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Introduction 

One of the deadliest and least understood aspects of cancer is metastasis. Before a tumor can metastasize, individual 
cells must acquire mutations which down-regulate adhesion to neighboring cells. A number of studies have shown that 
down-regulating components of the adherens junctions, one of the primary cell-cell adhesion systems, causes increased 
invasiveness and metastatic potential of tumors. Adherens junctions form around cadherins, transmembrane 
glycoproteins that interact homotypically to cadherins on neighboring cells. The cytoplasmic domain of cadherins 
interacts with a set of accessory proteins called catenins, which serve to anchor the cadherins to the actin cytoskeleton. 
Armadillo/ß-catenin binds to cadherin and recruits in a-catenin, which binds directly and indirectly to the cytoskeleton. 
Another catenin, pl20ctn, has been discovered in vertebrates, which seems to be playing a regulatory role, rather than a 
structural role in adherens junctions. There is a good deal of correlative'data in the literature which suggests that 
pl20ctn becomes highly tyrosine phosphorylated in metastatic, non-adherent cells and that pl20ctn itself may be 
responsible for down-regulating adherens junctions. Before we can understand the role pl20ctn is playing in cancer, we 
must understand its normal cellular function. This analysis is turning out to be difficult in vertebrate systems because 
there are at least four highly related pi20ctn family members, which are likely to be at least partially redundant in 
function. To get around this problem, we have been studying pl20ctn in the fruitfly, Drosophila melanogaster. 
Drosophila is a good model system to study this, because flies have adherens junctions which are highly homologous to 
vertebrate adherens junctions at the molecular level (fig.l). In addition, we have identified only a single pl20ctn 
homolog in flies and are reasonably certain that there are no others. The objective of this research project is to 
characterize the role of pl20ctn by generating flies mutant for the pi20 gene and characterizing them phenotypically and 
biochemically. 

Fig 1. Vertebrate and Drosophila adherens junctions are similar at the molecular level 
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Statement of Work for the Period in Question 

Specific Aim I. Intracellular localization and interaction of Drosophila pi 20ctn with Drosophila E-cadherin and other 
catenins 
months 1-6:      Complete 2-hybrid mapping of Dpl20ctn/DE-Cadherin interaction 
months 1-6:      Purify and test Dp 120cm antibody 
months 7-18:    Immunolocalization of Dpl20ctn in wild-type, DE-Cadherin mutant and src mutant embryos 
months 7-18:   Biochemical analysis of Dpl20ctn junctional complexes by IP's and western blots 

Specific Aim II. In vivo structure/function analysis of Dpl20ctn 
months 1-24:    Identify deficiencies covering Dpl20ctn; test if there are existing P element insertions in 

Dp 120ctn gene; generate Dp 120ctn alleles 



Results to Date 

Specific Aim I. 
I have verified and mapped the physical interaction of Dpl20ctn with DE-cadherin using the yeast 2-hybrid system. 

To do this, I generated constructs to express small fragments of both the DE-cadherin cytoplasmic domain andpl20ctn. 
The binding site on Dpl20ctn for DE-cadherin is within the arm repeat region of the protein. By 2-hybrid analysis, all 
10 arm repeats seem to be required for the interaction, as all smaller fragments fail to bind cadherin (data not shown). As 
summarized in Figure 2, the Dpl20ctn binding site on DE-cadherin lies within the first 41 amino acids. When this 
minimal interacting region is further subdivided, binding to Dpl20ctn is abolished. In our part of a collaboration with 
DR. Kenneth Kosik at Brigham and Women's Hospital, I demonstrated that the same region of vertebrate E-Cadherin 
binds to vertebrate 5-catenin (a human pi20 family member; data not shown) using the 2-hybrid system. I have gone on 
to make sets of point mutations within this conserved region of DE-Cadherin, which change conserved Glycines or 
acidic residues to Alanine (Fig 3A), in an attempt to generate mutant DE-Cadherin molecules which fail to bind 
Dpl20ctn, but which retain Armadillo binding. As shown in Figure 3B, two of the mutant molecules, M5 and M6, do 
dramatically reduce Dpl20ctn binding, without globally affecting folding of the molecule as indicated by their ability to 
bind Armadillo. I have generated inducible full-length constructs containing these mutations in a P element vector and 
have obtained flies containing these transgenes. We will express these transgenes in a wildtype background to look for 
dominant effects, and in a DE-cadherin mutant background to test what function they retain. This should give me a 
preliminary view of at least one of Dpl20ctn's functions. 

I have had antibodies raised to the C-terminus of Dpl20ctn in rats and rabbits. In western blots on wildtype embryo 
extracts, both sera recognize 2 bands migrating between 90 and 100 kDA (Fig. 4), slightly larger than the predicted 
molecular weight of 87 kDA. These bands are not recognized by pre-immune serum. I will verify that these bands do in 
fact represent Dpl20ctn protein by western blotting extracts from embryos that are homozygous for a deficiency that 
removes the Dpl20ctn gene (see Specific Aim II). I am now in the initial stages of biochemically characterizing 
Dpl20ctn's interaction with other adherens junction components by immunoprecipitation. I am also at the initial stages 
of characterizing Dpl20ctn protein localization using the Dpl20ctn antisera. Dpl20ctn is localized to cell membranes as 
expected for an adherens junction component (Fig.5). I am currently optimizing fixation and staining conditions for the 
antibody to carry out an in depth look at Dpl20ctn's localization throughout development. 

Specific Aim II. 
As obtaining flies mutant for Dpl20ctn is essential to this project, this has been the main focus of my time. I have 

localized Dpl20ctn to the right arm of chromosome 2, region 41A-C, by both blotting an arrayed Drosophila PI library 
(Genome Systems Inc) and insitu hybridization to polytene chromosomes. I have screened all existing lethal P element 
insertions in this region by southern blotting and determined that none have insertions within the Dpl20ctn gene. 
Therefore, I have examined several deficiencies located around 41C, to determine which remove DpHOctn. This was 
done by insitu hybridization to polytene chromosomes from larvae heterozygous for the deficiencies. I have determined 
that the deficiencies Df(2R)M41A4, Df(2R)M41A8, Df(2R)Napl3, and Df(2R)Napl4 remove Dpl20ctn, whereas 
Df(2R)Napl, Df(2R)Nap2, Df(2R)Nap5 and Df(2R)Nap9 do not. 

To generate DpHOctn mutants, I carried out an F2 non-complementation EMS mutagenesis screen (outlined in Fig. 
6), looking for mutations that are either lethal or have a visible phenotype in trans with Df(2R)M41 A8. I screened 6300 
chromosomes and have recovered over 200 lines meeting these criteria. To determine which of these represent 
Dpl20ctn mutants, I have begun an analysis of the first 100 of these lines. I was able to narrow the interval down using 
2 additional deficiencies in the region which overlap with DF(2R)M41A8: Df(2R)M41A10 which also removes the 
Dpl20ctn gene, and Df(2R)Napl which doesn't. Of the first approximately 100 lines, 39 of them fell within the interval 
containing Dpl20ctn. There are 5 known, but uncloned lethal complementation groups within this interval (IR3, IR23, 
IR25, m(2)41A and 1(2)41AF), which I have representatives of from various sources (ref s). I have tested the 39 lines in 
the Dpl20ctn interval against three of these genes so far and now know that I have 5 alleles of IR3, 6 alleles of IR23, and 
13 alleles of IR25. This leaves 15 unassigned lines, which are likely to be alleles of m(2)41A and l(2)41Af,or 
representatives of a gene not yet identified in this region. 

Once I have the remaining 15 lines ordered into complementation groups, I will sequence the Dpl20ctn gene from 
representatives of each of the complementation groups. Any nucleotide changes I find in the gene should represent 
newly induced mutations, as the screen was carried out in an isogenous background. I will also attempt to rescue 
representatives of each of these groups using a Dpl20ctn transgene driven by the ubiquitin promoter. Together, the 
sequencing and rescue should allow me to determine which complementation group represents mutants in Dpl20ctn. I 
will use an allele of Dp 120ctn to screen through the remaining mutant lines more specifically. I will them begin the 
phenotypic characterization of Dpl20ctn mutants. 



Fig 2. Dp 120ctn interacts with the proximal 
C-terminus of DE-Cadherin 
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Fig 3A.    Mutations made in conserved residues in theDpl20ctn binding 
site of DE-Cadherin 

human E-cad LRRRAV.VKEP LLP.PEDDTRDNVYYY DEE GGG EED.QDFDLSQLH 
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Fig.3B   Mutations M5 and M6 reduce Dpl20ctn binding 
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Additionally, I have generated 4 sets of transgenic flies containing either full length Dpl20ctn, the N-terminal third, 
the central arm repeat region, or the C-terminal third. None of these exhibited a dominant phenotype when expressed in a 
wild-type background. Once I have identified Dpl20ctn mutants, I will test for the ability of each of these pieces to 
rescue the mutant phenotype. 

Training and Experience Gained 

During the course of the research described above, I have gained valuable experience in many experimental 
procedures. These include: 

A) standard molecular biology techniques which were necessary to carry out the 2-hybrid analysis 
and to characterize deficiency and P element lines by southern blotting 

B) protein work, such as western blotting and immunoprecipitations 
C) cytology of polytene chromosomes 
D) genetic manipulations of Drosophila 

Fig 4. Anti-sera raised against Dpl20ctn recognize 
a set of bands between 90 and 100 KD 
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Appendix 1 

Key research accomplishments 

mapping of the physical interaction between Dpl20ctn and DE-Cadherin 

generation of DE-cadherin molecules containing point mutations which disrupt Dpl20ctn binding 

generation of antibodies specific to Dpl20ctn which are being used for biochemistry and immuno- 
localization experiments 

identification of deficiencies which remove the DpHOctn gene 

an EMS mutagenesis screen of 6300 chromosomes which generated approximately 200 lethal lines in the 
interval covered by Df(2R)M41A8 
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Appendix 2 

Reportable outcomes 

Manuscripts 

Lu, Q., Pareedes, M., Medina, M., Zhou, J., Cavallo, R., Peifer, M., Orecchio, L. and Kosik, K. (1999). 5- 
catenin, an adhesive junction associated protein which promotes motile behavior. Journal of Cell Biology. 
144,519-532. 

Abstracts 

Cell adhesion and Signal Transduction in Drosophila. R. Cavallo, R. Cox, S. Myster, G. Polevoy and 
M. Peifer. 38th American Society for Cell Biology Annual Meeting. San Francisco CA. 
December 1998. 

8-catenin, an adhesive junction associated protein which promotes motile behavior. Q, Lu. M.Pareedes, 
M.Medina, J.Zhou, R.Cavallo, M.Peifer, L.Orecchio, and K.Kosik. 38th American Society for 
Cell Biology Annual Meeting. San Francisco CA. December 1998. 



