Research Article 559

Mechanism of recruiting Sec6/8 (exocyst) complex to
the apical junctional complex during polarization of
epithelial cells

Charles Yeaman* ¥, Kent K. Grindstaff and W. James Nelson

Department of Molecular and Cellular Physiology, Beckman Center for Molecular and Genetic Medicine, Stanford University School of Medicine,
Stanford, CA 94305-5345, USA

*Present address: Department of Anatomy and Cell Biology, University of lowa, lowa City, IA 52242, USA
*Author for correspondence (e-mail: charles-yeaman@uiowa.edu)

Accepted 18 September 2003
Journal of Cell Science 117, 559-570 Published by The Company of Biologists 2004
doi:10.1242/jcs.00893

Summary

Sec6/8 (exocyst) complex regulates vesicle delivery and cell-cell contacts can be achieved in fibroblasts when E-
polarized membrane growth in a variety of cells, but cadherin and nectin-2x are co-expressed. These results
mechanisms regulating Sec6/8 localization are unknown. In  support a model in which localized recruitment of Sec6/8
epithelial cells, Sec6/8 complex is recruited to cell-cell complex to the plasma membrane by specific cell-cell
contacts with a mixture of junctional proteins, but then adhesion complexes defines a site for vesicle delivery and
sorts out to the apex of the lateral membrane with polarized membrane growth during development of
components of tight junction and nectin complexes. Sec6/8 epithelial cell polarity.

complex fractionates in a high molecular mass complex

with tight junction proteins and a portion of E-cadherin,

and co-immunoprecipitates with cell surface-labeled E- Key words: Cell polarity, Cell membrane, Intercellular junctions,
cadherin and nectin-2x. Recruitment of Sec6/8 complex to Intracellular membranes, Metabolism

Introduction docking and fusion require specific interactions between
A diversity of cell types undergo polarized growth coupled to/esicle-associated v-SNAREs and plasma membrane-
formation of structurally and functionally distinct membraneassociated t-SNAREs (Rothman and Warren, 1994; Jahn and
domains. For example, immediately following cell division yeasSudhof, 1999). In polarized epithelial cells, different t-
cells start to generate a new daughter cell bud by specifyirgNAREs are concentrated on apical (syntaxin 3) and basal-
delivery, docking and fusion of exocytic transport vesicles to #ateral (syntaxin 4) membrane domains (Low et al., 1996; Li
highly localized site on the plasma membrane (Finger an@t al., 2002), indicating that localization of t-SNAREs to
Novick, 1998); in neurons, one of many membrane extensiorgpecific membrane domains may control sites of polarized
from the cell body continues to grow and differentiate into thenembrane growth. In yeast, however, t-SNAREs (Ssolp,
axon while the remainder differentiate into dendrites (Dotti andso2p, Sec9p) are localized uniformly over the surface of the
Banker, 1987); in epithelial cells, the lateral membrane increas#gother and daughter cell plasma membrane even though
in surface area and length during cellularizatioafsophila  vesicle docking and fusion appears to occur, at least initially,
blastoderm (Lecuit and Wieschaus, 2000), and following cellonly at the tip of the daughter cell bud (Brennwald et al., 1994;
cell adhesion in Madin-Darby canine kidney (MDCK) cells inFinger and Novick, 1998). This observation indicates that
culture (Vega-Salas et al., 1987). Defining mechanisms involveadditional cellular machinery is involved in directing vesicles
in directing anisotropic membrane growth is, therefore, a basio the correct growth site on the plasma membrane. Indeed,
problem in understanding how cells generate polarity. Novick and colleagues identified eight genes that acted very
One important mechanism involves correct sorting andate in the secretory pathway, and showed that loss of function
targeting of exocytic transport vesicles from the Golgi complexr deletion of any one of those genes resulted in accumulation
to the growth site on the plasma membrane. In neurons ad transport vesicles underneath the tip of the plasma
epithelial cells (Craig et al., 1995; Keller and Simons, 1997membrane (Finger and Novick, 1998). The encoded proteins
Winckler and Mellman, 1999; Mostov et al., 2000), andform a large complex, termed the exocyst, which is localized
perhaps in yeast (Bagnat et al., 2001), classes of proteins atethe tip of the daughter bud during early membrane growth
sorted in thérans-Golgi Network (TGN) into distinct transport (TerBush et al., 1996).
vesicles which are then delivered efficiently to the correct The exocyst, also termed the Sec6/8 complex, has been
membrane domain (axon or dendrite, and apical or basdleund in other eukaryotic cells including neurons, polarized
lateral, respectively); the actin and/or microtubule cytoskeletoepithelial cells, exocrine cells and fibroblasts (Hsu et al., 1996;
are involved at this stage (Grindstaff et al., 1998a; Kreitzer gbrindstaff et al., 1998b; Shin et al., 2000; Yeaman et al., 2001).
al., 2000; Stamnes, 2002). Final stages of transport vesicBiochemically, the Sec6/8 complex in neurons and epithelia
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appears to be identical to the yeast exocyst in terms of protelaterials and Methods
components (Hsu et al., 1996; Kee et al., 1997; Grindstaff eintibodies, fluorescent probes and expression vectors
al., 1998b). In these cells, as in yeast, the Sec6/8 complexNguse monoclonal antibodies against Sec6 (9H5 and 10C3) and Sec8
localized specifically at sites of polarized membrane growthi2e9, 2E12, 5C3, 8F12 and 10C2) have been described previously
In neurons, the Sec6/8 complex localizes to the axon, at sit@ssu et al., 1996; Kee et al., 1997). Rabbit polyclonal antibody against
of synapse formation and at the growth cone (Hazuka et akExo70 was provided by Dr Patrick Brennwald (University of North
1999; Vega and Hsu, 2001); in polarized MDCK epithelial%arollna) (Yegman e} al-,_ZOgl)- F_Zablglt polyclonal %n;ledy( azg)amst
cells, the Sec6/8 complex is localized to the lateral membrarige conserved cytoplasmic domain of mouse E-cadherin (E2) was
near the apical junctional complex (Grindstaff et al., 1998pdescribed previously (Hinck et al., 1994). Polyclonal antibodies to
Lipschutz et al, 2000) and this region was recentI)PCdUdin’ Z0O-1, Z0O-2, claudin-1 and claudin-2 were purchased from
demonstrated to be an area of active exocytosis (Kreitzer et %’%e%. Laboraf‘t%r.'ef&,:'gc'\( (So. San Frf“;ggg’ CdA)' P‘?'VC'CORS'
2003); in exocrine cells, the Sec6/8 complex is localized to the tibodies to afadin/AF-6 (Yamamoto et al., ) and ponsin (CAP)
A . ’ . ibon et al., 1998) were purchased from Sigma (St. Louis, MO) and
apical surface, which undergoes rapid membrane growth Upgfhstate Biotechnology (Lake Placid, NY), respectively. Mouse anti-
release of zymogen granules (Shin et al., 2000). HA antibody was from Covance Research Products, Inc. (Denver,
Mammalian Sec6/8 complex, like its yeast counterpart, i®a). Rabbit polyclonal and rat monoclonal antibodies to nectin-1
important for specifying exocytic sites leading to localizedand nectin-& (Takahashi et al., 1999) and the cDNA of mouse nectin-
membrane growth. Addition of function-blocking antibodies to2a were generously provided by Dr Y. Takai (Osaka University,
Sec6/8 complex in polarized MDCK cells inhibited plasmaJapan). FITC-goat anti-mouse, FITC-goat anti-rat, Texas Red-donkey
membrane delivery of vesicles containing a basal—laterg#“t"fgouie anld Texas Red'dﬁnl_keg ?{/‘&'-ra?t |QGP)/\V)ere purchased
membrane protein, but not those containing an apicdl®m Jackson Immunoresearch Labs (West Grove, PA).
membrane protein (Grindstaff et al., 1998b); functional 1he expression vector pcDNA3.IKgZHA was constructed by
mutants of the small GTPase RalA, which binds Sec§ucloning an insert encoding theKigignal peptide and 2XHA
(Moskalenko et al., 2002; Sugihara et al., 2002), disruptegpItOpe Into pcDNAS.1. To construct HA-tagged nectin-2DNA

