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Summary 

Cultured cells from either chicken lens or liver plated 
on solid substrates form flat epithelial sheets with 
adherens-type junctions between them. In lens cells 
these junctions contain A-CAM, while the same type 
of intercellular junctions in liver cells contain another 
cell adhesion molecule, L-CAM. Coculturing of lens 
and liver cells in the same dish resulted in the forma- 
tion of mixed (heterotypic) adherens junctions. Dou- 
ble immunofluorescent labeling for both A-CAM and 
L-CAM indicated that the mixed junctions contained 
both molecules, each of which was present on one of 
the two partner cells. Moreover, the formation of the 
heterotypic junctions could be effectively inhibited by 
both anti-A-CAM and anti-L-CAM antibodies. It has 
thus been proposed that A-CAM and L-CAM share sig- 
nificant functional homology and may be involved in 
heterophilic interactions leading to the establishment 
of molecularly and cellularly asymmetrical adherens- 
type junctions. 

Introduction 

Intercellular interactions are believed to play cardinal 
roles in embryogenesis, histogenesis, mechanical trans- 
cellular coordination, and communication between cells 
(Vasiliev and Gelfand, 1977; Triankaus, 1984; Edelman, 
1985a, 1985b; Volk and Geiger, 1986b). At the molecular 
level, cell-cell adhesions have been shown to depend on 
the presence of specialized “contact receptors” known as 
cell-adhesion molecules, or CAMS (for review, see Thiery 
et al., 1982; Edelman, 1983, 1985a; Takeichi et al., 1985b; 
Obrink, 1986). 

The two CAMS examined in this paper are A-CAM and 
L-CAM. The former is a 135 kd Ca*+-dependent contact 
receptor of intercellular adherens-type junctions identified 
in chick heart, lens, and other tissues. A-CAM has been 
shown to be a membrane-bound glycoprotein exposing its 
major part in the junctional gap, and its interactions can 
be blocked by specific monovalent antibodies (Volk and 
Geiger, 1986a, 1986b). In several of its properties, A-CAM 
is similar to the recently described N-cadherin molecule 
(Hatta et al., 1985; Hatta and Takeichi, 1988). 

L-CAM is a 124 kd glycoprotein that mediates a Ca2+- 
dependent interaction in a large variety of adult and em- 
bryonic epithelial tissues. Detailed studies on developing 
embryos have strongly suggested that the expression of 
L-CAM is spatiotemporally regulated and is involved in ep- 
ithelial morphogenesis (Hyafil et al., 1980; Thiery et al., 
1982; Edelman, 1984,1985c; Takeichi et al., 1985b). It has 

recently become clear that other molecules, including 
uvomorulin (Hyafil et al., 1980) cell-CAM 80/120 (Damsky 
et al., 1983), Arc-i antigen (Behrens et al., 1986), and 
E-cadherin (Urushihara and Takeichi, 1980; Yoshida-Noro 
et al., 1984) are essentially identical to L-CAM. Structural 
studies have also indicated that L-CAM is present in the 
zonulae adhaerentes of intestinal epjthelium (Boller et al., 
1985) and of different cultured kidney epithelial ceils 
(Behrens et al., 1986). Other studies have shown that 
antibody-mediated modulation of the junction may affect 
epithelial permeability (Gumbiner and Simon% 1986) as 
well as cell mobilization and invasiveness (Behrens and 
Birchmeier, personal communication). 

Most of the studies concerning the molecular proper- 
ties of A-CAM-or L-CAM-mediated cell adhesion indirectly 
suggested that their interaction is of a direct homophilic 
nature, namely, that L-CAM binds to L-CAM and A-CAM to 
A-CAM on the neighboring cell’s membrane. This view 
was supported by the capacity of antibodies to inhibit the 
reaggregation of L-CAM-containing cells (for discussion, 
see Edelman, 1983,1985a) and by the capacity of divalent 
monoclonal anti-A-CAM antibody to render A-CAM-me- 
diated adhesions Ca*+-independent (see Discussion in 
Volk and Geiger, 1986b). On the basis of these and addi- 
tional observations concerning the cellular specificity of 
interaction, it has been postulated that the homophilic 
characteristics of various primary CAMS may be important 
for proper cell sorting during embryonic development 
(Edelman, 1985a; Takeichi et al., 1965a). 