Appendix 3 

8-catenin, an Adhesive Junction-associated Protein Which 
Promotes Cell Scattering 
Qun Lu,* Mercedes Paredes,* Miguel Medina,* Jianhua Zhou,* Robert Cavallo,* Mark Peifer,* 
Lisa Orecchio,* and Kenneth S. Kosik* 
*Center for Neurologic Diseases, Department of Neurology, Brigham and Women's Hospital, Harvard Medical School, 
Boston, Massachusetts 02115; and »Department of Biology, University of North Carolina at Chapel Hill, Chapel Hill, 
North Carolina 27599-3280 

Abstract. The classical adherens junction that holds 
epithelial cells together consists of a protein complex in 
which members of the cadherin family linked to various 
catenins are the principal components. 8-catenin is a 
mammalian brain protein in the Armadillo repeat su- 
perfamily with sequence similarity to the adherens 
junction protein pl20ctn. We found that 5-catenin can 
be immunoprecipitated as a complex with other com- 
ponents of the adherens junction, including cadherin 
and ß-catenin, from transfected cells and brain. The in- 
teraction with cadherin involves direct contact within 
the highly conserved juxtamembrane region of the 
COOH terminus, where pl20ctn also binds. In develop- 
ing mouse brain, staining with 5-catenin antibodies is 
prominent towards the apical boundary of the neuroep- 
ithelial cells in the ventricular zone. When transfected 

into Madin-Darby canine kidney (MDCK) epithelial 
cells 8-catenin colocalized with cadherin, pl20ctn, and 
ß-catenin. The Arm domain alone was sufficient for 
achieving localization and coimmunoprecipitation with 
cadherin. The ectopic expression of 8-catenin in 
MDCK cells altered their morphology, induced the 
elaboration of lamellipodia, interfered with monolayer 
formation, and increased scattering in response to 
hepatocyte growth factor treatment. We propose that 
5-catenin can regulate adhesion molecules to imple- 
ment the organization of large cellular arrays necessary 
for tissue morphogenesis. 

Key words:    5-catenin • armadillo • adhesive junctions • 
cell motility • neural development 

THE development of tissue boundaries and the main- 
tenance of tissue integrity require highly dynamic 
cell-cell and cell-matrix adhesion. Various types of 

adhesive junctions represent key modulators of these rela- 
tionships, and during cell migration these structures must 
be able to mediate highly dynamic interactions among 
neighboring cells and between cells and the substrate. 
Within the adherens junction, proteins of the cadherin 
family, single membrane-spanning glycoproteins, directly 
anchor cell-cell contacts via Ca2+-dependent homophilic 
interactions. Proteins with various numbers of cadherin 
extracellular tandem repeats comprise a superfamily which 
has achieved greatest diversity in the nervous system (re- 
viewed in Uemura, 1998). The classical cadherins. which 
include E-, N-, and P-cadherin (Marrs and Nelson. 1996), 

Address correspondence to Kenneth Kosik, M.D.. Center for Neurologic 
Diseases. Department of Neurology, Brigham and Women's Hospital. 
Harvard Medical School. 77 Avenue Louis Pasteur. Boston, MA 02115. 
Tel.: (617) 525-5230. Fax: (617) 525-5252. E-mail: Kosik@CND.BWH. 
Harvarcl.edu 

all have a highly conserved cytoplasmic domain to which 
bind a set of associated proteins referred to as the catenins 
(Nagafuchi and Takeichi, 1988; Ozawa et al., 1989). The 
catenins form a cytoplasmic plaque complex, which links 
classical cadherins to the actin cytoskeleton (Takeichi, 
1991, 1995; Yap et al., 1997). The adhesive activity of the 
junctions derives from both the cadherin ectodomain, 
which has weak intrinsic adhesive activity on its own 
(Brieher et al., 1996), and the cytoplasmic domain, which 
significantly strengthens the homophilic interaction. Thus, 
one role of the conserved cadherin cytoplasmic domain is 
to bind to ß-catenin, which in turn binds to a-catenin, and 
anchors the complex to actin filaments (Aberle et al., 
1994; Hoschuetzky et al, 1994; Funayama et al., 1995; Jou 
etal., 1995; Rimm et al.. 1995). 

PlakoglobinAy-catenin also binds directly to E-cadherin, 
as well as to desmosomal cadherins, and may compete with 
ß-catenin for binding (Mathur et al., 1994; Staddon et al., 
1995). ß-catenin and plakoglobin share a 42-amino acid 
repeated motif, the Arm repeat, originally described in the 
Drosophila segment polarity gene, armadillo (Riggleman 
et al., 1989). A more distantly related protein, pl20c"\ also 

© The Rockefeller University Press. 0021 -9525/99/02/5 19/14 $2.00 
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contains a series of Arm repeats and binds to cadherin 
(Reynolds et al., 1992, 1994; Shibamoto et al., 1995: Slad- 
don et al., 1995) at a juxtamembrane site within the cyto- 
plasmic domain of cadherin rather than the more distal 
site where ß- and 7-catenin bind (Ozawa and Kemler, 
1998; Yap et al., 1998). pl20c,M does not bind to a-catenin 
(Daniel and Reynolds, 1995) and in nontransformed cells, 
only small amounts bind to cadherin (Shibamoto et al., 
1995). 

: 8-catenin is a member of the pl20cl" subfamily, defined 
as proteins with 10 Arm repeats (in contrast to the 13 Arm 
repeats of ß-catenin) in a characteristic spacing and often 
with quite diverse NH2- and COOH-terminal sequences 
that flank the repeats (Peifer et al., 1994). pl20cln is the 
founding member of a subfamily of Arm repeat proteins 
(Peifer et al., 1994), which include p0071 and the plakophi- 
lins, both components of the desmosome (Kapprell et al.. 
1988; Heid et al., 1994; Hatzfeld and Nachtsheim. 1996; 
Mertens et al., 1996) and ARVCF, a protein known only 
on the basis of its sequence (Sirotkin et al.. 1997). 8-cate- 
nin was discovered by its ability to bind to the loop region 
of presenilin-1 (Zhou et al., 1997), which is encoded by the 
gene most commonly mutated in familial Alzheimer's dis- 
ease (Clark et al., 1995: Sherrington et al.. 1995). Indepen- 
dently, the same gene was cloned from a human fetal brain 
library using oligonucleotides deduced from a plakophilin 
1-related expressed sequence tag, or EST (Paffenholz and 
Franke, 1997; Zhou et al., 1997) and termed NPRAP. Like 
other members of the subfamily, 8-catenin has greatest 
similarity with the Arm repeats of p()071 (69.3% identi- 
cal), a desmosomal protein, and is somewhat less related 
to pl20c,n (48.0% identical). Both Northern blot and in 
situ hybridization studies showed that 8-catenin is almost 
exclusively expressed in the nervous system (Paffenholz 
and Franke, 1997: Zhou et al.. 1997; Ho.'c. Bhide, P.. and 
Kosik. K.S., unpublished data). 

We sought to determine whether 8-catenin is a cell junc- 
tion-associated protein and may perform a morphoregula- 
tory function. We demonstrated that 8-catenin colocalizes 
and interacts with adhesive junction proteins both in trans- 
fected cells and in mouse brain. Based on transfections in 
MDCK cells, the junctional targeting signal resides in the 
Arm repeats. Like pl20cln, 8-catenin binds to the jux- 
tamembrane domain on cadherins. Functionally, 8-catenin 
can prime MDCK cells for growth factor-stimulated cell 
motilitv. 

Materials and Methods 

cDNA Cloning 
In the region of the mouse 8-catenin start codon (Paffenholz and Franke. 
1997), a homologous human EST of 150 base pairs is in the database 
(GenBank accession number AA670399). This short sequence was used 
to design a sense primer which, together with an antisense primer from 
the previously known human sequence (Paffenholz and Franke. 1997: 
Zhou et al.. 1997). was used to amplify the human 5' cDNA sequence by 
reverse transcriptase PCR. Total RNA from SH-SY5Y human neuroblas- 
toma cells was isolated using the TRIzol Reagent system (GIBCO BRL). 
cDNA was synthesized from I jig of total RNA with random primers and 
reverse transcriptase (Perkin-Elmer Corp.) according to the manufac- 
turer's instructions. This cDNA was then used as a template in a PCR re- 
action using primers DCS (5'-CiGTGCATGTTTGCGAGGAAGC-3') 
and D1350-AS (5'-ATGGGCGAGCTGGTGCTGTAGGAC-.V) lor 30 

cycles (94°C for 30 s; 55"C for 30 s: 72°C for I min: and a final step at 72°C 
lor 10 min) in the presence of 5% DMSO. A fragment of ~950 bp was pu- 
rified using Wizard PCR Preps (Promega Corp.) and then cloned directly 
into pCR-ll using the TA Vector kit (Invitrogen Corp.) and sequenced. 

8-catenin cDNA was subcloned into the mammalian expression vector 
pcDNA containing the CMV promoter (Invitrogen Corp.). To visualize 
the 8-catenin distribution by direct fluorescent methods, 8-catenin and its 
truncated mutants were subcloned by PCR into pEGFP (CLONTECH 
Laboratories. Inc.). MDCK cells were transfected using Lipofectamine 
Plus (GIBCO BRL). The stable MDCK cells were selected and main- 
tained in medium containing neomycin. Although the neomycin selection 
allowed us to obtain a population of cells, nearly all of which expressed 
8-catenin. repeated passage of these cells resulted in a gradual reduction 
in S-calenin expression. 

Antibodies and Reagents 

To generate antibodies specific lor 8-catenin. a plasmid construct contain- 
ing amino acids 434-530 from the NH: terminus was fused to glutathione 
transferase in pGEX-4Tl (Pharmacia Biotech. Inc.). Fusion protein was 
purified according to the manufacturer's instruction. Rabbits were immu- 
nized with purified fusion protein (Charles River Laboratories) and col- 
lected and tested. Immune serum was affinity purified by the removal of 
glutathione transferase followed by the further purification against 8-cate- 
nin amino acids 434-530 cross-linked to Actigel A resin (Pharmacia Bio- 
tech. Inc.). The final purified rabbit anti-8-catenin was designated rAb62. 
A second antibody. rAb64, was raised against amino acids 828-1022 of 
8-catenin and was purified similarly. mAb specific for the intracellular do- 
main of human N-cadherin was from Dr. K. Knudsen (Wynnewood. PA: 
Knudsen et al.. 1995). mAbs against ß-catenin. pp!20. E-cadherin. and 
desmoglein were from Transduction Laboratories. Monoclonal and poly- 
clonal antibodies against the COOH terminus of chick N-cadherin as well 
as monoclonal anti-uvomorulin (DECMA-1) were from Sigma Chemical 
Co. Unless otherwise indicated, all chemicals were from Sigma Chemical Co. 

