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Abstract. In this paper, a new type of spot desmo- 
some-like junction (type II plaque) is described that is 
scattered along the entire lateral plasma membrane 
of  rat and human intestinal epithelium. Ultrastruc- 
turally type II plaques differed from the classical type 
of epithelial spot desmosome ("macula adherens", fur- 
ther denoted as type I desmosome) by (a) weak elec- 
tron density of the membrane-associated plaque mate- 
rial, (b) association of the plaques with microfilaments 
rather than intermediate filaments, and (c) poorly visi- 
ble material across the intercellular space. Thus, type 
II plaques resemble cross-sections of the zonula adher- 
ens. Immunofluorescence-microscopic studies were 
done using antibodies to a main protein associated 
with the plaques of type I desmosomes (desmoplakin 
I) and to the three major proteins located at the 
plaques of  the zonula adherens (actin, a-actinin, and 
vinculin). Two types of  plaques were visualized along 
the lateral surface of  intestinal and prostatic epithe- 
lium: (a) the type I desmosomes, which were labeled 

with anti-desmoplakin but did not bind antibodies to 
actin, a-actinin, and vinculin, and (b) a further set of 
similarly sized plaques, which bound antibodies to ac- 
tin, a-actinin, and vinculin but were not stained with 
anti-desmoplakin. Three-dimensional computer re- 
construction of serial sections double-labeled with 
anti-desmoplakin and anti-a-actinin further con- 
firmed that both types of plaques are spatially com- 
pletely separated from each other along the lateral 
plasma membrane. The computer graphs further re- 
vealed that the actin-, a-actinin-, and vinculin-con- 
taining plaques have the tendency to form clusters, a 
feature also typical of type II plaques. It is suggested 
that the type II plaques represent spot desmosome- 
like intercellular junctions, which, like the zonula ad- 
herens, appear to be linked to the actin filament sys- 
tem. As the type II plaques cover a considerable part 
of the lateral cell surface, they might play a particular 
role in controlling cellular shape and intercellular 
adhesion. 

PITHELIA of a number of cavity organs and exocrine 
glands are linked to each other by different types of 
intercellular junctions. These junctions can be grouped 

into (a) tight junctions, which seal the intercellular space and 
form a permeability barrier, (b) communicating junctions 
(gap junctions), which mediate transcellular passage of smaller 
molecules, and (c) adhering junctions, which hold the cells 
mechanically together (for reviews, see references l, 32, 36, 
and 42). 

The adhering intercellular junctions, desmosomes, occur in 
two different forms: belt desmosomes (zonula adherens) and 
spot desmosomes (macula adherens). Belt desmosomes sur- 
round each of the interacting cells close to the cell apex (13). 
The intercellular space contains bridging filaments, which are 
well visible in deep etch images (25), but are less readily seen 
in thin sections of conventionally fixed and stained sections 
(13, 27). Previous studies indicated that uvomorulin, an ad- 
hesive embryonic glycoprotein, is present in the intercellular 
space of the zonula adherens (3). The cytoplasmic aspect of 
the belt desmosomes is characterized by a contractile bundle 

ofactin filaments (39) that extend circumferentially along the 
cytoplasmic surface of the junctional membrane (5, 26). Im- 
munocytochemical studies have demonstrated a-actinin and 
vinculin, two actin filament-associated proteins, to be con- 
centrated at the cytoplasmic aspect of belt desmosomes (20, 
21). Vinculin appears to be closer to the plasma membrane 
than is a-actinin. Since vinculin and a-actinin are major 
components of certain types of actin filament-membrane 
associations (19, 29), it is generally assumed that both proteins 
are important for the anchorage of actin filaments to the 
plasma membrane. 

In contrast to the belt desmosomes, spot desmosomes are 
scattered along the entire lateral cellular surface and appear 
to act like rivets holding the cells together. The intercellular 
space between the interacting membranes contains bridging 
filaments, characteristically forming an electron-dense mid- 
line located halfway between the opposed membranes (27, 
32, 42). On the cytoplasmic side are electron-dense plaques 
10-20-ram thick. These plaques are associated with bundles 
of intermediate filaments (tonofdaments) which, in epithelial 
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cells, are composed of cytokeratin polypeptides (18). Isolated 
spot desmosomes consist of several glycoproteins that are 
thought to be located in the intercellular cleft. In addition, 
proteins at Mr ~ 82,000, ~ 215,000, and ~ 250,000 D were 
detected, which appear to be constituents of the cytoplasmic 
plaques (17, 22). This location has been dearly demonstrated 
for the Mr ~ 250,000 (desmoplakin I) and Mr 215,000 (des- 
moplakin II) components (l 7). 

