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Adherens junctions: a family of homologous cell
contacts
Ultrastructural analyses of cells and tissues over
the last several decades have indicated that cells
commonly form contacts through specialized
membrane domains. The cellular topology and
fine structure of such adhesion sites varies considerably, reflecting the highly diverse physiological
roles and cellular manifestations of adhesive interactions. In general, two major classes of adhesions
may be distinguished, namely cell-matrix and
cell-cell contacts. Among these distinct types of
cell adhesions may be formed, attaching cells to
the various extracellular matrix (ECM) networks
on, or within which cells grow. Some of these
attachment sites display a characteristic association with cytoskeletal filaments, providing an apparent mechanical linkage between intracellular
force-generating systems and the pericellular connective tissue. It has been widely accepted that
these contacts and their spatially- and temporallycontrolled reorganization, play cardinal roles in a
large number of processes (which are often quite
conflicting) such as cell anchorage and locomotion, growth stimulation and growth arrest, etc.
Among these cytoskeleton-bound ECM contacts two major types were discerned on morpho-
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logical grounds: the actin-associated adhesions,
for which focal contacts have served as the primary
experimental prototype, and the intermediate filament-bound hemidesmosomes. In this article we
will discuss only the former group of matrix contacts.
Focal contacts appear to be the tissue-culture
version of a rather widespread group of cell-matrix adhesions (Burridge et al., 1988). Their in vivo
analogs include a whole variety of structures such
as myotendinous junctions, membrane-bound
dense plaques of smooth muscle and, most likely,
actin associated attachment sites formed between
various epithelia and the underlying basement
membrane. The hallmark of these contacts is their
ubiquitous association with actin, vinculin, and
talin (Geiger et al., 1985, 1987 and see below).
Members of the second group of cell adhesions,
namely intercellular contacts (those which involve
a direct interaction between intrinsic membrane
proteins of two neighboring cells) come in different forms and configurations. Their diversity may
be best appreciated in polar epithelial cells whose
subapical junctional complex (the so-called' terminal bars') and lateral borders harbor several distinct junctional structures including tight junctions, adherens junctions (AJ), desmosomes and
gap junctions. Each of these contains a special set
of components and has distinct functional assignments: tight junctions are primarily involved in
the establishment and maintenance of epithelial
polarity and transepithelial resistance, gap junctions form intercellular communication channels
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Fig. 1. Double iramunofluorescent labeling of chick lens cells for vinculin (left column) and integrin (~1), talin and A-CAM. The
open arrows point to cell-cell junctions which contain vinculin but are devoid of integrin and talin, The arrowheads in the bottom
panels point to vinculin-contalning focal contacts which apparently contain no A-CAM. Magnification: ×980.
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while desmosomes and AJ associate, at their cytoplasmic aspects, with the intermediate filament
and microfilament networks, respectively. All these
junctional specializations are believed to concertedly affect cell shape, dynamics and behavior.
The intercellular AJ share some of their molecular
properties with the ceI1-ECM counterparts; they
too associate with F-actin and contain a vinculinrich membrane-bound plaque structure. Their exact shapes may vary considerably in different cells,
forming either continuous subapical belts, interrupted arrays of patches or scattered spot contacts. Our primary concern, in this article, is to
briefly consider the molecular structure of the
various types of AJ and to discuss the possible
mechanisms which are involved in their assembly
and modulation.

Cell-cell and c e l I - E C M contacts are two molecularly distinct subfamilies of adherens junctions

