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Summary

Stardust (Sdt) and Discs-Large (DIg) are membrane-
associated guanylate kinases (MAGUKS) involved in the
organization of supramolecular protein complexes at
distinct epithelial membrane compartments inDrosophila

Loss of either Sdt or Dlg affects epithelial development with
severe effects on apico-basal polarity. Moreover, Dlg is
required for the structural and functional integrity of

synaptic junctions. Recent biochemical and cell culture
studies have revealed that various mammalian MAGUKs
can interact with mLin-7/Veli/MALS, a small PDZ-domain

protein. To substantiate these findings for their in vivo
significance with regard to Sdt- and Dlg-based protein
complexes, we analyzed the subcellular distribution of
Drosophila Lin-7 (DLin-7) and performed genetic and

biochemical assays to characterize its interaction with
either of the two MAGUKS. In epithelia, Sdt mediates the
recruitment of DLin-7 to the subapical region, while at
larval neuromuscular junctions, a particular isoform of
Dlg, DIg-S97, is required for postsynaptic localization of
DLin-7. Ectopic expression of DIg-S97 in epithelia,
however, was not sufficient to induce a redistribution of
DLin-7. These results imply that the recruitment of DLin-
7 to MAGUK-based protein complexes is defined by cell-
type specific mechanisms and that DLin-7 acts downstream
of Sdt in epithelia and downstream of DIg at synapses.
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Introduction can bind concomitantly (Sheng and Sala, 2001; Harris and

Many cell types exhibit an asymmetric subdivison of thelim, 2001). This concept is particularly well-established for
plasma membrane and the underlying cytocortex into discreteémbrane-associated guanylate kinases (MAGUKs), a
domains with specialized structural and functional propertiessuperfamily of evolutionary conserved scaffolding proteins.
This is mediated by the differential localization of distinct, In vertebrates, MAGUKs of various subfamilies have been
membrane-anchored protein complexes including thosiglentified as central components of membrane specializations
forming cellular junctions. The importance of such partitioningas diverse as epithelial tight junctions, presynaptic active
is particularly evident in epithelial cells, in which apico-basalzones, postsynaptic densities and juxtaparanodes of
polarity largely depends on the well-ordered juxtaposition omyelinated axons (Mariscal et al., 2000; Garner et al., 2000a;
molecularly distinct junctions, e.g. adherens junctions, tightarner et al., 2000b; Roh et al., 2002; Rasband et al., 2002).
junctions or septate junctions (Tepass et al., 2001; Knust, 200Bhe identification of numerous binding partners in
Knust and Bossinger, 2002). Similarly, diverse multi-proteinconjunction with subsequent biochemical and functional
complexes are established side-by-side along the pre- aagsays in cell culture systems strongly suggest that MAGUKSs
postsynaptic membranes of neurons or their non-neuronare required for the targeting and localized clustering of other
targets (Baude et al., 1993; Uchida et al., 1996; Gonzalegroteins. Surprisingly, phenotypical analyses on knockout
Gaitan and Jaeckle, 1997; Sone et al., 2000). The precisgce failed to confirm this idea (Migaud et al., 1998; McGee
spatial arrangement of such complexes relies on the efficiest al., 2001; Rasband et al., 2002), possibly as a result of
sorting and selective retention of their components. Studieompensatory effects exerted by paralogous isoforms of the
addressing these requirements have revealed that complerutated MAGUKs. The proposed clustering activity of
specific combinations of submembraneous proteins provide MAGUKSs is, however, strongly supported by genetic studies
scaffold of adapter modules, primarily PDZ-type domains, tan invertebrates. For example, theosophilaMAGUK Discs-
which transmembrane proteins and cytoplasmic componentsarge (DIlg) is essential for proper synaptic localization of
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Shaker-type potassium channels, the cell adhesion molecUaterials and Methods

Fasciclin Il and the scaffolding protein Scribble (Scrib) atrly stocks

neuromuscular junctions (NMJs) (Tejedor et al., 1997:ne followingdlg-mutant alleles were usedig¥'-2, dign52anddigm3°
Thomas et al., 1997; Zito et al., 1997; Mathew et al., 2002)Woods et al., 1996; Mendoza et al., 2008);118flies served as
In epithelia, DIg and Stardust (Sdt), which belong to differentjuasi wild type controls. For targeted expressiolaBiransgenes
MAGUK subfamilies, are involved in the specification of (see below) Gal4 activator strajps-Gal45%1(Speicher et al., 1994),
separate epithelial membrane compartments and hence béipl4-C57 (Thomas et al., 2000) anGal4-C164 (Pennetta et al.,
are required to maintain epithelial polarity (Woods et al.2002) were employed. Effector strains carryihS-sdtACUK (line
1996; Bilder et al., 2000; Bachmann et al., 2001; Hong et a|14) or UAS-eGFP-digAline ES50) have been described previously

2001; Bilder et al., 2003; Tanentzapf and Tepass, 2003) S%iachmann et al., 2001; Koh et al., 1999). Crosses were performed at

is a prominent component of the subapical region (SAR C

(Bachmann et al., 2001), while Dlg localizes basally of

adherens junctions, where it is required for the establishmemtansgenic constructs and germline transformation

and maintenance of septate junctions (SJ) (Woods et al., 1998)e complete coding region for DIg-S97 was assembled by ligation

Bilder et al., 2000). of a B-fragment, obtained by PCR on the chimeric EST-clone
Similar to D|g, its mammalian homo'ogue Synapse_GH18ll7, with a’3fragment of a:iIgA cDNA via a commorBma- )

associated protein 97 (SAPS7/DIg). associates with theE, Tl R0 PO 5o 0 B e atematively spliced

gﬁ?ilgé%r)?lng?:gttzﬁjnd%F;,ICr?;vrge;ﬂg\r,?r??ﬁ;ﬂ?ﬁﬁggﬁ'gﬁ@%ﬁm encoding the extended region in-between PDZ2 and PDZ3.