Sec6/8 function in MDCK ceI_Is and caused mis-sorting o %%%?'ggp?;eusaidngghﬁzgzls subcloned downstream of thelg
basal-lateral membrane proteins (Moskalenko et al., 2002).

Expression of mutant Sec8 or Sec10 subunits blocked neurite

outgrowth in PC12 cells (Vega and Hsu, 2001), and expressid#ell culture methodology

of mutant Exo70 blocked insulin-dependent GLUT-4Madin-Darby canine kidney (MDCK) clone Il cells were maintained
translocation to the plasma membrane of adipocytes (Inoue 8t Dulbecco’s modified Eagle’s medium (DMEM) containing 1 g/l
al., 2003). That Sec6/8-dependent targeting of exocytigodium bicarbonate (~12 mM, ‘lo bicarb’ medium), and supplemented

vesicles is an essential process is supported by the finding thgth 10% fetal bovine serum (FBS), penicillin, streptomycin and
a fortuitous knockout of the Sec8 gene in mouse was ear namycin as previously described (Nelson and Veshnock, 1987). In
embryonic lethal (Friedrich et al., 1997) ome experiments, cells were grown in 3.7 g/l sodium bicarbonate

AR tant tion is how th tosolic Sec6/8 | ~45 mM, ‘hi bicarb’ medium), although under these culture
n important guestion 1S how e Cylosolic sec COMPI€R onditions  cells appear unhealthy, contain numerous internal

is recruited to specific sites on the plasma membrane thal. gles, grow as tightly focused clusters of cells that fail to form
deflng Whe_re cha_hzed_ membrane growth occurs. In yeastonfiuent monolayers, and after several passages stop dividing. We
genetic epistasis identified Sec3p as the most membrangste that the concentration of bicarbonate in blood is ~20-30 mM,
proximal exocyst subunit, but the mechanisms by which thigepending on whether it is venous or arterial.

cytosolic protein becomes associated with plasma membraneConfluent monolayers of ‘contact-naive’ MDCK cells were
have not been identified (Finger et al., 1998). More recently, @enerated by passaging cells at low densityl@® cells/150 mm

was suggested that recruitment of Sec3p to presumptive bgimeter dish) on two consecutive days. Following trypsinization,
sites is regulated by Rho family GTPases (Guo et al., 200¢ells were cent_rn‘uged at 10(%])f0r 5 minutes and resuspended in
Zhang et al., 2001). A mammalian homologue of Sec3p hdiMEM containing 5uM Ca* (LCM), supplemented with 10%
been described, but sequence analysis reveals that it ladb@lyzed FBS. Cells were plated in LCM at low density &

- . ; ; . €lls/35 mm dish) on collagen-coated coverslips or high density
the domain responsible for interacting with Rho GTPase > 8x10F cells/well) on 12 mm Transwell™ 0.45m polycarbonate

(Brymora et al, 2001; Matern et al., 2001). In contrastfyiers (Costar Corp., Cambridge, MA) for immunofluorescent
mammalian Exo70 was recently shown to interact with a closgaining, or at confluent density (&7 cells/150 mm dish) for
relative of Cdc42, TC10, raising the possibility that thispiochemical studies. Cell-cell contacts were synchronously induced
interaction is involved in recruiting Sec6/8 complex to plasmay replacing LCM with DMEM (1.8 mM C&) for the times indicated
membrane (Inoue et al., 2003). Other clues are provided the figures. For latrunculin B treatment, fully polarized monolayers
from the analysis of Sec6/8 complex distribution in MDCK were treated with 1M latrunculin B for 1 hour at 37°C prior to
epithelial cells. In the absence of cell-cell adhesion, the Secefi@munofluorescent staining.

complex comprises a cytosolic ~17S particle, but upon MDCK cells were transfected with pcDNAS.1-IgK-2HA-nectin-
cadherin-mediated cell-cell adhesion it rapidly appears 0, using the calcium phosphate method (Ausubel et al., 1987). G418

contacting plasma membranes and eventually localizes near t‘r’?g.is.tam (50(ug/mi) colonies were isolated using cloning rings, and
ndividual clones were expanded and screened by immunofluorescent

gplfpal Juhnctlonalbcomplex (GT'”d.Staff ?t ﬁl"slggglg)' Herel, Wéstaining and western blotting using anti-HA antibody. Mouse L cells
efine the membrane organization of the Sec complex lQably transfected with a full-length mouse E-cadherin cDNA under

polarized epithelial cells, identify membrane proteins withihe control of a dexamethasone inducible promoter (LE cells) were
which it associates, and establish that Sec6/8 is recruited ¢itured in DMEM supplemented with 5% fetal bovine serum, 300