The molecular characterization of the various
forms of A J, mainly carried out by immunocytochemical localization of their various components, has established both their similarity and
molecular heterogeneity (Geiger et al., 1985b). It
had been shown that some of the molecules present in cell-ECM AJ are absent from cell-cell
contacts and vice versa. A few of these variations
are depicted in Fig. 1 (upper two panels), showing
that molecules such as talin and integrin are restricted to the former junction while cadherin
molecules such as A-CAM (Volk and Geiger, 1984,
1986a,b) and several plaque proteins (such as
Katenins) (Kemler and Ozawa, 1989; Nagafuchi
and Takeichi, 1989), or plakoglobin (Kapprell et
al., 1987) are present in the latter only.
While this distinction between cell-cell and
cell-ECM contacts generally holds true, it should
be considered here with a grain of salt since in
some systems, such as interacting lymphocytes,
talin was detected in the neighborhood of the
cell-cell contacts and in some epithelia, integrins
were detected near cell-cell boundaries (Konter et
al., 1990; Carter et al., 1990; Darjaval et al., 1990).
Similarly, it was reported that some integrins (i.e.,
LFA-1) are apparently involved in intercellular

interactions in lymphoid cells (Biener and Burakoff, 1988; Makogoba et al., 1988).

Molecular interactions in AJ

The chain of molecular interactions which lead
to the assembly of the various AJ components is
not entirely understood. One of the major difficulties faced by many researchers is the necessity to
carry out a precise molecular analysis of the rather
complex lattice of junctional elements which cannot be easily reconstituted in the test-tube. Thus,
most of the currently available models are based
on immunolocalization studies combined with
rather simple in vitro binding assays carried out
with purified or semi-purified proteins. One of the
commonly accepted models for cell-matrix adhesions (Fig. 2) is primarily based on the capacity
of integrins to bind to talin, as well as on the
binding of the latter to vinculin and the interaction of vinculin with a-actinin, which is a well
known actin cross-linking protein. In the simplified model shown here no specific role was
assigned to the many other molecules which reside
at the cell-matrix junctions assuming that they
might exert a 'regulatory role'. This may be especially relevant for specific proteinases (Beckerle et
al., 1987) and kinases (Jaken et al., 1989; Maker et
al., 1985) which were detected in focal contacts of
culture cells. Recently, using essentially the same
experimental scheme, alternative possibilities were
proposed including a direct interaction between
a-actinin and integrin or the binding of talin to
actin (see Burridge et al., this issue). Obviously,
not every interaction which can be demonstrated
in vitro actually takes place in vivo and it remains
to be unequivocally determined which of the
potential reactions mentioned above indeed occurs
in living cells.
In the case of cell-cell AJ the available definitive information appears to be even more restricted. The cytoplasmic tails of the transmembrane cadherin receptors apparently interact with
a group of polypeptides known as catenins (Kemler
and Ozawa, 1989) and this complex is further
anchored to vinculin and to the rest of the microfilament system. It is interesting to note that the
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Fig. 2. Schematic models depicting some of the molecular interactions which might occur in adherens junctions. Notice the
differences between the cell-matrix and cell-cell contacts. In addition, we present three variations for the cell-matrix contacts
(versions 1-3). The first shows a linear array of interactions, the second illustrates the cooperative effect brought about by the
capacity of vinculin to oligomerize. The third scheme suggests that the cytoplasmic components accumulating along the plasma
membrane may immobilize additional receptors to the newly formed contact site.

C-terminal cytoplasmic domains of cadherins (as
shown for the E- and N- forms) seem to be
essential for effective cadherin-mediated cellular
interactions (see Nagafuchi and Takeichi, 1988
and Fig. 3 below). This was demonstrated via
systematic deletion experiments in which cadherin-encoding cDNA clones, lacking different Cterminal segments, were transfected into ceils and
their capacity to mediate cell adhesion and junction formation determined. As shown in Fig. 3,
intact N-cadherin, transfected into CHO cells, had
a remarkable effect on cell morphology. The
transfected cells assumed an epithelioid morphology displaying conspicuous intercellular junctions (compare Fig. 3 top and bottom panels).
Moreover immunolocalization using antibodies
specific for chicken N-cadherin indicated that the
protein was specifically associated with these
newly-formed junctions. The truncated variant of
N-cadherin from which the C-terminal sequences
corresponding to 100 amino acids of the cytoplasmic domain were removed, failed to support