) . . pon in-frame ligation into pEGFP-C1 (BD Clontech) the EGFP-DIg-
interacts with another MAGUK, mLin-2/CASK, through a 597 fusion gene was cloned into the transformation vector pUAST

homotypic interaction between an L27-type domain in the N¢grand and Perrimon, 1993). DIg-S97N-EGFP was generated by
terminal region of SAP97 and the L27N domain in mLin-2inserting a PCR fragment comprising the entire coding region of the
(Lee et al., 2002; Chetkovich et al., 2002). A second L2EST clone LP07807 (Lee et al., 2002; Mendoza et al., 2003) into
domain (L27C) of mLin-2 can bind mLin-7/Veli/MALS, a pEGFP-N3 and the fusion gene was then cloned into pUAST.
small PDZ-domain-containing protein, in both epithelial cells A DLin-7 cDNA was obtained by reverse transcription on
and neurons (Straight et al., 2000; Butz et al., 1998). Thigmbryonic polyA RNA (primer: lin7-3.1, GTG TTA GAT CTT ATT
suggests that SAP97 and mLin-7 are physically coupled 4t' CCT AAA GGG) followed by PCR (primers: lin7-5.1, CAC
the basolateral membrane in mammalian epithelia an GAATG GAA TTC TGT GCC CC; lin7-3.2, CGT GCA GAT CTG

iblv at tic iuncti t Apart f the ability t AT GGT CTA ATG) and subsequent cloning into pBsc"SKn N-
possibly at synaptic junctions too. Apart irom the ability 0o minaly Flag-tagged version of DLin-7 was generated by

bind mLin-2, the L27 domains of SAP97 and mLin-7 havejyyoducing a PCR-amplifiedLin-7 cDNA (primers: lin7-Flag-5,
been implicated in homotypic in vitro interactions with otherrTg AAC AGC GCG GCC GCC GAT AAC; lin7-Flag-3, GAA CTA
MAGUKs including Palsl, the putative mammalian GTC GAC CTG TAT GGT C) into pUAST-Flag (N. Fischer and A.
homologue of Sdt (Kamberov et al., 2000; Marfatia et al.Wodarz, Institut fir Genetik, Universitat Diisseldorf, Germany). The
2000; Tseng et al., 2001; Karnak et al., 2002). It is not yetonstruct forDLin-7-specific DNA-mediated RNA interference was
known whether these interactions take place within one argenerated by introducing a PCR-amplifledin-7 fragment covering
the same cell, in a distinct sequential order or in a competitie L27 and PDZ domains (Préo Prd’> primers: lin7-RNAI-5,
manner, and to which extent they contribute to the propiegsGA T$C ?CT.GACJITBT C?T”C "”Z'EN'?":”.' cct CG%G;’A
targeting of mLin-7. Palsl, for instance, localizes apicall dC GG GTG TG) into pHIBS followed by cloning into pUAST as

e : . : - escribed (Nagel et al., 2002). Only sequence-controlled PCR
within .ep'the“?' cells_, whereas mLin-7 predominantly fragments were used for cloning procedures. Transgenic flies were
colocalizes with mLin-2 and SAP97 at basolateralyenerated by P-element mediated germ line transformation
membranes (Perego et al., 1999; Straight et al., 2000; Stra&gjprad”ng, 1986).
et al., 2001). Therefore, additional, probably cell-type
specific modes of regulation might be involved to favor one )

This study was initiated to evaluate a possible association &T-PCR was performed on staged potyRNA isolated by using the
the fly homologue of mLin-7, DLin-7, with DIg- or Sdt-based Omniscript RT Kit (Qiagen) with primer lin7-3.1 (see above) followed
protein complexes in epithelial cells and at synaptic junctionsbéFC’SEn"é"ﬁ:‘ngrgnzer(ssggngigmca CTGCTC GAATTC TAT TTC
We found that, in epithelia, DL'n'7.'S aSSOC'.ated W!th the apu;a(ﬁ A digoxygenin-labelled RNA antisense probe that recognizes the
membrane Compart'ment, vyhere it may dlrect'ly interact W'tl?ull-length DLin-7 cDNA was generated using the DIG RNA labeling
Sdt. Moreover, this interaction promotes recruitment of DLin«it (Roche). Northern blotting was performed following standard
7. Although DLin-7 and Dlg segregate into different epithelialprocedures.
protein complexes, both proteins are part of a common

postsynaptic protein complex at NMJs. Strikingly, this finding ntibodies and immunofluorescence analvses
parallels our recent observation that DIg isoforms containing" " ~0¢'€s and Immunofitorescence analys e o
ntisera against DLin-7 were obtained by repetitive immunization

the SAP97-like N-terminus (DIg-S97) are expressed at NM A W - b . .

; ; ; .qf a rabbit with an affinity-purified GST-DLin-7 fusion protein
but |n0t n %plthellat(hﬂten?r?%{atit al, 2?03)' Ir][.fa?t’ Ollj.r gtenetl overing the L27 and PDZ domains, Beto GIn'99). Antisera
analyses demonstrate tha € postsynaplic localizalion ainst DLin-7 and mLin-7 (Perego et al., 2002) were both used at
DLin-7 specifically depends on the presence of these DIg-S9y1:500 dilution for immunofluorescence analyses and at 1:1500 for

isoforms. While the role of DLin-7 remains elusive, itswestern blots. Rat and rabbit anti-Bigi+2 antisera were used as
recruitment by DIg-S97 and Sdt reveals novel in vivo functiongiescribed (Koh et al., 1999), and rabbit anti<3ig was used as

for both MAGUKSs. described (Mendoza et al., 2003). Rat antivBdt (S. Berger and



Recruitment of DLin-7 by Sdt and DIg-S97 1901

E.K., unpublished) was used at a dilution 1:500. Anti-Flag M2Following a 2 hour extraction on a shaker, the homogenate was
monoclonal antibody (Sigma-Aldrich) was used diluted 1:200 and aleared from cuticle debris by centrifugation for 5 minutes at 3000
fluorescein-conjugated goat anti-horseradish peroxidase antibodylO pl of the supernatant were loaded onto [B0of Protein G
(Cappel) was diluted 1:200. Fluorescence-labeled secondasgepharose (Pharmacia Biotech), that was pre-incubated for 2 hours
antibodies purchased from Jackson ImmunoResearch laboratoriedth 1.5l of anti-Flag antibody (~6g), mixed and rotated overnight.
(Fluorescein-conjugates) or Molecular Probes (Alexa-5680 pl of residual supernatant were set aside as input control. The
conjugates) were applied at a 1:200 dilution. Protein G Sepharose-precipitate was washed three times for 15
Imaginal discs were dissected from 3rd instar larvae and fixed faninutes in TBST (with intervening centrifugation steps, 5 minutes at
25 minutes in 4% formaldehyde. Body wall preparations of 3rd instar00g) and then supplied with 18 of SDS sample buffer. Equivalents
larvae were performed as described (Bellen and Budnik, 2000pf ~1 body wall (input controls) or 3 body walls (precipitates) were
Following a 30 minute fixation in 4% paraformaldehyde, washes andeparated by SDS-PAGE and blotted onto nitrocellulose transfer
antibody incubations were carried out in PBS containing 0.2% Tritomembrane. Upon blockage in TBST/5% dry milk the membrane was
X-100. Samples designated for direct comparison were processediirtubated with anti-Dlgpzi+2 at 1:20,000 or anti-DLin-7 (1:1500)
parallel under the same conditions and with identical confocabvernight. Peroxidase-conjugated secondary antibodies in
settings. Confocal imaging was performed on a Leica TCS NT or eombination with the ECL system (Amersham Pharmacia Biotech)

