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SUMMARY

The Drosophila tumor suppressor genelethal(2) giant
larvae (Igl) encodes a cytoskeletal protein required for the
change in shape and polarity acquisition of epithelial cells,
and also for asymmetric division of neuroblasts. We show
here thatlgl participates in the emission of Decapentaplegic
(Dpp), a member of the transforming growth factor 3
(TGF) family, in various developmental processes.
During embryogenesis, Igl is required for the dpp
dependent transcriptional activation of zipper (zip), which
encodes the non-muscle myosin heavy chain (NMHC), in

the dorsalmost ectodermal cells — the leading edge cells.

The embryonic expression of known targets of thealpp
signaling pathway, such agabial or tinman was abolished
or strongly reduced in Igl mutants. Igl mutant cuticles
exhibited phenotypes resembling those observed

mutated partners of thedppsignaling pathway. In addition,
Igl was required downstream ofdpp and upstream of its
receptor Thickveins (Tkv) for the dorsoventral patterning
of the ectoderm. During larval development, the expression

in

of spalt, a dpptarget, was abolished in mutant wing discs,
while it was restored by a constitutively activated form of
Tkv (Tkv Q253D), Taking into account that the activation of
dpp expression was unaffected in the mutant, this suggests
that Igl function is not required downstream of the Dpp
receptor. Finally, the function of Igl responsible for the
activation of Spalt expression appeared to be required only
in the cells that produce Dpp, andgl mutant somatic clones
behaved non autonomously. We therefore position the
activity of Igl in the cells that produce Dpp, and not in those
that respond to the Dpp signal. These results are consistent
with a same role forlgl in exocytosis and secretion as that
proposed for its yeast orthologsro7/77 and Igl might
function in parallel or independently of its well-
documented role in the control of epithelial cell polarity.
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INTRODUCTION

Inactivation of the Drosophila tumor suppressor
lethal(2)giant larvae (Igl; 1(2)gl — FlyBase) leads to

al., 1995; Koyama et al., 1996), mouse (Tomotsune et al.,
1993), yeast (Kagami et al., 1998; Larsson et al., 1998),

gene elegans(U51993) and the more divergent Tomosyn in rat

(Fujita et al., 1998) anBrosophila(C617762).

uncontrolled proliferation of the neuroblasts of the optic lobes The Igl gene encodes a protein (P127 or Lgl) of the
and of the epithelial cells of the larval imaginal discs. Tghe cytoskeleton mainly localized to the internal face of the plasma
mutant larvae never pupariate, and during the delayed larvalembrane (Strand et al., 1994a). Lgl is present in the
stage disc cells become non-adhesive and undifferentiated, wititoplasm as a multiprotein complex containing at least ten
no apparent polarity. When transplanted in a wild-type adulkomponents, including the product of thppergene, which
host, mutant tissues grow in a dispersed manner, completedypcodes the non-muscle myosin heavy chain (NMHC) (Young
invading the tissues of the host to finally kill it (Gateff, 1982;et al., 1993; Strand et al., 1994b), a serine-threonine kinase
Woodhouse et al., 1998). Re-introduction of one copy of theapable of phosphorylating Lgl (Kalmes et al., 1996) and the
wild-type gene into a mutant animal is sufficient to rescue th®rosophila homolog of the yeast nucleosome-associated
tumoral phenotype (Jacob et al., 1987), conforming to thprotein 1 (NAP1) (Ishimi and Kikuchi, 1991; Li et al., 1999).
standard definition of a tumor suppressor gene (Gateff arld addition, Lgl is able to form homopolymers (Strand et al.,
Schneiderman, 1969; Harris et al., 1969; Knudson, 1971).  1994b). These different observations implicate Lgl in a

Lgl belongs to a novel family of WD-40-containing proteins cytoskeletal network (Strand et al., 1994b) whose disruption
with homologs in many species, including humans (Strand ehight cause the overgrowth phenotype.
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These biochemical features are consistent with the recentgjgnaling pathway, which in turn allows, from the middle of
reported function folgl in regulation of cell-shape change and germband shortening, the expressiodmf(decapentaplegic
epithelial cell polarity (Manfruelli et al., 1996; Bilder et al., the Drosophila homolog of transforming growth factds
2000). Lgl appears to act in this latter process in cooperatioff GF3), in the LE cells (Martin-Blanco, 1997; Noselli, 1998).
with the two other neoplastic tumor suppressor genes As Igl seems to be involved in dorsal closure, our aim was
characterized ilDrosophilg discs-large(dlg; digl — FlyBase) to position its function in a differentiation process in which
and scribble (scrib; dig2 — FlyBase) (Bilder et al., 2000). cell-shape change and epithelial polarity remodeling are
Moreover, Lehman et al. (Lehman et al., 1999) have clearlyriggered by a well-characterized signaling pathway. The
demonstrated that the two yeast homologdgbfsro7 and  results show that, during dorsal closuig, functions in the
sro77, are involved in exocytosis by interacting directly with transmission of the Dpp signaling and this observation has
Sec9, a component of the t-SNARE complexa7/77can be  prompted us to investigate the functionlgf in otherdpp
functionally replaced by the humégl homolog to rescue their regulated developmental processes. The analysis has revealed
mutant phenotypes (Kagami et al., 1998). A similar functiora new aspect of a general function figt in polarized
has been proposed for rat Tomosyn, in that it facilitatesnembrane proteins targeting, and suggests its participation in
secretory vesicles fusion to specific membrane domain iaxocytosis and secretion of the Dpp morphogen.
neurons (Fujita et al., 1998).

Lgl function is also essential for asymmetric cortical
localization of all known basal determinants in mitotic MATERIALS AND METHODS
neuroblasts and is therefore necessary for asymmetric division
and creation of intrinsic differences between daughter cell@rosophila strains
(Peng et al., 2000; Ohshiro et al., 2000). Similar to its functiofwild-type embryos were from the Oregon R strain. Tpks3
in epithelial cell polarization, Lgl seems to cooperate with Dighypomorphic temperature-sensitive allele has previously been
in asymmetric division. All these observations point towards gescribed (Manfruelli et al., 1996; DeLorenzo et al., 1999). Three
function of the Lgl family proteins in some specific aspects offmorphic mutations were used: a deficieriofnet62/CyO which

; ; ; ; ; etotally uncovered thégl locus (Korochkina and Golubovsky, 1978),
Lgté?ncberlgjr:grdrz)rr%tae;:ss sorting and proteins targeting to SpecnclFZL;)I“/CyO(MechIer et al., 1985) anldl*WJCyO (Bilder et al., 200Q)

