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ABSTRACT  The generation of epithelial cell polarity is a key process during development.

Although the induction and orientation of cell polarity by cell-cell and cell-extracellular matrix

(ECM) interactions is well established, the molecular mechanisms by which signals from the ECM

control cell polarity in developing epithelial tissues remain poorly understood. Here, we have used

the follicular epithelium of the Drosophila ovary to investigate the role that integrins, the main

cell-ECM receptors, play in the establishment of apicobasal polarity. Mature follicle cells have an

apical side facing the germ line and a basal side in contact with a basement membrane. Our results

show that integrins - presumably via interactions with the basement membrane - play a

reinforcing role in follicle cell polarization, as they are required to establish and/or maintain follicle

cell membrane asymmetry only when contact with the germ line is prevented. We suggest that

the primary cue for polarization of the follicular epithelium is contact with the germline cells. In

addition, while interfering with apical and lateral polarization cues leads to apoptosis, we show

here that inhibition of contact with the basement membrane mediated by integrins does not affect

cell survival. Finally, we provide evidence to suggest that integrins are required to orientate

epithelial polarity in vivo.
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Introduction

Development and maintenance of epithelial polarity are crucial
for all multicellular organisms. Within epithelial tissues, cell polar-
ity regulates cellular morphology, intercellular signalling, asym-
metric cell division, cell migration, cellular and tissular physiology
as well as complex organ morphogenesis.

The molecular mechanism by which apicobasal polarity is
generated and maintained has been intensively investigated and
it has been shown to be highly conserved among cell types and
organisms (for review see Margolis and Borg, 2005). Three major
protein complexes are essential for epithelial polarization, the
Par3/Par6/ atypical protein kinase C (aPKC) and the Crumbs/
PATJ/Stardust complexes act on the apical domain, and the
Scribble/Disc Large/Lethal Giant Larvae complex on the lateral
one. The current model proposes that the antagonistic activity of
these apical and basolateral protein complexes leads to the
polarized distribution of proteins and cell-cell junctions along the
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membrane of the cell, thus inducing cell polarity. In addition, cell
polarization also requires cell-cell and cell-extracellular matrix
(ECM) adhesion. Cell-cell adhesion mediated by cadherins ap-
pears to be an important step in promoting epithelial polarity by
specifying the lateral membrane domain (Nelson, 2003). β1
integrins, the main ECM receptors in the cell, play a key role in
epithelial polarization as it was first recognized in kidney develop-
ment (Sorokin et al., 1990). β1 integrins have also been involved
in the maintenance of apicobasal polarity of mammary epithelial
cells, as cells isolated from transgenic glands where integrin
function is compromised fail to polarize properly (Faraldo et al.,
1998b). In addition, members of the β1 integrin family have also
been involved in the regulation of epithelial polarity reversal in
Madin-Darby canine kidney (MDCK) cells (Ojakian and
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Schwimmer, 1994). However, the contribution of cell-ECM adhe-
sion to epithelial polarization remains poorly understood and it
has been mainly studied in cells in culture.

The follicular epithelium of the Drosophila ovary constitutes an
ideal model system to analyse the mechanisms underlying forma-
tion and maintenance of apicobasal epithelial cell polarity in vivo.
The Drosophila ovary is composed of ovarioles, each containing
a germarium at their proximal end and progressively older egg
chambers towards their distal end (Fig. 1A). Each egg chamber is
composed of a cluster of 16 germline cells and a single layer of
follicle epithelial cells (King, 1970, Spradling, 1993). Follicle cells
develop from about two somatic stem cells per ovariole that are
located in the boundary between regions 2a to 2b of the germarium
(Margolis and Spradling, 1995). These stem cells give rise to two
populations of follicle cells, a population that covers the germ cell
cluster in region 3 of the germarium, and a second population that
undergoes cell intercalation and forms stacks connecting two
consecutives egg chambers, the interfollicular stalk. The follicular
epithelium displays features from both primary and secondary

formed (Muller, 2000). The polarization of follicle cells is essential,
as it allows them to exert crucial functions throughout oogenesis.
For example, interactions between the apical surface of the
follicle cells and the germline cells participate in signalling events
that lead to the establishment of the anterioposterior axis of the
egg. In addition, follicle cells secrete the eggshell material from
their apical membrane at later stages of oogenesis.