cell-cell contacts by complementation of Sec6/8 binding sitegig/ml G418, penicillin, streptomycin and kanamycin as described
in non-adherent fibroblasts. previously (Angres et al., 1996). E-cadherin expression was induced
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in LE cells by culturing the cells in the presence oful pl of this lysate was applied to a Superose 6 HR 10/30 column and
dexamethasone (LE+Dex) for ~18 hours; E-cadherin expression feactionated as described previously (Stewart and Nelson, 1997).
induced more than 100-fold under these conditions (Angres et aFractions 6-28 were separated by SDS-PAGE and proteins were
1996). Transient transfection of LE cells was achieved using thelectrophoretically transferred to Immobilon P membranes for
calcium phosphate precipitation method (Ausubel et al., 1987), witmmunoblotting with specific antibodies.
15 pg of pcDNA3.1-IgK-2HA-nectin-g2, 48 hours prior to
dexamethasone induction of E-cadherin expression.
Cell extraction and immunoprecipitation
o Cells were rinsed>8in Ringer’s saline and solubilized in CSK buffer
Immunofluorescent staining for 30 minutes at 4°C on a rocking platform. For analysis of Triton-
Cells were fixed in 4% paraformaldehyde for 30 minutes, before asoluble vs. Triton-insoluble Sec8 (Fig. 3), cells were scraped from the
after extraction at 0°C for 10 minutes with 1% Triton X-100 in bufferfilter with a rubber policeman and sedimented in a microfuge for 10
containing 10 mM Pipes, pH 6.8, 50 mM NacCl, 300 mM sucrose, 3inutes. The soluble supernatant was collected. The cell pellet was
mM MgClp, 0.1 mg/ml RNase, 0.1 mg/ml DNase and proteasdriturated in 10Qul SDS-PAGE sample buffer and incubated at 100°C
inhibitors (1 mM pefabloc, and 1g/ml each of aprotinin, antipain, for 10 minutes. For immunoprecipitation analysis, CSK extracts were
leupeptin, pepstatin A) (CSK buffer). Monoclonal Sec6 (mAb 9H5)precleared with ful of preimmune serum and %0 Staphylococcus
or Sec8 (mAb 2E9) antibodies (as hybridoma supernatants dilutealireuscells (Pansorbin; Calbiochem Novabiochem, La Jolla, CA) for
1:5), monoclonal HA (mAb 16B12) antibody (as ascites fluid dilutedl hour at 4°C. For Sec8 immunoprecipitation, mAbs 2E12, 5C3 and
1:1000), polyclonal antibodies to E-cadherin (1:25), ZO-1 (1:300)10C2 were covalently cross-linked to protein A Sepharose beads
afadin (1:250), or rat monoclonal anti-nectim-@:100) were diluted (Pharmacia LKB Nuclear, Gaithersburg, MD) with dimethyl
in blocking buffer [Ringer’s saline (154 mM NacCl, 1.8 mM2Ga7.2 pimelimidate (DMP), and 2@l of immunoadsorbant was used per
mM KCI, 10 mM Hepes, pH 7.4)] containing 0.2% BSA, 0.5% normalimmunoprecipitation. Immunoprecipitation of E-cadherin, Exo70,
goat serum and 0.5% normal donkey serum) and applied to cells f@O-1, ZO-2, occludin, claudin-1 and claudin-2 was performed with
2 hours at 4°C. After five washes in blocking buffer, fluoresceirspecific rabbit polyclonal antibodies [fg per sample) pre-bound to
(FITC)- and Texas Red-conjugated secondary antibodies, dilutegrotein A Sepharose beads. Immunoadsorbants were incubated with
1:200, were applied for 1 hour at 4°C. Coverslips and filters werpre-cleared cell extracts for 2 hours at 4°C, then washed under
washed five times and mounted in VectaShield (Vector Laboratoriestringent conditions and prepared for SDS-PAGE as described
Burlingame, CA). Samples were viewed with either a Nikonpreviously (Pasdar and Nelson, 1988).
Microphot-FX microscope (68or 100x objectives) or a Molecular
Dynamics MultiProbe 2010 confocal laser-scanning microscope (63 o ) ] o
objective) using a krypton/argon laser with 488 nm (FITC, GFP) anéell surface biotinylation and chemical cross-linking
568 nm (Texas Red) laser lines, as noted in figure legends. DigitMDCK cells were biotinylated as previously described (Le Bivic et
images were obtained using a Kodak DCS 760 digital camera withal., 1990). Briefly, cells cultured on 24 mm Transwell™ O4B
Nikon Microphot-FX microscope. In order to quantify distributions polycarbonate filters were rinsed three times with Ringer’s saline. For
of Sec6, E-cadherin and ZO-1 on the lateral plasma membrane, seraperiments involving avidin precipitation, Sulfo-NHS-SS-Biotin
0.4 um optical sections were collected from five different fields, andPierce, Rockford IL) (0.5 mg/ml in Ringer’s saline) was applied to
pixel intensities in red (E-cadherin or ZO-1) and green (Sec6poth apical and basal-lateral surfaces (0.5 ml apical/l ml basal-lateral)
channels were quantified using Image Space software (version 3.04)d the cells were incubated twice for 20 minutes each at 4°C with
from Molecular Dynamics. gentle rocking. For experiments involving Sec8 immunoprecipitation
and avidin western blotting (Fig. 6B), Sulfo-NHS-LC-LC-Biotin
) o ) (Pierce) was used. The biotinylation reaction was quenched by
Cell fractionation in iodixanol gradients washing cells in five changes of TBS (120 mM NaCl, 10 mM Tris,
Cells were homogenized in isotonic sucrose buffer (0.25 M sucrogeH 7.4) containing 50 mM NiCI and 0.2% BSA (quenching buffer)
in 20 mM Hepes-KOH, pH 7.2, 90 mM potassium acetate, 2 mMat 4°C.
magnesium acetate, and protease inhibitors) by repeated passag€ells were chemically cross-linked as previously described (Hinck
through a ball-bearing homogenizer (Varian Physics, Stanforét al., 1994). Following biotinylation, cells were washed three times
University). Separation of different membrane compartments wawith Ringer's saline. 20Qug/ml dithiobis(succinimidylpropionate)
achieved by centrifugation in three-step 10-20-30% (wt/vol) iodixano(DSP) (Pierce Chemical Co., Rockford, IL), diluted in Ringer’s saline,
gradients (Yeaman et al., 2001; Yeaman, 2003). Briefly, one-third offas added to the apical (1 ml) and basal-lateral (1 ml) compartment
the post-nuclear supernatant was mixed with Opti-Prep (60% (wt/vobf the filter, and the cells were incubated for 20 minutes at room
iodixanol, Nycomed, Oslo, Norway) and homogenization buffer totemperature on a rocking platform. DSP was prepared as<asfdik
generate solutions containing 10, 20 or 30% iodixanol. Equal volumda DMSO and diluted immediately before use. Cultures were washed
of these three solutions were layered in centrifuge tubes and sampfag times with quenching buffer at 4°C. Cells were lysed for 1 hour
were centrifuged at 353,0@0or 3 hours at 4°C in a Beckman Vti65 in 1 ml/ffilter CSK buffer. Lysates were centrifuged at 15,@6r 10
rotor. Fractions (0.5 ml) were collected, refractive indices were readninutes, and supernatant fractions were transferred to clean tubes. 50
and proteins were separated by SDS-PAGE. Proteins were transferngldof lysate was removed and mixed with SDS-PAGE sample buffer
from gels to Immobilon P membranes for immunoblotting asfor quantitation of total protein expression. The remaining lysate (950
described below. pl) was combined with 5@ avidin-agarose (Pierce) or 20 Sec8
immunoadsorbant, incubated for 2 hours at 4°C on a tube rotator, then
) washed under stringent conditions and prepared for SDS-PAGE as
Superose 6 FPLC analysis described previously (Pasdar and Nelson, 1988).
Confluent monolayers of MDCK cells were extracted for 10 minutes
at 4°C in Tris-saline buffer containing 0.5% (v/v) NP-40 and protease ) ) )
inhibitors (1 mM PMSF and 1Qg/ml each of pepstatin A, leupeptin Gel electrophoresis and immunoblotting
and antipain). Cell lysates were centrifuged at 15,§0fbr 10 Protein samples were incubated in SDS sample buffer for 10 minutes
minutes. The supernatant fraction was centrifuged at 100,830 at 100°C before separation in 7.5% or 14% SDS polyacrylamide gels
minutes and passed through a Q.22 syringe filter (Millipore). 200  (Laemmli, 1970). Proteins were electrophoretically transferred from
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gels to Immobilon PVDF membrane (Millipore Corp., Bedford, MA). focused near the apical junctions (Figs 1, 2) and is much more
Blots were blocked in Blotto [5% nonfat dry milk, 0.1% sodium azideresistant to detergent extraction (Fig. 3). Although the
in 150 mM NaCl, 10 mM Tris-HCI, pH 7.5 (TBS)] overnight at 4°C. mechanism underlying this effect is not known, it is interesting
Primary antibodies were incubated with blots at room temperature fgf note that changes in cytoplasmic pH have been shown to
1 hour. After five washes, of 10 minutes each, in TBS containing 0.1%%ect the localization of other organelles (Heuser, 1989). In

