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Figure 3 Integrins are not required for oocyte localization. (A) Germline
clones for integrins, marked by the absence of GFP. The oocyte (asterisk),
identified by the accumulation of the protein orb (red), is localized at the
posterior of the egg chamber. (B) Large and small follicle cell clones (outlined
by dotted line) that are mutant for the two  subunits do not induce a defect
in oocyte localization. (C) The distribution of talin (red) is not affected in
follicle cells that are mutant for the two 3 subunits. (D) Clones in a stage 6

by the absence of talin and DE-cadherin, detected with antibodies (data
not shown). We found that the double-mutant follicle cells did not cause
oocyte mislocalization nor did they preferentially contact the oocyte
(Fig. 4F; n=17). This contrasts with the 75% oocyte mislocalization
that was induced by follicle cells that lacked talin alone. Thus, removing
DE-cadherin prevents the mislocalization of the oocyte that is induced
by the loss of talin (Fig. 4F). We conclude that talin affects oocyte posi-
tion primarily by causing overexpression of DE-cadherin.

In a wild-type germarium, the follicle cells that contact the oocyte
express higher amounts of DE-cadherin; however, it is not known
whether this regulation occurs at the protein and/or the mRNA level.
We found that these follicle cells express higher amounts of DE-cadherin
(shg) mRNA (Fig. 5A). This indicates that at least part of the regula-
tion occurs at the mRNA level. Next, to test for post-transcriptional
regulation, we examined the expression and localization of a green
fluorescent protein (GFP)-tagged DE-cadherin, driven by ubiquitous
promoters (fubulin or ubiquitin), which are presumably not sensitive
to the endogenous transcriptional regulation of DE-cadherin. For both
transgenes, we found that DE-cadherin-GFP was distributed as a gradi-
ent with the highest levels at the posterior of the egg chamber (Fig. 5B).
Thus, a second layer of gene regulation was revealed and DE-cadherin
is also regulated at the protein level.

We then asked at which step in the synthesis of DE-cadherin the talin
regulation occurs. We analysed the level of DE-cadherin mRNA in fol-
licle cells that lacked talin, identifying mutant clones by the lack of GFP
(Fig. 5C, a) and DE-cadherin transcript levels by in situ hybridization
(Fig. 5C, b). We found that mutant cells expressed a much higher level
of DE-cadherin mRNA than the surrounding wild-type cells. Elevated
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egg chamber labelled with rhodamine-phalloidin. Talin-mutant cells show no
defect in F-actin organization. (E) Clone in a stage 12 egg chamber stained
with rhodamine-phalloidin. The optical section is focused on the basal
surface, where bundles of actin are perpendicular to the anterior—posterior
axis. Follicle cell clones that are mutant for talin (identified by the lack of
GFP) affect basal actin filament organization (E, b, c). Scale bars, 10 um
(A-C) and 20 um (E).

levels of DE-cadherin mRNA were seen early during oocyte position-
ing and were maintained until later stages. We thus conclude that talin
regulates DE-cadherin expression by modulating the level of DE-cad-
herin transcript. However, these results do not indicate whether talin
affects DE-cadherin transcription in the nucleus or the stabilization
of its mRNA in the cytoplasm. To distinguish between these possibili-
ties, we used an enhancer-trap line inserted in the DE-cadherin gene,
which reproduces the endogenous mRNA distribution (shotgun®**';
data not shown and ref. 19). The lacZ reporter gene is thus under the
control of the endogenous shotgun promoter and the lacZ mRNA does
not share any sequence with the shotgun mRNA. We found that cells
that are mutant for talin show a clear upregulation of lacZ expression
(Fig. 5D, E). This result demonstrates that talin regulates DE-cadherin
at the transcriptional level.

Finally, we tested whether talin could also regulate the levels of the
DE-cadherin protein independently of mRNA levels. To test this we
examined the expression and localization of a GFP-tagged DE-cadherin,
driven by a ubiquitous promoter that presumably lacks the ability to be
transcriptionally regulated by talin. In follicle cell clones that were mutant
for rhea” — identified by their lack of talin (Fig. 5F, a) — the expression
and distribution of the fusion protein was not affected (Fig. 5F, b) even
though the oocyte was misplaced. Therefore, talin cannot regulate DE-
cadherin protein levels when it is expressed from another promoter.