Here, we have investigated the contribution of integrin-medi-
ated adhesion to the ECM in the establishment and/or mainte-
nance of cell polarity in vivo. To this end, we have analysed the
consequences of integrin function removal on epithelial follicle
cell polarity.

Results

Polarization of epithelial follicle cells requires integrin–de-
pendent and –independent mechanisms

The Drosophila genome contains two integrin β subunits, the
βPS subunit encoded by the myospheroid gene (mys) and the βν

Fig. 1. Scheme of the acquisition of polarity of follicle cells. (A) Drawing of the anterior tip of an
ovariole showing a germarium and stage 2 and 3 (S2 and S3) egg chambers. Follicle cells derive from
two stem cells (FSCs) located at the boundary between regions 2a/2b. These stem cells give rise
to both follicle cells that migrate to encapsulate the 16-cell germline cyst in region 2b and to 6-8 stalk
cells that form the interfollicular stalk. (B) Before contacting the germline, in region 2 of the
germarium, follicle cells make contact with the basement membrane surrounding the ovariole. As
a consequence, the basal domain of these cells is established. Around S6, contact with the germline
leads to the establishment of apical and lateral domains within the follicle cell membrane. The
distribution of proteins with a polarised localization is shown. Modified from Tanentzapf et al., 2000.
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epithelia. On one hand, it is formed through
a mesenchymal to epithelium transition,
as secondary epithelia do (King, 1970). On
the other hand, and similar to primary
epithelia, the follicular epithelium presents
a zonula adherens where DE-Cadherin,
Dα-Catenin and Armadillo (β-Catenin) are
localised (Mahowald, 1972; Tanentzapf et
al., 2000). Protein complexes such as
Crumbs-DPatj-Stardust, and the Bazooka-
aPKC-DmPar6 complexes are found
apically to the zonula adherens, in the
marginal zone (for revirew see Tepass et
al., 2001). The lateral and basal domains
of the follicle cells are in contact with a
laminin-rich extracellular matrix and con-
tain βPS integrins (Bateman et al., 2001,
Brown et al., 2002). However, we have
recently shown that, in addition to its nor-
mal basolateral localization, βPS integrins
are also found in the apical side of all
follicle cells (Fernández-Miñán et al., 2007).

The analysis of follicular epithelium de-
velopment has revealed that follicle cells
use three different mechanisms to acquire
an apicobasal polarity, each of them oper-
ating at the basal, apical and lateral mem-
brane domains, respectively (Tanentzapf
et al., 2000). First, during the mesenchyme
to epithelium transition, contact with the
basement membrane leads to an initial
polarization by which the basal domain of
follicle cells is established. Later, contact
with germline cells in region 2 of the
germarium (Fig. 1B) leads to the initial
establishment of the apical and lateral
domains. As a consequence, adherens
junctions can be detected as early as Stage
(S) 2. By S6, incipient septate adherens
appear and by S10 they are completely
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Fig. 2. Integrins are not required to maintain the apicobasal polarity of follicle cells in contact