Tween 20, the blots were incubated whith-labeled goat anti-mouse . . . .
or goat anti-rabbit secondary antibody (ICN, Costa Mesa, CA) for foncluslon, W.h"e Sec6/8 complex Iocallzgs rapidly to E-
herin—mediated cell-cell contacts with many other

hour at room temperature. Blots were washed as above and expo . o . . .
for autoradiography. The amount of labeled protein was determinddNctional components, it is spatially sorted with proteins of

directly using a Phosphorimager (Model 820, Molecular Dynamicsthe apical junctional complex into an apical aspect of the lateral
Sunnyvale, CA) and ImageQuant software (version 1.2, Moleculamembrane.
Dynamics, Sunnyvale, CA).

Co-fractionation of membrane junctional adhesion

Results complexes and Sec6/8 complex after cell-cell adhesion
Spatial sorting of Sec6/8 complex during assembly of Association of Sec6/8 complex with, and sorting from different
epithelial cell-cell junctions junctional complexes following cell-cell adhesion was

The subcellular distribution of Sec6/8 complex was comparedxamined by separating different plasma membrane domains
by immunofluorescence microscopy to those of tight junctiorthrough linear 10-30% Opti-Prep gradients. These gradients
(Z0-1), nectin complex (nectin, afadin), and cadherin complexesolve distinct membrane fractions containing intercellular
(E-cadherin) proteins during assembly of epithelial junctionajunctions § ~1.16 g/ml), non-junction-associated basal-lateral
complexes at different times after synchronous induction ofmembranesd ~1.10 g/ml) and apical membranegs 1.07
cell-cell adhesion. Previous studies have shown that differegfml); cytosolic proteins are recovered in higher density
adhesion complexes are initially mixed upon cell contact, buractions § ~1.22 g/ml) (Yeaman, 2003). MDCK cells were
then gradually sort out into the correct spatial order (Van Itallidhomogenized 6 or 48 hours after induction of cell-cell
et al., 1995; Ando-Akatsuka et al., 1999; Suzuki et al., 2002adhesion, and homogenates were fractionated in Opti-Prep
Immediately after initiation of cell-cell adhesion (t=0 hour), gradients. Distributions of Sec8 and junction-associated
Sec6 was co-distributed with ZO-1 and E-cadherin withirproteins (ZO-1, ZO-2, afadin, claudin-1, claudin-2, occludin,
newly formed intercellular contacts and, close to contacts, iB-cadherin, nectind and nectin-2) were determined by
detergent-insoluble cytosolic puncta that contained ZO-1 bi8DS-PAGE and western blotting (Fig. 4).
not E-cadherin. After 1 hour, Sec6 was concentrated within After 6 hours contact, approximately half of Sec8 had been
the apical portion of the lateral membrane, similar to theecruited from the cytosol to membranes, in agreement with
distribution of ZO-1, but only partially overlapped that of E- previous results (Grindstaff et al., 1998b); note that other
cadherin, which also localized to the rest of the forming lateradubunits of the Sec6/8 complex (Sec5, Sec6, Exo70) co-
membrane (Fig. 1A). Differences between Sec6 and Hractionate with Sec8 and, therefore, the distribution of Sec8
cadherin distributions were even more evident at 3 hours, amqmtobably reflects the fractionation behavior of the holocomplex
at all other times, as Sec6 and ZO-1 distributions were confined these gradients (data not shown). At this early stage of
to a region near the top of the lateral membrane. Quantificatiqrolarity development, as spatial sorting of Sec6/8 complex is
of pixel intensities at 24 hours show that the bulk of Sec6 isccurring (see Figs 1, 2), 80% of membrane-bound Sec8 was
confined to an apical region of the lateral plasma membrarrecovered in a peak at 1.16 g/ml and 20% in a peak at 1.10
(sections 4-9), corresponding roughly to the upper ~1/3 of thg/ml. Three proteins that are associated with the cytoplasmic
E-cadherin-positive plasma membrane (Fig. 1C). At this timéace of junctions (ZO-1, ZO-2 and afadin) were also enriched
point, a subtle difference in the distributions of Sec6 andvithin the Sec8 peak at 1.16 g/ml (Fig. 4). E-cadherin was
Z0O-1 could be discerned (Fig. 1B,C), but higher resolutiorpartially recovered in this fraction, but was also distributed
analysis by immuno-EM were thwarted as available Sec6 artiroughout regions of lower density that contained only minor
Sec8 monoclonal antibodies were not reactive followingamounts of Sec8. In contrast, nectim-2n adhesion molecule
glutaraldehyde fixation. Nectine2and afadin also co-localized enriched at zonula adherens (Takahashi et al., 1999), was
with Sec6 at sites of early cell-cell adhesion (Fig. 2). Irrecovered exclusively in a membrane peak at 1.16 g/ml, and
polarized cells, Sec6 co-localized with afadin within the apicathus co-fractionated with its binding protein, afadin, and with
junctional complex at the apex of the lateral membrane (Figsec8 (Fig. 4). Most of the occludin, and claudins-1 and -2 were
2). recovered in two membrane fractions with peak densities of
Our observation that Sec6/8 complex is confined to an apicatl.12 g/ml, which contained only minor amounts of ZO-1, ZO-
region of the lateral membrane (Figs 1, 2) (Grindstaff et al2 and Sec8, and ~1.07 g/ml, which did not contain these
1998b) is different from the diffusely lateral membraneproteins; at this time, neither occludin nor claudins were
distribution reported recently by others (Kreitzer et al., 2003)recovered in the 1.16 g/ml peak that contained most of the
Likely sources for this discrepancy are different cell culturenembrane-bound Sec6/8 complex, ZO-1 and ZO-2. Therefore,
conditions. In cells grown in medium containing 3.7 g/l sodiunit is unlikely that either membrane recruitment or spatial
bicarbonate (‘hi bicarb’), as in the work of Kreitzer et al.,sorting of the Sec6/8 complex to intercellular junctions
Sec6/8 complex has a diffusely lateral distribution and isnvolves interactions with transmembrane proteins of epithelial
largely extracted in buffer containing non-ionic detergent (Figtight junctions.
3). In contrast, in cells cultured in medium containing 1 g/l Forty-eight hours after induction of cell-cell adhesion, ~80%
sodium bicarbonate (‘lo bicarb’) Sec6/8 complex is tightlyof Sec8 co-fractionated with ZO-1, ZO-2 and nectinii the
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E-cadherin  Sec6 Merge ZO-1 Sec6 Merge
A o " h r] . %, b
0 hr 0 hr
1hr 1hr
i 3 hr 3hr

