautonomous pro-
liferation of peripodial cells, detectable as an increase in
nuclear density and BrdU incorporation. The same effect
was observed when Slik was expressed in moe©°3%° mu-
tants. Activated Moesin™ did not affect cell prolifera-
tion. Thus Moesin is not necessary for Slik-induced cell
proliferation, nor is Moesin activity sufficient to stimu-
late cell proliferation.

We conclude that Slik regulates epithelial integrity via
Moesin activation, independent of its effects on tissue
growth. Slik-induced tissue growth is Raf-dependent. Ex-
pression of a kinase inactive form of Slik is capable of
promoting Raf-dependent overproliferation, suggesting
that the growth effect may be mediated by protein-pro-
tein interactions rather than by Slik kinase activity
(Hipfner and Cohen 2003). Consistent with this notion,
expression of the kinase domain of Slik alone did not
induce cell proliferation or tissue overgrowth. In con-
trast, Moesin phosphorylation is dependent on Slik ki-
nase activity. Taken together, these observations suggest
two distinct effector pathways for Slik—a pathway con-
trolling growth, involving Raf, and a separate pathway
controlling epithelial integrity involving Moesin phos-
phorylation.

What might be the purpose of the dual activities of
Slik? Slik is not essential for cells to grow and divide, but
it does control the rate of cell proliferation. Slik activity
must be maintained within a defined range; too much or
too little activity results in apoptosis (Hipfner and Co-
hen 2003). Mitogenic signaling through Slik could pro-
mote tissue growth and at the same time reinforce cel-
lular architecture by maintaining Moesin in an active
state. Proliferation-induced apoptosis prevents excessive
Slik signaling from deregulating proliferation, as has
been suggested for certain oncogenes (Evan and Little-
wood 1998; Hipfner and Cohen 2003). Under conditions
of reduced mitogenic signaling, decreased Slik activity
would result in a lower rate of cell proliferation and, by
reducing Moesin activity, make cells more likely to be
extruded from the disc and thus to undergo apoptosis. A
more direct function of ERM proteins in regulating apo-
ptosis may also be involved (Gautreau et al. 1999; Parlato
et al. 2000). Thus, Slik activity may serve as a switch
between pro-proliferative and pro-apoptotic states. Con-
sistent with this idea, loss of ERM protein phosphoryla-
tion and activity has been shown to be an early event in
apoptosis (Kondo et al. 1997). Interestingly, it is known
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Figure 5. Partial rescue of slik mutants by activated Moesin. (A) Histograms showing the proportion of animals at different larval, pupal, and
adult stages as a function of age. (moe~) moe““3?°/Y mutant; (Moe™) Myc-epitope tagged Thr 556 Asp phosphomimetic form of Moesin; (slik™)
slik?/slik?. Numbers of larvae: CON, n = 80; moe™, n = 97; moe™ + Moe™, n = 191; slik”, n = 80; slik~ + Moe™, n = 280. (B) Immunoblots of
imaginal disc lysates as in A. (C) slik’ mutant pupa and slik’ arm“4%* UAS-Moe™ mutant rescued to pharate adult stage. Eyes (orange), wings
(black), and legs are seen. (D) A rare adult survivor (1/280) of the rescued genotype. (E) Optical cross-section of a slik! arm“4** UAS-Moe™ wing disc.

that slowly dividing cells in Drosophila imaginal discs
undergo apoptosis as a result of reduced ability to com-
pete for survival factors (Moreno et al. 2002). The dual
activity of Slik may help to ensure elimination of less fit
cells.