with the germ line. (A,B) Mosaic egg chambers carrying mys- germline clones and mys- follicle
cell clones in the posterior terminal domain labelled with anti-GFP (green), TO-PRO-3 (blue) and
with anti-Bazooka (Baz) (A) or anti-Discs large (Dlg) (B) in red. Loss of contact with the germline
results in abnormal distribution of Baz and Dlg in mys mutant cells (arrowheads in (A’B’),
respectively) while wild type cells in this situation do not show any polarity defects; see yellow
arrowheads in (A’,B’). Baz is also found in between the basal side of mys mutant cells in the ectopic
layer and the apical side of cells in the inner layer (empty arrowhead). (C) An abnormal basal
localization of Baz is also observed in rhea mutant follicle cells; see arrowhead in (C’).
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chain (Brown, 2000). The βPS subunit, which
forms functional heterodimers with all five α
subunits reported in the Drosophila genome,
is the only β chain present in the ovary (Brown,
2000, Devenport and Brown, 2004). We have
recently shown that mosaic egg chambers
containing follicle cell clones mutant for the
null allele mys 11 develop extra cell layers at
both poles of the egg chamber and that integrin
function was required to orientate the mitotic
spindle parallel to the germ line (Fernández-
Miñán et al., 2007). We also noticed that
although integrin mutant cells in contact with
the germ line localize normally apical and
lateral polarity markers, such as Bazooka
(Baz) and Discs large (Dlg), mutant cells in
ectopic layers showed an aberrant distribu-
tion (Fernández-Miñán et al., 2007). In order
to define in further detail the role of integrins
in the polarisation of follicle cells, we decided
to analyse the expression of different polarity
markers such as Baz, DPatj, βHeavy-spectrin
(βH-Spec), aPKC, DE-Cadherin (DE-Cad) and
Armadillo (Arm) in the follicular epithelium of
egg chambers containing mys mutant follicle
cells and that have developed extra layers. In
those cases where a bi-layered epithelium is
formed wild type and mutant cells are found to
contact the germline or the basement mem-
brane. As both the germline and the base-
ment membrane provide cues for polariza-
tion, these bi-layered epithelia represent a
good system to study the relative contribu-
tions of each polarization source. We have
already demonstrated that mutant cells abut-
ting the germline possess a normal apical-
basal polarity, a phenotype not affected by
the simultaneous elimination of integrins from
the germ line (Fernández-Miñán et al., 2007).
Thus, we concentrated on follicle cells that
having lost contact with the germline, main-
tain their connection with the basement mem-
brane. Analysis of the localization of the po-
larity markers Baz and Dlg in these mutant
follicle epithelia revealed that mys mutant
cells that loose contact with the germ line
(arrowheads in Fig. 2A, B) showed an aberrant distribution of Baz
and Dlg. Thus, Baz was found both apical and basally and Dlg was
not longer found restricted to the lateral membranes. On the
contrary, wild type cells that have lost contact with the germ line
do not show any polarity defects (yellow arrowheads in Fig. 2A, B).
These results strongly suggest that integrin-mediated cell-ECM
interaction is required to polarize follicle cells when contact with
the germ line is lost.

The analysis of the distribution of polarity markers in bi-layered
epithelia showed an interesting localisation pattern of the apical
marker Baz when mutant cells were present in the ectopic layer.
Irrespective of the genotype of the follicle cell underneath, we
observed that Baz was found in between the inner layer (in contact

with the germline) and the ectopic layer (in contact with the
basement membrane). This staining (empty arrowhead in Fig. 2A)
could either correspond to the ‘apical’ side of cells in the ectopic
layer or to the basal side of cells in the inner layer. If the former
were true, it would indicate that the polarity of mys mutant cells in
contact with the germ line is not affected, suggesting that contact
with the germline is sufficient to induce proper polarization in the
absence of integrins. Alternatively, if the mis-localisation of Baz
corresponds even partially to the cell contacting the germ line, it
would suggest that loss of integrin function in the ectopic layer
could induce a non-autonomous polarity defect in the cells con-
tacting the germline. Although at present we cannot distinguish
between these two possibilities, we have previously demon-
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strated a local non-autonomy for integrin function in the follicular
epithelium (Fernández-Miñán et al., 2007).