the morphological changes or the formation of
intercellular AJ (Fig. 3, middle panels). It is still
not entirely clear whether this phenomenon is
attributable to intramolecular interactions whereby
the cytoplasmic domain or parts of it directly
affects the affinity of the molecular cadherin's
capacity of the ecto-domain or to receptor aggregation which might be important for the acquisition of high avidity interactions.
The model describing the intermolecular interactions which presumably take place in the various types of AJ were depicted here as a linear
chain of intermolecular associations. Such a model
predicts a saturable binding of the various cytoplasmic components of the junction resulting in
the deposition of the various proteins in, largely,
equimolar amounts. The primary factor determining the assembly of the junctions is thus the local
'immobilization' of the relevant adhesion molecules. However, some early experiments (Avnur et
al., 1983; Geiger et al., 1984) in which fluorescently labeled vinculin was allowed to interact
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Fig. 3. The capacity of A-CAM (N-cadherin) to induce epithelialization and junction formation in transfected CHO cells. The cells
shown in the upper panels were transfected with N-cadherin cDNA driven by an SV40 promoter. Unlike the non-transfected CHO
cells (bottom), the cells expressing N-cadherin acquired flat epithelial morphology forming extensive cadherin-rich junctions.
Interestingly, transfection of CHO cells with N-cadherin from which about 100 C-terminal amino acid residues were deleted,
indicated that the truncated molecule lost the capacity to form an epithelium and to organize cell-cell junctions (middle panels).
Immunoblotting analysis of the respective transfected cells with anti A-CAM is shown on the left. The arrows point to the intact
A-CAM while the arrowheads indicate the position of the truncated molecule. Magnifications: immunofluorescence x980; phase
contrast × 250.
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with focal contacts in isolated membranes or detergent-permeabilized cells, indicated that binding
of the labeled protein was not readily inhibitable
by excess non-fluorescent vinculin. Moreover, immunoelectron microscopic localization of either
vinculin or talin suggested that the two co-distribute over a relatively broad zone along the cytoplasmic faces of contact sites (Volberg et al., 1986).
An insight into the possible mechanism of association of vinculin and talin with these contacts
was recently obtained in a series of experiments in
which D N A encoding different segments of
vinculin were transfected into COS or C H O cells
(Bendori et al., 1989). The newly formed chicken
vinculin in the monkey or hamster cells was then
localized immunomicroscopically using specific
antibodies exclusively reactive with the chicken
protein. Detailed description of such experiments
was reported earlier using transient expression in
COS cells (Bendori et al., 1989) and similar results
carried out with permanent transfections of C H O
cells are shown in Fig. 4. The intact chicken
vinculin expressed here under the control of heat
shock promotor, became associated with focal
contacts soon after heat shock in the transfected
cells (Fig. 4a). Similar distributions were obtained
with c D N A clone encoding the N-terminal ' h e a d '
domain of vinculin (where the talin binding site is
located). Interestingly, transfection with a Cterminal construct corresponding to the 'tail' of
the vinculin molecule was similarly associated with
focal contacts (Bendori et al., 1989). This indicated that vinculin contains at least two distinct
focal contact binding sites located at distant locations. Further evidence was obtained that the ' N terminal' site is capable of binding to talin while
the 'C-terminal' site is, most likely, involved in
vinculin oligomerization. Furthermore, it was proposed that there are additional sites on vinculin
responsible for its association with the microfilament system.
These findings have compelled us to revise the
molecular model as illustrated in Fig. 2, bottom,
left. It is proposed that the oligomerization of
vinculin in the newly formed junction may lead to
the recruitment of additional et-actinin, actin and
talin molecules to the contact site, thus construct-