Materials and methods

Fly strains and reagents

slik! is a null allele that removes the kinase domain; slik is a
hypomorphic allele as described in Hipfner and Cohen (2003). rho172¢
was from M. Mlodzik (Mount Sinai School of Medicine, New York, NY).
moe© 9323 (Bloomington Stock Center) is caused by a P-element insertion
that strongly reduces Moesin protein levels, but must be considered hy-
pomorphic because some Moesin is detectable on immunoblots. UAS-
Moe™ was from R. Fehon (Duke University, Durham, NC; Speck et al.
2003). Antibodies used were as follows: rabbit anti-Moesin (D. Kiehart,
Duke University, Durham, NC); rabbit anti-Patj (H. Bellen, Baylor Col-
lege of Medicine, Houston, TX); rat anti-E-Cadherin (M. Takeichi, Kyoto
University, Kyoto, Japan); mouse anti-Discs Large, mouse anti-Rho (De-
velopmental Studies Hybridoma Bank), rabbit anti-cleaved human
caspase 3, and rabbit anti-human phospho-ERM antibodies (Cell Signal-
ling Technology); mouse anti-phosphotyrosine (Upstate); and mouse
anti-tubulin (Sigma). UAS-slik’™ and UAS-slik*"*d encoding Slik
amino acids 1-322 were generated by amplification of wild-type or ki-
nase-inactive mutant (Asp 176 to Phe) slik cDNAs (Hipfner and Cohen
2003). For analysis of slik imaginal discs, w; FRT42D, slik!/CyO Kr&AL4
UAS-GFP and w; slikK&4837 /Cy O KrA1? UAS-GFP stocks were used and
GFP-negative larvae dissected. Rescue tests were as follows: moe“©323/
FM7 Kr©A% UAS-GFP virgins were crossed to w/Y or w/Y; arm“At4
UAS-Moe™/CyO Kr&A* UAS-GFP males. GFP-negative larvae were
collected. Only males had the correct genotype. w; arm©4L4, slik!/CyO
Kr&AL? UAS-GFP virgins were crossed to w; slik!/CyO Kr4? UAS-GFP
or w; UAS-Moe™?, slik!/CyO Kr41? UAS-GFP males. GFP-negative lar-
vae were analyzed. w!!'® and arm“At* UAS-Moe™ larvae were used as
controls. Collections and analysis of larvae, TUNEL, BrdU, and antibody
labeling were performed as described (Hipfner and Cohen 2003).

KG4837

Genotypes of larvae for generation of mosaic clones
vy, w, ey-FLP, P{GMR-LacZ}; FRT42D, Pfw+}, 1(2)cl-R11/FRT42D, slik’
(for eye clones).

w, hs-FLP1/+ or Y; FRT42D, P {hs-wmyc/, M (2)53'/FRT42D, slik® (for
wing clones). Larvae were heat shocked at 36 h + 12 h for 40 min at
37.5°C and dissected after ~5 d.

Imaginal disc extracts

Ten wing/haltere/leg disc complexes were solubilized in 50 pL of lysis
buffer (50 mM Tris at pH 7.5, 150 mM NaCl, 1% Triton X-100 containing
30 mM NaF and 1x protease inhibitor cocktail, Roche).

RNA interference in S2 cells

Double-stranded RNA was prepared using the following templates:
nucleotides 1529-2043 of the coding sequence in Slik CG4527; nucleo-
tides 273-851 of rhol-RA; and nucleotides 2787-3293 of rok-RA. For
RNAI, 4 x 10° S2 cells in 1 mL Drosophila serum-free medium supple-
mented with 16.5 nM L-glutamine (Invitrogen) were plated per well in
six-well plates. dsSRNA was added to 37 or 74 nM concentration. After 30
min, 2 mL medium was added. Cells were harvested 3 d later. For RNAi
and transfection, 2 x 10° S2 cells per well were treated with 12 pg of
dsRNA. Two days later, cells were transfected with 2 pg of pMT-Gal4
and 2 pg of pUAST or pUAST-slik*™. After 12 h, the mixture was re-
placed with medium containing 20 pg of dsRNA. Cells were induced 12
h later by addition of 0.7 mM CuSO,.

Electron microscopy

Bisected heads were fixed for 15 min in ice-cold 2% glutaraldehyde, 0.1
M sodium phosphate at pH 7.2. One volume of 2% OsO, in 0.1 M sodium
phosphate at pH 7.2 was added for 1 h. Samples were incubated for 4 h on
ice in fresh OsO, solution, dehydrated by successive incubations in an
ethanol series (30%, 50%, 70%, 80%, 90%, 100%, 100%), followed by
two 10-min washes in propylene oxide. Heads were equilibrated over-
night in a 1:1 mixture of polypropylene oxide and Durcupan resin (Fluka),
transferred into 100% resin, and incubated at least 6 h at 20°C. Heads
were transferred into molds containing fresh resin and baked overnight at
70°C. Ultrathin-sections were cut and poststained with 2% uranyl ac-
etate.
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