To further support our conclusion that integrins regulate cell
polarity when contact with the germline is disrupted, we next
analysed the polarity of follicle cells lacking Talin, a core compo-
nent of the integrin complex encoded by rhea in Drosophila (Brown
et al., 2002). Analysis of the role of Talin during oogenesis revealed
that the absence of Talin did not affect the normal distribution of
polarity markers, such as Baz, aPKC, α-spectrin or βPS in follicle
cells within the epithelium, suggesting that Talin was not required
for the polarization of follicle cells (Becam et al., 2005). However,
as we have found that removal of Talin gave rise to a stratification
phenotype identical to that of loss of mys (Fernández-Miñán et al.,
2007), we decided to analyse whether Talin was required to
polarize the follicle cells in the extra layers. In agreement with an
integrin-linked role for Talin in epithelial polarization, we found an
aberrant distribution of Baz and Dlg in rhea mutant cells that are not
in contact with the germline (arrowhead in Fig. 2C’ and data not
shown).

A role for the germ line and the basement membrane in follicle
cell polarity

The above results suggest that contact with the basement mem-
brane mediated by integrins is required for cell polarization when

contact with germline cells is disrupted. However, in addition to its
typical basolateral localization, βPS integrins are found in the
apicolateral domain in follicle cells. Thus, the polarity defects ob-
served in integrin mutant cells may be due to a requirement for
integrins in the apicolateral domain rather than to their more general
role in mediating adhesion to the basement membrane. To directly
address whether contact with the basement membrane has a role on
cell polarity, we decided to analyse the polarity of wild type follicle
cells that have lost contact with both the germline and the basement
membrane. To this end, we analysed mosaic epithelia containing
large clones of mys mutant follicle cells, as they can develop up to
three or four extra layers that are composed of both mutant and wild
type cells. As expected, wild-type cells that only contact the germline
exhibited a normal distribution of Baz (empty arrowhead in Fig. 3A).
Similarly, wild type cells that just contact the basement membrane
also show normal distribution of apical markers, as Baz is only found
on their apical surface facing the germ line (arrowhead in Fig. 3A).
However, in wild-type cells in the internal layers, which neither adjoin
the germ line nor the basement membrane (arrow in Fig. 3A), Baz is
not found on the surface facing the germline. Staining with an
antibody that recognizes the basement membrane component
lamininA shows that these cells located in internal layers are not
longer in contact with the laminin-rich basement membrane (arrow in
Fig. 3B). Taken altogether, these results show that both the base-

Fig. 3. Loss of contact with both the germ line and the basement membrane results in abnormal polarity. (A,B) Mosaic egg chambers
harbouring mys mutant clones stained with anti-GFP (green), TO-PRO-3 (blue) and anti-Bazooka (A) or anti-Laminin A (B) (red). (A) Baz localizes apically
in wild-type posterior follicle cells in contact with the germline (empty arrowhead). Similarly, wild-type cells in the most external layer display normal
localization of Baz proximal to the oocyte (arrowhead). However, wild type cells (arrow) in intermediate layer do not show accumulation of Baz in their
apical surfaces facing the oocyte. (B) Mosaic egg chamber displaying a stratified epithelium at the posterior pole stained with the ECM component
Laminin A (red), anti-GFP (green) and TO-PRO3 (blue). The basement membrane, defined by the major concentration of Laminin A, is not found around
the periphery of wild type follicle cells in the intermediate layers (arrow).
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ment membrane and the germ line can on their own provide cues that
are sufficient to induce proper follicle cell polarization. In addition, our
results show that the role of the basement membrane on follicle cell
polarity is integrin-dependent.