To address this aspect directly, we have cocultured 
A-CAM-containing lens cells with L-CAM-~ntaining liver 
cells. lmmuno~~ochemical labeling of these cultures for 
A-CAM, L-CAM, and actin filaments yielded the following 
results: each cell ~pulation forms extensive intercellular 
adherens-type junctions enriched with A-CAM (lens) or 
L-CAM (liver); heterotypic adherens-type jun~ions be- 
tween liver and lens cells with characteristic morphology, 
actin association, and Ca2+-dependence are frequently 
detected; and these chimeric junctions contain both A-CAM 
and L-CAM, and apparently depend on their presence. 

These results suggest that A-CAM and L-CAM share a 
significant degree of functional and molecular homology, 
manifested in their association with the same type of junc- 
tions and their apparent capacity to interact in both a 
homophilic and a heterophilic manner. 

Results 

Expression of A-CAM and L-CAM in Cultured Lens 
and Liver Cells 
lmmunoblotting analysis of cultured lens and liver cells re- 
vealed essentially exclusive expression of A-CAM in the 
former and of L-CAM in the latter (Figure 1). Double immu- 
nofluorescent labeling for the two CAMS indicated that the 
A-CAM labeling was abundant along the intercellular con- 
tacts formed by the lens cells and was apparently absent 
from the cultured liver cells (see Figures 3 and 4). We oc- 
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Figure 1. lmmunoblotting Analysis of Extracts Obtained from Cultured 
Chick Lens or Liver Cells following Polyacrylamide Gel Electropho- 
resis 
The nitrocellulose blots were reacted with anti-A-CAM (1) or anti-L-CAM 
(2) antibodies. Coomassie blue staining of the same extracts are 
shown in lane c. Molecular weight markers are presented in lane m. 
The arrowheads point to the positions of A-CAM (135 kd) and intact 
L-CAM (124 kd). 

casionally detected flat, A-CAM-containing cells in the 
liver cell culture. These cells were probably derived from 
the bile duct epithelium or the hepatic mesenchyme. The 
presence of few (less than 1%) A-CAM-containing cells in 
the liver cell cultures was of no significance for the experi- 
ments described below. The specific L-CAM labeling in 
hepatocyte cultures was concentrated mostly along the in- 
tercellular contacts with low yet significant levels of immu- 
nofluorescence detected also on the free surfaces of the 
cells. 

Formation of Adherens-Type Junctions between 
Cultured Lens and Liver Ceils 
In order to examine the ability of A-CAM-containing cells 
to form stable junctions with L-CAM-containing cells, lens 
and liver cells were cocultured in the same plates. This 
was carried out either by plating the two types of cells to- 
gether or by plating liver cells on plates that already con- 
tained lens cell monolayers. Both methods yielded essen- 
tially the same results. 

Phase-contrast microscopy, or Nomarski microscopic 
analysis of mixed cultures, indicated that the hepatocytes 
could be readily distinguished from the lens cells by the 
presence of many cytoplasmic vacuoles and their rela- 
tively rounded morphology (see Figure 4). Furthermore, 
microscopic examination of such cultures indicated that 
after prolonged periods, the mixed cultures contained 
regions in which a “mosaic” monolayer was formed (not 
shown). 

As an additional criterion for the identification of each 

Cell type, one cell population was fluorescently labeled 
with dichlorotriazinyl amino fluorescein (DTAF) prior to its 
coculturing. Subsequent examination of the mixed culture 
enabled us to unequivocally identify each cell population 
in the mixed cultures. This tagging, in conjunction with 
labeling for actin microfilaments, revealed conspicuous 
actin-containing junctions between the DTAF-labeled liver 
cells and the flat, nonlabeled lens cells (not shown). 