Leica DM LFSA microscope. were employed to detect immunoreactive bands.
Pull-down assay, immunoprecipitations and western blot Yeast two-hybrid assays
analysis Yeast two-hybrid analyses were based on the Gal4-Matchmaker

Biotinylated Sdt-GUK protein was generated by in vitro vector system (BD Clontech). PCR fragments were cloned into
transcription/translation with the TNT Coupled Reticulocyte LysatepGBKT7 to generate bait clones and into pGADT7 or pACT-2 (Sdt)
System/Non-Radioactive Translation Detection System (Promegdd generate prey clones. Pairs of bait and prey clones were co-
and incubated with equal amounts of Glutathione Sephdrd8  transformed into yeast strain AH109 by electroporation and co-
(Amersham)-coupled GST-DLin-7 (see above) and GST, respectivelyransformants were selected on Trp/Leu-depleted media. Interaction-
in pull-down buffer (20 mM Tris pH 8, 0.2 M EDTA, 0.1 M NaCl, 1 dependent expression @fgalactosidase activity was monitored by a
mM DTT, 0.2% IGEPAL, 1uM Pefabloc, 5uM leupeptin, 1uM colony-lift filter assay as described (BD Clontech, protocol PT3024-
pepstatin, 0.31M aprotinin) overnight at 4°C. Beads were pelleted, 1). All combinations were tested in parallel and in at least two
washed four times in pull-down buffer and eluted by boiling in SDS-independent experiments.
PAGE sample buffer. Eluted labelled protein was analyzed by SDS-
PAGE and detected with Streptavidin-HRP (Roche, diluted 1:1000)

Immunoprecipitations from embryos overexpressing sdt-MAGUKResults
(GAL4aG3IUAS-sdVAGUK) were performed essentially as describedldentification of a close Drosophila homologue of Lin-
(Klebes and Knust, 2000). Lysates were incubated with &nti- 7/Veli

mLin-7 antibody (Perego et al., 2002) angil2anti3-Gal antibody Searching the Drosophila genome database at

(Promega), respectively. ttp://Aww.BDGP.org revealed that a single gene annotated as

Immunoprecipitation experiments from larvae were performed a - U
4°C, largely as described previously (Thomas et al., 1997): for eac G7662 (Fig. 1A) encodes two conceptual splice isoforms

genotype, body walls from 12 dissected larvae were homogenized fgPresenting fly homologues of Lin-7. RT-PCR analyses
150 ul of lysis buffer containing 50 mM Tris-HCI pH 8, 150 mM Performed on mRNA samples from different developmental
NaCl, 0.5% Triton, 1 mM MgGland Complet® protease inhibitor ~stages and northern blot analysis of embryonic mRNA,
cocktail (Roche Diagnostics; one tablet per 50 ml lysis buffer)however, indicated that only one major gene product is
expressed throughout development (Fig. 1B,C). An
embryonic RT-PCR product was subcloned and
A ! ! ] ! ! ! sequenced. The deduced 195 aa gene product
comprises an N-terminal L27-type domain and a C-

5 3
Fig. 1.DLin-7 encodes a single-PDZ domain protein.
(A) Exon-intron structure of thBLin-7/CG7662 locus
200bp DLin-7/0G7662 (black boxes, ORF) from the cytological interval 96B19

(genomic scaffold AE003750). (B) RT-PCR performed on
B 03 36 699121224 L1 L2 L3 pP P F C E0-12 E12-24 poly(A)* RNA of different developmental stages (staged
— embryos in hours, L1-L3, larval stages; pP, prepupa; P, pupa;
F, female adult). (C) Northern blot of embryonic poly(A)
TS0DP - ey s s S W e e e e = | |{ 2D — - [ = RNA hybridized with a probe covering the L27 and PDZ
. domain of DLin-7. (D) Protein structure of DLin-7 and two
putative orthologues from mammals (MALS3) ad
elegangLIN-7). The green and lilac colours indicate the
: L27 and the PDZ domains, respectively. The percentages of
E a-DLin-7 amino acid identities of the two domains with respect to the
corresponding domains of DLin-7 are shown. (E) Western
blot analysis of wild-type embryos (1) and embryos
27k—— R overexpressing a Flag-tagged DLin-7 transgene (2) probed
with anti-DLin-7 antibodies. Note the additional, slightly
1 2 larger band in lane 2 that corresponds to the Flag-DLin-7
protein.

embryo larva/pupa/adult
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terminal PDZ domain. DLin-7 exhibits 70% sequence identity
with the corresponding region of LIN-7 i@. elegansand is A

even more closely related to the three paralogous isoforms Met! Gin'os
mammals (collectively referred to as mLin-7; Fig. 1D).
Western blot analyses using an antibody raised against DLIil '

7 yielded a prominent immunoreactive band at ~27 kDa. A DLin:TA958)
expected, a slightly increased molecular weight was appare lewt: _ To™
for a transgenically expressed, Flag epitope-tagged version —o0O{ }
DLin-7 (Fig. 1E). Sdt (isoform MAGUK1; 1289aa)
We next tested whether the sequence homology betwer )
DLin-7 and its orthologues is significant with regard to protein- L/
protein interactions. Since the PDZ domains of DLin-7 anc & Oo— ]
mLin-7 are almost identical (Fig. 1D) we may assume that the DIg-897 (998aa)
exhibit identical binding specificities. A couple of binding
partners of the PDZ domain have been identified in othe ey vale
species (Jo et al., 1999; Perego et al., 1999; Perego et al., 20 < > o4

Straight et al., 2001); however, their putative fly homologue:
carry no C-terminal PDZ-binding motifs. We therefore
focussed on potential interactions corresponding to thos
mediated by the L27 domain of mLin-7 (Fig. 2A). Using a
yeast two-hybrid assay we demonstrated that DLin-7 bind LZ? @rpz
to L27 domains in the fly homologues of mLin-2 (DLin-
2/CamGUK/CAKI) and Pals1 (Sdt) (Fig. 2B). Whereas in a eryptic 127 @ SH3
previous study a direct interaction between mLin-7 and SAP9
was not detectable (Lee et al., 2002), we noticed a wee
interaction between DLin-7 and the N-terminal region of DIg-
S97. Similarly to mLin-7, DLin-7 did not display homophilic B
interactions (Fig. 2B). We thus conclude that, for DLin-7 anc
mLin-7, the in vitro binding properties of their L27 domains
with members of distinct MAGUK subfamilies are very
similar.