Integrins are not required for differentiation of apicolateral
domains

As reported above, the distribution of Baz and Dlg in mys mutant
cells depends on their position within the ectopic layers. Mutant cells
adjoining the germ line localize polarity markers correctly. However,
mutant cells belonging to the ectopic layers showed aberrant Baz
and Dlg distribution (Fig. 2A, B and Fig. 3A). Similar abnormal
localization patterns were obtained for Patj, DE-Cad, Arm, βH-Spec,
aPKC and α-Spec (data not shown). This phenotype could reflect a
problem in the proper differentiation of lateral and apical cell surface
domains. In fact, a long-range effect of basal contact in the differen-
tiation of apicolateral membrane domains has already been demon-
strated in MDCK cells in culture. In this case, contact with the ECM,
in the absence of cell-cell interactions and tight junctions, is sufficient
to induce basal membrane domain formation and polarization of
apical proteins (Vega-Salas et al., 1987). Thus, we decided to check
whether apical and lateral domains are demarcated in follicle cells
lacking integrins and that do not contact the germ line. We analysed
the distribution of the apical marker aPKC and that of the lateral
marker Dlg in mutant cells that are part of the ectopic layers. We found
that mys mutant cells maintain the demarcation between apical and
lateral membranes, as aPKC and Dlg do not co-localize (Fig. 4). In
addition, we noticed that in some mys mutant cells Dlg and aPKC
expanded over most of the cell surface (Fig. 4), suggesting that loss
of integrin function might affect the proper differentiation of the basal
membrane domain. Unfortunately, no markers are expressed exclu-
sively on the basal domain of follicle cells that could allow us to
directly assess a role for integrins on basal domain differentiation.

Loss of βββββPS integrin function in follicle cells does not induce
apoptosis

Loss of polarity as a result of interfering with apical or lateral cues
may lead to cell death. For instance, follicle cells lacking the apical

determinant Crb or the lateral adhesion molecule DE-Cadherin show
an irregular morphology at early stages of oogenesis and degenerate
at mid to late oogenesis (Tanentzapf et al., 2000). We have also
observed that wild type and mys mutant cells that are not in contact
with the basal lamina or the germ line lose their cuboidal shape and
become smaller and rounded. In addition, it has been shown that
complete loss of cell contact with the substrate mediated by integrins
in cell culture results in programmed cell death (Frisch and Ruoslahti,
1997). Furthermore, changes in cell geometry due to integrin-loss of
function seem to be crucial to regulate cell survival, as cells that are
geometrically constrained undergo apoptosis (Singhvi et al., 1994).
A role for integrins on the maintenance of apicobasal polarity and
apoptosis has also been demonstrated in the development of the
murine mammary gland. In this case, interfering with β1 integrins
function affects cell proliferation, maintenance of apicobasal polarity,
apoptosis and differentiation of mammary epithelial cells (Faraldo et
al., 1998a). Thus, we tested whether loss of integrin function in follicle
cells would lead to apoptosis. To examine cell death we used an anti-
active caspase-3 antibody (Yu et al., 2002). In wild type egg cham-
bers, caspase-3 activity is only detected at high levels in randomly
degenerating follicle cells, identified by their fragmented nuclei seen
with the DNA marker TO-PRO3 (arrow in Fig. 5A). However, we did
not find upregulation of caspase-3 activity in any of the cells that
compose the multilayer (Fig. 5B). These experiments suggest that
integrins are not required to regulate cell survival within the follicular
epithelium. This is in contrast with the function of another ECM
receptor, Dystroglycan (Dg), which in addition to its role on regulating
apicobasal polarity in follicle cells, it is also required for their survival
(Deng et al., 2003).

Discussion

The establishment and maintenance of epithelial polarity is
essential to maintain proper homeostasis in the developing and
adult organism, as it facilitates key cellular processes such as
differentiation, localized membrane growth, vectorial transport of
molecules across cell layers and regulation of cell-cell signalling
events. Recently, the combined use of cell biological and genetic

Fig. 4. Apical and lateral domains remain distinct in follicle cells lacking integrins. Posterior pole of a mosaic egg chamber containing mys mutant
cells. The localization of the apical marker protein aPKC (green), lateral Dlg (red) and the DNA dye TO-PRO-3 (blue) is shown. In spite of the abnormal
polarity of mutant cells within the ectopic layers, there is no co-localization of aPKC (arrow) and Dlg (arrowhead).
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approaches in both cell culture and model organisms has re-
vealed that the generation of cell polarity is a complex process
that is beginning to be unravelled. For example, in spite of the
amount of evidence showing that cell-cell interactions are crucial
to generate cell polarity, recent experiments have demonstrated
that intestinal epithelial cells can sort their apical and basolateral
domains in the absence of cell-cell contact (Baas et al., 2004).
Furthermore, as this cell-autonomous polarization is not ran-
domly oriented, it is thought that these cells possess a pre-
patterned polarity that could have been set up by cell-ECM
interactions. Here, we have addressed the contribution of the
main cell-ECM receptors, the integrins, to the establishment of
cell polarity in the developing follicular epithelium of the Droso-
phila ovary.