In a previous study on the cytoskeleton of exocrine gland 
cells, we observed that antibodies to actin and a-actinin 
displayed an interrupted patchy staining pattern that extended 
along the entire basolateral plasma membrane (12). This 
pattern indicated the existence of multiple spot-like mem- 
brane specializations probably not related to the tonofilament- 
associated spot desmosomes. In support of this view we now 
present evidence that epithelial cells contain a second set of 
spot desmosome-like intercellular junctions (type II plaques) 
that differ structurally and biochemically from the tonofila- 
ment-associated spot desmosomes (type I desmosomes). Like 
the zonula adherens, type II plaques appear to be associated 
with actin, a-actinin, and vinculin and do not contain des- 
moplakins, the marker proteins of type I desmosomes. It is 
suggested that the system of type II plaques serves to mechan- 
ically couple the cytoplasmic contractile filament system to 
the basolateral cell membrane. 

Materials and Methods 

Electron Microscopy 
Small pieces of the human and rat duodenal mucosa taken during narcosis 
were fixed for 1 h at 4"C by immersion in either 2% glutaraldehyde in 
phosphate-buffered (20 mM) saline (125 mM) (PBS, pH 7.4) or in a fixative 
that contained 1% glutaraldehyde, 2% tannic acid, and 0.1% saponin (30). 
After several washes with PBS (6 changes, 2 h), samples were postfixed for 1 h 
with ice-cold 1% OsO4 in PBS, dehydrated in graded ethanol series immersed 
with propylene oxide, and embedded in Epon 812. Ultrathin sections (50-100 
nm) were counter-stained with lead citrate and uranyl acetate and examined 
with a Zeiss EM 10 electron microscope. 

Fluorescence Microscopy 
Tissue pieces (~ 1 mm 3) were rapidly frozen in melting isopentane (cooled with 
liquid nitrogen). The frozen tissue samples were carefully freeze-dried for 12 h 
each at -90"C, -40"C, -20"C, 0*C, and +20"C at a vacuum of 10 -~ Tort, then 
placed for 48 h at 10 -3 Torr (20"C) in Epon that contained 1.8% (vol/vol) 
Epon accelerator and then placed in gelatin capsules and polymerized at 60"C 
for 24-48 h. Semithin tissue sections (0.3-1 t~m) were mounted on glass slides 
and prepared for immunostaining as described (11, 12). Removal of the resin 
was done by placing the slides for 5-15 min in a methanol-toluene solution 
that contained 10% sodium methoxide (prepared from metallic sodium as 
described, 31). Finally, the sections were rinsed with a 1:1 mixture of methanol 
and toluene (5 min), acetone (2 × 5 rain), distilled water (2 × 5 min), and PBS 
(pH 7.4) that contained 2% bovine serum albumin (BSA) (15 rain). Antibody 
incubation was done by overlaying each section for 30 min at 20"C with 40 td 
of primary antiserum (diluted 1:40 in PBS) or affinity-purified IgG (~10 t~g/ 
ml in PBS). After a 30 min wash with PBS, sections were incubated for 30 rain 
at 20"C with either rhodamine- or fluorescein-labeled goat anti-rabbit lgG 
diluted with PBS (1:40), then washed with PBS (30 rain), and mounted in 50% 
glycerol in PBS that contained 1.5% n-propyl gallate to reduce fading of 
fluorescence. Binding sites of two different antibodies in the same section were 
determined by a sequential staining technique. The staining pattern obtained 
with the first antibody was photographed and then eliminated by removing the 
IgGs with 0.05% KMnO4 in 0.1% H2SO~ for 10 s followed by exposure to 0.5% 
Na2S2Os for 5-10 s (45). After the section had been checked for complete 
removal of the previous stain (always the case under these modified conditions), 
they were reincubated with another antibody and photographed again. Staining 
with rhodamine-labeled phalloidin (specific probe for polymerized aetin; 14) 
was done using cryostat sections of human duodenal mucosa fixed with 2% 

paraformaldehyde in PBS (30 min), rinsed with PBS that contained BSA (2 h), 
and soaked with 18% sucrose in PBS as described (9). 