. UAS-tkvR253D en-GAL4 andpaired-GAL4 were obtained from M.
The use ofigl temperature-sensitive alleles had led us t9- .c.h A Gallet and L. Fasano respectively. The GBS-

implicate Igl function in shape change of various epithelialgonihik1140C.6GAL4 lines were provided by the Bloomington
cells in the embryo, including the dorsalmost ectodermal cellsbrosophna Stock Center. The different chromosomes were

the leading-edge (LE) cells (Manfruelli et al., 1996), and suckecombined either with tHgl4 or with thelgl's3mutant chromosomes.

a function might be related to that described above. At dorsahe UAS{gl line has already been described (Manfruelli et al., 1996).
closure, the LE cells have to change their shape and to underfize UAS-GFP line was as described (Mollereau et al., 2000).

a remodeling of their polarity. During germband shortening, The ywP(ry*,hs-FLP); armlacZ,M(2)zP(y*,neo-FRT)40ACYO

all the epithelial ectodermal cells of the trunk display a@nd theywf®s Pey*,hs-FLP)CKHS2P(*) P(ry* neo-FRT)40ACYO
characteristic apical-basal polarity — their apical membranétOCkS were klndlly provided by H. Stoc.ker. The other stocks u_sed to
facing the outside of the embryo. At the end of germban enerat':e_I sSomelt(tlcc:: clones were obtained from the Bloomington
shortening, when dorsal closure begins, the LE cells are theosoPia tock Center.

first ectodermal cells to change their shape (Young et al., 1998 situ hybridization on whole-mount embryos and discs

Ring and Martinez Arias, 1993). They elongate in thepigoxigenin (DIG)-labeled RNA probes were generated froipg
dorsoventral axis and, concomitantly, they acquire a planayNA fragment (generous gift from S. Chauvet) anavg DNA
polarity, such that the membrane domain facing thdragment (generous gift from T. Sagnier) with the T3-T7 polymerase
amnioserosa has now changed from its initial basolateraiboprobe kit (Promega) and DIG-UTP (Boehringer). They were
character to a typical apical polarity (Martin-Blanco, 1998).used for whole-mount in situ hybridization of fixed staged embryos
For example, it no longer expresses Fasciclin Il (Faslll), & described (Francois et al., 1994). Embryos were treated for
basolateral marker (Young et al., 1993; Ring and Martinegybrldlzatlon as descrlbeo_l (Tautz and Pfeifle, 1989)._ DNA_probes
Arias, 1993). were DIG-labeled according to the DIG-DNA Labeling Mixture

— . rotocol (Boehringer). Theip probe was obtained by labeling a
The shape change initiated in the LE cells propagates fro%bR-ampliﬁed genomic fragment corresponding to the ninth exon

cell to cell along the dorsoventral axis (Young et al., 1993; Ringf the zipperlocus. Thelab probe is described in Diederich et al.
and Martinez Arias, 1993). The onset of dorsal closure igjederich et al., 1989). The DIG-labeled RNA and DNA probes
associated with an accumulation of actin and NMHC in thesgere detected with the aid of a preadsorbed anti-DIG antibody
LE cells. It has been suggested that the nonmuscle myosinupled to alkaline phosphatase (Boehringer) and NBT/BCIP as
could, as a mechanically contractile element, drive theubstrate. The embryos were mounted in Geltol medium
epidermal sheet movement (Young et al., 1993). Mutations ifimmunotech, France) for further observation under a Zeiss
the zipper gene (Nusslein-Volhard et al., 1984; Young et al.,Axiophot microscope. o o .

1993) result in a prominent dorsal opening that resembles trbqgobggorfsge”\tlv'“'sr'“ﬂ/ h)llbgdlzagon ?,B '313?'3?' d'lscsid#fn "
dorsal holes observed in mutants of the DIRKoéophilaJun Fras-ch zo%g)e as revealed as described previously (Zaffran &
N-terminal Kinase) pathway (Martin-Blanco, 1997; Noselli, ’ '

1998). The amounts of actin and NMHC in the LE cells arémmunohistochemistry

greatly reduced in all those mutants (see, for example, Hou gtnbryos and discs were fixed and stained with antibodies according
al., 1997). Cell differentiation and morphogenesis duringo the protocol described previously (Ashburner, 1989). The
dorsal closure are mediated by the activation of the DJNHKollowing primary antibodies were used: anti-NMHC (1/500
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dilution; Young et al., 1993); anti-Fasciclin 1l (1/2 dilution; RESULTS

Developmental Studies Hybridoma Bank); anti-Phosphotyrosine

(1/200 dilution; anti-PY20 from Transduction Laboratories); anti-/g/ is required for the accumulation of the zipper
Spalt (1/500 dilution; de Celis and Barrio, 2000); anti-En (Ulggene product in the LE cells

dilution; Developmental Studies Hybridoma Bank); anti-Eve an ts3 . . . .
anti-Tinman (1/5000 and 1/800 dilution, respectively; Azpiazu anoln lgi*s>embryos, in which both maternal and zygotic functions

Frasch, 1993); anti-Dlg (1/200; Woods and Bryant, 1993); antiof Ig] were reduced, the dorsalmost cells of the epidermis (LE
Patched (1/200; Maschat et al., 1998); and moused@ai{1/1000, Cells) do not elongate and, consequently, hamper the dorsal
Promega). Affinity-purified secondary antibodies (Jackson Immunglosure (Manfruelli et al., 1996). In a wild-type embryo,
Research Laboratories) were either coupled to alkaline phosphata®MHC begins to specifically accumulate in LE cells at the
and used at a 1/1000 dilution or conjugated to TRITC, FITC or Cy®nset of dorsal closure, before the cells have initiated their
and used at a 1/100 dilution. The stained embryos were eithellongation (Young et al., 1993; Fig. 1A-C). By contrast, in
mounted in Geltol medium (Immunotech, France) for furthermytant embryos issued from homozygdgks3 parents, the
e e s, e Losrammesy o absersapagonceniation of NMIC i the LE cell was greatly fecuced
under a Zeiss LSM 410 confocal microscope. r(Flg. 1D). Qonvgrsely, .nelther the localization nor the amount
of Lgl was impaired irzippermutant embryos (not shown). In
Cuticle preparation a wild-type embryo, Lgl is ubiquitously expressed and is
Crosses between homozygdgts3males and females were carried Mainly located to the basolateral membrane of the epithelial
out at 29°C. After 48 hours spent by the flies at 29°C, eggs wereells (Strand et al., 1994a), whereaslgiff3mutant embryos,
collected for 4 hour periods and allowed to develop for 24 hours dhe Lgl mutant protein is no longer associated to the plasma
29°C. The embryos thus obtained were dechorionated, devitellinizesiembrane and is found in the cytoplasm (Manfruelli et al.,
in a heptane/methanol solution (v/v) and mounted in Hoyer's medium996, DelLorenzo et al., 1999). The replacement of Ser311 by
(van der Meer, 1977). Cuticles phenotypes were observed undgrphe residue in the L% protein (DeLorenzo et al., 1999)
phase-contrast microscopy. appears therefore to be crucial to the membrane localization of
Rescue experiments Lgl, probably by perturbing its binding to the cytoskeleton, and
For rescue in embryolgl'syigl's3 prd-GAL4 males)gl'sYigl's3 en- Lgl is reqqlred for the specific accumulation and localization
GAL4 males andglis¥lgl's3 arm-GAL4 males were crossed either Of NMHC in LE cells. _ _ _
with Iglts¥Iglts3; UAS-dpp/MKRSfemales or withiglts3iglts3: UAS- In addition, the mutant LE cells did not acquire their novel
tkvR2530MKRSfemales at 29°C. Embryos were collected 48 hourgpolarity as shown by Phosphotyrosine (PY), Discs-large (DIg)
after the temperature shift to warrant the penetrance of the muta(@Voods and Bryant, 1993) or Faslll (Martinez-Arias, 1993)
phenotype. Cuticles were then prepared as described above. stainings (Fig. 1E-J). Interestingly, in the mutant, the epithelial
For rescue in larvaeyw; Igi¥/CyOy"; UAS-gl females were polarity was affected only in those LE cells but was preserved
crossed withyw; '9'4(CY?V? dpp-GAL4 males angw; Ig/CyOy'; i al other ectodermal cells of the future epidermis (Fig. 1). In
enGAL4 males.yw; IgiCyOy"; UAS-dpp/MKRSfemales oyw;  haricylar, cell junctions were correctly assembled and