Cell Cultures and Immunohistochemistry 

MDCK cells were grown on Nunclon plates (Fisher Scientific Co.) in 
MEM containing Earle's balanced salts solution and supplemented with 
5% FCS. 2 mM glutamine. 100 U/ml penicillin, and 100 \x.glm\ streptomy- 
cin. Hepatocyte growth factor (HGF)1 was diluted to 100 ng/ml in serum 
free media (MEM supplemented with 2 mM glutamine. 100 U/ml penicil- 
lin, and 100 fj.g/ml streptomycin) and added directly to cells for 24 h. Non- 
treated cells were incubated with serum free media without HGF. Cells 
used for fluorescent studies were fixed in 4% paraformaldehyde and per- 
meabilized with 0.2% Triton X-100. Following staining, the cells were 
mounted and photographed using a Zeiss Axioskop equipped with epiflu- 
orescence. Slides were also viewed with a Zeiss MC100 immunofluores- 
cence microscope equipped with a Biorad MRC-1024 Confocal Imaging 
System. After z-axial collection of images, the vertical and other morpho- 
metric analyses were performed with MetaMorph Imaging software sys- 
tem (Universal Imaging Corp.). 

Sample Preparation 

Cultured Cells. Stable MDCK cells were lysed in buffer A. 10 mM Tris, 
pH 7.4. 50 mM NaCI. 1 mM EDTA. 1 mM EGTA. 0.2% Triton X-100 
containing protease and phosphatase inhibitors. 1 mM phenylmethylsul- 
fonyl fluoride. 1 mM benzamidine, 10 jig/ml aprotinin. 10 |jLg/mI pepstatin 
A. 10 |xg/ml of leupeptin. 1 mM sodium orthovanadate. 10 mM sodium py- 
rophosphate. 20 mM sodium fluoride. In some experiments, cell lysates 
were prepared in the absence of any detergent. The cell lysates were cen- 
trifuged at 100.000,1; to remove cell debris. Cells were also lysed in buffer 
B (same as buffer A. but with 1% Triton X-100) and the supernatants 
were collected in the same way. The pellet was resuspended in RIPA 
buffer (10 mM Tris. 1 mM EDTA. I mM EGTA. 0.2% SDS. and 0.5% 
deoxycholate. pH 7.4). After removing cell debris with centrifugation, the 
lysates were either mixed with sample buffer for SDS-PAGE analysis, or 
for further immunoprecipitation. 

I. Abbreviations used in this paper: APC. adenomatous polyposis coli; 
BrdU. 5-bromo-2'-deoxy-uridine; GFP. green fluorescent protein: HGF, 
hepatocyte growth factor; IP. immunoprecipitation; MF, 8-catenin-lrans- 
fected MDCK. 
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Brain Tissue. For the mouse brain samples, mice were killed and brains 
removed and rinsed in PBS with 1 mM orthovanadate and 2 mM PMSF. 

: The washed brain tissues were homogenized in buffer containing 50 mM 
NaCI. 10 mM Pipes, pH 6.8, 3 mM MgCI:, 0.5% Triton X-100. 300 mM su- 
crose. 1.2 mM PMSF. and 10 (ig/ml leupeptin, and spun at 5.000 g for 10 
min at 4°C to remove nuclei and cell debris. The supernatant was then 
spun a second time at 100.000g for 10 min. The supernatant from this spin 
was collected as the postnuclear homogenate supernatant (PnH) and the 
pellet was resuspended in a buffer containing 15 mM Tris. pH 7.5, 5 mM 
EDTA. 2.5 mM EGTA, and 0.2% SDS as postnuclear Triton X-100 insol- 
uble pellet (PnP). To obtain brain synaptosomal fractions, the post nu- 
clear homogenates were placed onto a sucrose gradient and different frac- 
tions were collected. Synaptosomes were identified by the enrichment of 
synaptophysin. In all cases the amount of protein was determined using 
the BCA Protein Assay Kit (Pierce Chemical Co.). 

Immunoprecipitations 
The lysafes for immunoprecipitation (IP) were precleared by incubating 
with protein A-Sepharose beads (for mAb IP. protein G plus protein 
A-agarose beads was used instead) followed by centrifugation to remove 
the beads. The supernatants were immunoprecipitated with specific anti- 
bodies for 1 h at 4°C. The immunoprecipitates were captured by protein 
A-Sepharose (or protein G plus protein A-agarose beads for mAb IP) 
for an additional 2 h at 4°C. Samples were washed sequentially with IP 
buffer (15 mM Tris. pH 7.5.5 mM EDTA. 2.5 mM EGTA. 1 % Triton X-100. 
0.1% SDS. 120 mM NaCI. and 25 mM KC1), high salt buffer (15 mM Tris. 
pH 7.5. 5 mM EDTA. 2.5 mM. 1% Triton. 0.1% SDS. and I M NaCI). and 
a low salt buffer (15 mM Tris. pH 7.5. 50 mM NaCI. 5 mM EDTA). Immu- 
noprecipitates were separated by SDS-PAGE and transferred to nitrocel- 
lulose membranes (PGC Scientifics) for immunoblotting. After blotting 
protein stainings were detected by enhanced chemiluminescence (Amer- 
sham Life Science) on X-OMAT film. When necessary, blots were 
stripped (100 mM 2-mercaptoethanol. 2% SDS. and 62.5 mM Tris-HCI. 
pH 7.6) for 30 min at 55°C. The blots were then washed in TBS Tween 20 
before reprobing with specific antibodies. Immunoblots were quantified 
with an Alphulmager™ 2000 Documentation & Analysis System (Alpha 
Innotech Corp.). 

Cell Proliferation Analysis 
To measure the »rowth rate of cells, two methods were used. In one. 
5-catenin-transfected MDCK (MF) cells and mock-transfected MDCK 
cells were plated at equal densities (500.000 cells/plate), grown for 2 d 
(~60% confluency). and trypsinized. An aliquot was taken for counting 
the number of ceils with a hemacytometer. Each set. either 5-catenin- 
expressing or mock-transfected cells, was counted eight times, and the 
mean number of cells calculated. The second method used a 5-bromo- 
2'-deoxy-uridine (BrdU) Labeling and Detection kit (Boehringer Mann- 
heim). 

Cell Migration Analysis 
To quantify the migration rate, a two-chambered system was used consist- 
ing of a smaller chamber placed inside a larger well from a 24-well plate 
(Costar Corp.). The inner, or upper, compartment was separated from the 
lower plate compartment by a 12-u.m filter. 5.000 cells were plated in the 
upper chamber overnight, then either allowed to grow for another day or 
treated with 100 ng/ml HGF for 48 h (Balkovetz et al.. 1997). Cells in the 
upper chamber were trypsinized and counted in a similar manner as used 
to measure the growth rate. Cells in the lower chamber were stained with 
Harris modified hematoxylin with acetic acid (Fisher Scientific Co.) and 
counted under the microscope using a hemacytometer. A ratio of the 
number of cells in the lower:upper chamber was calculated for each set to 
compare the migration rate of control cells to MF cells. 

Yeast Two-Hybrid Analysis 
These assays, as well as the vectors pCK2 and pCK4. are described in de- 
tail in Pai et al. (1996). Briefly, the indicated portions of mouse E-cad- 
herin or DE-cadherin were PCR amplified and cloned into pCK4 to pro- 
duce a Gal4 transactivation domain fusion. A murine OB-cadherin clone 
(Tao et al.. 1996) in the pYP16 vector was provided by Pierre McCrea. 
The entire Arm repeat region of 8-catenin (amino acids 532-1013) was 
cloned into pCK2 to produce a lexA DNA binding domain fusion. All 
constructs were confirmed by sequencing. The yeast strain L40 was trans- 

formed and selected for both plasmids on synthetic media lacking tryp- 
tophan and leucine. Liquid ß-galaclosidase assays were carried out on at 
least six independent transformanls in duplicate for each plasmid combi- 
nation tested, ß-galactosidase activity was calculated in Miller units as de- 
scribed in Pai et al. (1996). 

Results 

Structure of 8-catenin 

We determined the complete sequence of human 8-cate- 
nin. It encodes a  1,225-amino acid protein with a pre- 
dicted molecular weight of 132544.86 and a pi of 7.94 (Fig. 
1). Mouse 8-catenin encodes a 1,247-amino acid protein 
that is highly related with 95% identity and 98% similarity 
(Paffenholz and Franke, 1997). Neither initiator methio- 
nine fits very well with the Kozak consensus sequence 
(Kozak, 1986) for the initiation of translation. Within the 
eighth Arm repeat of the human sequence, the mouse has 
a 25-amino acid insert at position 879 which may repre- 
sent alternative splicing. A significant portion of the mo- 
lecular mass lies NH2- and COOH-terminal to the Arm 
domain of 8-catenin. These regions contain several po- 
tentially important consensus sequences. An analysis of 
the complete sequence was conducted using the software 
CANSITE   1.0 (http://himiris.bidmc.harvard.edu), which 
tests putative proteins against the results of a combinato- 
rial peptide library for selectivity of phosphorylation by 
signal transduction kinases (Zhou et al. 1995). The analy- 
sis revealed two potential Abl sites (Fig. 1) and several po- 
tential Abl binding motifs with the sequence XPXXPP. 
We found that 8-catenin showed a very high probability of 
being phosphorylated by Abl at tyrosine residues 292 and 
429, with a specificity predicted to be within the top 1% of 
>2 million peptides tested. A polylysine stretch from 
amino acid 811 to 817 resembles a nuclear localization sig- 
nal (Kalderon et al., 1984) and a polyproline tract, which is 
not present in pl20ctn, could serve as a profilin binding site 
(Perelroizen et al., 1994). 

We raised two antibodies directed against different 8-cate- 
nin epitopes. Both specifically recognized a single band at 
160 kD in MDCK cells transiently transfected with a full- 
length 8-catenin cDNA, but did not react with mock-trans- 
fected cells (Fig. 2 A). Because 8-catenin is specifically 
expressed in the nervous system (Zhou et al., 1997), post- 
natal day 2 mouse brain was also used for an immunoblot 
analysis. In this assay, 8-catenin migrated as a doublet at 
160 kD (Fig. 2 A). The retarded mobility of 8-catenin 
relative to its predicted molecular weight may be due to 
the presence of charge groups, posttranslational modifica- 
tions, or an extended structure which affects its electro- 
phoretic migration. 