C

Fig. 4. Expression of intact (V) and truncated (V(-)) chick
vinculin in CHO cells. The transfected as well as control (C)
CHO cells were immunofluorescently labeled with anti-vinculin specific for the chick protein. Notice that both the intact
vinculin and the truncated 'head' domain bind specifically to
focal contacts in the transfected CHO epithelium. A demonstration that the vinculin 'tail' can also bind independently to
focal contact is shown in Bendori et al., 1989.
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ing an elaborate lattice of plaque and cytoskeletal
components.
This 'revised' model of the junction bears some
additional intriguing implications: as pointed out
above, the common view is that junction assembly
is initiated due to local immobilization of the
relevant membrane receptors (integrins or
cadherins) and that it proceeds 'centripetally' from
the membrane towards the cytoplasm. The model
presented here raises the interesting possibility
that the local accumulation of plaque components
(talin and/or others) may, in turn, bind additional
receptor molecules, irrespective of their extracellular interactions thereby augmenting the adhesive
potential of the cells. Recent preliminary experiments (Geiger, Salomon, Takeichi and Hynes, unpublished results) supported this view. We have
found that chimeric molecules containing the cytoplasmic and transmembrane sequences of fll
integrin, attached to a non-integrin extracellular
domain are specifically localized in focal contacts
of the transfected host cells. Thus the presence of
an integrin cytoplasmic tall was sufficient to target
the chimeric molecules' into the contact area. This
mechanism is schematically depicted in Fig. 4,
bottom right.

Alternative mechanisms for the disassembly of adherens junctions
Cell junctions appear to be fairly stable structures, yet it is quite clear that under physiological
conditions, they are periodically constructed and
disassembled and their constituents (at least part
of them) maintain a dynamic equilibrium with an
extra-junctional pool (Kreis et al., 1982, 1985).
Cell motility, for example, requires not only formarion of new contacts under the protruding leading edge but also dissociation of distal attachments. In addition, many cells lose their intercellular and matrix adhesions when they enter mitosis.
These are just two examples reflecting the dynamic state of junction-associated molecules.
It thus appears that cellular mechanisms which
could lead to decreased adhesiveness or control
the rates of assembly and disassembly of junctional molecules may be of a considerable impor-

tance. We would like to briefly consider here
several alternative mechanisms which, theoretically, could be involved in the regulation of junctions, and actually demonstrate that at least some
of those may be utilized by cells:

(a) Extracellular regulation
(1)
(2)
(3)
(4)

Proteolytic inactivation of adhesion molecules
Inhibition of junction formation by fragments of the adhesion molecule
Inhibition by soluble fragments of the
ligand (ECM molecule for example)
Modulation of extracellular Ca 2÷ concentration (especially in cadherin-mediated interactions.)

(b) Cytoplasmic regulation
(1)

Biosynthetic control of junctional constituents
(2) Local proteolysis of junctional molecules
(3) Controlled assembly/disassembly of the
microfilament system
(4) Post-translational modification of junctional molecules (mainly phosphorylation)
It is beyond the scope of this article to address
in detail each of these mechanisms. Suffice to
mention that interference with junctional interactions was shown, in the past, to lead to the destruction of the transmembrane interactions typical of adherens junctions. For example, inhibition
of cadherin-mediated intercellular contacts either
by antibodies or by lowering extracellular Ca 2÷
concentration resulted in the displacement of actin
and vinculin from the plasma membrane (Volk
and Geiger, 1986a,b).
Furthermore, A-CAM (also known as Ncadherin) (Hatta et al., 1987) was shown to be a
potential substrate for cell surface proteinase degradation. Exposure of cultured chick lens cells to
low-Ca 2÷ medium resulted in a gradual proteolytic cleavage of A-CAM in a specific proteasesensitive site. Within 10-16 h in low Ca 2÷ essentially all A-CAM molecules were cleaved, leaving
a 78 kDa fragment associated with the cell surface
(Fig. 5 and see Volk et al., 1990). Shifting of Ca 2÷
concentration back to the normal level resulted in
the reappearance of intact A-CAM and the re-
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Fig. 5. Cleavage of surface A-CAM by an endogenous proteinase in chick lens epithelium cultured in low Ca 2+ medium. We present
both Western blot analysis and immunofluorescent labeling of epithelium using two types of antibodies: antibody ID-7.2.3 (A and B)
which reacts with both the intact and cleaved molecule and antibody CC-11 9 (C and D) which binds to the former molecule only.
Notice that while both antibodies bind to A-CAM in junctions of the untreated epithelium (A and C), the ID-7.2.3 antibody reacts
with a truncated, 78 kDa molecule in the epithelium growing in low Ca 2+ medium for 24 h, with which the CC-11 antibody does not
react. Notice that the truncated A-CAM in the cells maintained in low Ca 2+ is diffusely distributed over the cell surface.
Magnification × 980.