Our analyses contribute three main findings: first, talin has at least
one essential function that does not involve integrins; second, talin is
part of a novel pathway that regulates cadherin transcription; and third,
overexpression of DE-cadherin, either directly or by eliminating talin
function, is sufficient to induce delocalization of the oocyte.
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Figure 4 Follicle cells that lack talin overexpress DE-cadherin. (A) Early in
oogenesis, follicle cells that lack talin express high levels of DE-cadherin (red;
dotted line) compared with wild-type adjacent follicle cells. (B) Follicle cells
that lack talin overexpress DE-cadherin (red; dotted line) in a stage 6 egg
chamber. (C) The DE-cadherin level (red) is not affected in follicle cells that
are mutant for the two integrin B subunits. (D) The distribution of talin (red)
is not affected in follicle cell clones (FCCs) that lack DE-cadherin, compared
with wild-type (wt) follicle cells (D, ¢). (E) Using the flip-out technique, cells

Perhaps the key question to arise from this work is how talin is used
in a pathway that regulates transcription. There are other examples of
cytoskeletal linker proteins, involved in adhesion, which also have a role
in transcription (reviewed in ref. 20). A particularly well characterized
example is B-catenin, which not only contributes to the links between DE-
cadherin and the actin cytoskeleton, but can also associate with LEF/TCF
transcription factors and directly translocate to the nucleus to regulate the
transcription of several genes that are implicated in cancer?'. Talin does
not contain any domains that are shared with DNA-binding proteins or
transcriptional regulators. Furthermore, with the antibody we have used,
which recognizes the carboxyl terminus, we have not seen any evidence
of nuclear talin. Talin in mammalian cells has been found to be cleaved

that overexpress DE-cadherin are positively identified by the expression of
GFP (E, b). The oocyte (yellow arrow) is mislocalized on the lateral side,
instead of the posterior. Moreover, the oocyte (yellow arrow) identified by orb
(E, c) adheres to cells that overexpress DE-cadherin (white arrow) (E, c). (F)
Follicle cells that are double mutant for a null allele of shotgun and rhea. The
double-mutant cells are identified by the complete lack of GFP (dotted line).
Despite the presence of a lateral clone, the oocyte remains at the posterior
(orb; red). Scale bars, 10 um (A, C, D) and 20 pm (B, E, F).

by calpain into an N-terminal head domain (M_50K) and a C-terminal
tail domain (M, 200K)*, so we have not excluded the possibility that the
head domain enters the nucleus. However, at present it seems more likely
that talin acts in the cytoplasm to regulate the activity of a transcriptional
factor rather than by controlling gene expression on its own. The Traffic
Jam protein is a large Maf factor and would be an attractive candidate
for talin regulation, because it is specifically required in the somatic cells
to inhibit the expression of DE-cadherin during oogenesis®’. However,
follicle cells that are mutant for traffic jam (tj) overexpress not only DE-
cadherin but also two other adhesion molecules, Fas3 and Neurotactin.
Thus, talin would have to regulate only part of Tj activity, because we
found that Fas3 is not upregulated in cells that lack talin.
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Figure 5 Talin regulates DE-cadherin transcription. (A) DE-cadherin mRNA
expression in a wild-type germarium. Posterior follicle cells that contact the
oocyte express higher levels of DE-cadherin mRNA (arrows). Regions 2b and
3 of the germarium are indicated. (B) Expression of a cadherin-GFP fusion
protein driven by the ubiquitin (ubi) promoter in a wild-type germarium.
DE-cadherin—-GFP is distributed as a gradient with the highest levels at the
posterior of the egg chamber (arrows). (C) Follicle cell clones that express
talin are identified by a lack of GFP with an antibody (C, a). The level of DE-
cadherin transcript, detected by an RNA probe using a histochemical method

The existence of a gradient of adhesiveness has been proposed to be
sufficient to localize the oocyte'. Here, we validated this model and fur-
ther showed that the establishment of the DE-cadherin gradient involves
regulation at both transcriptional and post-transcriptional levels. We
propose that the transcriptional level might depend on talin, whereas
the post-transcriptional level does not. The post-transcriptional level
of regulation seems sufficient to position the oocyte, because a ubiqui-
tously expressed DE-cadherin—-GFP protein reproduces the endogenous
gradient and is able to rescue a null allele of DE-cadherin (shotgun®®)*?.
This post-transcriptional regulation remains to be characterized. It is
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(C, b), is overexpressed exactly in the cells that lack talin in an early egg
chamber. (D) Follicle cells that are mutant for talin in an early egg chamber
show a clear upregulation of lacZ expression, identified by an antibody
against B-galactosidase (B-gal; red). (E) Follicle cells that are mutant for talin
in a late egg chamber show a clear upregulation of lacZ expression, identified
by an antibody against B-gal (red). (F) Follicle cells that lack talin, identified
by an antibody against talin (red), and wild-type cells both express the same
level of cadherin—GFP fusion protein when expressed under the tubulin
promoter. Scale bars, 10 pm (B-E) and 20 pm (F).