The Localization of 8-catenin Suggests an Association 
with Adhesive Junctions 

8-catenin is preferentially expressed in brain, with the 
highest expression levels during brain development. We 
first sought to determine whether 8-catenin was localized 
to cell boundaries in the developing brain. Postnatal day 2 
mouse brain sections were double labeled with rAb62 and 
mouse monoclonal anti-ß-catenfn (Fig. 3). We concen- 
trated on the neuroepithelial precursor cell population in 
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8-catenin 1225 aa 

pl20 ctn N 911 aa 

Figure 1. Schematic representation of the domain structure of full-length human 8-catenin compared with pl20ctn. Amino acids 216-226 
contain a proline rich motif that is absent in pl20ctn. For 8-catenin, the amino acids 532-1013 are boxed and correspond to the 10 Arma- 
dillo repeats. Two Abl tyrosine phosphorylation consensus sites (Y292 and Y429) are indicated by arrows. The small arrowhead with an 
asterisk indicates a 25-amino acid insertion site that was observed in murine 8-catenin but not in human clones. Amino acids 811-817 
represent a lysine rich motif that is a potential nuclear localization signal (NLS) sequence. pl20c,n has a similar, albeit somewhat weaker, 
potential NLS at amino acids 622-628. A partial human 8-catenin cDNA sequence was previously published (Zhou et al, 1997) and the 
full-length sequence is now updated (GenBank accession number U96136). 

the cortical ventricular zone where 8-catenin staining was 
most intense and where junctional complexes are promi- 
nent. The staining was most intense at the apical end of 
these cells along the ventricular boundary. Consistent with 
the staining pattern, adherens junctions are known to be 
prominent along the lateral surface at the apical end of 
neuroepithelial cells (Hinds and Ruffett. 1971; Shoukimas 
and Hinds, 1978). Deeper in the ventricular zone, 8-cate- 
nin staining was less intense and outlined the cell periph- 
ery in a honeycomb pattern. Double labeled samples 
showed that 8-catenin colocalized with ß-catenin at points 
of cell-cell contact (Fig. 3, B and C). Double labeling with 
anti-N-cadherin showed similar colocalization: anti-E-cad- 
herin failed to demonstrate a neuroepithelial localization 
(data not shown). Although weaker than in the ventricular 
zone, neuronal staining was present throughout the ner- 

vous system as described in Paffenholz and Franke and 
Zhou et al. (1997). 

8-catenin Forms Stable Complexes with Adhesive 
Junction Proteins 

To characterize 8-catenin in a defined culture system 
where adhesive junctions are prominent, 8-catenin was 
transfected into MDCK epithelial cells and stable cell lines 
were established (see Materials and Methods). Anti-8-cate- 
nin specifically labeled a single band at 160 kD (Fig. 2, A, 
lane 2, and B). The proportion of 8-catenin in the deter- 
gent-soluble pool increased when the Triton X-100 was 
increased from 0.2% to 1.0% (Fig. 2, B and C). Although 
8-catenin was not soluble in cell lysates prepared in the ab- 
sence of detergents, its solubility was nearly complete in 
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2) and 8-catenin transfected (3 and 4) MDCK cells extracted in 1.0% Triton X-100. Soluble and 
the indicated antibodies. In all panels the molecular weight standard is indicated at the left. 

Figure 2. Expression of 8-cate- 
nin cDNA in transfected MDCK 
cells and endogenous 8-catenin 
in developing mouse brains. (A) 
Immunoblot showing 8-catenin 
expression in MDCK cells and 
developing mouse brains. (1) 
Mock-transfected MDCK cells; 
(2) MF (MDCK cells trans- 
fected with full-length 8-catenin 
cDNA); (3) MB (mouse brain ly- 
sate). (B) Immunoblot of trans- 
fected MDCK cells showing 
8-catenin in the 0.2% Triton 
X-100 soluble (TXs, lane 1) and 
insoluble (Txi, lane 2) fractions. 
(C) Immunoblots of mock (1 and 

insoluble fractions were blotted with 
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Figure 3. Double immunofluo- 
rescence microscopy showing 
the colocalization of S-catenin 
with ß-catenin in neocortical 
neuroepithelia of postnatal day 2 
mouse brain. (A) Low magnifi- 
cation view in which the rectan- 
gle shows the location of the im- 
munofluorescent images in B 
and C. CC, cerebral cortex. VZ, 
ventricular zone. S, striatum. 
Bar, 0.3 mm. (B) Frozen sagittal 
section stained by rAb62. (C) 
Same section immunostained by 
mouse monoclonal anti-ß-cate- 
nin. Bar, 20 u,m. 

1.0% Triton X-100. In contrast, ß-catenin was only par- 
tially solubilized under these conditions (Fig. 2 C). The ex- 
traction properties of 8-catenin resemble those of pl20ctn 

which is also more soluble in 1.0% Triton X-100 than 
ß-catenin as previously noted (Shibamoto et al, 1995), but 
nearly insoluble under aqueous conditions. Interestingly, 
the expression of 5-catenin did not drive more pl20ctn ei- 
ther to the Triton soluble (Fig. 2 C) or aqueous compart- 
ments as quantified by densitometry (data not shown). 

To study the subcellular distribution of 8-catenin, both 

transient and stably transfected MDCK cells were ana- 
lyzed by immunofluorescent confocal light microscopy. 
rAb62 immunostaining showed that S-catenin was local- 
ized to the periphery of transiently transfected cells in a 
pattern suggestive of cell-cell junctions (Figs. 4 A and 5 
A). Although less intense than the peripheral staining, la- 
beling of the cytoplasm was above background (Figs. 4 A 
and 5 A) suggesting that in transfected cells, a cytoplasmic 
pool of 5-catenin was also present. The pattern was remi- 
niscent of the honeycomb pattern observed in the neu- 

Figure 4. Confocal immunofluo- 
rescence microscopy of MDCK 
cells transiently transfected with 
8-catenin cDNA. The cells were 
double labeled with (A) 8-cate- 
nin antibodies and with (B) E-cad- 
herin antibody. The arrow points 
to the transfected cell. (C) Merged 
fluorescent image showing colo- 
calization of 8-catenin and E-cad- 
herin. The horizontal line indi- 
cates where the XZ plane was 
selected for D-F. (D-F) Respec- 
tive XZ vertical sections of A-C. 
Bar, 15 ^m. 
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Figure 5. Cont'ocal immunofluo- 
rescence microscopy of MDCK 
cells transiently transfected with 
8-catenin. The cells were double 
labeled with (A) 8-catenin an- 
tibodies and with (B) des- 
moplakin antibody. The arrow 
points to the transfected cell. (C) 
Merged fluorescent image show- 
ing minimal colocalization of 8-cat- 
enin and desmoplakin. The hori- 
zontal line indicates where the 
XZ plane was selected for D-F. 
(D-F) Respective XZ vertical 
sections of A-C. Bar, 15 (xm. 

roepithelium. The immunofluorescent staining was spe- 
cific because rAb62 did not stain cell-cell junctions in 
those cells in the untransfected dish. Double labeling im- 
munofluorescence microscopy experiments showed that 
8-catenin colocalized with E-cadherin (Fig. 4, A-C) and 
ß-catenin (data not shown). 

Because 8-catenin shares significant homology with 
p0071, a desmosomal protein (Hatzfeld and Nachtsheim. 
1996), we compared the localization of 8-catenin with both 
desmoplakin and E-cadherin (Figs. 4 and 5). MDCK cells 
were transiently transfected with 8-catenin and double la- 
beled with 8-catenin antibodies and either desmoplakin or 
E-cadherin antibodies. In transfected cells, 8-catenin co- 
distributed with the adherens junction protein, E-cadherin 
in a thick band around the cell periphery, while neighbor- 
ing untransfected cells retained a typical less intense junc- 
tional pattern of immunoreactivity (Fig. 4, A-C). Double 
labeling immunofluorescent microscopy showed that 
8-catenin even colocalized with E-cadherin along cell pro- 
cesses (Fig. 4, A-C). Because 8-catenin-transfected cells 
are less flat than nontransfected MDCK cells, a z-series 
showed that 8-catenin and E-cadherin also codistributed 
in the vertical axis (Fig. 4, D-F). The greater intensity of 
E-cadherin staining in 8-catenin-transfected cells sug- 
gested that the concentration of E-cadherin in the trans- 
fected cells increased (Fig. 4, A and B). Densitometric 
measurement of protein profiles on immunoblots demon- 
strated a 30% increase in the E-cadherin level while 

• pl20ctn and desmoglein levels did not significantly change 
(data not shown). Double labeling immunofluorescence 
with 8-catenin and desmoplakin revealed a less close rela- 
tionship (Fig. 5, A-F). In 8-catenin-transfected cells, the 
intensity of the desmoplakin immunoreactivity did not in- 
crease, and the pattern of desmoplakin labeling did not 
completely codistribute with 8-catenin. Desmoplakin la- 

beling did not extend into cell processes (Fig. 5, A-C) and 
did not extend apically in the z-axis (Fig. 5, D-F). These 
findings do not exclude any colocalization between des- 
moplakin and 8-catenin, but they clearly point to a prefer- 
ential cellular relationship to E-cadherin. 8-catenin also 
did not colocalize with the tight-junction associated pro- 
tein. ZO-1 (data not shown). We therefore concluded that 
exogenous 8-catenin can be directed to the adherens junc- 
tions in MDCK cells. 

Based on colocalization data we asked whether 8-cate- 
nin interacts with the adherens junction proteins E-cad- 
herin and ß-catenin. In MDCK cells stably expressing 
8-catenin, coimmunoprecipitation experiments indicated 
that 8-catenin coimmunoprecipitated both E-cadherin, 
ß-catenin (Fig. 6 A), and pl20ctn efficiently (not shown), 
but did not bring down desmoglein, which is abundantly 
present in MDCK cells and reacted with the desmoglein 
antibody (Fig. 6 A, lane 9). We concluded that at most, 
only minimal amounts of 8-catenin are associated with 
desmosomes. In reverse immunoprecipitation experiments, 
both ß-catenin and E-cadherin coprecipitated 8-catenin 
(Fig. 6 B, lanes 2 and 3). The interaction between 8-cate- 
nin and E-cadherin/ß-catenin was abolished in RIPA buf- 
fer that contained 0.2% SDS, although the coimmunopre- 
cipitation of E-cadherin with ß-catenin was retained (data 
not shown). 