e s t a b l i s h m e n t of a d h e r e n s j u n c t i o n - a s s o c i a t e d cytoskeletal network. A s shown, the cleaved fragment, which c o u l d b e l a b e l e d with s o m e m o n o clonal a n t i b o d i e s (ID-7.2.3) a n d n o t others (CC-11)
was diffusely d i s t r i b u t e d over the entire cell
surface. Interestingly, l a b e l i n g of d e v e l o p i n g
somites with these two a n t i b o d i e s (Fig. 6) indic a t e d that d u r i n g early stages of the d o w n regul a t i o n of A - C A M expression in the s c l e r o t o m e
positive labeling with the p r i m e r a n t i b o d i e s was

n o t i c e d in t h a t region; the l a t t e r a p p e a r e d negative.
A n e x a m p l e for a p o t e n t i a l l y i m p o r t a n t cytop l a s m i c r e g u l a t o r y m e c h a n i s m is the p h o s p h o r y l a tion of j u n c t i o n a l p r o t e i n s o n tyrosyl residues.
Such a p o s s i b i l i t y was p r o p o s e d a l o n g time ago,
b a s e d o n the o b s e r v a t i o n t h a t R o u s S a r c o m a Virus
( R S V ) - t r a n s f o r m e d cells w h i c h express high levels
o f t y r o s i n e p r o t e i n kinase, d i s p l a y m a r k e d l y red u c e d adhesive p r o p e r t i e s ( M c N u t t et al., 1973;
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Fig. 6. Immunofluorescent labeling of developing somites in chick embryo using the ID-7.2.3 and CC-11 antibodies. Notice that the
staining with the latter antibody is considerably more restricted suggesting that proteolytic degradation of A-CAM occurs in the
sclerotome as one of the first steps in its down regulation.

Ash et al., 1976; Wang and Goldberg, 1976). It
was further demonstrated that the tyrosine kinase
encoded by the RSV oncogene, namely pp60 v'src is
localized in focal contacts (Rohrschneider, 1980)
which, consequently, contain high levels of tyrosine-phosphorylated proteins (Fig. 7A).
Interestingly, both types of adherens junctions
appear to be the primary cellular targets for endogenous protein tyrosine kinases not only in
virus-transformed cells but also in apparently normal cells. We have recently demonstrated that
specific inhibition of phosphotyrosine phosphatases (using a mixture of H202 and sodium
orthovanadate, see Heffetz and Zick, 1989; Heffetz et al., 1990) leads to a remarkable accumulation of phosphotyrosine-containing components in

focal contacts and intercellular AJ (Fig. 7). While
this labeling was notable following relatively short
(10-20 min) incubations, longer exposure to
H202/vanadate (up to a few hours) often resulted
in a dramatic deterioration of cell contacts. The
type of junctions which were primarily affected
(cell-cell vs cell-ECM) varied considerably from
one cell type to the other.
These were two examples brought here to illustrate possible regulatory mechanisms which may
be employed to control AJ formation. By no means
are these the only mechanisms. Recent results in
our as well as other laboratories suggest that essentially all the putative regulatory mechanisms
listed above could affect junction dynamics and
stability. It would, nevertheless, require consider-
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Fig. 7. The association of phosphotyrosine-containing components in cultured RSV-transformed chick lens epithelium (A) or
H202/vanadate treated MDBK ceils 01). Untreated MDBK cells are shown in C. Notice the association of immunolabeled
components with focal contacts and residual cell-ceil adhesions in the virus-transformed cells. Phosphotyrosine containing proteins
were detected in focal contacts and ceil-cell junctions of MDBK epithelial cells treated for 15 min with H202/vanadate.
Magnification x 980.

able focused efforts to specifically and directly
demonstrate the involvement of each process in
the coordinated assembly and modulation of AJ.