Controls were done in which the antibodies were replaced by (a) preimmune 
serum (1:10 dilution), (b) antibodies to actin, a-actin, and vinculin absorbed 
with an excess of their respective antigen, or (c) anti-desmoplakin absorbed 
with isolated desmosomal plaques. The phalloidin stain was controlled by a 
1:10 mixture of rhodamine-phalloidin and unlabeled phalloidin (Boehringer 
Mannheim GmbH, Mannheim, FRG). 

Antibodies, Heat Elution of Affinity-purified IgGs 
Antibodies to actin (23), a-actinin (15), and vinculin (12) from chicken gizzard, 
a-aetinin from chicken pectoral muscle (12), and desmoplakin i from cow 
snout stratum spinosum (17) were prepared according to the references indi- 
cated and checked by Western blot analysis (Fig. 1). Antibodies were affinity- 
purified using the respective antigens immobilized by transfer to nitrocellulose 
paper (43). The bound IgGs were eluted by a 30-min incubation of the 
nitrocellulose sheets with 56"C PBS. This kind of heat elution of the bound 
IgG was found to be superior to elution with 0.2 M giycine-HC1 (pH 2.8), as 
judged by the intensity of fluorescence obtained with IgGs eluted by both 
procedures. 

Immunoblotting Studies 
Human intestinal epithelium was isolated by a 30-min incubation of duodenal 
mucosa with an ice cold buffer that contained 100 mM NaCI, 8 mM KH2PO4, 
6 mM Na2HPO,, 1.5 mM KCI, and 10 mM EDTA, pH 6.8. After gentle 
scraping with a rubber policeman, detached ceils were collected at 400 g at 10 
min and washed three times in the same buffer. Tonofilament-associated 
desmosomes were isolated from bovine snout stratum spinosum cells using the 
citric acid-sodium citrate method, which includes final purification on a 
discontinuous sucrose gradient (41). Isolated intestinal epithelium and desmo- 
somes were directly dissolved in sample buffer according to Laemmli (28) and 
subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis in the 
presence of 2% B-mercaptoethanol. The separated protein bands were electro- 
phoretically transferred to nitrocellulose paper (6) (Schleicher & Schull, Darms- 
tadt, FRG), which was then processed for antibody staining using the peroxi- 
dase, anti-peroxidase method as described (11). 

Figure 1. Specificity of  antibodies as determined by Western blot 
analysis of  isolated whole h u m a n  intestinal epi thel ium (a-e) and 
crude desmosome  preparation o f  bovine snout  epi thel ium (e and  f ) .  
Proteins were electrophoretically separated by NaDodSO4 polyacryl- 
amide gradient gels (a-d: 5-10%; e-fi 5-7.5% acrylamide) and  trans- 
ferred to nitrocellulose paper. Lanes were stained with either Amido  
black (a and  e) or incubated with antibodies to vinculin (b and  h), a-  
actinin (c and  g), actin (d), or desmoplakin  I ( f ) .  Antibodies are 
monospecific for protein bands  of  the  same apparent  molecular  
weight as the respective antigens. Arrowheads indicate polypeptide 
bands  corresponding to desmoplakins  I and  II. 
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Results 

Immunoblotting 
In homogenates of human intestinal epithelium, antibodies 
to actin, a-actinin, and vinculin bound to polypeptide bands 
of Mr - 42,000, ~ 100,000, and - 120,000, respectively. No 
other cross-reactive polypeptide bands were detected by this 
method (Fig. 1, a-d). In crude desmosome preparations of 
the bovine snout, anti-desmoplakin I reacted with both des- 
moplakins I and II as previously reported (17). Anti-vineulin 
and anti-a-actinin did not bind to any polypeptide in the 
desmosome fraction (Fig. 1, e-h). 