To determine whether endogenous 8-catenin associated 
with cadherins, postnatal day 2 mouse brain was used for 
similar coimmunoprecipitation experiments. Mouse brain 
lysates were immunoprecipitated with rAb62. Both N-cad- 
herin and ß-catenin were present in 8-catenin immunopre- 
cipitants (Fig. 6 C, lanes 2 and 4). 8-catenin also cofrac- 
tionated with N-cadherin when human brain tissue was 
homogenized and fractionatedbn a sucrose gradient to en- 
rich for synaptosomes (Fig. 6, D-F). Therefore, 8-catenin 
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Figure 6. Association of 8-cate- 
nin with adhesive junction pro- 
teins in brain and in MDCK cells 
stably expressing 5-catenin. (A) 
8-catenin coimmunoprecipitates 
E-cadherin and ß-catenin, but 
not desmoglein. (1 and 6) Mock- 
transfected MDCK cells. (2-5, 8, 
and 9) MF cells. (B) Reverse 
immunoprecipitation showing 
8-catenin coprecipitated with 
E-cadherin and ß-catenin. (1) 
Mock-transfected MDCK cells. 
(2-5) MF cells. (C) 8-catenin 
coimmunoprecipitates N-cad- 
herin and ß-catenin in brains, (t) 
N-cadherin immunoblot of brain 
fractions immunoprecipitated 
using nonimmune rabbit IgG. 
(2) N-cadherin immunoblot of 
brain fractions immunoprecipi- 
tated using rAb62. (3) N-cad- 
herin immunoblot of brain ly- 
sate. (4) ß-catenin immunoblot 
of brain fractions immunopre- 
cipitated using rAb62. (D-F) 
Cofractionation of brain 8-cate- 
nin with N-cadherin and syn- 
aptophysin. PnH. postnuclear 
homogenates. P2. heavy mem- 

branes consisting of myelin. mitochondria, and crude synaptosomes. P3, mostly microsomes. SPM. synaptic plasma membranes. (D) Im- 
munoblot showing brain fractionation profile of synaptophysin. (E) Immunoblot showing brain fractionation profile of 8-catenin. (F) 
Immunoblot showing brain fractionation profile of N-cadherin. Molecular weight markers are indicated at the left of each panel. 

is complexed with N-cadherin in a brain compartment that 
appears to be involved in cell-cell adhesion. 

To determine whether the interaction between 8-cate- 
nin and the cytoplasmic domain of cadherin involves di- 
rect binding, their interaction was assayed in the yeast 
two-hybrid system. A construct was prepared containing 
the full Arm repeat region of 8-catenin, but lacking the 
NHi- and COOH-terminal domains. This construct specif- 
ically interacted with the full-length cytoplasmic tail of 
mouse E-cadherin (Fig. 7, A and B). Different classic cad- 
herins in both mammals and flies carry two blocks of con- 
served sequence in their cytoplasmic tails (Fig. 7 C), a dis- 
tal block which serves as the ß-catenin/Armadillo binding 
site (Aberle et al., 1996; Pai et al.. 1997) and a proximal 
region, which was recently discovered to bind pl20ctn 

(Ozawa and Kemler, 1998; Yap et al., 1998). To begin to 
define the region required for 8-catenin binding, we tested 
two additional constructs, one containing the membrane- 
proximal region of mouse E-cadherin and the more distal 
region. 8-catenin specifically bound the membrane-proxi- 
mal fragment, and failed to bind the more distal fragment. 
Also, 8-catenin did not bind to a truncated version of 
mouse OB-cadherin, which binds ß-catenin (Tao et al., 
1996), but lacks the 66 amino acids immediately following 
the transmembrane region that include the conserved 
proximal region (Fig. 7). We also tested whether 8-catenin 
could bind to Drosophila E-cadherin, to see whether 

the conserved sequences were sufficient for interaction. 
The full-length cytoplasmic tail of Drosophila E-cadherin 
binds 8-catenin. as do fragments containing the juxtamem- 
brane region. The smallest interacting fragments of mouse 
E-cadherin and of Drosophila E-cadherin contain only the 
proximal 41 amino acids that include the highly conserved 
sequence YD(or E)D(or E)EGGGE (Fig. 7 C). This sug- 
gests that like pl20ctn (Ozawa and Kemler, 1998; Yap et al., 
1998), 8-catenin interacts with the conserved proximal re- 
gion of the cadherin tail rather than the more distal site to 
which ß-catenin and its fly homologue Armadillo bind 
(Aberle et al., 1996; Pai et al., 1997). 

The Arm Domain Is Necessary and Sufficient for 
Targeting 8-catenin to the Adherens Junction 

We generated a number of 8-catenin deletion mutants to 
define the domains necessary for targeting 8-catenin to the 
adherens junction (Fig. 8 A). To visualize these deletion 
mutants directly foHowing transfection, full-length and 
various mutant constructs were fused with green fluores- 
cent protein (GFP) and subcloned into the pEGFP vector. 
Full-length S-catenin fused to EGFP showed a fluores- 
cence distribution pattern that was identical to the anti- 
body-labeling pattern of cells transfected with 8-catenin 
alone (Fig. 8 B, panel c). Although the primary site of 
8-catenin immunoreactivity is the cell-cell junction, im- 
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ß-catenin/ Armadillo binding site 

Figure 7. 8-catenin interacts directly with the juxtamembrane region of cadherins in the yeast two-hybrid system. (A) Interaction of 
8-catenin with various cadherin fragments. The Arm repeat region of human 5-catenin in the pCK2 "bait" vector was tested against 
pCK4 vector alone or with pCK4 fusions encoding the full-length murine E-cadherin cytoplasmic domain (pCK4 ME-CAD cyto), two 
complementary fragments of murine E-cadherin carrying either the membrane-proximal region (pCK4 MEC2) or the distal region with 
the ß-catenin binding site (pCK4 MEC3), a COOH-terminal fragment of OB-cadherin not containing the juxtamembrane region 
(pCK4 OB-CAD CT), the entire cytoplasmic domain of Drosophila E-cadherin (pCK4 DEC), and smaller fragments of Drosophila 
E-cadherin as shown in B (pCK4 DEC 4, 14. and 15). (B) Schematic summary of the cadherin fragments and their interaction with 
8-catenin. (C) Sequence alignment of the cytoplasmic tails of mouse E-cadherin. mouse OB-cadherin, and Drosophila DE-cadherin. 
Above the sequences are shown the smallest fragment of mouse E-cadherin which bound 8-catenin in the yeast two-hybrid assay, while 
below are diagrammed the amino acids missing from the OB-cadherin clone which does not bind to 8-catenin. The ß-catenin/Armadillo 
binding site is also indicated. 

munolabeling of cells also suggested a cytoplasmic pool. 
When both the NH2- and COOH-terminal extensions 
were deleted, leaving only the arm repeats, 8-catenin 
maintained its localization to cell-cell junctions based on 
detection of the GFP marker (Fig. 8 B, panel d) and on 
coimmunoprecipitation with E-cadherin and ß-catenin 
(Fig. 8 C, lane 3). A significantly reduced interaction was 
observed for those constructs with truncations in the Arm 
repeat region (Fig. 8 C, lanes 4 and 5). Thus the armadillo 
repeat domain alone was sufficient for 8-catenin localiza- 
tion to cell-cell junctions as is the case for ß-catenin which 
requires only a portion of the Arm domain to bind cad- 
herin and localize to adherens junctions (Funayama et al.. 

1995; Orsulic and Peifer, 1996). These data are consistent 
with the two-hybrid analysis described above which also 
demonstrated that the 8-catenin Arm domain was suffi- 
cient for interacting directly with cadherin. 

Two additional GFP fusion constructs, both of which in- 
terrupted the arm repeats, were transfected. One of these 
(ARM/CT212) contained four COOH-terminal arm re- 
peats and the more COOH-terminal sequence (Fig. 8 A). 
This construct represents the fragment of 8-catenin origi- 
nally cloned from the yeast two-hybrid system using the 
presenilin loop region as the bait (Zhou et al., 1997). This 
fragment, which can interact with presenilin, neither forms 
an immunocomplex with cadherin efficiently (Fig. 8 C, 
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Figure 8. Deletion analysis of 
8-catenin localization and inter- 
action with adhesive junction 
proteins. (A) Schematic draw- 
ings show the design of deletion 
mutants. MF, full-length 8-cate- 
nin. ARM1-10, S-catenin se- 
quence containing only the 
Arm repeats. ARM/NLS, 
8-catenin containing partial 
NFL terminus including six 
Arm repeats. Within Arm re- 
peat 6, the boxed sequence in- 
dicates a putative nuclear local- 
ization signal. ARM/CT212: 
8-catenin containing the com- 
plete COOH terminus but with 
only four Arm repeats from the 
COOH-terminal end. (B) Lo- 
calization of mutant 8-catenin 
in MDCK cells, (a) Mock trans- 
fection. (b) GFP reporter, (c) 
Full-length 8-catenin. (d) Ar- 
madillo domain alone, (e) 
ARM/NLS. (f) ARM/CT212. 
Bar, 10 u,m. (C) Coimmunopre- 
cipitation of 8-catenin deletion 
mutants from transfected 
MDCK cells. Fractions were 
immunoprecipitated with GFP 

antibody and labeled with either E-cadherin or ß-catenin antibody. (1) Mock-transfected cells. (2) MF. (3) ARM1-10. (4) ARM/ 
CT212. (5) ARM/NLS. Molecular weight markers are indicated at the left of each panel. 
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lane 4), nor demonstrates a primary localization to cell- 
cell junctions (Fig. 8 B, panel f). Instead, it appears to have 
a more diffuse cytoplasmic distribution similar to that in 
the endoplasmic reticulum observed for presenilin (Ko- 
vacs et al., 1996). A construct with the first six arm repeats 
plus the 181 residues NHrterminal to the repeats (ARM/ 
NLS) localizes to nuclei (Fig. 8 B, panel e). This construct 
has a putative nuclear localization signal within the sixth 
repeat. However, we have not yet identified physiologic 
circumstances that drive full-length 8-catenin to the nu- 
cleus. Neither of these truncated proteins effectively coim- 
munoprecipitates with E-cadherin or ß-catenin (Fig. 8 C, 
lanes 4 and 5). 

8-catenin Induces Morphological Alterations 

MDCK cells transfected with 8-catenin displayed an al- 
tered morphology. Transfected cells tended to lose their 
polygonal morphology and assumed either irregular shapes 
or an elongated fibroblastic appearance, sometimes with 
cell processes (Figs. 4 A and 5 A). Cells stably transfected 
with 8-catenin lost their organization as a regularly packed 
monolayer (compare Fig. 9 A, panels c and d). Immunola- 
beling of the 8-catenin-transfected cells showed that other 
major proteins of the adherens junction remained pre- 
dominantly localized to cell-cell junctions (Fig. 9 A, c and 
d; B, a-d). Because 8-catenin and pl20ctn both bind to the 
juxtamembrane region of cadherin, one might expect that 
their interaction with E-cadherin is competitive. However, 

in 8-catenin-expressing cells pl20ctn retained its localiza- 
tion at the cell boundary (Reynolds et al, 1992; Fig. 9 B, c 
and d). Although a few cells showed increased cytoplasmic 
pl20ctn staining after 8-catenin transfection, the differ- 
ences from controls were insignificant, and there was no 
increase in the soluble pool of pl20ctn (Fig. 2 C). Further- 
more, after 8-catenin transfection there was no change in 
the amount of pl20ctn coimmunoprecipitated with E-cad- 
herin compared to mock-transfected cells (see Fig. 11 A, 
lanes 1 and 2): 

One explanation for the morphological changes was that 
8-catenin altered MDCK cell proliferation. To test this hy- 
pothesis, we measured growth rates for control and 8-cate- 
nin-expressing cells. The growth rates of control and 
MDCK cells stably expressing 8-catenin did not signifi- 
cantly differ (Table I). To confirm this result BrdU incor- 
poration into dividing cell nuclei was detected by a mAb 
specific for BrdU. Again, no significant difference was ob- 
served (Table II). Therefore, we concluded that the ex- 
pression of 8-catenin does not significantly alter cell prolif- 
eration. 