8 24 hr

24 hr
Fig. 1.Sec6/8 complex becomes restricted to apical junctional Average Pixel Intensity
complex during development of cell polarity. Contact-naive MDCK 0 5 10 15 20 25
cells were seeded at confluent density on collagen-coated filters, n=
allowed to attach in low calcium medium for 3 hours, and then b gg‘f?
switched to high calcium medium for 0, 1, 3, 6, 12, or 24 hours. At 3 E-Cadherin
each time point, cultures were fixed with 4% paraformaldehyde and
extracted with buffer containing 1% Triton X-100. (A,B) Sec6 5 —
distribution was compared to that of either E-cadherin (A) or ZO-1 7
(B). Anti-Sec6 monoclonal antibody (9H5) was visualized with c :
FITC-labeled goat anti-mouse antibody. Rabbit polyclonal antibodies2 9 =
to E-cadherin and ZO-1 were visualized with Texas Red-labeled 3 =
donkey anti-rabbit antibody. Confocal images in the upper panels M=
were acquired along they axis (en face view) of the cell monolayer. 132
Thex-zviews, in the lower panels, were constructed by averaging |I=
sections over a line at eazposition in 0.2um steps. Scale bar: 10 1‘.:'
pum. (C) Relative pixel intensities of Sec6, E-cadherin and ZO-1 17E
fluorescence at each optical section (1=apical, 19=basal) were E
averaged from five independently scanned fields. 1B
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Detergent extracts of MDCK cells were fractionated by
Superose 6 FPLC and elution patterns of different proteins
determined by western blotting. E-cadherin was eluted as a
single peak at fraction 14, corresponding to a protein complex
of apparent molecular size ~%#¥ Da based on the elution

of globular protein standards (Fig. 5) (see also Stewart and
Nelson, 1997). The elution of Sec8 overlapped that of E-
cadherin with a peak at fraction 13. This corresponds to a
(globular) protein complex of >2000 kDa, which is much larger
than the isolated Sec6/8 complex, which has an apparent native
molecular mass of 650-700 kDa (Hsu et al., 1996). Afadin, ZO-
1, ZO-2 and ponsin were also in this region, although their
peaks were offset by a fraction or two from that of Secs8,
indicating that the bulk of these proteins were in smaller
complexes than the bulk of Sec8 (Fig. 5A). Nectinas
eluted predominantly in fractions 18 and 22 in peaks that were
different from those of ponsin and afadin, probably because it
dissociated from afadin/ponsin complexes under our extraction
and/or fractionation conditions.

To determine whether a complex containing E-cadherin and
Sec8 was present in MDCK cells, each Superose 6 column
fraction in this region was immunoprecipitated with anti-E-
cadherin antibodies followed by western blotting for Sec8. In
g X~y cell extracts prepared either 3.5 hours or 3 days following
induction of cadherin-mediated adhesion, Sec8 co-precipitated
with E-cadherin, and the peak of the Sec8/E-cadherin complex

Secb Nectin2a Merg

-~ e
A i -

X-Z

Fig. 2. Sec6 co-localizes with components of the nectin complex in
early cell-cell contacts and polarized MDCK cells. (Top

panels) Low-density cultures of MDCK cells were allowed to form
calcium-dependent cell-cell contacts for 1 hour, and then fixed with
2% paraformaldehyde before extraction with 1% Triton X-100. Sec6
distribution was compared to that of afadin or nectin{Bottom

panel) Confluent MDCK cultures on polycarbonate filters were fixed
and extracted 24 hours after induction of calcium-dependent cell-ce
adhesion. Sec6 distribution was compared to that of afadin. Anti-
Sec6 monoclonal antibody (9H5) was visualized with FITC-labeled
goat anti-mouse antibody (in the afadin panels) or with Texas Red-

labeled donkey anti-mouse antibody (in the nectin panel). Rabbit S P S P s p

polyclonal antibody to afadin was visualized with Texas Red-labeled .

donkey anti-rabbit antibody, and rat monoclonal antibody to nectin- S ——— w0 bicarb

2a was visualized with FITC-labeled goat anti-rat antibody.

gonfocal images were obtained as described in Fig. 1 legend. Scale o= — == — === __ hibicarb
ar: 10um.