Further direct evidence for the presence of structurally 
defined adherens-type junctions between lens and liver 
cells was obtained from transmission electron micro- 
scopic analysis of the mixed cultures. The liver and lens 
cells in such preparations could easily be distinguished by 
their distinct cytoplasmic organelles and substructure 
(Figure 2). Careful examination of the mixed cultures re- 
vealed adherens junctions of three distinct types: homo- 
typic junctions between neighboring liver or lens cells, 
and heterotypic liver-lens contacts. All three could be 
identified as adherens-type junctions by the abundance of 
actin microfilaments at the endofacial surfaces of the con- 
tact sites and by the characteristic gap (150-200 A) be- 
tween the two junctional membranes (Figure 2). There are 
some differences in the appearance of the junctions found 
in the liver or lens counterparts, manifested by the greater 
abundance of microfilaments in the latter. These differ- 
ences are noted in both the homotypic and heterotypic 
junctions. 

Presence of Both A-CAM and L-CAM in the Heterotypic 
Adherens Junctions Formed between Liver 
and Lens Cells in Culture 
In order to examine directly the spatial relationships be- 
tween A-CAM and L-CAM in the heterotypic junctions, 
double immunofluorescent labeling of A-CAM and L-CAM 
was carried out on the same liver-lens cultures. Results 
of this immunofluorescent labeling are best illustrated by 
the two-color superpositions presented in Figure 3A, 
which indicate that besides their presence in homotypic 
cell contacts the two CAMS are also organized in the heter- 
otypic junctions, revealing essentially overlapping pat- 
terns of labeling. The presence of both A-CAM and L-CAM 
in the heterotypic junctions could be interpreted in at least 
two alternative ways: A-CAM may interact with L-CAM 
(directly or indirectly), thus forming a heterophilic intercel- 
lular adherens-type junction; or the cells forming the het- 
erotypic junctions may be induced to express the heterolo- 
gous CAM (which they do not normally possess), thus 
allowing homophilic interactions to take place. 

To distinguish between these two possibilities, we treat- 
ed the mixed cultures with 5 mM EGTA for a short period 
(15 set), then fixed the cells and double immunolabeled 
them for A-CAM and L-CAM. In order to demonstrate ac- 
curately the spatial relationships between A-CAM and 
L-CAM in these cultures, we again used the two-color 
superimpositions showing the relative locations of the two 
proteins in the same field (Figure 36). As shown, the dis- 
sociated mixed junctions presented matched images of 
A-CAM and L-CAM corresponding to the retracting junc- 
tional membranes of the lens and liver cells, respectively. 
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Figure 2. Transmission Electron Micrographs of Mixed Liver Lens Cultures 

(A) Low magnification. (6) High magnification. 
Notice the presence of adherens-type junctions in the helerotypic cell contacts. Arrowheads indicate the adherens junctional areas (aj). Bars indicate 
0.5 urn in (A) and 0.2 pm in (B). 

These results exclude one of the interpretations, suggest- 
ing that the formation of adherens junctions between liver 
and lens cells depends on the induction of expression of 
the heterologous CAMS in these ceils. We have therefore 
postulated that A-CAM and L-CAM may, in fact, interact 
with each other in these junctions either directly or in- 
directly. 

The Nature of A-CAM- and L-CAM-Mediated Interaction 
in the Lens-Liver Adherens-vpe Junctions 
To gain insight into the functional significance of the 
A-CAM- and L-CAM-mediated interactions described 
above, we carried out antibody cross-inhibition experi- 
ments. Lens and liver ceils were first cocultured until they 
formed stable intercellular contacts and then the junctions 
were dissociated by 10 min treatment with 5 mM EGTA, af- 
ter which Ca2+ was restored to normal levels. The cells 
were allowed to reform intercellular junctions either in nor- 
mal medium (Figure 4) or in the presence of anti-A-CAM 

Fab’ fragments (Figures 5A-5C) or anti-L-CAM antibodies 
(Figures 5D-5F). The cultured cells were incubated under 
these conditions for 5 hr, and then the cells were fixed and 
double immunolabeled for A-CAM and L-CAM. Examina- 
tion of these cultures indicated that the monovalent Fab’ 
fragments of anti-A-CAM inhibited the reformation of new 
adherens junctions between neighboring lens cells as 

well as between lens and liver cells, and had no detectable 
effect on the reformation of liver-liver adherens junctions 
(see Figures 5B and 5C). The addition of anti-L-CAM anti- 
bodies to liver-lens cultures during their recovery from 
Ca*+ depletion inhibited completely the reformation of 
liver-liver contacts as well as of contacts between liver 
and lens cells, and had no apparent effect on the forma- 
tion of lens-lens cell junctions (Figures 5E and 5F). 