8-catenin Primes Growth Factor-Induced 
Cell Spreading 

Another explanation for the altered cell-cell relationships 
in transfected cells was that 8-catenin conferred enhanced 
motility on the cells, perhaps by altering the composition 
of the wild-type junctions. To explore this possibility the 
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Figure 9. 8-catenin transfection altered MDCK cell morphology. 
(A) Double immunofluorescent labeling showing (»localization 
of 5-catenin with E-cadherin in MDCK cells stably expressing 
8-catenin cDNA. (a and b) Anti-5-catenin immunofluorescent 
microscopy, (c and d) Monoclonal anti-E-cadherin immunofluo- 
rescent microscopy, (a and c) Mock-transfected MDCK cells, (b 
and d) MDCK cells stably expressing 8-catenin cDNA. Note in b 
and d multilayers of MDCK cells can be observed while in a and 
c the monolayer is intact. Bar. 20 u,m. (B) Double immunofluo- 
rescent microscopy showing the localization of adherens junc- 
tion-associated proteins ß-catenin and pl20ctn in mock (a and c) 
and S-catenin-transfected MDCK cells (b and d). (a and b) Anti- 
ß-catenin. (c and d) Anti-pl20"". Note pl20c,n localization to 
cell-cell contact in mock- and S-catenin-transfected MDCK cells. 
Bar, 5 u.M. 
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ing of islands of MDCK cells was measured. In this dis- 
persion assay, islands of 8-catenin-expressing cells and 
control cells were treated overnight with HGF and immu- 
nostained with rAb62. 8-catenin-expressing cells showed a 
greater degree of dispersion than control cells. Indeed, af- 
ter HGF stimulation >78% of the 8-catenin-expressing 
cells completely detached from each other, while only 
17% of the untransfected cells reached the same stage of 
dissociation. Thus, 8-catenin further stimulated HGF- 
induced cell scattering. 

To determine whether HGF-induced a redistribution of 
junctional proteins including 8-catenin, we treated mock- 
transfected and 8-catenin-transfected MDCK cells with 
HGF. When 8-catenin-transfected MDCK cells were 
stained with E-cadherin antibodies, the smooth honey- 
comb pattern of labeling in the periphery was lost, and the 
cell junctions appeared disrupted even among those cells 
which remained clustered (Fig. 10 C). Comparable groups 
of mock-transfected MDCK cells retained their junctional 
relationships as visualized by E-cadherin antibody labeling 
(Fig. 10 B). The disruption of the cell-cell junctions in this 
setting may be due to a reorganization of 8-catenin in- 
duced by HGF. To determine whether 8-catenin under- 
goes a shift in its localization following HGF treatment, we 
compared MDCK cells transfected with 8-catenin in the 
presence or absence of HGF (Fig. 10, D and E). Com- 
pared to untreated cells (Fig. 10 D), 8-catenin appeared to 
shift from a predominantly peripheral localization to a dif- 
fuse cytoplasmic distribution (Fig. 10 E). Clustered cells 
appeared to lose the integrity of their cell-cell contacts as 
judged by a less smooth appearance of the pool of 8-cate- 
nin which remained peripheral (Fig. 10 E). Other cells 
which completely dissociated from their neighbors under- 
went radical morphological changes that included the 
elaboration of processes and flattened lamellar veils (Fig. 
11 B). In these dissociated cells 8-catenin remained colo- 
calized with ß-catenin (Fig. 11 B, a and b) and pl20ctn (Fig. 
11 B. c and d), even at the leading edge of the lamellae 
(see arrows). However, HGF made the dissociation from 
desmoplakin more apparent (Fig. 11 B, e and f). 

transfected cells were treated with hepatocyte growth fac- 
tor/scatter factor (HGF/SF) (Rosen et al„ 1994; Balkovetz 
et al., 1997) in two cell dispersion assays. In one assay, 
5,000 control or transfected MDCK cells were plated in 
the upper chambers of a two-chamber system overnight. 
The upper chambers were then transferred to another 
chamber in the presence or absence of HGF for an addi- 
tional 2 d. HGF treatment induced the migration of con- 
trol MDCK cells to the lower chamber. When those cells 
expressed 8-catenin, a significantly greater number of cells 
migrated to the lower chamber compared to controls (Fig. 
10 A). In a second assay, the effect of HGF on the scatter- 

Discussion 
We have examined the cell biological and biochemical 
properties of a novel pl20cln family member, 8-catenin. 

Table II. Nuclear Incorporation ofBrdll in Control and 
MF Cells 

Cell type Positive/total SEM 

Control 

MF 

37.5% 
36.6% 

±6.78 
±10.4 
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Figure 10. Ectopic expression of 8-catenin pro- 
motes HGF-stimulated cell spreading and scat- 
tering. (A) Two-chamber system showing the en- 
hanced migration of 8-catenin-expressing cells. 
CeÜL/Cellu is the ratio' of cells which migrated, 
from the upper chamber to the lower chamber. 
C. control MDCK cells. C/H, control cells 
treated with HGF. MF, 8-catenin-transfected 
MDCK cells. MF/H, 8-catenin-transfected 
MDCK cells treated with HGF. (B and C) 
Monoclonal anti-E-cadherin immunofluores- 
cence after overnight treatment with HGF. (B) 
Mock-transfected MDCK cells. (C) MDCK cells 
stably expressing 8-catenin. In B, cell-cell con- 
tact is still largely intact while in C cell-cell con- 
tact points appear disrupted (see arrows). (D and 
E) Anti-8-catenin immunofluorescent micros- 
copy showing the effect of HGF on 8-catenin dis- 
tribution. (D) 8-catenin-expressing cells before 
HGF treatment. (E) 8-catenin-expressing cells 
after HGF treatment sometimes remain in clus- 
ters but show disruptions at points of cell-cell 
contact (see arrow) and show a redistribution of 
8-catenin to the intracellular compartment. 
Bar. 5 (JLITI. 

Based on coimmunoprecipitations, immunolocalization, 
and expression studies, we show that there is a pool of 
8-catenin associated with adherens junctions. In contrast 
to the related protein, p0071 (Hatzfeld and Nachtsheim. 
1996), it appears that 8-catenin is not a component of the 
desmosome. Although it was previously claimed that 
8-catenin (referred to as NPRAP, for neural plakophilin- 
related arm-repeat protein) did not label cell junctions, no 
data were presented on this point (Paffenholz and Franke. 
1997; Zhou et al., 1997). Like pl20ctn (Ozawa and Kemler. 
1998; Yap et al., 1998), 8-catenin binds to a site within a 
41-amino acid juxtamembrane region on cadherins. This 
region contains the sequence DEGGGE conserved among 
mouse E-cadherin, OB-cadherin, N-cadherin, Xenopus 
C-cadherin, and Drosophila E-cadherin. ß-catenin binds 
to a more distal site at the extreme COOH terminus. 8-cate- 
nin can coimmunoprecipitate with ß-catenin, as well as 
with cadherins, suggesting that all are part of the same 
higher order complex, but it is unknown whether a single 
cadherin molecule can simultaneously bind ß-catenin and 
a pl20cln family member such as 8-catenin. 

Components of cell-cell junctions may also serve as de- 
terminants of cell shape and contribute to motile behavior 
(Reynolds et al., 1996; Barth et al., 1997b). pl20ctn, origi- 
nally defined as a tyrosine kinase substrate phosphory- 
lated both by the activated form of Src kinase and rapidly 
phosphorylated in response to ligand-induced signaling 
(reviewed in Daniel and Reynolds, 1997), also associates 
with classical cadherins (Reynolds et al., 1992,1994; Shiba- 
moto et al., 1995; Staddon et al., 1995). Because pl20ctn is a 
prominent target of both nonreceptor and receptor ty- 

rosine kinases (Daniel and Reynolds. 1997), it has been 
suggested that pl20ctn may mediate some of the effects of 
oncogenic tyrosine kinases on cell behavior during trans- 
formation and growth factor receptors on cell morphol- 
ogy. Overexpression of pl20cln can alter the morphology 
of some cells (Reynolds et al., 1996; Barth et al, 1997a). 
Based upon consensus motifs, 8-catenin is also predicted 
to be a tyrosine kinase substrate and 8-catenin can alter 
cell morphology when coupled to a" trophic stimulus. In 
our studies, the expression of 8-catenin also significantly 
enhanced the scattering response to the receptor tyrosine 
kinase ligand- HGF. Thus 8-catenin appears to prime cells 
for morphogenic and motogenic behaviors. This observa- 
tion suggests that an active form of 8-catenin can be in- 
duced in cells and this active form may be a phosphory- 
lated isoform. 

The effects of 8-catenin on cell morphology and motility 
support this view. The cytoplasmic domain of cadherin 
may regulate morphogenic events by selective binding at 
the distal site to ß-catenin and at the juxtamembrane site 
to 8-catenin or pl20cln. The effects of each of these pro- 
teins when bound to cadherin, either alone or in combina- 
tion, need to be systematically studied because a shift in 
their binding affinities can distort the phenotype. For ex- 
ample, an NH2-terminal deletion of ß-catenin in MDCK 
cells results in a more fibroblastic appearance that is simi- 
lar to the changes we observed when 8-catenin was ex- 
pressed in MDCK cells (Barth et al., 1997b; Pollack et al., 
1997). This mutant ß-catenin is more stable in E-cadherin 
and adenomatous polyposis coli'(APC) complexes. The 
regulation of cadherin cytoplasmic domain binding proba- 
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Figure 11. Ectopic expression of 
8-catenin does not lead to dis- 
placement of pl20c,n from ad- 
hesive junction proteins. (A) Im- 
munoblot showing pl20cl" 
coimmunoprecipitation with 
E-cadherin in mock (1), and MF 
cells (2). (3) MDCK cell lysate. 
(B) Double immunofluorescent 
microscopy showing redistribu- 
tion of junctional proteins in 
8-catenin-transfected MDCK 
cells after HGF stimulation, (a, c, 
and e) Anti-Srcatenin. (b) Anti- 
ß-catenin. (d) Anti-pl20c,n. (f) 
Anti-desmoplakin. Note the 
colocalization of 8-catenin with 
ß-catenin and pl20ctn, but not 
desmoplakin, at the leading 
edges of cells treated with HGF. 
Arrows point to the lamellipodia 
formation. Bar, 5 |j,m. 

bly contributes to the requirement for a migrating cell to 
become motile while retaining dynamic adhesive interac- 
tions with other cells and with the substrate. For example, 
the ras-induced tyrosine phosphorylation state of MCF- 
10A breast epithelial cells is thought to determine whether 
ß-catenin or pl20ctn bind to cadherin (Kinch et al.. 1995). 
In this model, ras transformation increased tyrosine phos- 
phorylation in the cells, bound pl20ctn to cadherin, and in- 
duced the loss of adherens junctions and the formation of 
focal adhesions. Further supporting a reciprocal balance 
between the expression of adherens junction proteins and 
proteins in focal adhesions is the increase in the ß-catenin 
and cadherin concentrations of pheochromocytoma cells 
after suppression of the extracellular signal regulated ki- 
nases, which are downstream of ras (Lu et al, 1998). 