Electron Microscopy 

The human intestinal epithelium is joined by a typical "junc- 
tional complex" (13), which was well visible in both the 
absence and presence of tannic acid in the fixative (Figs. 2 
and 3). Under both fixation conditions, the intermediate 
filament (tonofilament)-associated spot desmosomes (further 
denoted as type I spot desmosomes) showed strongly electron 
dense cytoplasmic plaques (Figs. 2-5). The size of the des- 
mosomes (defined as lateral extension of the plaques) ranged 
mostly between 50 and 150 nm. Close to the junctional 
complex, the size of individual desmosomes was up to 350 
nm. The filamentous material that extended across the inter- 
cellular space of  type I desmosomes was more intensely 
stained in the presence (Figs. 2, 3, and 5) than in the absence 
(Fig. 4) of tannic acid in the fixative. A typical midline 
structure was seen in many but not all sections of type I 
desmosomes. In the absence of tannic acid a small population 
of type I desmosomes showed only few detectable bridging 
filaments. Type I desmosomes were most frequently encoun- 
tered in the apical half of the intestinal epithelium with the 
highest concentration close to the junctional complex. 

In addition to type I desmosomes, a further type of similar- 
ily sized spot desmosome-like junction was observed in sec- 
tions of both the human and rat intestinal epithelium (Figs. 
2-5). These structures were found scattered along the entire 
lateral plasma membrane with apparently the same density 
in the apical as well as basal half of the cells. This type of spot 
desmosome-like junction (further denoted as type II plaque) 
was characterized by a rather low degree of electron density 
of the plaque material. The type II plaques were most clearly 
seen in sections of tissue fixed in the presence of tannic acid, 
but were also visible, albeit less obviously, in the absence of 
tannic acid. Unlike type I desmosomes the dense material of  
the type II plaques often did not form a continuous plaque. 
In many cases the type II plaques were composed of smaller 
subunits, 10-50 nm in size. This is well seen in Fig. 2, where 
type II desmosomes with continuous (zonula adherens--like) 
and discontinuous plaques are visible. As shown in Fig. 4, 
individual densities may be separated from each other by 
some hundred nanometers, giving rise to a group several 
individual small desmosome units (20-50 nm in size). Similar 
clusters of type II plaques were also seen in the rat intestinal 
epithelium. 

At higher magnification most of the type II plaques showed 
a close relationship to a subplasmalemmal layer of thin fila- 
ments (diameter of the filaments 5-8 nm) which had the same 
morphology as the actin filaments associated with the zonula 

adherens (Figs. 3-5). Subplasmalemmal aggregates of micro- 
filaments were most pronounced at places where the cells are 
interdigitated by lateral folds. In these interdigitating areas 
type II plaques were also observed at particular high density 
(Figs. 3 and 5). 

The type II plaques were always arranged symmetrically, 
i.e., the plaques in one cell were associated with plaques of 
similar morphology located at the opposing membrane of the 
neighboring cells. The material present in the intercellular 
space between the type II plaques did not differ significantly 
from that of the zonula adherens and the remaining lateral 
cell surface. In tissue fixed in the presence of tannic acid, the 
entire intercellular space contained well stained material of 
granular and filamentous appearance (Figs. 2, 3, and 5). There 
was no obvious concentration of this fuzzy intercellular ma- 
terial in both the zonula adherens and type II desmosomes. 
However, in tissue samples fixed in the absence of tannic acid 
the intercellular space outside the junctions was more or less 
unstained, while at the level of both the zonula adherens and 
type It plaques some filamentous and granular material was 
seen across the intercellular space (Fig. 4). 