In conclusion, the experiments described here show 
that anti-A-CAM Fab fragments, as well as anti-L-CAM an- 
tibodies, effectively block the formation of the heterolo- 
gous adherens junctions between lens and liver cells, 
suggesting a functional involvement of both A-CAM and 
L-CAM on the respective cells in the formation and main- 
tenance of the heterotypic adherens-type junctions. 

Discussion 

The major finding reported in this paper is that cells ex- 
pressing two distinct Ca*+-dependent cell-adhesion mol- 
ecules, A-CAM and L-CAM, may interact with each other 
in an apparently heterophilic manner, forming stable ad- 
herens-type junctions between themselves. These find- 
ings, which will be discussed below, may have significant 
implications on the molecular interrelationships of diverse 
CAMS and their functional and structural relationships. 
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Figure 3. The Formation of A-CAM- and L-CAM-Rich Intercellular 
Junctions in Mixed Lens/Liver Cell Cultures 

To demonstrate the spatial relationships of the two molecules the 
double-color superposition method was used (see Experimental Pro- 
cedures), in which A-CAM is represented by yellow and L-CAM by 
blue. Areas of A-CAM and L-CAM superpositions appear whitish. (A) 
Intact mixed culture disclosing lens-lens, liver-liver, and lens-liver (ar- 
rowheads) junctions (see map A’ for the localization of the different 
cells). Le, lens; Li, liver. (8) Mixed cultures treated for 15 set with EGTA 
prior to fixation and labeling. In the field shown here a single liver cell 
is detected, surrounded by lens cells. Notice that following the short 
EGTA treatment, both lens-lens and lens-liver junctions appear partly 
dissociated. It is notable that the retracting liver and lens membranes 
contain nearly mirror images of L-CAM (blue) and A-CAM (yellow) on 
their surfaces. The lens-liver junction at the lower part of the photo 
graphs appears still intact, with both CAMS nearly superimposed. 

A-CAM and L-CAM as Adherens Junction-Specific 
Contact Receptors 
Previous studies of A-CAM distribution in chicken cells 
and tissues clearly indicated that the protein is located 
predominantly, if not exclusively, in adherens-type junc- 
tions (Volk and Geiger, 1986a). However, it was realized 
at the same time that not all adherens-type junctions con- 
tain this glycoprotein. For example, intestinal epithelium, 
liver hepatocytes, kidney tubules, and many other epithe- 
lia contain conspicuous adherens junctions while they are 
apparently devoid of A-CAM (our unpublished data). It ap- 
peared likely that there are one or more additional CAMS 

that may functionally “substitute” A-CAM in the adherens 
junctions of these cells. 

A most likely candidate for such function is the liver cell 
adhesion molecule L-CAM (Gallin et al., 1988). This mole- 
cule was reported to be specifically localized at the zonu- 
lae adhaerentes of intestinal epithelium (Boller et al., 
1985) and of cultured MDCK cells (Behrens et al., 1985). 
Moreover, the activity of L-CAM has been previously 
shown to depend on the presence of millimolar extracellu- 
lar Ca*+ concentrations, a condition that is also required 
for the maintenance of adherens-type junctions (Karten- 
beck et al., 1982; Volberg et al., 1986; Volk and Geiger, 
1986a). It may also be indicated that L-CAM distribution 
in adult or embryonic tissues is largely complementary to 
that of A-CAM (Edelman, 198%; Duband, Volberg, Thiery, 
and Geiger, unpublished data), yet there are tissues that 
contain bona fide adherens-type junctions but are appar- 
ently devoid of both proteins (i.e., endothelium), suggest- 
ing that additional yet unidentified CAM(s) may be in- 
volved in similar functions in these tissues. 

The Nature of A-CAM- and L-CAM-Mediated 
Interactions: Homophilic vs. Heterophilic 
Mechanisms 
Until now, no direct analysis of the binding specificity and 
selectivity of both CAMS has been reported. Neverthe- 
less, indirect evidence was put forward to support a direct 
homophilic mechanism, namely, the binding of each CAM 
to the same type of molecule on the neighboring cell’s 
membrane. This notion was mostly supported by the 
selective compaction mechanisms mediated by L-CAM 
and its analogs, and the perturbation of these interac- 
tions by specific antibodies (for discussion, see Edelman, 
1985a). 