In the case of E-cadherin, the juxtamembrane region 
negatively regulates adhesion by preventing lateral dimer- 
ization of the extracellular domain (Ozawa and Kemler. 
1998). Therefore, molecules which bind to this site such as 
8-catenin are candidates for negatively regulating cell-cell 
adhesion. The effects of 5-catenin on cell scattering meet 
the functional predictions for a molecule with this role in 
that cells detach and disperse. This response required 
HGF and therefore, 8-catenin activation depends on up- 
stream signaling elements. pl20ctn is also a candidate for a 
negative regulator of cell adhesion; however, there are 
some contradictory findings in the literature on this point. 
pl20ctn binds to the juxtamembrane region of C-cadherin, 
but in the experiments with C-cadherin, p^O0"1 was thought 
to increase adhesive strength (Yap et al, 1998). On the 
other hand, pl20ctn may not bind specifically to the jux- 
tamembrane region, but to several sites on the E-cadherin 
COOH terminus (Ozawa and Kemler, 1998). 

Because 8-catenin and pl20cln both bind to the jux- 
tamembrane region, it is possible that the phenotypic 
changes we have observed are due to displacement of 

pl20ctn from cadherin by 8-catenin. We believe this is un- 
likely for the following reasons: (a) after 8-catenin trans- 
fection we did not detect increased soluble pl20CIn (Fig. 2 
C); (b) after 8-catenin transfection immunoprecipitable 
pl20ctn did not change (Fig. 11 A); and (c) after 8-catenin 
transfection the immunolocalization of pl20ctn did not 
change (Fig. 9 B, panels c and d). What may explain how 
the two molecules bind to a nearly identical site, and yet 
not appear to displace each other? The most interesting 
explanation is that the expression of 8-catenin upregulates 
the expression of cadherin making more binding sites 
available. The evidence for this is apparent in Fig. 4 where 
the 8-catenin-transfected cells have increased cadherin- 
labeling relative to the nontransfected cells. Another pos- 
sibility assumes that binding to sites in the juxtamembrane 
region is more difficult when cadherin is dimerized and 
8-catenin interferes with dimer formation, thus increasing 
the number of binding sites. Finally, pl20ctn may not bind 
exclusively to the juxtamembrane region (Ozawa and 
Kemler, 1998) and therefore, it may not directly compete 
for binding with 8-catenin. 

Even if 8-catenin did displace pl20ctn, the MDCK cell 
may not be ideal for observing phenotypic changes due to 
pl20CIn overexpression. The phenotypic effects of pl20cln 

are most apparent in cells of mesenchymal origin (Kinch 
et al, 1995; Reynolds et al., 1996; Barth et al., 1997a,b), 
whereas the effects of 8-catenin are most apparent in epi- 
thelial cells. In contrast to our observations in MDCK 
cells, transfections of 8-catenin into fibroblasts showed 
only minimal effects on morphology (data not shown). 
Members of the Arm subfamily which bind to the jux- 
tamembrane region' of cadherin may represent a site 
where a cell implements its own specific morphological de- 
terminants. 8-catenin shows neuronal specificity, pl20ctn is 
expressed more generally, and" other members of this class 
with their own morphological determinants may emerge. 
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Predicted from pl20c,n and 5-catenin is the source of diver- 
sity which may arise from differences in the sequences that 
lie on either side of the Arm repeats. One function of the 
adherens junction is to link the cell surface with the actin 
cytoskeleton. ß-catenin can serve this purpose by binding 
a-catenin which in turn interacts with actin either directly 

„     or indirectly (Jou et al., 1995; Nieset et al., 1997). The rela- 
tionship of the pl20ctn subfamily proteins to actin is more 
problematic because pl20c,n does not bind to a-catenin 
(Daniel and Reynolds, 1995). 8-catenin, however, contains 

;..;:'i      *     a poly-L-proline stretch (Fig. 1), not present in pl20c,n, 
! which may represent a profilin-binding site and a link to 

'.. actin filaments. Thus, the downstream links of pl20ctn and 
;:,       ,       8-catenin may differ greatly. 
'.''■      '' A novel interaction of both ß-catenin and 5-catenin is 

with presenilin 1 (Zhou et al., 1997; Yu et al., 1998), which 
is encoded by the gene most commonly mutated in Alzhei- 
mer's disease (Clark et al., 1995; Sherrington et al., 1995), 
and is localized to the endoplasmic reticulum (Kovacs et al., 
1996). The significance of this interaction in brain develop- 
ment or in Alzheimer's disease is unknown. Although full- 
length 8-catenin does not primarily reside in association 

'...: with the endoplasmic reticulum where presenilin is resi- 
p dent, a potential site of residence may be revealed by the 

■. i expression of a truncated protein. For example, when 
■■■";;. NH,-terminal deletions of ß-catenin were expressed in 

■:■• MDCK cells the protein colocalized with APC, whereas 
| full-length ß-catenin failed to show this colocalization 
! (Barth et al., 1997b). In the case of 8-catenin, NH2-termi- 

nal deletions revealed a potential for codistribution with 
the endoplasmic reticulum (Fig. 8 B, f). Just as the ß-cate- 
nin binding partners, which include cadherins, fascin (Tao 
et al., 1996), APC (Rubinfeld et al., 1996), and certain ty- 
rosine kinase receptors (Hoschuetzky et al. 1994; Shibata 
et al, 1996) suggest a versatility of function, so 8-catenin 
may engage in a variety of interactions through its rich 
content of functional domains. 

To maintain tissue integrity, cells utilize cell-cell and 
cell-matrix junctions to create a highly ordered space-fill- 
ing array. During development and in response to environ- 
mental stimuli, cells can alter their interactions with other 
cells and the substrate by detaching from their neighbors 
and migrating to other sites. In so doing adhesive junctions 
can accommodate both stable cell-cell interactions within 
established epithelia while accommodating cell rearrange- 
ment and cell migration. Ultimately, changes in either the 

■:•■ ' composition of the proteins that make up the adherens 
junction or their posttranslational modifications are likely 
to play a pivotal role. 8-catenin is a neuronal specific pro- 
tein expressed at high levels in the ventricular zone (Fig. 
3), a neuroepithelial cell population destined to migrate 
tangentially and form the mature brain. A cautionary note 
is that 8-catenin is a neuronal cell protein and there may 
be some functional differences in the epithelial cells used 

3 here. Within 8-catenin is a consensus sequence for Abl 
-"•.'•! phosphorylation, which functions as an in vitro substrate 

■ri! ' for Bcr/Abl (Lu, Q., and K.S. Kosik, unpublished observa- 
tions). Among the genes associated with migration is the 

" mouse disabled-1 gene (Howell et al., 1997b; Sheldon et al., 
1997; Ware et al., 1997) which can associate with the non- 
receptor tyrosine kinases, Src, Abl, and Fyn (Howell et al, 
1997a). Given the localization of 8-catenin, its effects on 

cell scattering, and its putative relationship to nonreceptor 
tyrosine kinases, we hypothesize that 8-catenin functions 
as a regulator of neuronal migration. 
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THEMYOSINUGHTCHAINKINASEINHIBITOR,KT5926, DOESNOTPREVENT 
TGFß-INDUCED REARRANGEMENT OF CADHERIN-MEDIATED CELL-CELL 
JUNCTIONS. ((V. Hurst IV, P. Goldberg, P. Vincent)) Albany Medical College, 
Albany, NY 12208 

Protein permeability of endothelial monolayers is determined, in part, by the 
integrity of the cell-cell adherens junction (AJ), We have previously found that 
transforming growth factor beta (TGF&) alters barrier integrity by inducing cell-cell 
separation across endothelial cell monolayers. Immunofluorescentstaining reveals 
that the change in integrity coincides with AJ rearrangement prior to intracellular gap 
formation with AJ disassembly occurring after the cells have separated (8 h post- 
TGFIi). Cell contraction via the myosin light chain kinase (MLCK)-dependent 
signaling pathway has been shown to have a role in maintaining monolayer integrity. 
The purpose of this study was to determine the involvement of MLCK-dependent 
signalling pathway in TGFß-induced changes in both endothelial monolayer integrity 
and AJ rearrangement. Cultured calf pulmonary artery endothelial cells (CPAE) 
were seeded at 8x10" cells/cm2 and grown to confluence (5 days). TGFfi (1 ng/ml) 
was added alone or with the MLCK inhibitor, KT5926 (1 uM), to endothelial 
monolayers and incubated for 2,3,4 and 8 h. Electrical resistance measurements 
across endothelial monolayers revealed that KT5926 prevented TGFß-induced 
decreases in endothelial monolayer integrity. Immunofluorescent staining revealed 
that inhibition of MLCK prevented TGFß-induced intracellular gap formation. 
However, KT5926 did not prevent the actin stress fiber formation and AJ 
rearrangement that is observed in cells treated with TGFß alone. These results 
indicate that activation of MLCK is required for TGFß-induced decreases in 
endothelial monolayer integrity and suggests that cell contraction plays a role in 
TGFß-induced changes in barrier function. The data also suggests that actin stress 
fiber formation and AJ rearrangement occur via a signal transduction pathway that 
is independent of the MLCK activation. (Sponsored by R29-HL-54206. T32-HL- 
07194) 

2672 

5-CATENIN, AN ADHESIVE JUNCTION ASSOCIATED PROTEIN WHICH 
PROMOTES MOTILE BEHAVIOR. «Q. Lu'. M. Parcdes', M. Medina', J.H Zhou', 
R. Cavallo1, M. Peifer. L. Orccchio1 and K.S. Kosik')) Center For Neurologic 
Diseases, Brigham and Women's Hospital and Harvard Medical School. Boston. MA 
02115.!Dept.of Biology, University of North Carolina.Chapcl Hill. NC 27599-3280 

(Soon. By Qun Lu) 