DLin-2/ CAKI (897aa)

Domains

GUK

CaMKII-like

1

prey |DLin-7 |Sdt DIg-597 |DLin-2/
CAKI
bait

DLin-7 is associated with the Crb/Sdt complex in DLin-7 B =+ + -t

epithelial cells

To assess the subcellular localization of DLin-7 we employe
crossreacting antibodies raised against mLin-7 (Perego et & PGBKT? = - = &
2002) as well as antisera raised against DLin-7. Both antise (vector)
yielded virtually identical results in western blot and
immunofluorescence analyses. The specificity of the antise
was further evident from increased or decreaserig 2 |n vitro interaction of DLin-7 with members of different
Immunoreactivities  upon  transgenic _ Overexpression  OMAGUK subfamilies. (A) Proteins that were tested for interaction in
reduction of DLin-7, respectively (Fig. 1E, Fig. 3A,B). a yeast two-hybrid assay. Subregions expressed as baits or preys are

In the embryonic epidermis and in imaginal disc epitheliaindicated as bars together with the positions of the first and last
DLin-7-specific immunofluorescence was found highlyamino acid residues. The symbols used for the various protein
enriched at the apical membrane. Accordingly, confocafﬂomains are summarizeq in the box pelow. See Discussion for an
microscopy on double-stained imaginal discs revealed that tfinterpretation of the cryptic L27 domain of Sdt. (B) Results of the
immunoreactivities for DLin-7 and Dlg, which localizes to Yeast two-hybrid assay. The strength of each interaction was
septate junctions, were totally disjunct (Fig. 4A-C), whereas classified by the time period between the onset oftGal filter

e o - : . . assay and the detection of a clearly visible color reaction; ++++,
striking colocalization of DLin-7 with Sdt was evident in these, ivin 30 minutes or less; +++, within 1 hour: ++, within 3 hours. +,

epithelia (Fig. 4D-F). Considering the in vitro interaction yitin 5 hours; —, more than 5 hours. The empty bait vector pGBKT7
between DLin-7 and Sdt we assumed that DLIn-7 is iserved as a negative control. The weak interaction between DLin-7
component of the previously described subapical Crb/Scand DIg-S97 was also observed in the reverse bait-prey combination.
complex (Klebes et al., 2000; Hong et al., 2001; Bachmann «

al., 2001).

To further substantiate this assumption, we used a transger8dt and DLin-7 at the apical cortex of epithelial cells within
approach to alter the amount of Sdt in restricted areas dfie respective area (Fig. 4G-l). In contrast, transgenically
imaginal discs and monitored the effects on DLin-7expressed Flag-DLin-7 had no obvious effect on the
localization. Targeted overexpression of WAS-sd¥AGUK  |ocalization of Sdt (data not shown).
transgene using ptc-Gal4 activator strain (Bachmann et al.,  Further support for a close association of Sdt and DLin-7
2001; Speicher et al., 1994) resulted in increased levels of botas obtained from biochemical experiments. In a pull-down




Fig. 3. Modulation of DLin-7 protein levels in wing imaginal discs

by means of the GAL4/UAS-system. (pic-Gal4-driven

overexpression of Flag-DLin-7 strikingly increases Flag-DLin-7
protein levels. (B) Upon overexpressiondifin-7-ds-RNA withptc-

Gal4the amount of DLin-7 protein is significantly reduced.
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7 to the SAR, most probably through a homotypic interaction
between the L27 domains of the two proteins.

Postsynaptic colocalization of DIg and DLin-7 at larval

NMJs

In mammals, mLin-7 has originally been identified as a
synaptic protein component with isoform-specific neuronal
expression patterns (Butz et al., 1998; Jo et al., 1999; Misawa
et al., 2001). We thus asked whether DLin-7 is also associated
with synapses in flies. In fact, in situ hybridization revealed an
expression oDLin-7 transcripts in the embryonic CNS (data
not shown) and immunostaining revealed an enrichment of
DLin-7 in the neuropil regions of the larval CNS (Fig. 5A). To
further resolve a potential association of DLin-7 with synaptic
protein complexes, we focussed on larval NMJs. Various
types of motornerve terminals (boutons) can be classified
based on differences in morphology and neurotransmitter
specificity (Gramates and Budnik, 1999). DLin-7-specific

assay an in vitro translated Sdt isoform missing the PDZ andhmunoreactivity was easily detectable at glutamatergic
SH3 domains [Sdt-GUK (Bachmann et al., 2001)] was boun8iMJs, i.e. most prominently at type Ib boutons and to a lesser
by a GST-DLin-7 fusion protein but not by GST alone (Fig.extent at type Is boutons. At non-glutamatergic boutons DLin-
4J). Using anti-mLin-7 antibodies we co-immunoprecipitated7 immunoreactivity was much weaker (type Il boutons) or even
Sdt from lysates of Sdt-overexpressing embryos (Fig. 4Kundetectable (type Il boutons) (Fig. 5B-D). Confocal analysis
Together these findings strongly suggest that Sdt recruits DLif synaptic boutons double-stained with the neuronal marker

anti-HRP and anti-DLin-7 antibodies further revealed
that DLin-7 is strongly enriched postsynaptically (Fig.

5E-G). A striking colocalization was evident for

DLin-7 and Dlg (Fig. 5H-J). Notably, the distribution

of both proteins is even congruent with respect to non-
immunoreactive sites along the bouton rims
(arrowheads in Fig. 5H-J), which might represent
glutamate receptor fields or initiation sites of bouton
budding (Sone et al., 2000; Mathew et al., 2002). Dlg-
specific immunofluorescence at NMJs of 3rd instar
larvae is predominantly attributable to a postsynaptic
enrichment of the protein in the subsynaptic reticulum

Fig. 4. Subcellular localization of DLin-7 in wing imaginal
discs and its recruitment by Sdt. (A-F) In wing imaginal
discs DLin-7 is localized apical to DIg, which is restricted
to the septate junction in epithelia (A-C), and colocalizes
with Sdt in the SAR (D-F). (G-Iptc-Gal4driven
overexpression of Sdt increases apical levels of DLin-7.
(G’-I") Note that both overexpressed Sdt and, as a
consequence, DLin-7 are targeted to the SAR (white
arrowheads mark the borders of the overexpression
domain). (J) DLin-7 and Sdt-GUK interact in vitro.
Sepharose beads carrying a GST-DLin-7 fusion protein or
GST alone were incubated with biotinylated Sdt-GUK.
Bound protein was eluted and analysed by SDS-PAGE.
Binding was observed between GST-DLin-7 and Sdt-GUK
(right lane), but not between GST and Sdt-GUK (middle
lane). The left lane shows labelled Sdt-GUK protein
equivalent to 10% of the material analysed in the
experimental lanes. (K) Anti-mLin-7 antibody (Perego et
al., 2002) immunoprecipitates Sdt from embryos
overexpressing Sdt-MAGUK protei®AL41aG37UAS-
sdMAGUK |eft lane), whereas a control IgG (aftizal)