A-CAM-mediated cell contacts also appear to be of a 
homophilic nature; in our previous studies (Volk and Gei- 
ger, 1986b) we have shown that the monovalent fragment 
of the anti-A-CAM monoclonal antibody effectively in- 
hibited junction formation, whereas the intact antibody did 
not. Moreover, junctions assembled in the presence of the 
latter became essentially Ca*+-independent. A possible 
explanation proposed for this phenomenon was that the 
native Ca*+-dependent interactions of A-CAM are “re- 
placed” by a Ca*+-insensitive antibody “bridge!’ Such a 
complex that is, by definition, homophilic (since its con- 
stituents are selected by a single monoclonal antibody) re- 
tains the capacity to initiate the assembly of structurally 
intact adherens junctions with vinculin and actin attached 
to their cytoplasmic surfaces. Moreover, surface labeling of 
EGTA-dissociated junctions reveals striking mirror-image 
patterns on the departing cell surfaces that are in line with 
a homophilic model (Volk and Geiger, 1984, 1986a). 

In the experiments described in this paper, the “mixed 
junctions” were undoubtedly of a heterotypic nature. This 
was manifested both by the selective expression of A-CAM 
and L-CAM in the two junctional partners and by the direct 
identification of their origins by microscopy or by prelabel- 
ing of one cell population. Do A-CAM and L-CAM mole- 
cules on the membranes of the lens and liver partner cells 
actually interact with each other? Biochemical evidence 
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Figure 4. Double lmmunofluorescent Labeling with Anti-A-CAM (B) and Anti-L-CAM (C) of Mixed Liver/Lens Culture 

This culture was initially treated with 5 mM EGTA for 10 min and then allowed to recover for 5 hr in Ca +*-containing DMEM. Nomarski image of 
the labeled cells specifying the relative locations of the junctions and the identities of the various cells is presented in (A). Bar indicates 10 pm. 

for a direct interaction is still absent, yet several indirect 

lines of evidence support this view. At the immunofluores- 

cent level, double labeling for A-CAM and L-CAM of EGTA- 
treated lens-liver clusters revealed remarkable similarity 
between the A-CAM and L-CAM patterns presented on the 
retracting junctional membranes. In addition, the labeling 
intensities of L-CAM and of A-CAM in the EGTA-dissoci- 
ated mixed junctions were indistinguishable from those 
found in the respective homotypic junctions. 

Evidence for the direct involvement of both CAMS in the 
heterotypic contacts was obtained from the antibody- 
inhibition study. This experiment indicated that both the 

monovalent anti-A-CAM and anti-L-CAM antibodies effec- 
tively inhibited the formation of the heterotypic lens-liver 
junctions in addition to affecting, as previously docu- 
mented, the respective lens-lens or liver-liver contact. 
The sensitivity of the heterotypic junction to both anti- 
A-CAM and anti-L-CAM antibodies strongly suggests that 
both CAMS obligatorily participate in the formation of 
these junctions without an apparent requirement for addi- 
tional surface molecule(s). 

The apparent capacity of each of the CAMS to interact 
with both A-CAM and L-CAM on the neighboring cell mem- 
brane suggested possible homology between the two 

Figure 5. Double lmmunofluorescent Labeling with Anti-A-CAM (B and E) and Anti-L-CAM (C and F) of Mixed Liver/Lens Culture 

These cultures were initially treated with 5 mM EGTA for 10 min and then allowed to recover in Ca+s-containing DMEM in the presence of anti-A- 
CAM Fab fragments (A-C) or anti-L-CAM (D-F). Nomarski images of the respective cells are presented in (A) and (D), specifying the relative locations 
of the junctions and the identities of the various cells. Bars indicate 10 nm. 
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molecules. Additional support for this view was recently 
provided by Shirayoshi et al. (1988), who reported on a se- 
quence identity in the N-terminal 7 amino acids of E-cad- 
herin (the mouse equivalent of L-CAM) and N-cadherin 
(from chicken brain). The latter appears to be closely 
related to A-CAM (our unpublished observation). It is 
notable that Overton (1977) prepared chimeric cultures 
between cornea1 epithelial and myocardiac cells and 
showed that the two formed intermediate-type junctions 
between them but not desmosomes. Currently available 
information indicates that the two cell types expressed 
L-CAM and A-CAM, respectively. 