Contribution of integrins to the establishment of apicobasal
polarity

Epithelial cell polarity in multicellular tissues is coupled to
tissue architecture, thus ensuring the formation of a functional
organ. This is achieved by the coordinated activity of different
mechanisms operating at the apical, lateral or basal surfaces of
epithelial cells. In the case of the Drosophila follicular epithelium,
three mechanisms have been proposed to operate in parallel at
the three cell surfaces (Tanentzapf et al., 2000). At the apical
surface, contact with the germline cells is required for both the
correct localization of apical determinants, such as Crb and Dlt,
and the demarcation of the lateral membrane. At the lateral
surface, cell-cell adhesion mediated by the cadherin-catenin
complex leads to the establishment of the lateral and apical
surfaces. Finally, contact with the basement membrane causes
partial polarization.

Our results show that interactions with the basement mem-

brane via integrins are indeed required for proper polarization of
follicle epithelial cells if contact with the germ line is lost. Integrins
play a reinforcing role in this process, as they are required to
establish or maintain follicle cell membrane asymmetry only when
these cells do not abut the germ line. In addition, while interfering
with apical and lateral polarization cues in the follicular epithelium
results in eventual cell death, we have shown here that loss of
contact with the basement membrane does not affect cell
survival.Cell-ECM interactions have been shown to be critical for
the establishment of cell polarity in cell culture (Nelson, 2003,
O’Brien et al., 2002). The fact that integrin mutant epithelial cells
still develop apicobasal polarity might reflect the complexity that
the generation of polarity implies in developing multicellular
tissues where numerous inputs operate. For example, follicle
cells do not have a free apical surface, as cultured MDCK cells,
but contact the germline cells. This most probably provide addi-
tional cues for polarization. In addition, follicle cells can use
receptors other than integrins to contact the ECM or the basement
membrane. In fact, Dystroglycan, another receptor for multiple
ECM molecules is also required for epithelial polarity in follicle
cells (Deng et al., 2003). Similarly to integrins, Dg  mutant follicle
cells form multilayers and show polarity defects. It would be
interesting to analyse the consequences that removal of both
ECM receptors have on follicle cell polarity.

Integrins and the correct establishment of the basolateral
domain

Cell-ECM contact has also been involved in the resolution of
tight junctions into discrete regions at the apex of the lateral
membranes in developing MDCK cysts (Wang et al., 1990). Tight
junctions are the functional equivalent in mammals to the Droso-
phila septate junctions (SJs), and are also important barriers that

Fig. 5. Loss of integrin function in follicle cells does not lead to cell death. Wild type (A) and mosaic egg chambers containing mys follicle cell
clones (B) labelled with anti-GFP (green), TO-PRO-3 (blue) and with anti-active caspase 3 (red). (A) In wild type egg chambers, high levels of active
caspase 3 are only detected in seldom degenerating follicle cells; see arrow in (A’). (B) A similar situation is observed in the cells that compose the
multilayer, irrespectively of whether they are wild type or mutant.
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segregate apical and basolateral components (Bilder et al.,
2003). Our results showing that the domain of expression of
Dlg, a component of the septate junctions, is expanded in mys
mutant follicle cells that do not adjoin the germ line support a
role for integrins in the redistribution of SJs to discrete regions
of the lateral membrane. Alternatively, the expansion of the
lateral domain observed in mys mutant cells could be a conse-
quence of a reduction of the basal membrane once contact with
germline cells is prevented. This latter possibility is supported
by our finding that in mys mutant cells apical and lateral markers
decorate nearly the entire cell surface. A clear evidence for a
role of integrins in specifying basal domain awaits the isolation
of specific basal markers.