sa K .
o8& ¥
o \o"
120K = . o *— 140K — -a
Blot: Streptavidin-HRP Blot: «-Sdt

does not (middle lane). The western blot was then probed
with anti-Sdt antibody. The left lane shows the
corresponding input control with approximately |5 of

total protein from embryonic extracts.
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7, we examined body wall muscle preparations frolg:
mutant larvae for DLin-7-specific immunofluorescence.
Compared with wildtype, a severe reduction of DLin-7 was
obvious at boutons fromigX'-2 anddlgM>2mutant larvae (Fig.
6A-F), which express only low amounts of truncated Dlg at
NMJs (Mendoza et al., 2003). Postsynaptic DLin-7 appeared
unaffected indIgM30 mutant larvae, which express a mutant
isoform with a single amino acid exchange in the SH3 domain
(Fig. 6G-H). To rule out the possibility that reduced expression
levels of DLIin-7 are the major cause for its poor localization
at dlg-mutant NMJs, we employed the muscle-specific Gal4-
activator strainGal4-C57(Koh et al., 1999) to express Flag-
tagged DLin-7 in digt and digX-2 mutant larvae. A
considerable anddlg-independent overexpression of the
transgene-encoded protein in comparison to endogeneous
DLin-7 was evident from western blot analysis (Fig. 7A).
Consequently, increased levels of DLin-7-specific
immunoreactivity could be monitored throughout the muscles
irrespective of thellg-genotype (not shown). DLin-7-related
anti-Flag immunoreactivity, however, was only enriched at
NMJs in the presence of wild-type Dlg, whereas it was barely
detectable at NMJs aflgX'-2 mutant larvae (Fig. 7B-G). We
thus conclude that Dlg is essential for postsynaptic recruitment
of DLin-7.

Fig. 5.DLin-7 is expressed in the CNS and at NMJs. (A) Ventral
nerve cord of a 3rd instar larva. DLin-7 is enriched in the neuropil
area. Arrows mark the periphery of the cortical area. (B-D). Muscle
12 at abdominal segment A3 is innervated by four different
motornerve terminals (Ib, Is, Il, 1ll) as revealed by anti-HRP
immunoreactivity (B), but only type | boutons exhibit clear DLin-7
specific immunoreactivity (C,D). (E-G) Confocal section of a branch | 3
of the NMJ at muscle 6. Note that the presynaptic marker HRP (E) i
largely surrounded by DLin-7 specific immunoreactivity (F,G). (H-J)
Confocal section of a NMJ at muscle 12, double-labeled with anti-
Dlg (I) and anti-DLin-7 (J) antibodies. Arrowhead marks a site of
reduced immunoreactivity. Bar, 20n (A); 10um (B-J).

[SSR (Lahey et al., 1994)]. We therefore conclude, that DLin
7 and Dlg are colocalized in the SSR of type | boutons at larvi
NMJs.

Dlg-dependent localization of DLin-7 at NMJs

Previous studies imply that DIg ensures proper synapti
localization of several other proteins at type | boutons eithérig g mutations indlg affect the localization of DLIn-7 at larval

by direct interaction or through recruitment of additionalnmgs, NMJs at muscle 12 wf1118control larvae (A,B) andig-
scaffolding molecules (Tejedor et al., 1997; Thomas et almutant larvae (C-H) were double-labeled with anti-HRP antibodies
1997; Zito et al., 1997; Mathew et al., 2002). To test whethe(A,C,E,G) and antibodies against DLin-7 (B,D,F,H). Each image
Dlg is as well required for postsynaptic localization of DLin-represents a stack of 15 to 17 optical sections taken ptrOsieps.
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Fig. 7.Dlg-dependent localization of transgenically expressed Flag-
DLin-7 at NMJs. (A) Western blot analysis on body wall muscle

anti-Dig roz1.2

extracts using anti-DLin-7. A Coomassie staining was used as a
loading control to ensure that equal amounts of body wall extracts
were analyzed. M, molecular weight marker; lan@1118 lane 2,
dlg*;;UAS-Flag-DLin-7/Gal4-C57lane 3dlgX-2/Y;;UAS-Flag-
DLin-7/Gal4-C57.(B-G) Confocal sections of synaptic boutons at
muscle 12 double-labeled with anti-HRP (B,D,F) and anti-Flag

Fig. 8.Isoform-specific interaction between DIg-S97 and DLin-7.
(A-F) Rescue of DLin-7 atlg-mutant NMJs on muscle 12 upon
postsynaptic expression of EGFP-DIg-A versus EGFP-DIg-S97.
DLin-7-specific immunofluorescencesw1118(A) anddigX-2 (B)

are shown for reference. (Gal4-C5%driven EGFP-DIg-A was
targeted to NMJs and to nuclei (arrow), whereas co-staining reveals

(C,E,G). (B,CW1118 (D,E)dig*;;UAS-Flag-DLin-7/Gal4-C57
(F,G) dIgXl-2/Y;;UAS-Flag-DLin-7/Gal4-C57.

no obvious enrichment for DLin-7 at either compartment (D).
Postsynaptic targeting of EGFP-DIg-S97 (E) was accompanied by
effective restoration of DLin-7 (F). Each image represents a stack of
17 optical sections taken at ut steps. (G) Co-

immunoprecipitation assay performed on body wall muscle extracts
The SAP97-type N-terminus of DIg is required for fromw1118-(lanes 1, 3) andAS-Flag-DLin-7/Gal4-C5T7lanes 2,
synaptic recruitment of DLin-7 to NMJs 4) 3rd instar larvae using anti-Flag antibody. Input control samples
The close association of DLin-7 with DIg at NMJs contrast(lanes 1, 2) and immunoprecipitated protein samples (lanes 3, 4)
with the separate distribution of both proteins in epitheliaVere analyzed by western blotting using antisiig +> Note the

cells. This finding coincides with the differential expression oten”Chmem of the 120 kDa isoform in lane 4.

the DIg-S97 isoform, which is found at NMJs but not in

epithelia (Mendoza et al., 2003). In contrast to DIg-A, which

is expressed in epithelia, DIg-S97 contains an N-terminadf EGFP-SAP97 was found to rescue synaptic localization of
segment with striking homology to a corresponding region ibLin-7 (data not shown).