Igl4/CyOy; UAS- tkvR2530MKRS females were crossed witw; L . . .
4 ! . ~ositioned, as probed with anti-DIlg and anti-PY (Muller and
Igl4/CyOy; enGAL4 males. These crosses were incubated at 22 ieschaus, 1996, Woods et al., 1997).

for 24 hours. Vials were then shifted to 29°C until the third instar
larval stage. Homozygougl“ larvae were recognized with the aid of zip is a transcriptional target of the  dpp signaling
they marker pathway in LE cells and its activation requires  Ig/

Generation of mutant Ig/ somatic clones function
Homozygous mutantgl clones were generated by using the The accumulation of the NMHC protein in LE cells at the onset
autosomal FLP recombinase technique (Xu and Rubin, 1993). Thef dorsal closure was accompanied by an activatioaipf
chromosome bearing thigl4 mutation was recombined with a transcription in these cells (Fig. 2A). This high level of mMRNA
P(ry*.neo-FRT)40A chromosome to obtdgi, P(y*,neo-FRT)40A  was maintained until completion of dorsal closure, when
chromosomes, which were selected both for G418 resistance and %idermal cells had acquired their final shape (not shown). This
:)hel presdence c(’; tgkgl mutation. The selected chromosomes wereghsaryation strongly suggests thattranscription is activated
aanced over -yo. in the LE cells in response to the activation of the DINK-Dpp

Somatic clones in the wing imaginal discs were produced from the. . . ; .
offspring of a cross betweeyw, P(y*, hs-FLP); armlacz, M(2)z signaling pathway and is responsible, at least in part, for the

P(y*, neo-FRT)40A/CyO (or the same strain without ti¢2)z ~ OPServed accumulation of NMHC. . .
mutation) males anw; Igl4, P(ry*, neo-FRT)40A/ CyO females. 48- 10 investigate the involvement of Dppaip transcriptional

to 72-hour-old larvae were heat shocked at 37°C for 2 hourdctivation, we examinedip mRNA accumulation in LE cells
Homozygous mutant clones were visualized by the loss of th#n mutant embryos fothickveins(tkv), which encodes a Type
ubiquitous markerlacZ Third instar larvae were dissected and | receptor for Dpp. The localized accumulationzgf mRNA
imaginal discs were stained with afgial, anti-Spalt and anti-Patched did not prevail any longer in this mutant (Fig. 2B), thus
Research Laboratories) were conjugated to FITC, TRITC or Cy5 angec\rrence in theip promoter region of a GC-rich sequence

used as described above. . .
Somatic clones in adults were produced from a cross betyveen (Mansfield et al., 1996), which well matches the consensus

363 P(ry* hs-FLP);ckCH52 P(+), P(ry*, neo-FRT)40A/CyO males and sequence reported f@rosophilaMad/Medea (Smad family

w: Igl4, P(ry*, neo-FRT)40A/ CyO females. Larvae aged for at |eastprot(e_|n§)b|nd|ng sites (Xu et gl., 1998), fu_rth_er strengthens the
72 hours after hatching were heat-shocked at 37°C for 2 hours. Th@@ssibility thatzip could be a direct transcriptional target of the
were allowed to develop until eclosion at 25°C. Wings were dissectedpp signaling pathway.

and mounted in DPX medium before observation. Mutations in other components of the JINK pathwaskénd
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jun) gave rise to the same downregulatiorzigfin LE cells, in puc mutants,zip expression was, overall, similar to that in
which correlates with the lack of accumulation of NMHC a wild-type embryo, even though some perturbations were
protein already observed in mutants of all characterized genesticed (not shown; Martin-Blanco et al., 1998).

of the DIJNK-Dpp signaling pathway (not shown). By contrast, Upregulation ofzip transcription was also abolishedlghts3
mutant embryos at restrictive temperature (Fig. 2C). Therefore,
at least part of thégl function in the dorsal closure process
might be mediated by its effect on the transcriptional activation
of zip. In contrast, the expression dfpp (Fig. 2), and
particularly its onset, as well as the timing of its decrease in
the margin cells (not shown), were not noticeably affected in
Igl's3 mutant embryos. Thus, this positiorgl function
downstream oflpp transcriptional activation in LE cells.

Igl function is necessary in various embryonic

developmental processes that are dependent on dpp
signaling

The results described above have prompted us to investigate
the effect oflgl mutations on the expression of some known
dpp signaling targets during embryogenesis.

The mature pattern ¢éb (labial) expression in the midgut
depends on an inductive information issued from the adhesive
visceral mesoderm (Bienz, 1994) that is mediated by the
secreted product adpp expressed in parasegment 7 of this
tissue. Inlgl's3 embryos, the midgut expression lab was
strongly reduced or even undetectable, whereas its expression
in the intercalary segment, which is not dependendpn
(Immergluck et al., 1990), remained unaltered (Fig. 2F,G). This
observation is consistent with a function gt in midgut
morphogenesis (Manfruelli et al., 1996).