Orientation of polarity
Our studies show that mys mutant follicle cells in ectopic

layers localize apical markers on the surface contacting the
basement membrane, in contrast with the phenotype observed
in mutants for genes essential for epithelial polarity, such as
bazooka or discs large, in which apical markers are found
around the entire cell surface (Abdelilah-Seyfried et al., 2003).
This suggests that integrins might be required for proper orien-
tation of cell polarity in absence of contact with the germ line.
This is in agreement with the proposed role for β1 integrins in
MDCK cells. In suspension cultures, MDCK cells form polarized
epithelial cysts with the apical surface facing the outside and
the basolateral membrane lining the lumen. However, when
these cysts are grown within collagen gels polarity reverses, a
process that requires β1 integrin function (Ojakian and
Schwimmer, 1994, Wang et al., 1990). The mechanisms by
which integrins regulate epithelial polarity in follicle cells remain
unclear. In culture MDCK cysts, β1 integrins lie upstream of
Rac1 and Laminin to control the orientation of polarity (O’Brien
et al., 2001, Yu et al., 2005). However, analysis in follicle cells
of the role of one of the two laminins existing in Drosophila,
LanA, has revealed that the polarity of follicle cells is normal in
lanA- mutant cells (Deng and Ruohola-Baker, 2000). In view of
our results, it would be interesting to analyse whether removal
of both laminins would have an effect on follicle cell polarity.
Similarly, a role for Rac on follicle cell polarity needs to be
investigated.

The correct functioning of epithelial tissues depends largely
on the polarized organization of the individual cells within them.
In addition, loss of cell polarity is a hallmark of cancer. Thus, a
better understanding of the mechanisms that modulate biogen-
esis and maintenance of cell polarity in multicellular organisms
is therefore fundamental to both developmental and cancer
biology.

Materials and Methods

Drosophila genetics
To generate somatic and germline mutant clones we used the FRT/

FLP technique (Chou and Perrimon, 1992). Mutant clones were marked
by the absence of GFP.

The following mutant alleles and chromosomes were used: mys11

(also known as mysXG43 (Bunch et al., 1992); rhea79 (Brown et al., 2002)
and e22c-Gal4 UAS- flp (Duffy et al., 1998). The e22c-Gal4 driver is
expressed in the follicle stem cells in the germarium and was therefore
used in combination with UAS- flp to generate large mys follicle cell

clones. With a low frequency, the e22c-Gal4UAS- flp chromosome also
induces recombination in the germ line.

Immunohistochemistry and Microscopy
Drosophila females were yeasted for 1-2 days before dissection.

Stainings were performed at room temperature following standard proce-
dures. Protocols are available upon request. The DNA dye TO-PRO-3
(Molecular ProbesTM;1/1000) was added for 10 minutes in PBT after the
secondary antibody. The following primary antibodies were used: rabbit
anti-GFP at 1/10000 (Molecular ProbesTM); mouse anti-GFP at 1/100
(Molecular ProbesTM); rabbit anti-Bazooka at 1/500 (Wodarz et al., 1999);
mouse anti-Discs Large at 1/100 (Developmental Studies Hybrodoma
Bank, DSHB); mouse anti- DE-Cad at 1/10 (DSHB); rabbit anti-aPKC at
1/10000 (PKC C20; Santa Cruz Biotechn. Inc.); rabbit anti-LamininA at 1/
500 (Kumagai et al., 1997); rabbit anti-cleaved caspase 3 (Asp175) at 1/
50 (Cell Signaling Technology). Secondary antibodies, FITC (Molecular
ProbesTM), and Cy3 (Jackson ImmunoResearch Laboratories, Inc.) were
used at 1/200. Images were captured with a Leica TCS-SP2 confocal
microscope.
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