SAP97/hDlg. We therefore asked, whether the SAP97-type N- We next performed co-immunoprecipitation experiments to
terminus is involved in synaptic recruitment of DLin-7. This evaluate whether DLin-7 and DIg-S97 are physically linked in
hypothesis was tested by rescue experiments, in which wvo. To this end, body wall muscle extracts from Flag-DLin-
monitored the reconstitution of DLin-7 @igX!-2 mutant NMJs 7 expressing larvae were incubated with monoclonal anti-Flag
upon muscle-specific expression of variodig-transgenes antibodies coupled onto Protein-G-Sepharose. Equally treated
(Fig. 8). Expression of a previously describddS-eGFP- extracts fromw1118body walls served as a control. Typically,
digA<construct indlgX-2 mutants (Koh et al., 1999) resulted in western blot analysis on body wall muscle extracts using anti-
poor if any reconstitution of postsynaptic DLin-7, although aDlgepz1-2 antibody (Koh et al., 1999) yields two prominent
considerable amount of EGFP-DIg-A was targeted to NMJ®Ig-specifc immunoreactive bands of ~120 kDa and ~97 kDa
(Fig. 8A-D). In striking contrast, expression of a newly(Fig. 8G, lanes 1 and 2). The ~120 kDa Dlg isoform was
generated UAS-eGFP-Dlg-S97transgene clearly restored selectively precipitated together with Flag-DLin-7, whereas the
DLin-7 localization at NMJs (Fig. 8E-F). Similarly, expressionamount of the 97 kD isoform present in the precipitate did not
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exceed control levels (Fig. 8G, lanes 3 and 4). We have recen iy
demonstrated, that the 120 kDa band largely consists of Dl
S97 and that the 97 kD isoform lacks the SAP97-type N
terminus (Mendoza et al., 2003). Our results thus indicate, th
DLin-7 and DIg-S97 are part of the same protein complexes i
body wall muscles and that their association requires the P
terminal domain of DIg-S97.

pfc-Gald / UAS-eGFP-dig587

Ectopic expression of DIg-S97 in epithelia does not
affect the apical localization of DLin-7

To test whether the presence of DIg-S97 at a distinct membra
compartment is sufficient to recruit DLin-7 we used phe-
Gal4 activator strain to induce ectopic expression ofUl&-
eGFP-dlgS97ransgene in imaginal disc epithelia. EGFP-DIg-
S97 was found along the plasma membrane, clearly enrichi
at lateral regions that most likely correspond to the regions ¢
the septate junctions (Fig. 9A). We did not observe, howeve
any redistribution of endogeneous DLin-7 from the SAR tc
sites enriched for EGFP-DIg-S97 (Fig. 9B,C). This might
simply be explained by a strong competitive influence of Sdi
To test this idea, we usquc-Gald to express Flag-DLin-7
either alone or in combination with EGFP-DIg-S97 (Fig. 9D-
F). In both cases, surplus DLin-7-specific immunofluorescenc
largely accumulated in the cytosol rather than at the SAR (Fi¢
9E), which again suggests that the amount of Sdt is limiting t
the subapical localization of DLin-7 (Fig. 4G-I). Despite the
presence of excess DLin-7, we still did not monitor a co
enrichment with EGFP-DIg-S97 (Fig. 9F). This suggests the
additional, cell-type-specific requirements underlie the Dlg:
S97-dependent recruitment of DLin-7 as observed at the NM
To elaborate on this latter idea, we took advantagelWis-
dlg-S97N-eGFP transgene, which encodes the short,
previously described DIg-S97N isoform [also denoted as CPI
(Lee et al., 2002; Mendoza et al., 2003)] with EGFP fused t idiel” 3

its C-terminus. This fusion protein contains the SAPO7-typ S deadtilasdas ——
N-terminus but lacks all the canonical MAGUK domains.Fig. 9. Ectopic expression of EGFP-DIg-S97 and DIg-S97N-EGFP.
Targeted expression of this transgene in both epithelia or bo(A-I) Confocal sections of wing imaginal disc epithelia expressing
wall muscles resulted in nuclear enrichment of DIg-S97NEGFP-DIg-S97 (A-C), EGFP-DIg-S97 and Flag-DLin-7 (D-F) or
EGFP in either tissue (Fig. 9G,J). As for EGFP-DIg-S97, n®DIg-S97N-EGFP (G-I) under the control jtc-Gal4,co-stained with
redistribution of DLin-7 was detectable in epithelia (Fig. 9H,1).anti-DLin-7 antibodies (B,E,H). Areas flanking thie-expression

In striking contrast, expression of DIg-S97N-EGFP in muscledomain served as an internal control to assess possible effects on the
caused an obvious nuclear enrichment of DLin-7 Cc)mp‘,ﬂrt_}subcellular distribution of DLin-7. Merged images are shown in C, F

- . . - and I. No striking redistribution of DLin-7 was caused by either
with controls (Fig. 9K,L). Notably, EGFP-DIg-A, which aside EGFP-DIg-S97, which was enriched basolaterally (depicted by

from ‘its enrichment at NMJs, also exhibits some nucleay oyheads in C,F), or Dig-S97N-EGFP, which exhibited strong
localization, does not induce a detectable enrichment of DLiryclear localization (G). (J-L) Mislocalization of DLin-7 in nuclei of

7 in muscle nuclei (Fig. 8C,D). muscles 6 and 7 updbal4-C57driven expression of DIg-S97N-
Assuming that a fairly weak interaction between DIg-S97EGFP. Each image represents a stack of 20 optical sections taken at

and DLin-7 accounts for the recruitment of DLin-7 to NMJs,0.5um steps. Nuclear enrichment of DIg-S97N-EGFP (G) was

we would expect that ectopic expression of Sdt in musclegaralleled by partial targeting of DLin-7 to nuclei (H), which was not

could easily affect the synaptic localization of DLin-7. observed iw1118(l). Arrows mark selected nuclei. Bars, 1 (in

This possibility was tested byald-C5zinduced muscle ! for panels A-liin L, for panels J-L).

expression of thdJAS-sdWAGUK transgene. Overexpression

was verified by western blotting (not shown). Sdt-specific _

immunofluorescence did not enrich at NMJs or at any distindpiscussion

sites within muscles but remained diffusely distributed. MosWWe have shown that the single fly homologue of Lin-7 is a

notably, no effect on the synaptic localization of DLin-7 wascomponent of different MAGUK-based protein complexes in

evident (data not shown), implying a robust linkage to Dlg-epithelia and at synaptic junctions. This finding is in line with