Fluorescence Microscopy 

Technical Consideration: Specificity of Staining in Striated 
and Smooth Muscle. As indicated by the ultrastructural data, 
type II plaques appear to be associated with actin-like fila- 
ments. Thus, a main concern of the present immunocyto- 
chemical studies was to determine whether actin and other 
major components of actin filament membrane associations, 
such as a-actinin and vinculin, co-distribute at the lateral 
plasma membrane of intestinal epithelium. Since the size of 
individual plaques was mostly <300 nm, a major technical 
demand was to use tissue sections thin enough to avoid 
superposition of individual desmosomes. Previous immuno- 
cytochemical studies on the localization of a-actinin in the 
intestinal epithelium (8, 20, 21) using cryotome sections of 
fixed and unfixed tissues obtained a rather weak staining 
along the lateral plasma membrane (for discussion of technical 
problems and artifacts see reference 8). Therefore, in this 
study, immunostaining was applied to 0.2-0.5-urn-thick tissue 
sections of quick-frozen, freeze-dried, and plastic-embedded 
tissue. The specificity and optical resolution of this technique 
is demonstrated in Figs. 6-11, which illustrate the immuno- 
cytochemical distribution of actin, a-actinin, and vinculin in 
0.5-urn-thick plastic sections of smooth and striated muscle. 
Antibodies to actin labeled the muscular I-band and the whole 
cytoplasm of smooth muscle. Antl-a-actinin label was con- 
fined to the muscular Z-line (individual Z-discs were well 
revealed) and to spots located along the periphery and in the 
cytoplasm of smooth muscle cells (probably representing 
dense patches and dense bodies). Vinculin-like immunostain 
was located along the surface of striated muscle where Z-lines 
laterally join the membrane (typical site of"costameres"; 37). 
In smooth muscle, anti-vinculin displayed a typical "dense 
patch"- and "dense band"-like pattern (38) confined to the 
cellular periphery. These findings are fully consistent with the 
current view of the subcellular distribution of actin, a-actinin, 
and vinculin in smooth and striated muscle (24). This clearly 
documents the specificity and power of the technique used. 
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Figures 2-5. Electron micrographs of human intestinal epithelium fixed with glutaraldehyde in the presence (Figs. 2, 3-5) and absence (Fig. 4) 
of tannic acid. (Fig. 2) Apical portion of two neighboring cells (BB, brush border) joined by tight junctions (T), zonula adherens (Z), spot 
desmosomes (D1) and type II plaques (D2). The type I desmosomes (D1) are associated with bundles of intermediate filaments (/). Type II 
plaques (D2, arrows) are associated with microfilaments (not well seen at this magnification). Type II plaques with continuous (upper D2) and 
discontinuous, interrupted plaques (lower D2) are seen in this section. Bar, 0.5 t~m. (Fig. 3) Similar area as shown in Fig. 2. Note microfilaments 
(asterisks) in association with the terminal web (TW) and both the zonula adherens (Z) and the type II plaques (D2, arrow). D1 indicates a 
typical type I desmosome with a pronounced midline structure in the intercellular space. Bar, 0.1 urn. (Fig. 4) Cluster of type II plaques (D2, 
arrows) associated with a subplasmalemmal mat of microfilaments (small arrowheads). Note poorly stained fuzzy material in the intercellular 
space of type II plaques. Intermediate filaments (I) are associated with a ~ I desmosome (D1). Bar, 0.1 t~m. (Fig. 5) Interdigitated part of the 
lateral cell surface showing profiles of type I desmosomes (DI) and type II plaques (D2, arrow). The large arrowhead points to a density 
probably belonging to a tangentially sectioned type II plaque. Asterisks and small arrowheads mark microfilaments clearly distinguished from 
intermediate filaments (I). Bar, 0.1 ~m. 
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Figures 6-11. Specificity of antibody staining in semithin sections (0.5 ~m) of quick-frozen, freeze-dried, and plastic-embedded striated muscle 
(Figs. 6-8) and intestinal smooth muscle (Figs. 9-1 l) incubated with antibodies to gizzard actin (Figs. 6 and 9), gizzard a-actinin (Fig. 7A), 
pectoral muscle c~-actinin (Figs. 7 B and 10), and gizzard vinculin (Figs. 8 and I l). Striated muscle tissue was taken from rabbit psoas (Figs. 6 
and 7B), mouse lumbrical (Fig. 7A), and chick posterior latissimus dorsi muscle (Fig. 8). Fig. 8 C is a phase contrast image of Fig. 8 B. Arrow 
in Fig. 7B points to individual Z-discs. Bar, l0 urn. 

Intestinal Epithelium 

Incubation of 0.3-/~m plastic sections of  human (and rat) 
intestinal epithelium with antibodies to actin, a-actinin, and 
vinculin resulted in an interrupted staining pattern that ex- 
tended along the entire lateral plasma membrane (Figs. 13- 
16). Similar interruptions were also visualized in 1-tzm-thick 
frozen sections of  formaldehyde-fixed tissue incubated with 
fluorescently labeled phalloidin (Fig. 12). At favorite places 
where parts of  the cells were cut parallel to the lateral mem- 
brane (tangential sections), small streak and dot-like plaques 
were seen scattered along the cell surface (Figs. 12 and 15). 
While the interrupted staining pattern associated with the 
lateral cell boundary was very similar with all three antibodies, 
conspicuous differences were noticed regarding the distribu- 

tion of  these proteins in the brush border region. These 
differences are in full agreement with previous immunocyto- 
chemical and ultrastructural studies on the intestinal brush 
border (4, 8, 10, 20, 21, 35): (a) Presence ofaet in in both the 
microvilli and the terminal webbs; (b) presence of a-actinin 
throughout the terminal webb region but its absence from 
microvilli; and (c) restriction of vinculin to the junctional 
complex (zonula adherens) (for reviews, see references 24 and 
34). 