Fig. 3. Effect of sodium bicarbonate concentration on Sec6/8

. complex distribution. Confluent MDCK cultures on polycarbonate
1.16 g/ml membrane peak (Fig. 4). Forty percent of E-cadhefigiiars were grown in DMEM containing either 1 g/l (‘lo bicarb’) or

was also present in this membrane fraction, but the majoritz 7 g1 (hj bicarb’) sodium bicarbonate for 48 hours. (Top) Cultures
(60%) was still associated with membranes of lower densityyere fixed with 4% paraformaldehyde before extraction with buffer
Significantly, occludin was now largely recovered in thecontaining 1% Triton X-100. Anti-Sec6 monoclonal antibody (9H5)
membrane peak at 1.16 g/ml together with ZO-1/-2. Thereforevas visualized with FITC-labeled goat anti-mouse antibody.
assembly of tight junctions, as defined by isopycnic gradierConfocal images were obtained as described in Fig. 1 legend. Scale
centrifugation, occurs after the recruitment and spatial sortinbar: Sum. (Bottom) Triplicate filters of cells grown in hi or lo
of Sec6/8 complex. bicarbonate were extracted successively in Triton X-100 and SDS, as
described in Materials and Methods. Sec8 in Triton-soluble (‘s’) and
Triton-insoluble (‘p’) fractions was quantified by SDS-PAGE and
Fractionation of junctional proteins associated with western blotting. Pro_tein levels were quantified using a_MoIeg:uIar
Sec6/8 complex Dynamics Phosphorimager. In 1 g/l bicarbonate, Sec8 is enriched at
: . L the apical junction (Fig. 1) and is only partially (~30%) soluble in
We sought evidence for direct association between Sec6riton X-100. In 3.7 g/l bicarbonate, Sec8 is diffusely distributed
complex and different junctional membrane complexes usinalong the lateral and basal membranes and is almost entirely (~90%)
a cell fractionation and co-immunoprecipitation strategysoluble in Triton X-100.
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Fig. 4. Fractionation of MDCK cells in iodixanol gradients. MDCK cells were homogenized either 6 hours or 48 hours after induction of
calcium-dependent cell-cell adhesion. Post-nuclear supernatants were mixed with 10%, 20% and 30% (w/v) iodixanol, layesethstep-
centrifuge tubes and centrifuged at 350,§36r 3 hours. The presence of Sec8, ZO-1, ZO-2, afadin, occludin, claudin-1, claudin-2, E-
cadherin, nectin-d and nectin-& in gradient fractions was assayed by SDS-PAGE followed by immunoblotting with specific antibodies.
Protein levels were quantified using a Molecular Dynamics Phosphorimager. Densities of each fraction were calculated iftgr measu
refractive indices with a refractometer, and are plotted as dotted lines on each graph with values (in g/ml) indicateakisn the

was present in fraction 13, as was Sec8 but it was higher th&B), indicating that the fraction of ZO-2 that is associated with
that of the major cadherin-containing complex (fraction 14)Sec6/8 complex is distinct from that associated with these tight
(Fig. 5B). Note that our previous studies showed that cadherjunction membrane proteins. Immunofluorescent staining of
is in a stoichiometric complex with- and 3-catenin in these cells after latrunculin B treatment supports this interpretation.
fractions (Stewart and Nelson, 1997). Our results show th&this treatment disrupts the actin cytoskeleton and causes
there is more than one cadherin complex within the single peglinctional complexes to dissociate. For a short period of time
of E-cadherin, and that Sec8 is associated with a largafter latrunculin treatment, remnants of broken junctions
cadherin-containing protein complex. We hypothesize that eemained at the plasma membrane. Immunofluorescent
subset of junctional adhesion complexes (e.g., those found staining shows that ZO-2 localized to punctate structures, and
fractions 12-13) contains the Sec6/8 complex. that Sec6 co-localized with ZO-2 within a subset of these
Z0-1 has an elution profile that overlaps that of Sec8, budtructures (Fig. 6C). Therefore, we conclude that ZO-2 is
we failed to co-immunoprecipitate Sec8 with ZO-1 from FPLCassociated with more than one type of structure on the lateral
fractions (data not shown) or whole cell extracts (Fig. 6A). Irplasma membrane, and that a subset of these structures
contrast, Sec8 co-precipitated with ZO-2 from lysates otontains the Sec6/8 complex.
polarized MDCK cells but much less was associated with ZO-
2 in lysates from contact-naive cells (Fig. 6A). The amount of . ] ) )
Sec8 co-precipitating with ZO-2 and the Exo70 subunit, whictsolation of junctional membrane proteins bound to
exists in a stoichiometric complex with Sec8, was similar (Ke&€c6/8 complex
etal., 1997; Hsu et al., 1998). Immunoprecipitation of claudinAs an alternative method to determine whether Sec6/8 complex
1, claudin-2 or occludin from MDCK cell lysates showed thatis bound to transmembrane proteins, cells were biotinylated
some ZO-2 was recovered in association with each of thesad extracted, either directly or after cross-linking with DSP,
proteins, but Sec8 was not detected in these complexes (Fand precipitated with avidin-agarose beads. Approximately



566  Journal of Cell Science 117 (4)

A. A.

""" Sec8 Contact-Naive Polarized
~—e-- E-cadherin —
T Afadin --n.. £;2% —ﬂ - <—Sec8
Pl 20'1 - . : - t
'ﬂa : 20_2 Total SecB Exo70 Z0-1 Z0-2 Occl Total Sec8 Exo70 Z0-1 Z0-2 Occl
oy e —-_— POﬂSiI’I Immunoprecipitate Immunoprecipitate
s ; Nectin-2o B

Immunoprecipitation:

B —r 3.5hr ; & SecB  Occludin Claudin-1 Claudin-2
. iy E-cad i.p. -> Sec8 Blot g
) 3 day } P 2 p s P s p s p s Biot:
Sec8 (-=-)
810 E-cadherin (--) - —  — = secs
5 :
E 51 - - — - == Claudin-1
£ .
= — — -— e Claudin-2
— '
6 14 29 — == & Occludin
—_— — T — " — — 7 (-2

Fig. 5. Fractionation of junctional proteins associated with Sec6/8
complex. (A) Detergent extracts of polarized MDCK cells were
fractionated by Superose 6 FPLC as described in Materials and c Fig. 6. Sec8 associates with a
Methods. Fractions 6-28 were divided into equal aliquots, separatec % = fraction of ZO-2. (A) MDCK
by SDS-PAGE, and transferred to Immobilon P membranes. cells were extracted in 1%
Membranes were probed with antibodies to Sec8, E-cadherin, afadi Triton X-100 either 0 hours
Z0O-1, ZO-2, ponsin or nectinek Protein levels were quantified (contact-naive) or 48 hours
using a Molecular Dynamics Phosphorimager. The elution profiles o (polarized) after inducing
Sec6 and E-cadherin are shown in B. The elution peaks of globular calcium-dependent cell-cell
protein standards with known relative molecular masses were also adhesion. Extracts were
determined: thyroglobulinyl;,=669,000 (fraction 16); apoferritin, subjected to

Mr=443,000 (fraction 19); cataladé;=232,000 (fraction 22); bovine SeC6 immunoprecipitation with

serum albuminivi;=66,000 (fraction 24). (B) Coimmunoprecipitation specific antibodies to Sec8,

of Sec8 with E-cadherin adhesion complex. MDCK cells were 20'2 Exo70, ZO-1, ZO-2 or occludin.
extracted either 3.5 hours or 3 days after induction of calcium- The presence of Sec8 in
dependent cell-cell adhesion and extracts were fractionated by precipitated immune complexes was assessed by SDS-PAGE
Superose 6 FPLC. Each fraction (10-19) was subjected to followed by immunoblotting with Sec8 antibodies. (B) MDCK cells
immunoprecipitation with anti-E-cadherin E2 antiserum. were homogenized 48 hours after induction of calcium-dependent