As a result of the expression dyppin the dorsal ectoderm,
tinman expression is activated in the underlying dorsal
mesodermal cells, allowing their specification and their
subsequent differentiation. Tlkegen skippefeve gene, which
is expressed in a subset of pericardial cells and in precursor
cells of a dorsal muscle, is alsodap target in the dorsal
mesoderm (Bodmer and Frasch, 1998). As shown in Fig. 2H-
K, the expression of these two genes was downregulated in
several regions of the heart igl's® mutants, and this was
accompanied by an abnormal morphogenesis of the dorsal

Fig. 1.Distribution of NMHC and membrane markerdgis3 vessel (not shown).

mutant embryos at dorsal closure. Whole-mount embryos were The function ofdpp is crucial to the specification and the

stained at the beginning of dorsal closure as follows and observed differentiation of the dorsal epidermis in the embryo. Cuticle
under a confocal microscope: with anti-NMHC (A-D), with anti- preparations of Igl's3 homozygous embryos, reared at

Fasciclin 11l (Faslil), which labels the lateral membrane domain of yestrictive temperature (29°C), displayed a large variety of
epithelial cells _(E,F), v_vith anti-Phosphotyrosine (anti-PY), a ma_rker phenotypes illustrated in Fig. 3. The various phenotypes
of E.heD.mOST ap'ca("Drle?'on of t{(‘e 'alferal tmtembra?.e (Gi:")j)and With - Hrobably due to the fact thial's3is a hypomorphic allele, were
anti-Discs-large (DIg), a marker of septate junctions (I, J). . '
(AB,C.E.G,I) Wild-type embryos: (D.F,H, I3 mutant embryos at all related to the estabhshr_nent qf the dorsoventral axis. The
29°C. Inserts (G-J) shogwiews of dorsal epidermis cells. most frequent ones consisted in a lack of internal head
(A-C) NMHC is strongly expressed in the LE cells, where it structures and head involution (86% of the ttgH#cuticles),
accumulates at the onset of dorsal closure. (D) In mutant embryos, as well as in a lack of externalization of the Filzkorpers (90%)
LE cells do not change their shape and fail to accumulate NMHC  (Fig. 3C). The cephalopharyngeal skeleton and the Filzkorpers
(compare with C, a wild-type embryo (slightly younger than those inare derived respectively from the anterior dorsal region and
A,B) that has not yet changed its LE cells shape). (E) Fas Ill and (I) from the posterior dorsolateral region (Jiirgens et al., 1986). A
Dlg are Qbsent from the memb‘rar]es facing the amnioserosa in the L}grge proportion of cuticles (45%) appeared twisted (Fig. 3B)
cells during dorsal closure, while ligi*>embryos, Faslll (F) and and they were similar to cuticles prepared frecrew, shrew,

Dlg (J) are evenly distributed on the whole surface of the cell tolloid or twisted-gastrulatiormutants. As already m,entione’d,

membranes. (G) In LE cells, PY is detected in the membrane facing . o .
the amnioserosa, as well as in the basolateral membranes in contra prsal closure is blocked and 58% of the cuticles therefore

to the situation prevailing in mutant embryos (H). In other isplayed holes in their dorsal epidermis (Fig. 3A). Finally,
ectodermal cells, epithelial cell polarity is maintainetylif3mutant ~ lateral extension of the denticle belts was compared with that

embryos and cell junctions are correctly positioned (inserts in G-1). in @ scab mutant, in which the differentiation of the dorsal
Arrowheads indicate the LE cells. epidermis was affected although no appearance of
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Fig. 2. Downregulation of the expression of dpp targets in
Igl's3mutant embryos. (A,D,F,H,J) Wild-type embryos;
(C,E,G,1,K)lgl's3homozygous embryos reared at 29°C; (B)
tkv’ homozygous embryo. (A-C) In situ hybridizations of
whole-mount embryos probed with a DIG-labetgaper
cDNA. The views are focused on one of the two LE cells
rows (arrowheads) whemp transcript accumulates in a
wild-type embryo at the onset of dorsal closure (A) but
fails to accumulate either intev’ homozygous embryo (B)
or in algl's3homozygous embryo at 29°C (C). as,
amnioserosa,; ec, lateral ectoderm; h, head. (D,E) In situ
hybridizations of whole-mount embryos probed with a
DIG-labeleddppcDNA. (D) In a stage 13 wild-type
embryo,dppis expressed in the LE cells (arrowhead), as g ,’
well as in subsets of other cells such as those in the visceral £ 2 ﬁ. ¢
mesoderm. (E) Agl's3mutant embryo at the same stage
expressedppin the LE cells (arrowhead), as does the _‘\ -
wild-type embryo. Note the lower expressiordppin the &

PS7 visceral mesoderm. (F,G) In situ hybridizations of e lab gl > L
whole-mount embryos probed with a DIG-labelieil H . |
cDNA. lab expression was no longer detected Igl&3

mutant embryo (arrowhead). The most extreme phenotype,
with almost complete absencelab expression, is shown
here. Persistence of a labeling in the intercalary segment
should be noted in mutant embryos. (H,I) Tin is expressed
in the cardial cells in wild-type embryos and absent from  wt Tin gl Tin
most of the cardial cells in mutant embryos (arrowheads). J 7
(J,K) The same situation prevails in the case of Eve
expression. The anti-Eve antibody labels a subset of
pericardial cells and of dorsal muscles precursors. For all
embryos shown, anterior is leftwards and the dorsal side is
in focus. The genotypes are mentioned in the lower left and

the probe or the antibody used in the lower right of each
panel. wt Eve lgl Eve

ventralization could be detected (Nusslein-Volhard et al.Dorsalization was significantly reduced wheipp was
1984). On the average, an increase of 15% in the length ettopically expressed iigl's3 mutant embryos (compare Fig.
ventral denticle belts inlgl's® mutant cuticles could be 3E with 3F), suggesting that thdpp function requiresigl
measured, reaching up to 60% of lateral extension in soneetivity for the establishment of the dorsoventral polarity in
mutant individuals (not shown). embryos. By contrast, an absence of ventral denticles persisted
In conclusion, these phenotypes, which were typical of & algl mutant background when TR%3D was ectopically
disruption in the dorsoventral patterning, were reminiscent ofxpressed (Fig. 3H). Similar results were obtained with other
the defects encountered when thegp signaling pathway is GAL4 drivers,en-GAL4 (Fig. 31,J) orarm-GAL4 (not shown),
disrupted. In contrast, cuticles never displayed a ventralizatioeven though in this latter case the dorsalization observed with
with lack of amnioserosa and dorsal epidermis differentiationJAS-dpp in Igl's3 was clearly higher than witprd-GAL4,
which is however the phenotype the most sensitive to probably becausarm-GAL4 is expressed in all ectodermal
lowering of thedpp gene dose. As a matter of fact, completecells and (or) at a higher level. Therefdgg,appears to fulfill
ventralization was not observed either in mutantsdjpp  its function downstream of thdpp activation step, but not
signaling pathway genes which have a maternal expressiaownstream of Tkv, after the receptor has been activated.
(such aspunt for example, Letsou et al., 1995). A small ) ) )
number (less than 8%) of cuticles froigls® embryos The function of /gl is required for dpp-dependent
displayed segmental abnormalities such as fusion of denticfetivation of spalt in wing imaginal discs
belts or extended regions of naked cuticles (Fig. 3D)Growth and patterning of the wing imaginal disc rely on the
suggesting thatgl is not crucial to the function of other localized expression oflpp, which in turn induces the
secreted morphogens such as Wingless or Hedgehog. transcriptional activation of its targets, includisyglt (Nellen
However, gain-of-function experiments clearly demonstratet al., 1996). Wing imaginal discs from homozygous fuill
that Igl function is required downstream afpp for the alleles display a disorganized growth as early as the beginning
specification of the dorsal epidermis. Ubiquitous ectopiof third instar larval stage and they do not form regular
expression ofdpp in the embryo causes a dorsalizationepithelial cells sheets, contrasting with what is encountered in
of cuticles (Staehling-Hampton et al., 1994). A similara wild-type larva. However clear neoplasia in mutant wing
dorsalization prevailed whedppor TkvR253D, a constitutively — discs become detectable only during the delayed larval life. In
activated form of the Dpp receptor, was expressed in a wildrder to allow a clearer recognition of their shape, most of the
type embryo in thepairedexpressing cells (Fig. 3E,G). analyses in mutants were conducted on wing discs from early