S97. We therefore propose that a differentially expressed facttte previously reported association of LIN-7 and mLin-7 with

is required to link both proteins and thus to mediate DIg-S97Aarious membrane specializations in worms or mammals,

dependent recruitment of DLin-7 to NMJs. respectively (Simske et al., 1996; Butz et al., 1998; Jo et al.,
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1999; Perego et al., 2000; Straight et al., 2000). Nonethelesspnitor an interaction between DLin-7 and the N-terminal
our results deviate from these earlier reports in several regardemain of DIg-S97 in yeast, we also noted that this interaction
and thereby imply novel roles for Sdt and DIg-S97. Mosis much weaker compared with those displayed by DLin-7 in
notably, the requirement for either MAGUK to recruit DLin-7 combination with DLin-2 or Sdt. In accordance with recent
to distinct membrane domains was not simply predictable frorhiochemical studies and cell culture assays, which imply the
studies on their homologues in other species. coupling of SAP97 and mLin-7 via MAGUKSs such as mLin-
Palsl, a putative mammalian homologue of Sdt, binds mLin2 or MPP3 (Lee et al., 2002; Karnak et al., 2002), we therefore
7 in vitro (Kamberov et al., 2000). The physiological propose that DIg-S97 and DLin-7 are linked via an
significance of this finding remains unclear since Palsintermediate protein factor. In fact, both the N-terminal domain
localizes to tight junctions of epithelial cells (Roh et al., 2002)pf DIg-S97 and DLin-7 can bind to L27 domains of DLin-2 in
whereas a basolateral localization for mLin-7 was emphasizedtro (Lee et al.,, 2002) (M.T. and U.T., unpublished). The
in several other reports (Perego et al.,, 1999; Straight et apresence of DLin-2 at larval NMJs, however, remains
2000; Straight et al., 2001). In Madin-Darby canine kidneyquestionable. Unfortunately we were not successful in
cells, however, mLin-7 has also been detected at tight junctiomsnploying an antibody against DLin-2 (Ollo and Martin, 1996)
(Irie et al., 1999; Perego et al., 2000). Our results now indicate address this issue in further detail. Third instar larvae that
that the interaction between the fly orthologues of Palsl armte homo- or hemizygous for thBLin-2 mutant allele
mLin-7 is employed in epithelia for the recruitment of DLin- cak¥-307 exhibit normal levels of both DLin7- and DIg-S97-
7 to the Crb-Sdt complex within the SAR. specific immunofluorescence (U.T., unpublished). This allele
The virtual absence of DLin-7 from basolateral plasméhas been characterized as a deletion that removes large portions
membrane compartmentsmosophilaimaginal disc epithelia  of the gene including the region encoding the PDZ-, SH3- and
is in striking contrast to the situation in both mammalsGUK domains of DLin-2 (Ollo and Martin, 1996). Nonetheless
and nematodesDifferences in the expression, subcellularsome residual function might be displayed by a truncated
localization and binding capacity of potential interactionDLin-2%-307 mutant isoform. Thus, our observations strongly
partners may account for this discrepancy. Two types adrgue against, but do not completely rule out, an involvement
evolutionary conserved proteins have been implicated in thef DLin-2 in the recruitment of DLin-7 to NMJs. It should be
basolateral membrane recruitment of LIN-7 and mLin-7: thenoted, however, that DIg-S97, DLin-2 and DLin-7 could
MAGUKSs LIN-2/mLin-2 (CASK) andf-catenin. The latter co-assemble into synaptic protein complexes in the CNS
was found to recruit mLin-7 to cadherin-based epithelialivhere they are found equally enriched within the neuropil
junctions via its C-terminal PDZ-binding motif (Perego et al.,regions (Mendoza et al., 2003; Ollo and Martin, 1996) (this
2000). Although this motiftDTDL) is conserved iiC. elegans  study).
B-catenin, it is aberrant in the fly orthologue, Armadillo In light of recent work, which has revealed complex
(tDTDC). In fact, a direct interaction between DLin-7 andintramolecular interactions displayed by SAP97 (Wu et al.,
Armadillo was not detectable in a yeast two-hybrid assa000; Paarmann et al., 2002), one should also consider the
(A.B., unpublished). Hence it appears unlikely that DLin-7 angossibility that the SAP97-type N-terminus is only accessible
Armadillo exhibit a mode of interaction similar to that of upon binding of tissue- or compartment-specific factors to
their counterparts in mammals. In contrast, DLin-2other domains within DIg-S97. This mode of regulation,
(Caki/CamGUK) and DLin-7 displayed strong interaction inhowever, would not apply to DIg-S97N-EGFP and thus cannot
the yeast two-hybrid assay. Therefore we would expect DLinexplain its inability to induce nuclear targeting of DLin-7 in
2 to compete with Sdt for binding to the L27 domain of DLin-epithelia (Fig. 9H-J).
7 when expressed in epithelia. An epithelial expression of It has been proposed that the targeting of SAP97 to epithelial
DLin-2, however, has not yet been documented and, insteaghembranes depends on mLin-2. This hypothesis was based on
both immunostainings and mRNA analyses revealed thdhe finding that the expression of truncated mLin-2 exerts a
DLin-2 is predominantly expressed in the CNS (Martin anddominant-negative effect on the localization of SAP97 in
Ollo, 1996). cultured epithelial cells (Lee et al., 2002). We would like to
Sdt is not expressed at detectable levels at larval NMJs (A.Btress that this hierarchical mode does not apply to the
and U.T., unpublished) and thus cannot contribute to theespective fly homologues, since DIg-A, which lacks the
postsynaptic enrichment of DLin-7 at these junctions. InsteaBAP97-type N-terminus, is efficiently targeted to epithelial
we could demonstrate that DIg-S97 is required for theseptate junctions and to NMJs (Hough et al., 1997; Thomas et
recruitment of DLin-7 to scaffolding complexes within the al., 2000). Moreover, the recruitment of DIg-S97 by a DLin-7
SSR around type | boutons. Severe mutationdlgncause a  binding MAGUK could hardly explain the DIg-S97-dependent
decrease in the length of the SSR to about 40% [relative tecruitment of DLin-7.
bouton size (Lahey et al., 1994; Koh et al., 1999)]. In Our analyses strongly suggest that the interactions between
immunofluorescence analyses, however, the reduction of boLin-7 and Sdt or DIg-S97 take place within the respective
endogeneous or Flag-tagged DLin-7dégX-2 mutant NMJs  submembraneous target regions. In addition, these interactions
appeared clearly more dramatic, suggesting that impairezbuld play a role during the trafficking of DLin-7. In
recruitment of DLin-7 is not simply due to reduced SSRmammalian neurons mLin-7 was found in a complex with
complexity. This reasoning is supported by our co-mLin-2, mLin-10 and the NMDA-type glutamate receptor
immunoprecipitation experiments that revealed a physicaubunit NR2B on dendritic vesicles, which are transported
linkage between DLin-7 and DIg-S97. This linkage is mostlong microtubules (Setou et al.,, 2000). Likewise, the
likely indirect, as implied by the failure of EGFP-DIg-S97 to subcellular targeting of Dlg-like MAGUKs involves the
recruit cytosolic DLin-7 in epithelia. Although we could association with vesicles and/ or intracellular membrane
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compartments and depends on microtubular transport (EBaude, A., Nusser, Z., Roberts, J. D., Mulvihill, E., Mcllhinney, R. A. and
Husseini et al., 2000; Thomas et al., 2000). Somogyi, P.(1993). The metabotropic glutamate receptor (mGIuR1 alpha)
In vertebrates. mLin-7 isoforms have been detected in axona|is concentrated at perisynaptic membrane of neuronal subpopulations as