Antibodies to desmoplakin produced a spotted staining 
pattern along the membrane (Fig. 17). The majority of  spots 
were concentrated in the apical half of  the epithelium as 
described previously for the intestinal epithelium of other 
vertebrates (7). At favorite places the spots could be further 
revealed to consist of  two halves separated by a narrow line 
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lium were first labeled with anti-a-actinin and photographed. 
Then the immunostain was eliminated as described, and the 
sections were incubated with either anti-actin or anti-vinculin. 
As shown in Figs. 18 and 19, there was a high degree of  co- 
location of  a-actinin with either actin or vinculin. Similar 
results were obtained with rat prostatic epithelium (Franz, H., 
H.-J. Wagner, K. Schluter, and D. Drenekhahn, manuscript 
in preparation). Thus, actin, a-actinin, and vinculin are con- 
centrated within the same type of  plaque. These plaques were 
observed at rather high density along the entire lateral plasma 
membrane of  the human intestinal and rat prostatic epithe- 
lium. When the same double-labeling experiments were done 
with antibodies to desmoplakin, a marker protein for type I 
desmosomes (vide supra), and a-actinin, clear-cut evidence 
was obtained that both types of  plaques were spatially sepa- 
rated from each other (Fig. 20). 

Three-dimensional Distribution o f  Type I 
Desmosomes and a-Aetinin-containing Plaques 

Serial 300-nm sections of  human intestinal epithelial cells 
sequentially labeled with antibodies to a-actinin and desmo- 
plakin were processed for three-dimensional computer recon- 
struction as described in Figs. 21 and 22. The computer graphs 
revealed further information not to be obtained by examina- 
tion of  individual sections. Type I desmosomes were more or 
less evenly distributed throughout the lateral cellular surface. 
This pattern is consistent with the pattern of  type I desmo- 
somes observed in tangential sections of  the lateral cell mere- 

Figures 12-16. Cryostat (Fig. 12) and semithin plastic sections (Figs. 
13-16) of human (Figs. 12-14, 16) and rat (Fig. 15) intestinal epithe- 
lium stained with rhodamine phailoidin (Fig. 12) and antibodies to 
actin (Fig. 13), gizzard a-actinin (Fig. 14), striated muscle a-actinin 
(Fig. 15, immunoperoxidase stain), and vinculin (Fig. 16). In all 
sections an interrupted staining pattern is seen along the lateral cell 
boundary. In tangentially sectioned cell walls (Figs. 12 and 15), 
irregularly shaped streaks and plaques are seen (arrowheads). Micro- 
villi of the brush border and the terminal webb are stained with 
phalloidin and anti-actin. Anti-a-actinin labels the terminal webb 
region (interrupted stain) but not the microvilli. Vinculin is confined 
to the lateral cell membrane. Bar, l0 um. 

(Fig. 17 b). Obviously, this separating line represents the 
intercellular space, which is - 20 -nm wide. 

Double Labeling Studies on Intestinal and 
Prostatic Epithelium 
To determine whether actin, a-actinin, and vinculin are co- 
localized within identical plaques along the lateral plasma 
membrane, cross-sectional areas of  human intestinal epithe- 

Figure 17. Visualization of type I desmosomes in 0.5-~m thick plastic 
sections of human intestinal epithelium incubated with anti-desmo- 
plakin. Some plaques can be seen to be divided by an unstained 
narrow line (arrowhead). Bar, 10 vm. 
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Figure 18. Same plastic section (cross-section) of the human intestinal epithelium stained sequentially with antibodies to a-actinin (.4) and 
actin (B). Note co-distribution of both antibodies within the same plaques located at the lateral cell border. Microvilli (asterisks) are stained 
with anti-actin but not with anti-a-actinin. Arrowhead points to the zonula adherens. Some identical cells are marked by r, s, and t. Bar, 10 
#m. 