Acknowledgements
We would like to acknowledge with gratitude
the collaborations with Dr R. Bloch on the expression of chick vinculin in cells and with Dr Y. Zick
on the tyrosine phosphorylation. This study was
supported by the Ch. Revson Foundation, administered by the Israeli Academy of Sciences. B.G. is
the E. Neter Professor for Cell and Tumor Biology.

References
Ash, J.F., P.K. Vogt and S.J. Singer: Reversion from transformed to normal phenotype by inhibition of protein
synthesis in rat kidney cells infected with a temperaturesensitive mutant of Rous Sarcoma Virus. Proc. Nail. Acad.
Sci. USA 73, 3603-3607 (1976).
Avnur, Z., J.V. Small and B. Geiger: Actin independent association of vinculin with the cytoplasmic aspects of the plasma

membrane in cell contact areas. J. Cell Biol. 96, 1622-1630
(1983).
Bendori, R., D. Salomon and B. Geiger: Identification of two
distinct functional domains on vinculin involved in its
association with focal contacts. J. Cell Biol. 108, 2383-2393
(1989).
Beckerle, M.C., K. Burridge, G.N. DeMartino and D.E. Croall:
Co-localization of calcium-dependent protease II and one
of its substrates at sites of cell adhesion. Cell 51, 569-577
(1987).
Burridge, K., K. Fath, T. Kelly, G. Nuckoils and C. Turner:
Focal adhesions: transmembrane junctions between the
extracellular matrix and the cytoskeleton. Annu. Rev. Cell
Biol. 4, 487-525 (1988).
Carter, W.G., E.A. Wayner, T.S. Bouchard and P. Kaur: The
role of integrins aEfl 1 and f13 in cell-cell and cell-substrate
adhesion of human epidermal cells. J. Cell Biol. 110, 13781404 (1990).
Geiger, B., Z. Avnur, T.E. Kreis and J. Schlessinger: In: J.W.
Shay (ed.) Celi and Muscle Motility 5, Plenum, New York,
pp. 195 (1984).
Geiger, B., Z. Avnur, T. Volberg and T. Volk: Molecular
domains of adherens junctions. In: G.M. Edelman and J.-P.
Thiery (eds.), The Cell in Contacts: adhesions and junctions as morphogenetic determinants, pp. 461-489 (1985a).
Geiger, B., T. Volk and T. Volberg: Molecular heterogeneity of
adherens junctions. J. Cell Biol. 101, 1523-1531 (1985b).
Geiger, B., T. Volk, T. Volberg and R. Bendori: Molecular
interactions in adherens-type junctions. J. Cell Sci. Suppl.
8, 251-272 (1987).