2214 N. Arquier and others

Fig. 3. The dorsoventral patterning of the embryonic
ectoderm mediated by thippsignaling is affected itylts3
mutant embryos. (A-D) Cuticles tfl'S3homozygous
embryos reared at 29°C. (A) Absence of dorsal closure
producing a large hole in the dorsal ectoderm is visible in
58% oflgls3mutant embryos. (B) Shows the twisted
phenotype and a lack of involution of the head. (C) The
absence of cephalopharyngeal skeleton (arrow) and the lag
of externalization (or the absence) of the Filzkdrpers
(arrowhead) were the most frequently encountered
phenotypes. (D) Mutant cuticle showing a rare phenotype
consisting in a partial lack of ventral cuticle (arrowhead).
Cuticle preparations of wild-type (E,G,) igi'S3mutant
(F,H,J) embryos in which have been expressed Dpp (E,F,l,
or constitutively activated Tkv (G,H) under the control of
prd (E-H) oren(l,J) regulatory elements. The extent of (3,»; U
dorsalization was assessed by the reduction of the number E ‘&

of ventral cuticles (arrowheads). Dorsalization by ectopic
expression of Dpp in wild-type embryos (E,l) is more
pronounced than that induced by ®R&3Pin wild-type i
embryos (G; data not shown) probably because Dpp can % =
diffuse some distance away from its source of production.
As prdis a pair-ruled gene, dorsalization is observed in
only one of two segments in (E,H). Cuticle in F is very
similar to that in wild-type, indicating thigl is required

for dppmediated dorsalization (compare E with F). More !
than 80% of mutant cuticles were phenotypically wild-type = .
whereas in control embryos 100% of them were dorsalized. -5
By contrast, the extent of dorsalization is roughly identical

in G,H, indicating that TK9253Pcan rescudgl function in .‘l-
this process. (1,J) Wheaippis induced iren-expressing
cells, the ventral denticles of all the segments can
potentially be affected owing to the expressioemiih the
epidermal cells that gives rise to the anteriormost row of
denticle belts. Dorsalization was also more effective in
wild-type (1) than inlgl's3embryos (J). In all panels,
cuticles are oriented with the anterior towards the left.
Arrowheads point to wild-type (F,J) or phenotypically
mutant (E,G-1) denticle belts.

third instar larvae, whose morphology still roughly resembledi.e. the cells that emit the Dpp signal or the cells that receive
that of wild-type larvae. At this stage, the expression domaiit), Igl has been specifically expressed indppterritory within
of dppin the wing disc was larger than in late third instar larvae Igl* mutant background. Such an ectopic expression led to a
and the Spalt expression domain narrower. rescue of Spalt expression in the presumptive wing blade (Fig.
The dpp-dependent expression of Spalt was abolished o#M-O). By contrast, no rescue of Spalt expression (Fig. 4P-R)
strongly reduced in the presumptive wing bladégbimutant  could be obtained by restoririgl function in the posterior
disc (Fig. 4A,B), whiledpp expression itself was normally compartment. These results indicate thbtunction is required
initiated and not noticeably affected (Fig. 4C,D). The polarityin the cells that produce Dpp to activate Spalt expression.
of the epithelial cells in mutant discs, as probed with Dlg oMoreover, wherigl expression was restored dipp-expressing
Armadillo (Arm) was still preserved (Fig. 4F), in contrast tocells, Spalt expression in the wing blade was detected in the cells
what is observed in discs from delayigf homozygous third that did not expressipp (arrowhead in Fig. 4N-O)This
instar larvae (Woods et al., 1997; Bilder et al., 2000)observation of a Spalt expression domain extending out of the
Furthermore, En (Fig. 4G,J,P) and Ptc (not shown) werdpp expression domain suggests that the functidgl @ not
normally expressed in mutant wing discs, strongly suggestingquired for the reception of the Dpp signal.
that thelgl function is involved in thelpp signaling pathway Likewise, in eye imaginal discégl seems to play a role
itself. related todppsignaling pathwayDpp function in this tissue is
spalt expression inlgl* mutant wing imaginal discs was rather involved in the onset of the morphogenetic furrow
restored by expressing TR%P3D, but not Dpp, in the posterior movement than in ommatidia differentiation (see, for example,
compartment with the aid of amGAL4 driver (Fig. 4G-L). In  Burke and Basler, 1996b). In a wild-type eye disc, Spalt was
this experiment, Spalt expression was restored only in theetected in all the differentiated ommatidia, while Igi*
posterior compartment. In order to be able to recognize thautants, its expression was restricted to only a few
imaginal disc cells that require thg function indppsignaling  disorganized ommatidia (Fig. 5A,B). Furthermore, the advance
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Fig. 4. Expression of Spalt, dpptarget, inlgl4 imaginal wing discs.