Figure 19. Codistribution of a-actinin (A) and vinculin (B) along the 
lateral cell border of human intestinal epithelium, including the 
zonula adherens. Some identical cells are labeled with r, s, and t. Bar, 
10 #m.  

brane (Fig. 17). The a-actinin (actin and vinculin)--containing 
type II plaques, on the other hand, had the tendency to form 
clusters of  irregular shape and dimensions. These clusters 
resembled the irregularly shaped patches and streaks visual- 
ized with phalloidin and antibodies to a-actinin in tangential 
sections (Figs. 12 and 15). Comparison of  the two graphs 
again convincingly showed that both types of  plaques are 
spatially separated from each other. When both types of  
plaques were printed with different colors in the same recon- 
struction (not shown), virtually no "black spots" were seen 

Figure 20. Antibodies to a-actinin (A) and desmoplakin (B) label 
different plaques at the lateral cell border of rat prostatic epithelium. 
Some identical cells are labeled with r, s, and t. Bar, 10 #m. 

which would have indicated co-localization of  the two colors 
(plaques) in one place. 

Squamous Epithelium 

To study whether the actin-, a-actinin-, and vinculin-contain- 
ing plaques also occur in other types of  epithelial cells, com- 
parative studies were done on the squamous epithelium of  
the mouse cornea as well as rat tongue and skin. As shown in 
Figs. 23-25, antibodies to actin, a-actinin, and vinculin dis- 
played a preferential affinity for the boundaries of  corneal 
epithelial cells. At closer examination typical interruptions of  
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the immunostain were seen, which were less obvious for the 
actin stain. Identical results were obtained with squamous 
epithelium of  the rat tongue and skin (not shown). This 
indicates that type II plaques may represent a cell junction 
common to different types of  epithelial cells. 

Discussion 

The present study indicates a new type of  desmosome-like 
junction (type II plaques) distributed along the entire lateral 
plasma membrane of  intestinal and prostatic epithelium. The 
type II plaques clearly differed from the classical type of  
tonofilament (intermediate filament)-associated spot desmo- 
some (13) by (a) considerably lower electron density of  the 
membrane-associated plaque material, (b) poorly stained ma- 
terial across the intercellular cleft, (c) absence oftonofilaments 

Figures 21 and22. Three-dimensional 
computer reconstruction that illus- 
trates the distribution of type I des- 
mosomes (Fig. 21) and the a- 
actinin (actin, vinculin)--containing 
plaques (Fig. 22) along the membrane 
of two adjacent human intestinal epi- 
thelial cells reconstructed from seven 
serial sections 300-nm thick. The sec- 
tions had been sequentially stained 
with antibodies to desmoplakin and 
a-actinin. Photographs were enlarged 
to a final magnification of 8,000. Sub- 
sequent sections were aligned under 
visual control using an overlay dis- 
play of structures in neighboring 
cells. Three-dimensional reconstruc- 
tion was obtained by a computer 
graphic system (IBAS, Kontron, 
Munchen, FRG) using a program de- 
veloped for computer graphics in neu- 
robiology (46) and modified for the 
present purpose. The two types of 
plaques are spatially separated from 
each other (for instance see places in- 
dicated by arrows). The a-actinin-con- 
raining plaques tend to form clusters 
(refer to text). 

in association with the plaques, and (d) association of  the 
plaques with microfilaments. In a previous study on the 
cytoskeleton in exocrine gland cells (12), we have shown that 
microfilaments associated with multiple focal sites along the 
lateral plasma membrane are actin-containing filaments as 
determined by decoration with heavy meromyosin. It is pro- 
posed that the type II plaques represent a second set of  spot 
desmosomes that are linked to the actin filament system. 

The dense plaque material of  the type II plaques was always 
arranged symmetrically, i.e., the membrane-associated densi- 
ties in one cell were accompanied by a similarly sized density 
located at the opposing membranes of  the neighboring cells. 
This symmetrical arrangement of  densities indicates some 
kind of  communication between the interacting membranes 
via the intercellular cleft. Intercellular communication is most 
probably mediated by the poorly stained filamentous material 
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Figures 23-25. Plastic sections of the mouse corneal epithelium stained with anti-actin (Fig. 23), anti-a-actinin (Fig. 24), and anti-vinculin (Fig. 
25). Note association of actin, a-actinin, and vinculin with the cell boundaries. Interruptions of the stain are best seen in the sections stained 
with antibodies to a-actinin and vinculin. Bar, 10 #m. 

observed in the intercellular cleft. Recent immunocytochem- 
ical studies on the intestinal epithelium indicated the presence 
of uvomorulin, an embryonic adhesive glycoprotein, in the 
intercellular space of the zonula adherens and along the lateral 
plasma membrane (3). Uvomorulin appears to be absent from 
type II desmosomes (3) and thus may be discussed as a 
possible candidate for intercellular adhesion at the level of 
both types of actin-associated junctions, i.e, the zonula adher- 
ens and the type II plaques. 