The Physiological Significance 
of L-CAM/A-CAM Interactions 
We would like to consider here briefly the possible impli- 
cations of current findings on the differential roles of the 
two CAM molecules. One of the commonly accepted func- 
tions of different CAMS is the selective sorting of cells. Ac- 
cording to this view, cell populations bearing distinct CAMS 
on their surfaces may be sorted according to their CAM 
specificity and ignore cells containing no or incompatible 
CAMS (Steinberg, 1970; Moscona, 1974; Takeichi et al., 
1985a; Edelman, 198%). While this mechanism may be 
of general importance during embryogenesis, our results 
suggest that the selective expression of A-CAM vs. L-CAM 
per se is probably not effective in a sorting process be- 
tween different cell populations. This conclusion should 
be considered with certain reservations since we have not 
directly determined the relative affinities of interactions via 
the homophilic or heterophilic routes. Indirect indications 
supporting this view are the findings that homotypic and 
heterotypic junctions are formed with comparable effi- 
ciency following EGTA treatment, and display similar 
Ca2+ dependence. The higher abundance of homotypic 
associations detected in mixed cultures could be related 
to other factors, including distinct rates of adhesion of the 
two to the substrate and cell proliferation. The selective 
expression of A-CAM and L-CAM may, however, dramati- 
cally affect tissue remodeling. For example, in a recent 
study (Duband, Volberg, Thiery, and Geiger, unpublished 
data), we have demonstrated the appearance of A-CAM in 
the invaginating neural plate as well as in the lens, audi- 
tory, and olfactory placodes. It was apparent that this focal 
expression of A-CAM did not lead to a selective dissocia- 
tion of A-CAM expressing cells from the surrounding 
L-CAM-rich ectodermal cells. Yet possible differences in 
the mechanochemical properties of the adherens-type 
junctions mediated by the two molecules could generate 
uneven distribution of forces through the tissues leading 
to epithelial reorganization and remodeling. 

Further studies are required to extend and substantiate 
the hypotheses put forward in this paper. We anticipate 
that studies at the genetic level will provide the necessary 
information to determine the extent of structural homology 
between A-CAM and L-CAM, and that selective modu- 
lation of the activity of these molecules may shed light 
on their spatiotemporally coordinated interactions during 
development. 

Experimental Procedures 

Cultuled cells 
Lenses of 6- to 6-day-old chick embryos were dissected and their cells 
suspended with trypsin-versene in DMEM (Volk and Geiger, 1964). 
Cells from the livers of 12- or 14-day-old chick embryos were similarly 
prepared. The two cell suspensions were seeded either separately or 
together on sterile glass coverslips. and were cocultured at 3PC in 
DMEM containing 20% FCS and incubated in a humidified 7% COz 
atmosphere. Alternatively, the liver cells were seeded on coverslips al- 
ready containing cultured lens cells. 

Immunofluorescent Labeling 
Cultured lens or liver cells were seeded on glass coverslips and in- 
cubated until semiconfluent epithelial monolayer was formed. The cov- 
erslips were briefly rinsed in 50 mM MES buffer (pH 6.0). and cells were 
permeabilized with 05% Triton X-100 in the same buffer for 1 min and 
fixed with 3% paraformaldehyde (PFA) in PBS. EGTA-treated cells were 
permeabilized and fixed simultaneously using 05% Triton X-100 contain- 
ing PFA solution. This was done in order to stop the reaction of the cells 
toward EGTA. lmmunofluorescent labeling of cultured cells was carried 
out as described by Geiger (1979). Double immunofluorescent labeling 
for L-CAM and A-CAM was carried out as described by Geiger and 
Singer (1960). Labeling of liver cells with dichlorotriazinyl amino fluo- 
rescein (DTAF) was carried out as follows: DTAF in ethanol (5 mg/ml) 
was added to liver cell suspension in PBS (final concentration, 50 
ug/ml) and incubated for 5 min. Subsequently, the cells were rinsed 
twice with PBS and resuspended in DMEM; the labeled cells were then 
seeded on lens cells. Labeling could easily be identified after 3-4 days 
of culture. 