In all panels (except E,F), Spalt (Sal) expression was revealed using
an anti-Spalt antibody (in red). (A,B) The expression of Sal in the
center of the presumptive wing blade (arrowhead) is abolished in
early third instar mutant larva. Tlipp-independent expression of Sal
in the notum (arrow) is not affected gy loss of function. (C,Dipp
expression, revealed by in situ hybridization with a DIG-labe{gul
probe (in green) is normally initiated gt mutant disc from early
third instar larva. (E,F) En face optical sections of imaginal discs.
Epithelial cell polarity probed with anti-Dlg (green) and anti-Arm
(red) antibodies. In spite of a disorganization of the epithelial folds in
Igl4 mutant discs (F), DIg and Arm are normally located at the plasma
membranes. () z-views of the epithelial layers at positions

marked by an arrow in (E,F). As in the wild type, Arm is located in
the mutant to the apicalmost region of the lateral membrane, above
the septate junctions labeled with Dlg. (G-R) All discslgie

mutants. (I,L,O,R) are merged views of the two separate views on
their left. (G-1)enGal4 driven expression of a constitutively activated
form of Tkv in the posterior compartment ofigét mutant disc

induces the expression of Sal in the posterior compartment, marked
with anti-En antibody. The star indicates a trachea. (J-L) Under the
same conditions as in (G-1), expressiomppin enexpressing cells

is unable to induce Sal expression in the posterior compartment
(arrowhead). (M-O) Sal expression is restored in the presumptive
wing blade (arrowhead) of dgl* mutant wing disc by expression of
Igl under the control aipp-Gal4. Thedppdomain of expression was
assessed by UAS-GFP (green). (P-R) expressitgi iof the posterior
domain of dgl* mutant disc cannot rescue Sal expression in the
presumptive wing blade (arrowhead). The arrows in M-R point to
dpp-independent Sal expression.

.ISaI B Sal

Igl4;UASIgl,dppG AL

Fig. 5.1gl function in the eye imaginal disc. (A,B,D) Anti-Sal

staining, which labels a small number of photoreceptors in every
differentiated ommatidia. (C) In situ hybridization with a DIG-
labeleddppprobe. At late third instar larval stadgl, mutant eye

discs are smaller than in the wild type (compare the respective sizes
of the eye disc with the antenna disc in A,B, for example). (D) The
differentiation of ommatidia is almost completely restored wgkn

is expressed iflgl mutant discs under the controldgp-Gal4.

In the mutant discs, the expressiondpp was normal in the
delayed morphogenetic furrow (Fig. 5C). Restoratiorigbf
function in thedppexpression domain was sufficient to almost
completely rescue the mutant phenotype (compare Fig. 5A
with 5D). It is not known whether Spalt expression in the eye
disc is dependent onpp signaling, but this latter result

Thisindicates thalgl function in the eye disc is required only in the

phenotype is reminiscent of that prevailing in the class ofells that express or have expresdpp confirming the results

‘furrow-stop mutants’, includinglpp (Heberlein et al.,

1993).

obtained in the wing discs.
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Loss-of-function Ig/ somatic clones behave non
autonomously with respectto  dpp signaling

Cell autonomy of the Dpp signal has been analyzégl inss-
of-function somatic clones in the wing imaginal disc. Two
different null alleles were usedg® and Igl4W3 that led to
similar results. Spalt expression was taken as an indicator
the activity of the Dpp signaling cascade and Patched as
marker of the A/P compartment boundary (Maschat et al
1998).

All the mutant clones scored (about 200 clones scored) th
encompassed the Spalt expression domain exhibited a wil
type pattern of Spalt expression (Fig. 6). This observatior
which holds even in the case of large clones produced i
Minute background, indicates thégl function, at least with
respect tospalt activation, is not required in the cells that
receive Dpp and respond to it. Because the expression
Spalt was abolished in mutant discs that were entiggfy
this behavior was interpreted as the result of a no
autonomous function ofigl with respect todpp-dependent
Spalt expression: the mutant cells might be rescued by tt
surrounding wild-type cells that normally expressed anc
secreted Dpp.

However, we have never detected mutant cells within th
anterior compartment in close apposition to the A/F
compartment boundary, where Dpp is produced. In contras
numerous mutant cells in large clones (25 mutant clone
scored) were able to reach the A/P compartment bounda
when they were located in the posterior compartment. |
appears therefore that mutant cells appeared to be exclud
from the region in which Dpp was produced at third instal
larval stage. A striking example is shown in Fig. 6A in which
a twin clone of wild-type cells reaches the A/P frontier anc
is much larger than the mutant clone that is composed of on
a few cells expressing spalt, and that is located farther aw:
from the A/P compartment boundatgl mutant cells seem
to be eliminated from the Dpp domain; they probably cannc )
survive and the surrounding wild-type cells might not be abl merge - &
to rescue them. This clonal analysis, which has to be
strengthened by other experiments, strongly suggests that thig. 6. Non-autonomous behavior lgfi* mutant clones with respect
function oflgl is required only in thelpp-expressing cells of o dppsignaling in wing imaginal discs. Homozygous clonedgt
the imaginal wing disc. As a matter of fact, a clonal analysi§ave been produced by the FLP-FRT system in a wild-type (A-D) or
by Posakony et al. had demonstrated a localized requiremef@Minutebackground (E-H). Mitotic recombinations have been

f ild-t d : | the A/P t t|nduced during the second larval stage. Mutant clones were
or wild-type dpp expression aiong the compartment, . ajized by the absence of then-lacZmarker (green in A,E).

boundary of the developing wing (Posakony et al., 1990)rhe aciivity of thelppsignaling pathway was assessed by the
They never recoveredpp mutant clones located in this expression of Spalt (red in B,F). The position of the A/P boundary
domain in adult wings. was assigned by the expression of Patched (blue in C,G).

Analysis of mitotic clones in the adult wing was consisten{D,H) Merged images. Filled arrowheads point to mutant clones. The
with these observations. Dpp plays a dual function in windarge arrows in A,D show an example of a twin clone lying just
morphogenesis: it regulates growth and patterning of thanteriorly to the A/P boundary. a, anterior; d, dorsal. The general
wing disc during larval development and promotes thetructure of the wing discs containing numerous large mutant clones
differentiation of veins during pupal development (de CelisVas repeatedly deeply affected.

1997). Under the conditions of induction that we have used,

three types of situations have been encountered (around 200

clones were analyzed). Phenotypes of loss of veins wemairface is sufficient to providéppfunction to the other surface
observed only when mutant clones were present on both sidese Celis, 1997). Finally, the large majority of mutant clones
of the wing blades (~2%, Fig. 7A,B), as already shown in thé~80%), which were found in intervein regions, did not display
case ofdpp mutant mosaics (de Celis, 1997). By contrastany mutant phenotypes and were as large as the wild-type twin
numerous genetically mutant clones (~20%), which occupiedlones.

only one surface of the wing blade and encompassing veins, Taken together, all these observations indicate a non
did not affect vein differentiation (Fig. 7C). These results areautonomous function ofgl in the dpp signal transduction
consistent with the hypothesis thdpp expression in one pathway during wing morphogenesis.




Drosophila tumor suppressor gene and dpp pathway 2217

unpublished) by using an antibody directed against the N-
terminal part of the protein (Groppe et al., 1998). This antibody
however does not recognize the C-terminal moiety of the Dpp
protein which constitutes its processed and secreted form.