The classical adherens junction that holds epithelial cells together consists of a protein 
complex in which members of the cadherin family linked to various catenins are the 

principal components. 5-catenin is a mammalian brain protein in the Armadillo repeat 

superfamily which is expressed early in development. Based upon its sequence, 5- 

catenin belongs to a sub-family of Arm-repeat proteins that include the adherens 

junction protein pl20tu\ 5-catenin can be immunoprecipitated as a complex with other 

components of the adherens junction, including cadherin and ß-catenin, from 
transfected cells and from brain. The interaction with cadherin involves direct contact 
within the highly conserved juxlamembrane region of the carboxy terminus, where 
p!20™ also binds. In brain, staining with 8-catenin antibodies is most prominent 

toward the apical boundary of the neuroepithelial cells in the ventricular zone. When 
transfected into Madin-Darby Canine Kidney (MDCK) epithelial cells 6-catcnin co- 

localized with cadherin and ß-catenin to regions of cell-cell junctions. The Arm 
domain alone was sufficient for achieving localization and in vitro binding to cadherin. 
The ectopic expression of 8-catenin in MDCK cells altered their morphology and 

interfered with monolayer formation. 5-catenin expressing MDCK cells also showed 
increased responsiveness to hepatocyte growth factor treatment in a cell scattering 

assay. When PC12 cells overexpressing 5-catenin were stimulated with NGF, 5-calcnin 

induced flattened broad processes or frank lamellipodia. We propose that 5-catcnin 

plays an important role during brain development by organizing adhesion molecules 

during morphogenetic movement. (Supported by NIH grants). 
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2673 
REGULATION OF ADHERENS JUNCTION ASSEMBLY BY RHO SIGNALING IN 
NORMAL AND ISCHEMIC EPITHELIAL CELLS «S. Oopalakrishnan. N. Raman. S. J. 
Atkinson, and J. A. Marrs))  Indiana University Medical Center. Indianapolis. IN 46202 

Adherens junctions arc epithelial cell-cell adhesion complexes located directly 
basal to light junctions.   E-cadhcrin. the main component of adherens junction, is a 
calcium dependent eel! adhesion molecule which organizes the adherens junction plaque 
that contains caunins. membronc-cytoskclcial proteins thai link to the actin cytoskeleion 
and signal transaction proteins including jirowth (actor receptors and tyrosinc kinascs. 
Actin cytoskeleion and junctional complexes arc rceulatcd by Rho family GTPascs- Rho. 
Rac and CDC42.   We have previously demonstrated a role lor Rho GTPase signaling in 
ATP-depletion induced tight junction disassembly, and have shown that constitutive Rho 
signaling protects tight junctions from disassembly durme ATP-deptction ol MDCK cells. 
ATP-depletion, an in vitro model I'or ischemia, causes disruption of both (ighl junctions 
and adherens junctions.  We examined the «Meets ol Rho GTPase expression and ATP- 
depletion on adherens junction assembly in epithelial cells.   Microinjcction of CJ 

transferase. a specific inhibitor of Rho. resulted in decreased localization of E-cadhenn at 
cell-cell contact sites within 30 minutes.   Similarly, expression of dominant negative 
Rho-NI9 in MDCK cells resulted in decreased localization of E-cadhenn and 0-caicnm at 
cell-cell contact sites, whereas expression ol Rhn-V]4 caused an accumulation of both E- 
eadhenn and 0-caicnin at celt-cell junctions.   ATP-dcplction did not show a differential 
effect on adherens junction assemhly in cells expressing the dominant negative or 
dominant active Rho relative to control tuntranstectcd) MDCK cells. This is in contrast 
to the effect of mutant Rho expression on tight junction assembly during ATP-depletion. 
These data suggest that effects' of Rho GTPase signaling on tight junctions arc direct, and 
not mediated indirectly through the adherens junctions.  Cadhcnn-associated proteins 
exhibited decrease in tyrosinc phosphorylation upon ATP-dcpletion. which returned to 
normal levels upon ATP-repletion.  Expression of mutant Rho GTPascs also altered 
catenin phosphorylation. suggesting possible mechanisms for Rho mediated regulation of 
adherens junction assembly. 

2674 
THE FORMATION OF SPECIALIZED INTER-SERTOLI CELL (SC) JUNCTIONS IN 
VITRO. A TIME COURSE STUDY AND THEIR REGULATION. ({Sanny S. W. Chung'-. Will M. 
lee; and C. Yan Cheng'. 1) 'Population Council. 1230 York Avenue. New York. New York 10021; 
-Department of Zoology. University of Hong Kong, Hong Kong, China. 

Throughout spermaiogenesls. developing germ cells (GO must traverse from the basal to the 
adluminal compartment of the seminiferous epithelium where fully developed spermatids 
(spermatozoa) can be released to the tubular lumen during spermtatlon. As such. CC movement is an 
essential cellular event in addition to other molecular and biochemical changes that take place in the 
tcstis during spermatogenesis, In accompanying GC movement, continuous disassembly and 
reassembly of specialized inter-Sertoli and SC-GC junctions, such as occluding (0|). anchorage (AJ). 
and communicating gap junctions <GJ> between testicular cells must rake place coordinate^ regulatm« 
bv a yet-to-ne understood mechanism. As a first step to elucidate the mechanism that regulates this 
complicated cellular phenomenon and to identify the participating molecules, we have used primary 
cultures of highly purified SC to assess the time course of specialized junction formation usinu several 
target genes which are known structural components of OJ (such as zonula occludens-1. ZO-1). AJ 
(such as N-cadhenn and ß-catenin) and GJ (such as connexin 33. Cx33). Freshly Isolated SC from 10- 
day-old rats was cultured at either low (2.5 x 104 cells/cm') or high cell density (0.0 x 10" cells, cm-) 
on Matrigel-coated dishes for 2 days. Thereafter, cells were subjected to a hypotonic treatment to 
remove residual germ cells and cultured for an additional 8 days to allow the establishment of 
specialized junctions. The expression of selected target genes were then assessed by RT-PCR. In low cell 
density SC cultures, specialized Oj such as light junctions did not form during the entire culture 
period when assessed by iransepithelial resistance measurement (TER). In high cell density cultures, 
iherc was an increase in ZO-1 expression in day 1-3 preceding the establishment of light junctions by 
day 4 as illustrated by a surge in TER. When SC was cultured at both low and high cell densiiy in vitrv. 
there was a time-dependent Increase In Sertoli cell N-cadhenn expression which peaked by day S 
indicating the time frame for the establishment of AJ is overlapping with the OJ. Moreover, a transient 
but significant increase in the expression of SC 3-catenin was also detected concurrent to an increase 
in N-cadherin expression. The expression of Cx33 was also enhanced at days 4-S in both high and low 
density cultures. These results illustrate that both OJ. AJ and GJ are formed between SC in high density 
cultures whereas O] cannot be formed In low density cultures. Conditioned medium of GC was found 
to induce a dose-dependent stimulation on SC N-cadherin and 0-catenln expression suggesting GC 
may play a role in determining their movement via the N-cadherin/0-catenin-medlaied signal 
iransduction pathway. In summary: this study demonstrates several target genes can be used as 
molecular markers to monitor the inter-Sertoli junction formation in vitro. This model is now being 
used to assess whether a disruption of specific target gene expression by exogenous compounds can 
impair intercellular junction formation so as to identify novel male contraceptives. Supported by grants 
from CONRAD (CIG 96-05). Rockefeller Foundation (97-21) and Hong Kong RGC (7235/07M). 
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ß-CATENIN IS DIFFERENTIALLY ASSOCIATED WITH THE BRUSH 
BORDER TRITON CYTOSKELETON DURING DIFFERENTIATION OF 
EPITHELIAL CELLS((J. M. Smith and D. R. Burgess)) Department of 
Biological Sciences, University of Pittsburgh, Pittsburgh, PA 15260. 

ß-catenin serves as a critical component of the adherens junctional complex 
bridging the association of the junction with the actin cytoskeleion. In 
addition to its role in maintaining adherens junction integrity, ß-catenin has 
been implicated as a cell-signaling molecule through its association with 
transcription factors in the nucleus for differentiation. Signaling via ß-catenin 
appears to be tightly regulated by differential phosphorylation which governs 
the localization and stability of the protein. Previous studies using polarized 
epithelial tissue culture cells analyzed that portion of ß-catenin soluble in 

• Triton and suggests that this was the pool associated with the junctional 
complex (Barth, et al., J. Cell Biol. 136:693). However, extraction of isolated 
crypt and villus cells with 1% Triton X-100 reveals that over half of cellular 
ß-catenin remains associated with the cytoskeleion of crypt cells whereas over 
90% is associated with villus cell cytoskeletons. ß-catenin is localized to the 
adherens junction of these cells. Using isolated villus cell brush borders and 
Tritonized brush border cytoskeletons, we find that ß-catenin is not 
solubilized by Triton but remains associated with the isolated brush border 
cytoskeleton at the level of the adherens junction as demonstrated by Western 
blotting and immunofluorescence. Other groups have shown that pp60src 

phosphorylates ß-catenin leading to the disruption of the adherens junction. 
Previous work in our lab has demonstrated increased activities of cytoskeletal 
MAPK and pp60c"src in the undifferentiated, mitotically active cells of the 
intestinal epithelial crypts of Lieberkühn when compared with the 
differentiated, non-mitotic villus cells. Based on these results, we suspect that 
the differential association of ß-catenin with the brush border is regulated by 
phosphorylation by pp60c"src or other kinases associated with the brush 
border during enterocyte differentiaion. (Supported by NIH DK 31643). 

2676 
Cell Adhesion and Signal Transduction in Drosophiia R-Cavallo, R.Cox, 
J.Loureiro. C.Kirkpatrick. D.McEwen. B.McCartney, S.Myster. GPolevoy, 
D.Rubenstein and M.PeiTer. Curriculum in Genetics and Department of Biology, 

University of North Carolina. Chapel Hill, NC 27599 
Our lab studies the relationship between cell:cell adhesion and signal transduction. 

We focus on Armadillo, the Drosophiia homolog of ^-catenin, which is a compo- 
nent of the adherens junction. These junctions are essential for polarization and 
maintenance of epithelial tissues, and when misregulated play a role in metastasis. 
Adherens junctions form around cadherins, transmembrane proteins which bind hc~ 
motypically to cadherins on neighboring cells. The intercellular domain of cadherins 
interact with catenins. such as Armadillo, which function to tether the junctions 
to the cytoskeleton and regulate their adhesive properties. In an effort to elucidate 
mechanisms of junctional regulation, we have cloned a fly homolog of another ver- 
tebrate catenin, p!S0ctn and have begun a characterization of this protein at the 
molecular and genetic level. We suspect P120ctn may regulate junctional assembly, 
and hope to test this using genetic tools available in Drosophiia. Armadillo is also 
a component of the Wg/Wnt signal transduction pathway, which plays a role in 
many developmental cell fate decisions and which when inappropriately activated 
can cause colon cancer and melanoma. We have found that in response to Wg 
signal, Armadillo accumulates within the nucleus of cells, where it complexes with 
dTCF to form a bipartite transcription factor that activates Wingless responsive 
genes. We have further shown that in the absence of-Wg signal, dTCF complexes 
with the Groucho protein, and represses Wg responsive genes. 