" . detected by immunogold reactiddeuronll, 771-787.
and dendritic compartments (Butz et al., 1998; Jo et al., 1999@ellen, H. J. and Budnik, V. (2000). The neuromuscular junction, In

The postsynaptic colocalization of DLin-7 and DIg-S97 is prosophila, a Laboratory Manualed. M. Ashburner, S. Hawley and B.
reminiscent of the association of mLin-7 with PSD-95/SAP90, Sullivan), pp. 175-200. Cold Spring Harbor, NY: Cold Spring Harbor
a prominent Dlg-like MAGUK present in postsynaptic densities Laboratory Press. , _ _

of vertebrate neurons (Jo et al., 1999). Interestingly, a recentRfde" D-» Li. M. and Perrimon, N. (2000). Cooperative regulation of cell
discovered isoform of PSD-95 (PSDR)5exhibits a SAP97- polarity and growth by Drosophila tumor suppress@aence289, 113-

type N'terminus_With Conse_rve_d binding properties (Chetkovicliider, D., Schober, M. and Perrimon, N.(2003). Integrated activity of PDZ
et al., 2002). In light of our findings we speculate that PSE)-95 protein complexes regulates epithelial polamtgt. Cell Biol.5, 53-58.
as opposed to conventional PSD-95, is involved in thd&rand, A. H. and Perrimon, N.(1993). Targeted gene expression as a means

postsynaptic recruitment of mLin-7. SAP97 could also serve of altering cell fates and generating dominant phenoty@selopment 18
; 401-415.

this role, alt,ho_th a physical association of SAP97 and leerutz, S., Okamoto, M. and Sudhof, T. C(1998). A tripartite protein complex

7 at synaptic junctions has not yet been reported. A possiblewith the potential to couple synaptic vesicle exacytosis to cell adhesion in
association of DLin-7 with the presynaptic membrane of brain. (1998)Cell 94, 773-782.

synaptic boutons can hardly be resolved by confocdbtZtiauen B b o e e S or alternaive. Posisynaptic
mlcroscopy .'T‘ the presence Of strong postgynap_tm Density-95 isoforms by disti};ctFr)'nechar?ismsgNeuroscizz, 6415-642)&':. P
immunoreactivity. Targeted expression of Flag-DLin-7 iNgysseini, A. E., Craven, S. E., Chetkovich, D. M., Firestein, B. L.,
motorneurons did not yield considerable immunofluorescence schnell, E., Aoki, C. and Bredt, D. S(2000). Dual palmitoylation of PSD-
signals at NMJs, suggesting that DLin-7 is barely targeted to 95 mediates its vesiculotubular sorting, postsynaptic targeting, and ion
presynaptic nerve terminals (data not shown). It should be channel clusteringl. Cell Biol. 148 159-172.

noted, however, that the relative pre- versus postsynapt arner, C. C., Kindler, S. and Gundelfinger, E. D.(2000a). Molecular

. . . . eterminants of presynaptic active zon@arr. Opin. Neurobial 10, 321-
abundance of a protein does not necessarily reflect its functionaky;. presynap P

impact on either side of the synaptic cleft. For instance, whil&armer, C. C., Nash, J. and Huganir, R. L(2000b). PDZ domains in synapse
Dlg, Scrib and D-VAP-33A are clearly enriched assembly and signaliingrends Cell Biol10, 274-280.
postsynaptically at larval NMJs, genetic rescue and gain_ofsonzalez-Gaitan, M. and Jaeckle, H(1997). Role of Drosophila alpha-
- : T . adaptin in presynaptic vesicle recyclir@@ell 88, 767-776.

functlon EXpe“ments have hlgh“ghted the Importance of th onzalez-Mariscal, L., Betanzos, A. and Avila-Flores, A2000). MAGUK
minor presynaptic component in all three cases (Thomas et al. proteins: structure and role in the tight juncti§emin. Cell Dev. BiolL1,
1997; Roche et al., 2002; Pennetta et al., 2002). 315-324.

The roles of DLin-7 within the SAR and at synapses remaifgramates, L. S. and Budnik, V.(1999). Assembly and maturation of the
elusive. Overexpression of FIag-DLin-? did not result in easily Drosophila larval neuromuscular junction, Meuromuscular Junctions in

. . . Drosophila(ed. L. S. Gramates and V. Budnik), pp. 93-117. San Diego:
detectable phenotypes within epithelia or at NMJs. Our , . . 5o

analyses allow us to p'.'ediCt that DLin-7 .aCtS downstream Qfiarris, B. Z. and Lin, W. A, (2001). Mechanism and role of PDZ domains
Sdt or DIg-S97. Accordingly, loss-of-function allelesDifin- in signaling complex assembly. Cell Sci.114, 3219-3231.
7 are expected to mimic previously described or yet concealéddpng, Y., Stronach, B., Perrimon, N., Jan, L. Y. and Jan, Y. N(2001).

phenotypical aspects ofdt and dlg mutants. The partial Eg?i%fﬂfuit;;ds‘&t;ﬁgi?j é"sit;‘_ecsgmbs to control polarity of epithelia
reduction of DLin-7 as achieved by transgenic expression qjough’ C. D., Woods, D. F., Park, S. and Bryant, P. §1997). Organizing

dSRNA_ had no obvious effect on tl"_e shape of boutons or 0N, functional junctional complex requires specific domains of the Drosophila
epithelial polarity. Current studies in our labs are therefore MAGUK Discs large.Genes Devl1, 3242-3253.
aimed at both the generation of complete loss-of-functiotiie. M., Hata, Y., Deguchi, M., Ide, N., Hirao, K., Yao, I., Nishioka, H.

alleles and monitoring more subtle phenotypes. In accordanceﬂ”d Takal, V. (1999). Isolation and characterization of mammalian
omologues ofCaenorhabditis elegans lin-7localization at cell-cell

Wi'[h. previous studie§ in oth_er .spe.cies, we can expect DLin-7 junctions.Oncogenels, 2811-2817.

to bind at least one ligand via its single PDZ domain. Therebyo, k., Derin, R., Li, M. and Bredt, D. S.(1999). Characterization of

it may help to retain this ligand within the respective MALS/Velis-1,-2, and -3: a family of mammalian Lin-7 homologs enriched
compartment and/or to regulate its endosomal sorting (Kaechat brain synapses in association with the Postsynaptic Density-95/ NMDA

. . ; . receptor postsynaptic complek.Neuroscil9, 4189-4199.
et al., 1998, Perego et al., 1999; Straight et al., 2001, "s"\/"\Vhifield, . W. and Kim, S. K.(1998). The LIN-2/LIN-
Chetkovich et al., 2002).

7/LIN-10 complex mediates basolateral membrane localization of the C.
. o elegans EGF receptor LET-23 in vulval epithelial cellsll 94, 761-771.
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