Immunoprecipitated material was eluted in SDS-PAGE sample buffecell-cell adhesion and junction-enriched membrane fractions were
and the presence of Sec8 in each fraction was assayed by SDS-PAGElated by isopycnic density gradient centrifugation as described in
followed by immunoblotting. Protein levels were quantified using a Fig. 2. Membranes were extracted in 1% Triton X-100 and subjected
Molecular Dynamics Phosphorimager. to immunoprecipitation with antibodies specific for Sec8, occludin,

claudin-1 or claudin-2. The presence of each of these proteins and of

Z0-2 in precipitated immune complexes was assessed by SDS-PAGE
20% of total Sec8 was covalently cross-linked tofollowed by immunoblotting with specific antibodies. (C) Polarized
transmembrane protein(s) and recovered in avidin—agaro%t?ﬁé lj#'\“ér?sr()l”h%ﬂi’ctig)ﬁ?ii;fwﬁgszgegea:;efgﬁja‘l’é'%de
ﬁgicelpg? tt?lse (SF Iegc.87t'?‘ gur:t:it?oe ;)\;icg;rqy;zt;?gszteb%%zs gr%ltti?%qgfore extraction with buffer containing 1% Triton X-100. Anti-Sec6

; monoclonal antibody (9H5) was visualized with FITC-labeled goat

DSP. (_:ross-lin_king step was omitted ?5% of Sec8 was CO3nti-mouse antibody and anti-ZO-2 polyclonal antibody was
precipitated with transmembrane proteins.

. . " . . visualized with Texas Red-labeled donkey anti-rabbit antibody.
To identify biotinylated, membrane-spanning protein(s) to

which Sec6/8 complex was bound, extracts of biotinylated cells

were immunoprecipitated with anti-Sec8 antibodies anaf 7 and 1%10* Da, and several less prominent ones, co-
probed by western blotting with HRP-avidin. As an additionalprecipitated with Sec8 (Fig. 7B). These proteins were not
control for specificity, Sec8 was immunoprecipitated fromdetected when DSP cross-linking was omitted, nor were they
MDCK cells cultured in low calcium medium containing observed in extracts of cells that had been cultured in EGTA.
EGTA, which causes the internalization of Sec6/8 compleXhe 120 kDa protein was identified as E-cadherin, and the 70
from the plasma membrane (Grindstaff et al., 1998b) andkDa protein was identified as nectio-ZFig. 7C); note that
therefore, transmembrane proteins associated with the Sec@l# nectin-2& blot contains several additional bands, all of
complex are either no longer bound or not accessible to celthich were not detected in the Sec8 immunoprecipitate of
surface biotinylation. Two prominent biotinylated proteinsbiotinylated membrane proteins from whole cells (Fig. 7B).
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Fig. 7. Sec6/8 complex is associated
with E-cadherin and nectine2
Polarized MDCK cells cultured on
polycarbonate filters were surface
labeled with either Sulfo-NHS-SS-
Biotin (A) or Sulfo-NHS-LC-LC-
Biotin (B,C) and extracted with 1%
Triton X-100 either directly (no x-link
or —DSP) or following (x-link or
+DSP) chemical cross-linking with

the membrane-permeable cross-linker
DSP. Non-biotinylated controls (no
biotin) were subjected to cross-linking
— prior to extraction. (A) Extracts were
incubated with avidin-agarose, and
the presence of Sec8 in avidin
precipitates was assayed by SDS-
PAGE followed by immunoblotting
with anti-Sec8 antibody.

(B,C) Extracts were subjected to
immunoprecipitation with anti-Sec8
antibodies, and the presence of
biotinylated proteins, Sec8, nectin;2
nectin-Inr and E-cadherin in
precipitated immune complexes was
assessed by SDS-PAGE followed by
immunoblotting with HRP-avidin or
specific antibodies. ‘+EGTA cultures
were incubated in LCM + 2 mM
EGTA for 6 hours prior to
biotinylation.
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Further evidence of the specificity of the Sec8/neatin-2 complex was also cytosolic in Dex-treated L cells that had not
interaction is indicated by the fact that nectm-hich co- been transfected with the nectin-@xpression vector. Because
fractionates with Sec8 in isopycnic density gradients, was n@ec6/8 complex is cytosolic in L cells expressing only E-
detected in Sec8 immunoprecipitates (Fig. 7C). cadherin, E-cadherin-mediated adhesion is also insufficient to
drive plasma membrane recruitment of Sec6/8 complex in
these cells (Fig. 8, lower panels, arrows). Sec6/8 was only
Reconstitution of Sec6/8 recruitment to cell-cell contacts observed at junctions between E-cadherin-expressing cells
in fibroblasts requires E-cadherin and nectin-2a when the cells also expressed nectin(gig. 8, lower panels,
We evaluated the requirement for E-cadherin and neatim-2 arrowheads). Furthermore, Sec6/8 was localized to cell-cell
recruitment of Sec6/8 complex to junctional complexes byontacts only when both E-cadherin and nectin\Rere
reconstituting cell-cell adhesion in LE fibroblasts expressingxpressed and co-localized at the contact. Thus, expression of
E-cadherin under the control of the dexamathasone (Dexjther E-cadherin or nectima2is insufficient, but both are
promoter (Angres et al., 1996). LE cells were transientlynecessary to recruit Sec6/8 complex to membrane sites of cell-
transfected with nectine2cDNA, and 48 hours later Dex (1 cell adhesion.
MM) was added to half the cultures to induce E-cadherin
expression. After a further 18 hours, cultures were fixed and )
stained for Sec8 and either E-cadherin or neatintfiple  Discussion
staining was not possible because only mouse and rabl8ec6/8 complex is essential for targeted exocytosis of post-
antibodies to these proteins were available, but we note that &blgi transport vesicles to the plasma membrane in a variety
cells express endogenous Sec8, and Dex-induction of Bf polarized cells. However, Sec6/8 complex is not uniformly
cadherin results in uniform expression of E-cadherin in all celldistributed over the plasma membrane but is restricted to sites
(see Angres et al., 1996). E-cadherin staining was very wealctive in vesicle delivery at the yeast daughter cell bud,
in untreated cells, but was strong in Dex-treated cultures argtowing lateral membranes of polarized epithelial cells and
was found prominently at cell-cell contacts (Fig. 8). Sec6/@rowth cones of hippocampal neurons (TerBush et al., 1996;
complex was localized in the cytosol of LE cells cultured inGrindstaff et al., 1998b; Hazuka et al., 1999). As the complex
the absence of Dex, whether cells expressed negtior2i0ot  is assembled from eight cytosolic protein subunits (TerBush et
(Fig. 8, upper panels, arrows). Therefore, homotypic nectiral., 1996; Aoki et al., 1997; Kee et al., 1997; Grindstaff et al.,
2a-mediated adhesion is not sufficient to drive plasmal998b), it must associate with plasma membrane proteins that
membrane recruitment of Sec6/8 complex in L cells. Sec6/Bave a restricted distribution in order to execute its function in
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during polarity development, Sec6/8 complex co-fractionates
with membranes specifically enriched in apical junctional
proteins. Third, Sec6/8 complex co-immunoprecipitates with
specific components of apical junctions, and in a screen to
uncover membrane-spanning proteins associated with Sec6/8
No Dex complex in MDCK cells the major binding partners were
3 revealed to be E-cadherin and nectin-Bourth, recruitment of
(E-cad ) Sec6/8 complex to intercellular contacts can be reconstituted in
fibroblasts when E-cadherin and nectin&?e co-expressed and
functional on adjacent cells. Therefore, components of calcium-
dependent (E-cadherin-based) and -independent (nectin-based)
adhesion systems meet criteria expected of a binding site for the
Sec6/8 complex: they co-localize, co-fractionate and co-
immunoprecipitate with Sec6/8 complex and can functionally
reconstitute the ‘epithelial-like’ recruitment of Sec6/8 complex
to intercellular junctions when exogenously expressed in
fibroblasts.