lmmunochemical Reagents 
The antibodies used in this study were as follows. Rabbit affinity- 
purified anti-L-CAM antibodies were kindly provided by G. M. Edelman 
from Rockefeller University, New York. Labeling with anti-A-CAM was 
carried out using the supernatant of the hybridoma ID 7.2.3 as de- 
scribed by Volk and Geiger (1964). Actin was labeled with either 
rhodamine-phalloidin or NBD phalloidin (Molecular Probes, Inc., Junc- 
tion City, OR). As secondary antibody reagents, we used anti-rabbit lg 
and goat anti-mouse F(ab’)z, both affinity purified. These antibodies 
were coupled to rhodamine-lissamine sulphonyl chloride or to DTAF as 
previously described (Brandtzaeg, 1973; Geiger and Singer, 1960; Av- 
nur and Geiger, 1961). 

lmmunoelectron MIcroscopy 
Liver or lens cells were cultured in 3.5 x 10 mm cultured dishes (Fal- 
con No. 3001, Labware, Oxnard, CA) fixed for 20 min with 2% 
glutaraldehyde in 0.1 M cacodylate buffer, 5 mM CaClz (pH 7.2). The 
samples were subsequently fixed with 1% 0~04 for 20 min, washed, 
and stained en bloc with 1% uranyl acetate. After dehydration, the 
samples were embedded in Poly-Bed 612 (Poly Science, USA). Sec- 
tions were stained with uranyl acetate and lead citrate and were exam- 
ined in the Phillips 410 electron microscope 

Gel Electrophoresis 
PAGE was performed in Laemmli buffer system (Laemmli, 1970) on 
slab 6% polyacrylamide gels. Gels were usually stained with Coomas- 
sie Blue. lmmunoblotting was performed essentially according to Tow- 
bin et al. (1979). The protein bands were electroblotted onto nitrocellu- 
lose sheets in 50 mM Tris-glycine buffer containing 1 mM MgCIz. The 
nitrocellulose sheets were then incubated with 10% lowfat milk in PBS, 
and then incubated with antibody solution for -3 hr. The sheets were 
rinsed in the same buffer supplemented with 0.5% Tween 20 and were 
incubated with 1251-labeled goat anti-mouse F(ab’)z. After rinsing, the 
blot was subjected to autoradiography. 

Treatment of Mixed Cultures with Anti-A-CAM or Anti-L-CAM 
Liver and lens cells were cocultured on cover glasses for 3-4 days until 
homogenous epithelial monolayer was formed. Then EGTA was added 
to the culture dish to a final concentration of 5 mM for 10 min. Cover 
glasses were subsequently rinsed in normal DMEM and transferred to 
another culture dish. Anti-L-CAM or anti-A-CAM Fab’fragments diluted 
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1 :l in medium were added to the cells for 5 hr. Antibody concentration 
was about 0.5 mglml. The cells were then fixed and permeabilized 
using 3% PFA in PBS containing 05% Briton X-100, and double im- 
munolabeled for both A-CAM and L-CAM. 

Photography 
All photomicrographs presented in this article were taken on black- 
and-white Kodak film (Plus X or Tri X) and developed by Diafine two- 
bath Developer (Acufine, USA). In order to relate the spatial dis- 
tributions of two proteins, colocalized in the same cells by double 
immunofluorescence labeling, we used a technique of multicolor 
superpositions similar to that shown by Small and Rinnerthaler (1985). 
The technique we used included the following steps: printing of inter- 
positives of the two labeling patterns on separate fine-grain positive 
film (Kodak, USA) developed to high contrast; manual matching of the 
two transparencies and marking of both of them at identical positions 
using a punching system; positioning of each of the transparencies on 
Forox light box (USA) equipped with a broad range of color filters; photo. 
graphy of each transparency through a specific filter setting using a 
Forox slide Animation Camera with pin registration and multiexposure 
capacity (all photographs were taken on Ektachrome duplicating film); 
and printing of the color slides after single or double exposure on 
Reveral Color paper (Kodak, France). 

A detailed description of the technique may be obtained directly 
from S. Engelstein, S. Nidam, and T. Volberg, The Photographic Labo- 
ratory, The Weizmann Institute of Science. 
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