353
Hatta, K., S. Takagi, H. Fujisawa and M. Takeichi: Spatial
and temporal expression pattern of N-cadherin cell adhesion molecules correlated with morphogenetic processes
of chicken embryos. Dev. Biol. 120, 215-227 (1987).
Heffetz, D. and Y. Zick: H202 potentiates phosphorylation of
novel putative substrates for the insulin receptor kinase in
intact Fao cells. J. Biol. Chem. 264, 10126-10132 (1989).
Heffetz, D., I. Bushkin, R. Dror and Y. Zick: The insulinomimetic agents H202 and vanadate stimulate protein
tyrosine phosphorylation in intact cells. J. Biol. Chem. 265,
2896-2902 (1990).
Jaken, S., K. Leach and T. Klauck: Association of type 3
protein kinase C with focal contacts in rat embryo fibroblasts. J. Cell Biol. 109, 697-704 (1989).
Kemler, R. and M. Ozawa: Uvomorulin-catenin complex: cytoplasmic anchorage of a Ca2+-dependent cell adhesion
molecule. BioEssays 11, 88-91 (1989).
Kapprell, H.P., P. Cowin and W.W. Franke: Biochemical
characterization of the soluble form in the junctional plaque
protein, plakoglobin, from different cell types. Eur. J. Biochem. 166, 505-517 (1987).
Kreis, T.E., B. Geiger and J. Schiessinger: The mobility of
microinjected rhodamine-actin within living chicken gizzard ceils determined by fluorescence photobleaching recovery measurements. Cell 29, 835-845 (1982).
Kreis, T.E., Z. Avnur, J. Schlessinger and B. Geiger: Dynamic
properties of cytoskeletal proteins in focal contacts. Cold
Spring Harbor Symp. on 'Molecular Biology of the Cytoskeleton' (ed. G. Borisy, D. Cleveland and D. Murphy) pp.
45-57 (1985).
Konter, U., I. Kellner, E. Klein, R. Kaufmarm, V. Mielke and
W. Sterry: Adhesion molecule mapping in normal human
skin. Arch. Dermatol. Res. 281, 454-462 (1989).
Larjava, H., J. Peltonen, S.K. Akiyama, S.S. Yamada, H.R.
Gralnick, U. Uitto and K.M. Yamada: Novel function for
fll integrins in keratinocyte cell-cell interactions. J. Cell
Biol. 110, 803-815 (1990).
Maher, P.A., E.B. Pasquale, J.Y.J. Wang and S.J. Singer:
Phosphotyrosine-containing proteins are concentrated in
focal adhesions in intracellular junctions in normal cells.
Proc. Natl. Acad. Sci. USA 82, 6576-6580 (1985).
Makogoba, M.W., M.E. Sanders, G.E.G. Luce, M.L. Dustin,
T.A. Springer, E.A. Clark, P. Mannoni and S. Shaw: (Letter
to the Editor) ICAM-1 a ligand for LFA-l-dependent adhesion of b, t and myeloid cells. Nature 331, 86-87 (1988).

McNutt, N.S., L.A. Culp and D.H. Black: Contact-inhibited
revertant cell lines isolated from SV40 transformed cells.
IV. Microfilament distribution and cell shape in untransformed, transformed, and revertant BALB/c 3T3 cells. J.
Cell Biol. 56, 412-428 (1973).
Nagafuchi, A. and M. Takeichi: Cell binding function of
E-cadherin is regulated by the cytoplasmic domain. EMBO
J. 7, 3679-3684 (1988).
Nagafuchi, A. and M. Takeichi: Transmembrane control of
cadherin-mediated cell adhesion: a 94 kDa protein functionally associated with a specific region of the cytoplasmic
domain of E-cadherin. Cell Regul. 1, 37-44 (1989).
Rohrschneider, L.R.: Adhesion plaques of Rous sarcoma virus
transformed cells contain the src gene product. Proc. Natl.
Acad. Sci. USA 77, 3514-3518 (1980).
Rungger-Br~mdle, E., T. Achtst~itter and W.W. Franke: An
epithelium-type cytoskeleton in a glial cell: astrocytes of
amphibian optic nerves contain cytokeratin filaments and
are connected by desmosomes. J. Cell Biol. 109, 705-716
(1989).
Volberg, T., H. Sabanai and B. Geiger: Spatial and temporal
relationships between vinculin and talin in the developing
chicken gizzard smooth muscle. Differentiation 32, 34-43
(1986).
Volk, T. and B. Geiger: A 135 kDa membrane protein of
intercellular adherens junctions. EMBO J. 3, 2249-2260
(1984).
Volk, T. and B. Geiger: A-CAM: a 135 kDa receptor of
intercellular adherens junctions: (a) immunoelectron microscopic and biochemical studies. J. Cell Biol. 103, 1441-1450
(1986a).
Volk, T. and B. Geiger: A-CAM: a 135 kDa receptor of
intercellular adherens junctions: (b) Antibody-mediated
modulation of junction formation. J. Cell Biol. 103, 14511464 (1986b).
Volk, T., T. Volberg, I. Sabanay and B. Geiger: Cleavage of
A-CAM by endogenous proteinases in cultured lens cells
and in developing chick embryos. Dev. Biol. 139, 314-326
(1990).
Wang, E. and A.R. Goldberg: Changes in microfilament
organization and surface topography upon transformation
of chick embryo fibroblasts with Runs sarcoma virus. Proc.
Natl. Acad. Sci. USA 73, 4065-4069 (1976).