Several lines of  evidence strongly indicate the association 
of type II plaques with actin, a-actinin, and vinculin. First, 
vinculin is a protein confined to particular actin filament 
membrane associations in various cell types in vitro and in 
situ (19, 24, 29). a-Actinin, the actin filament cross-linking 
protein of the muscular Z-line, is also a characteristic com- 
ponent of plasmalemmal anchoring sites of actin filaments 
(19, 24, 29). It is reasonable, therefore, that the actin-, vin- 
culin-, and a-actinin-containing plaques associated with the 
lateral cell surface represent places where actin filaments are 
attached to the plasma membrane. Since type II plaques were 
the only well-defined plaque-like structures at the lateral 
plasma membrane associated with actin-like filaments, it is 
most likely that these sites are identical to the plaques labeled 
with phalloidin and antibodies to actin, vinculin, and a- 
actinin. Second, previous studies on the ultrastructural distri- 
bution of a-actinin in the intestinal brush border indicated a- 
actinin-like label at interdigitated parts of the lateral cell 
boundary (21). As shown in this study, these interdigitated 
parts are particularly rich in type II desmosomes. Third, 
antibodies to actin, a-actinin, and vinculin did not bind to 
type I desmosomes. This was most convincingly seen in three- 
dimensional reconstructions of parts of the cell wall labeled 
with antibodies to desmoplakin and a-actinin. Thus, type I 
desmosomes are not the site of actin, a-actinin, and vinculin. 
Fourth, type I desmosomes were found in high density in the 
apical half of the intestinal epithelium and were rather sparse 
in the basal half of the cells (Fig. 17). Type II plaques, on the 
other hand, were found in equal density along the entire 
lateral plasma membrane as were the actin-, a-actinin-, and 
vinculin-containing plaques (Figs. 12-16). 

In previous studies on the ultrastructural organization of 
the intestinal epithelium (27) and the prostate gland (2), type 
II plaques have not been demonstrated, most probably be- 

cause of the very low electron density of the cytoplasmic 
plaques. In the differentiated prostate epithelium of the dog 
type I desmosomes, "100F desmosomes" were claimed to be 
absent, while "70F desmosomes" were said to be the only 
type of spot desmosome in these cells (33). However, the 
figures shown in that study illustrate typical I desmosomes. 
The term "70F macula adherens" was originally introduced 
by McNutt and Weinstein (32) to discriminate in the devel- 
oping heart between the typical type I desmosome (" 100F 
macula adherens') and the plaque-like units that constitute 
the fascia adherens ("70F macula adherens"). Spot desmo- 
somes which do not neatly fall into the classification scheme 
for adherentes junctions, i.e., macula, fascia and zonula" (32) 
have been described to occur between embryonic and tissue 
culture cells as well as between various nonepithelial cell types 
in situ (for review, see reference 32). Recent studies on such 
a "desmosome-like junction" (40) between Sertoli cells and 
germ cells in the mammalian testis have demonstrated actin- 
like filaments (binding heavy meromyosin) in association with 
these junctions (44). Immunofluorescence studies indicated 
a-actinin at these sites (16). Although no data are available 
regarding the co-localization of actin and a-actinin as well as 
the demonstration of vinculin at these desmosome-like junc- 
tions in Sertoli cells, it is tempting to suggest that these 
nonepithelial spot desmosomes are related to the type II 
plaques of epithelial cells. 

Type II plaques are associated with the major proteins that 
are only found at sites of the plasma membrane thought to 
be involved in intercellular adhesion (zonula adherens, fascia 
adherens) or in adhesion between the cell surface and the 
extracellular matrix (focal contacts, dense patches of smooth 
muscle, "costameres" of striated muscle, postsynaptic densi- 
ties of the motor endplate). Thus, type II plaques appear to 
belong to a family of related junctions that appear to be 
important for cellular adhesion. In contrast to type I desmo- 
somes, which are mainly confined to true epithelial cells (7, 
17), type II plaques may be regarded as a more widespread 
type of desmosome developed between both epithelial and 
nonepithelial cells. 
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