It has been clearly demonstrated that the yeast homologs of
Lgl, Sro7p and Sro77p, participate in polarized exocytosis and
are associated to Sec9, a plasma membrane SNARE (Lehman
et al.,, 1999). This protein family seems to be functionally
conserved, akyl or its human homologHUGL), are able to
rescue thesro7/77mutant phenotypes in yeast (Kagami et al.,
1998). Moreover, a Sec9/Snap25 homolog is also present in the
Drosophila genome (Lloyd et al., 2000). By taking into
account these functional homologies, a functioridbcan be
postulated in exocytosis.

Igl in the control of epithelial cell polarity

Fig. 7. Mosaic analysis dfl4 wings. (A) Example ofgl* clones Secrgtion relies on.intracell_ular vesicular trafficking and on the
occupying dorsal and ventral wing blade surfaces and causing loss BPlarized exocytosis machinery (Mellman and Warren, 2000).
veins. (B) Schematic representation of ventral (unbroken lines) and Recent studies have demonstrated that Lgl function is essential
dorsal (broken lines) clones in (A) of homozygtglé (-/-) and for the establishment of the polarities of epithelial cells
twin wild-type (+/+) clones. (C) Example ofigl4 clone (broken (Manfruelli et al., 1996; Bilder et al., 2000) and of dividing
line) encompassing the posterior cross-vein that differentiates despiteeuroblasts (Peng et al., 2000; Ohshiro et al., 2000). An
the presence of a large clone in the ventral surface. (D) Example of important issue is therefore to understand whether the role of
ectopic vein material within lgl* mutant clone. Lgl in Dpp secretion is direct or simply a consequence of the
loss of epithelial cell polarity. Analysis of the temporal
requirement for Lgl function argues in favor of Lgl being

DISCUSSION necessary for the establishment of cell polarity, rather than for
_ ) ) its maintenance. Moreover, alteration in Dpp signaling can be
A function for /gl in Dpp secretion? observed inlgl mutants in epithelial cells that are correctly

The results reported herein demonstrate that at least part of thelarized and this supports a direct function for Lgl in Dpp
Igl function is involved in thedpp signaling pathway. All secretion.
the known dpp targets considered in this study were The epidermis is not affected in homozygdgs*null
underexpressed or even not expressed at &l imutants. In mutant larvae that no longer contain the maternal Lgl protein
addition, whenever technically possible, we have shown thaiesponsible for a normal embryonic development (Gateff and
the dpp signaling pathway mutant phenotype was rescued b§chneiderman, 1969; Manfruelli et al., 199§l larvae
the expression of a constitutively active form of Tkv, thusdevelop a cuticle that possesses the hallmarks of a wild-type
assessing the specificity dgl action in the process. This cuticle by all the criterions used, thus indicating that the apical
observation implies that the function d¢jl resides in a secretion of cuticle components has not been altered. Markers
participation either in the secretion and (or) maturation of Dpgor epithelial cell polarity are localized in the correct position
or in its long range diffusion or, eventually, in the correct(Peng et al., 2000) in stage 16 embryos when Lgl is no longer
activation of its receptor. detected (Strand et al., 1994&jkewise, Igl's3 embryos in
Several lines of evidence presented in this article suggesthich the Lgl protein has lost its cortical location have
that thelgl function is required in cells that express Dpp rathemaintained their typical epithelial cell polarity (Fig. 1) and
than in cells that receive the signal. Spalt expression in mutatiteir capacity to secrete normal cuticle components (Fig. 3;
wing discs is recovered by restoriig) activity in the Dpp see also Manfruelli et al., 1996; Ohshiro et al., 2000). In
domain of expression. In this situation, Spalt expression can leuroblasts, Lgl seems to exert its action early during mitosis
detected not only in the cells that produwl@p, but also in to recruit basal determinants to the cortex but it does not
groups of mutant cells which do not expreis (Fig. 4)  contribute to their maintenance in this latter location (Ohshiro
Imaginal discs Dpp-dependent expressionspélt can be et al., 2000). The polarity of epithelial wing disc cells is
rescued inlgl mutant clone cells by surrounding wild-type preserved until the middle of the third instar larval stage, long
cells. This observation supports the idea that the Dpp signafter the maternal Lgl contribution has ceased (Fig. 4; Gateff
can diffuse and interact correctly with its receptor in the wingand Schneiderman, 1969).
blade inlgl mutant cells, thus pointing towards a function for In contrast, the need for Lgl function appears crucial
Igl in the production or the secretion of Dpp by the cells inwhenever cell polarity has to be established. In neuroblasts, its
which it is transcribed. function during mitosis is to assist Miranda and Prospero
So far, any straightforward approach to the analysis of thiecalization (Ohshiro et al., 2000), when a new asymmetric
processing or the secretion of Dpp in mutant cells has bedtivision requires basal localization of cortical determinants.
hampered mainly because of the lack of efficient antibodiesAsymmetric division is equally impaired in lalgi* embryos
We have nevertheless been able to detect a precursor formimfwhich the maternal contribution of Lgl might become too
Dpp that is synthesized Igl4 mutant disc cells and present at low to ensure the efficiency of the process (Peng et al., 2000).
a level similar to that observed in wild-type cells (N. A.,In embryos issued from germline clones, lacking both maternal
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and zygoticlgl activities, the cells of the ectoderm form but such as Wingless or Hedgehog or cuticle proteins do not share.
they do not acquire their epithelial cell polarity (Bilder et al.,This is consistent with the function Igfl in targeting specific
2000). cortical proteins to particular membrane domains in epithelial
While embryogenesis proceeds, some epithelial cells hawells or neuroblasts.
to change or remodel their polarity. This is the case, for .
example, for the LE cells during dorsal closure and our daté/ and the control of the actomyosin cytoskeleton
show that Lgl is also involved in this process. During larvaln yeast,sro7/7#mediated polarized exocytosis relies on a
stages, imaginal disc cells actively proliferate and have toomplex regulation and interaction with the actomyosin
continuously reconstruct their membrane junctions and theytoskeletonSro7/77display a strong genetic interaction with
polarity in different steps that are dependent on the exocytosisyol (encoding a Type Il myosin homolog of NMHC) and
machinery. Loss of activity d§l might be responsible for the with myo2 (encoding an unconventional Type V myosin)
progressive alteration in cell polarity leading to neoplasms ifKagami et al., 1998). In addition, MyolP can physically
Igl mutant animals. interact with Sro7P (Kagami et al., 1998), in a manner
In conclusion/gl activity appears to be required wheneverresembling that prevailing between Lgl and NMHC (Strand et
targeting to the membrane of new components is crucial to thed., 1994b). These observations are in favor of Lgl serving as

acquisition of cell polarity. a functional link between the actomyosin cytoskeleton polarity