thus not possible to simply remove it to test whether the transcriptional
regulation is also sufficient to localize the oocyte. However, two lines
of evidence emphasize the importance of the transcriptional regula-
tion: first, it is likely that a transcriptional gradient would contribute to
the formation of a gradient of the corresponding protein; and second,
cells that are mutant for talin overexpress DE-cadherin mRNA, which
translates into a sufficiently high level of protein to override the post-
transcriptional regulation, because the oocyte becomes mislocalized in
contact with the mutant cells. Both levels of regulation are thus required
for the correct positioning of the oocyte. O
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METHODS

Fly stocks. The following mutants were used: rhea” (ref. 11), rhea? (ref. 26),
rhea'” (ref. 11), shg (Z221, Tubingen), shg™**! (ref. 19), shg"® (ref. 1), mys*“*
(ref. 27), Bv! and Bv? (ref. 16). Rescue experiments were performed by heat-
shocking flies with the following genotype: hs-Flp; ubi-talin; FRT2A-rhea”/
FRT2AGFPnls. To analyse the distribution of a ubiquitously expressed cad-
herin-GFP fusion protein, we used two transgenes: tubulin-cadherin-GFP (a
gift from A. Pacquelet and P. Rorth) and ubiquitin-cadherin-GFP*. To analyse
the distribution of cadherin-GFP fusion protein in rhea” mutant clones, the
following flies were heat-shocked: y,w;hs-Flp; tub-cadh-GFP, FRT2A-rhea”/
tub-cadh-GFP, FRT2A.

Generation of mutant clones. Mutant clones were generated by the FLP/FRT
technique?, using either the FRTG13GFPnls chromosome or the FRT2AGFPnls
chromosome®. Clones were induced by heat-shocking third instar larvae for
2 h on three consecutive days. Adult flies were dissected 2 or 3 days after
eclosion. We generated double clones for shotgun and rhea by heat-shocking
flies of the following genotype: y,w;hs-Flp; FRTG13-shg"**/FRTG13GFPnls;
FRT2A-rhea”/FRT2AGFPnls.

Overexpression. Somatic overexpression of shg was performed by generating
Flip-out/Gal4 clones in females y,w;hs-flp/+; act>CD2>Gal4 (ref. 30), UAS-
GFP/+; UAS-DE-cadherin®**'. Adult flies were heat-shocked for 2 h at 37 °C,
and dissected after a further 24 h.

Immunostaining and in situ hybridization. Antibody stainings were performed
according to standard procedures®. Antibodies were used at the following con-
centrations: mouse anti-orb (orb4H8 and orb6H4 DHSB), 1:250; rat anti-DE-cad-
herin (D-CAD2), 1:20; mouse anti-talin (talin C19), 1:20; mouse anti-integrin JPS
(CE6G11 DSHB), 1:20; mouse anti-Fasciclin III (7G10 DSHB), 1:10; rabbit anti-
Bazooka®, 1:500; mouse anti-GFP, 1:200 (Roche, Paris, France); rabbit anti-fgal,
1:1,000 (Cappel, ICN, Aurora, OH). DNA was stained with Hoescht (1:1,000) and
F-actin was labelled with rhodamine-phalloidin, 1:100 (Molecular probes, Eugene,
OR). Secondary antibodies conjugated with Cy3 (Jackson Immuno Research
Europe, Soham, England) were used at 1:200. To combine antibody staining and
in situ hybridization, we used a standard procedure for antibody staining except
that we used DEPC water and added 1 ul RNA guard (Pharmacia, Paris, France)
with the first and second antibody. Then, in situ hybridization was performed
according to standard protocols (hybridization temperature, 55 °C) using dioxy-
genin-labelled cDNA of shotgun. Primer sequences used to synthesize the probes
CADH5 and CADH3T7 were: 5-TCAAGTGC GAGGAATCGTGC-3" and 5'-
GAATTGTAATAC GACTCACTA TAGGG TGATGTGCTGATGGCGGATG-3/,
respectively. In situ staining was performed using either an NBT/BCIP kit or the
TSA-Fluorescein system (NEN, Boston, MA). Samples were examined either with
a Leica Microsystems AG (Wetzlar, Germany) DMR microscope or by confocal
microscopy using a Leica SP2 AOBS microscope.
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