How components of E-cadherin and nectin-based adhesion
complexes function to recruit Sec6/8 complex to intercellular
junctions remains to be determined; considering that the Sec6/8

Plus Dex complex comprises eight subunits, the E-cadherin complex at
i least four proteins, and the nectin complex at least three
(E-cad ) proteins, it is likely to be complicated. However, the
Marge observation that both E-cadherin and nectirage required for
plasma membrane binding of Sec6/8 complex in fibroblasts
suggests that the two adhesion systems cooperate to initially
recruit Sec6/8 complex from the cytosol. Subsequently, Sec6/8
complex associates with only a fraction of the E-cadherin
complex, as defined by immunofluorescence and protein
complex fractionation, suggesting that interactions with the
Fig. 8. E-cadherin and nectinecooperate to recruit Sec6/8 complex Nectin complex and associated proteins (such as ZO-2) may
to intercellular contacts in fibroblasts. LE cells, or LE cells that had further refine the localization of Sec6/8 complex to the apical
been transiently transfected with pcDNA3.1-lgK-2HA-nectin-2 junctional complex as polarity develops. Interestingly, the only
were cultured without (no Dex) or with (plus Dex) i cytosolic protein known to bind nectin is afadin, and afadin can
dexamethasone for 18 hours to induce E-cadherin eXpreSSion. Ce”%e recruited to E-cadherin contacts in L cells in the absence
were fixed with 4% paraformaldehyde and then extracted with buffeyt hectin through its interaction with-catenin (Mandai et
containing 1% Triton X-100. Anti-Sec8 monoclonal antibody (2E9) al., 1997). However, Sec6/8 complex is not assembled at

was visualized either with FITC- or Texas Red-labeled secondary . y L
antibodies. Anti-E-cadherin polyclonal antibody (UVO) was intercellular contacts formed under these conditions, indicating

visualized with Texas Red-labeled secondary antibody. Anti-nectin- that nectin itself is also required. It is unlikely that Sec6/8

2a rat monoclonal antibody was visualized with FITC-labeled complex binds directly to nectina2 though. Our data show
secondary antibody. Arrows indicate homotypic cell-cell contacts ~ that nectin-2 is associated with Sec8, but that preservation of
formed between adjacent cells expressing either neatior-E- this complex requires mild chemical cross-linking of cells prior
cadherin only. Arrowheads indicate cell-cell contacts between E-  to detergent solubilization. In the absence of cross-linking,
cadherin-expressing cells in which nectimi®as also expressed. nectin is not physically associated with Sec8 or with the E-
Scale bar: 3gum. cadherin complex and migrates as a smaller complex in

Superose FPLC. Since in L cells nectm-% required to

drive plasma membrane recruitment of Sec6/8 complex, we
localized vesicle delivery. Therefore, identification of hypothesize that nectire2may be required to drive the initial
membrane binding site(s) for Sec6/8 complex is important foassociation of Sec6/8 with nascent junctions, but then may
understanding the function(s) of this essential complex. dissociate.

We have shown that in epithelial cells Sec6/8 complex is In epithelial cells, identification of components of cadherin-
restricted to plasma membrane sites by cell-cell adhesicemd nectin-based adhesions as binding site(s) for Sec6/8
proteins specific to the apical junctional complex. Thiscomplex on the plasma membrane is functionally significant.
conclusion is based on results of four independent experimentdhder low calcium culture conditions, cadherin-mediated
approaches. First, Sec6/8 complex is rapidly recruited from thedhesion is prevented but nectin-based adhesion, which is
cytosol to cell-cell contacts of mixed junctional compositionindependent of extracellular calcium, should persist (Aoki et
following the onset of E-cadherin-mediated adhesion andil., 1997; Takahashi et al., 1999). Sec6/8 complex is cytosolic
subsequently, is spatially sorted away from the bulk of laterainder these conditions (Grindstaff et al., 1998b). Early
membrane proteins and enriched within the apical junctionahorphological studies showed single MDCK cells have
complex containing tight junction and nectin complexesrudimentary apical and basal membrane domains, but relatively
Second, consistent with this spatiotemporal redistributiotittle lateral membrane surface area (Vega-Salas et al., 1987).
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However, E-cadherin-mediated adhesion, throogtatenin- et al., 2001; Moskalenko et al., 2002; Sugihara et al., 2002;
bound afadin, drives assembly of nectin complexes at cell-ceihoue et al., 2003). It is likely that this essential protein
contacts (Tachibana et al., 2000; Pokutta et al., 2002). Sec&8mplex, which has retained an important function in
complex can now be recruited specifically to cell-cellexocytosis throughout evolution, has evolved more than one
contacting membranes and participate in recruitment of basakechanism for recruitment to the plasma membrane in order
lateral transport vesicles to that domain of the plasmé adapt to different environmental cues for polarized
membrane. Consequently, the surface area of lateral plasmeembrane growth.

membranes increases more than six-fold following induction

of cadherin-mediated adhesion and Sec6/8 recruitment (Vega-This work was supported by a grant from the National Institutes of
Salas et al., 1987). Interestingly, durbmsophilablastoderm Health to W.J.N. (GM35227) and a Howard Hughes Medical Institute
cellularization membrane growth occurs by exocytic vesicl(%'(\)(med'cal Research Support Program Faculty Startup Package to

insertion from the apical membrane to form ~3® long
lateral membranes (Lecuit and Wieschaus, 2000), although it
is not known whether the Sec6/8 complex is involved. References
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