] . . o and a specific polarized exocytosis pathway, although the
Alteration of Dpp signaling precedes epithelial cell precise function exerted by Lgl in such a process has yet to be
polarity disruption in /gl mutants deciphered. In yeast, as in fliesyol (zipperandsro7/77 (Igl)

Our data support the hypothesis that the effedtjlobn Dpp  display a negative genetic interaction (Kagami et al., 1998;
signaling does not result, as an indirect consequence, froReng et al., 2000; Ohshiro et al., 2000), as already mentioned
altered cell polarity and, accordingly, we have provided somduring the fly dorsal closure (P. Manfruelli, PhD thesis,
examples in which the two processes could be uncoupleMarseille, 1996). Loss-of-function alleles dfl suppress
Epidermal cells inlgl's3 embryos are normally polarized the dorsal closure phenotype in homozygais mutants.
and secrete cuticle but they are unable to promote cuticlonversely, overexpression lgi enhances the dorsal closure
dorsalization in response to an ectopic expression of Dpp whifghenotype.
they induce this same dorsalization in response t&3%RP. The data reported in this article rather state a role for Lgl in

The cell polarity inlgl's3 embryos is not altered when the the transcriptional activation afip in LE cells, raising a
targets of the Dpp signaling have to be activated. Wiheand  puzzling question about the in vivo functional significance
eveexpressions have to be induced within the mesoderm, thirectly associated with the interaction demonstrated in vitro
dorsal ectoderm, which produces Dpp, shows a wild-typbetween Lgl and NMHC. As a matter of fact, even in LE cells
epithelial cell polarity and can secrete dorsal cuticle. Thén which there is an important accumulation of NMHC, there
mesodermal and endodermal midgut cells display a normal cédl no particular colocalization of the two proteins. The same
polarity whenlabial expression has to be induced by Dppsituation is encountered in other cells in which NMHC also
(Manfruelli et al., 1996). Similarlgzipaccumulates in LE cells accumulates (Young et al., 1991; Edwards and Kiehart, 1996;
before they undertake their shape and polarity changes (Fi§. De Lorenzo, PhD thesis, Marseille, 1998). Similarly, in
1). Dpp is actually expressed well ahead of the initiation offeast, an abnormal localization of actin and myosin becomes
dorsal closure and its expression in LE cells rapidly decreasesible only long after the initial defect of exocytosis
at the onset of this process. Finally, Spalt is not expressed @mcountered isro7/77mutants (Lehman et al., 1999). These
Igl mutant wing discs that express Dpp, even though thewbservations might indicate that the Lgl-NMHC physical
epithelial polarity is not yet disturbed (Fig. 4). The rescue irinteraction observed in vitro is not relevant in vivo and might
Igl4 mutants of Spalt expression by a constitutively activatesot be functional in the LE cells. One could rather anticipate
form of the Dpp receptor, Tkv, strongly suggests that it@a general ability of Lgl to bind myosins. Accordingly, it is
localization to a specific domain of the cell membrane or (and)oteworthy that, in yeast, another myosin-encoding gene,
its integration within the membrane has not been impairednyo2 interacts positively witlsro7/77(Kagami et al., 1998),
although they are both likely to be dependent on cell polarityand that, irDrosophilaneuroblasts, two functionally different

It seems reasonable to assume that there is a unigqogtoskeletal actomyosin networks, one being repressive and the
exocytosis pathway mediated lgy to ensure both cell polarity other positive, seem to control the cortical localization of basal
control and secretiorDlg and scrib might participate in this determinants (Peng et al., 2000).
same pathway, as, indeed, they strongly interact geneticall . ) )
with Igl and share with this gene a large panel of identiczﬂYUf'ﬂOr suppression and TGF B signaling
mutant phenotypes (Bilder et al., 2000). Lgl, however, does ndt is particularly intriguing thatlgl, a Drosophila tumor
strictly colocalize with DIg and Scrib in either epithelial cells suppressor gene, could play a role in a signaling pathway such
(Bilder et al., 2000) or in neuroblasts (Peng et al., 2000). las thedpp pathway. Dpp is a member of the superfamily of
addition, the Dlg cortical localization does not requge  TGHBs, which have been described as important key regulators
function (Peng et al., 2000; Ohshiro et al., 2000). One couloh carcinogenesis (Padgett et al., 1998). BG&ceptors and
therefore anticipate dgl action, within a separate and distinct components of the TGFsignal transduction pathway are
pathway, in parallel to that oflg and scrib, and further mutated in a number of human tumors (for review see Riggins
experiments are needed to address this issue. et al.,, 1997). Homozygous mutant animals for Smad3 have

Whatever the situation, Lgl probably mediates a specificecently been obtained that are viable but that spontaneously
secretion pathway for Dpp that other secreted morphogemtisplay colorectal adenocarcinomas (Zhu et al., 1998).
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However, in the wing discs, which are tissues that developdwards, K. A. and Kiehart, D. P.(1996). Drosophila nonmuscle myosin I
tumors in the absence il function, dpp stimulates growth has multiple essential roles in imaginal disc and egg chamber

; ; ; morphogenesidDevelopmenii22 1499-1511.
and proliferation (Burke and Basler, 1996a). This leads to Erancgis % Solloway ,5'. O,Nezi” 3. W. Emery, J. and Bier, E(1994).

paradox, |mply|ng that atumor suppressor ggne, Wh'Ch IS “kEIy Dorsal-ventral patterning of the Drosophila embryo depends on a putative
to encode a negative regulator of cell proliferation, could be negative growth factor encoded by the short gastrulation @emees Dev

primarily involved in a cell signaling pathway that activates 8, 2602-2616.
proliferation. Fujita, Y., Shirataki, H., Sakisaka, T., Asakura, T., Ohya, T., Kotani, H.,

O . . Yokoyama, S., Nishioka, H., Matsuura, Y., Mizoguchi, A., Scheller, R.
While it is tempting to SpeCU|ate that tumors arlségln H. and Takai, Y. (1998). Tomosyn: a syntaxin-1-binding protein that forms

deficient animals as a direct consequence of the perturbatior, novel complex in the neurotransmitter release prodeeasion 20, 905-
of dpp signaling, this has not been demonstrated in our study, 915.
and tumors could well be due to anothippindependent Gateff, E. (1982). Cancer, genes, and development: the DrosophilaAthse.

. . . Cancer Res37, 33-74.
function of Igl' In partlcular, the reported role dgl In Gateff, E. and Schneiderman, H. A.(1969). Neoplasms in mutant and

establishing epithelial cells polarity might be implicated in"cyjyred wild-type tissues of Drosophilbiati. Cancer Inst. Monogral,
tumorigenesis (Bilder et al., 2000). Current work is in progress 365-397.

to address this question specifically. Groppe, J., Rumpel, K., Economides, A. N., Stahl, N., Sebald, W. and
Affolter, M. (1998). Biochemical and biophysical characterization of
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