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UNIVERSITY OF SOUTEiAMPTCN

ABSTRACT

FACULTY OF MEDICINE

CNCOLOGY

Doctor of Philosophy 

ANALYSIS OF VERTEBRATE DESMOSOMES 
by Pamela Cowin

This thesis is concerned with desmosomes, which are structures responsible 
for strong intercellular adhesion and are found characteristically 
between most epithelial cells of vertebrates. The primary aim was to 
produce antisera to corponents of isolated bovine nasal desmosanes and to 
assess iitmunologically the distribution of cross-reacting antigens in the 
tissues of other vertebrate species. Secondly, to use such antisera to 
determine which coiponents of the desmosone are extracellular and involved 
in the adhesive mechanism of this structure.

A literature review is presented outlining the research and hypotheses 
put forward to explain cell adhesion and the different approaches taken 
to isolating and examining the properties of adhesive molecules and 
vertebrate intercellular junctions.

Antibodies were raised against two groups of proteins 230/205Kd and 
86/82Kd and three groups of glycoproteins 150Kd, 115Kd and lOOKd eluted 
from polyacrylamide gels of isolated desmosomal preparations. In 
general, cross-reacting antigens are widely distributed throughout the 
vertebrates, although those cross-reacting with antisera to the proteins 
are more highly conserved than those cross-reacting with antisera to the 
glycoproteins. The staining patterns produced suggested a desmosonal 
location for the antigens in epithelial tissues and in the cardiac 
intercalated discs of higher vertebrates and fish. However, in heart 
tissue of other lower vertebrates, the staining appears to correspond 
with morphologically primitive junctions.

A novel substrate adhesion involving antigens detected by the anti-86/82 
sera is described in fish.

Evidence is presented demonstrating that antigens detected by anti-100 
and anti-115 are found extracellularly in several epithelial cell lines. 
These are present on the cell surface prior to cell contact and show 
modulation in their accessibility to the antisera during monolayer 
formation.

Preliminary experiments suggest that Fab' fractions of anti-100 will 
inhibit desmosome formation vitro of Madin Derby Bovine Kidney cells.
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Chapter 1 : Introduction



GENERAL INTRODUCTION AND AIMS

Antibodies to junctional proteins provide a criterion of detection 
independent of the morphology of the differentiated mature junction, 
and, therefore, can assist the classification of cell junctions 
by establishing their immunological relationships (Geiger et al.,
1983). They also have a valuable role to play in studies where 
junctional cortponents are not integrated into the typical architecture. 
Such studies include the processes of assembly, dispersal, internali­
sation and recycling of constituents, whether it be in cultured 
cells (Denbitzer et al., 1980; Overton and Culver, 1973; Hennings 
and Holbrook, 1983), embryonic stages (Overton, 1962; Lentz and 
Trinkaus, 1971), or in diseases (Krawczyk and Wilgram, 1973; Caputo 
and Prandi, 1972).

Furthermore, in other fields of study, antibodies have been able to 
establish Uie physiological role of their antigen. For example, 
microinjection of certain monoclonal antisera into cells has resulted 
in the collapse of their intermediate filament systems, thereby 
identifying the role of certain epitopes in the maintenance of 
filament assembly (Lane, 1982). Various adhesion-inhibitory 
antibodies have subsequently led to the identification of proteins 
intimately involved in the adhesive process (Beug et al., 1973).
Hence a similar approach, with antibodies to the adhaerentes junctions, 
should lead to the identification of the components involved in the 
adhesive mechanisms of these junctions and also those responsible 
for their intimate association with the cytoskeletal systems.

This project had the following aims:

1) To produce polyclonal antisera to small groups of desmosotial 
proteins.

2) To determine the distribution and occurrence of immunologically- 
related proteins within the vertebrates, with a view to establishing 
the degree of homology or analogy of desmosomal structure.

3) To identify iimunologically the extracellular molecules of the 
desmosome and to investigate their occurrence during early cell 
contact.



4) To investigate the effect of monovalent antibody fragments to
extracellular corponents on the formation of desmosones in vitro 
and any consequent effects upon the adhesive behaviour of 
such treated cells.

The introduction is divided into four parts:

1) The theories of cell adhesion.

2) The experimental approaches to identifying adhesive molecules.

3) The intercellular junctions.

4) The desmosome.



1.1 THEORIES OF CELL ADHESIW.

Cell adhesion is necessary for the existence of multicellular 
organisms. The mechanisms by which cells are ordered into cohesive 
tissue systems have long been the object of scientific interest. 
Embryologists have orployed such terms as contact guidance (Weiss, 
1958), contact inhibition (Abercrombie, 1961) and tissue affinity 
and disaffinity (Holtfreter, 1939) to denote the role of adhesion, 
contact, or their absence, in the behaviour of developing cell 
systems and the ultimate organisation of the embryo. The breakdown 
of intercellular adhesion is suspected to be a factor in the invasive 
and metastatic dispersal of neoplastic cells (Coman, 1944; Conan, 
1954). The elucidation of adhesive mechanisms might, therefore, be 
expected to increase our understanding of such j^enomena. However, 
our knowledge of the basis of cell adhesion is still in its infancy.

1.1.1 Physical forces or a molecular basis?

There has been much debate as to whether the mechanism of cell 
adhesion will eventually be understood in terms of specific effector 
molecules, or of evenly distributed physical forces at the cell 
surface.

The physical basis.

Cells possess an overall negative charge due to the presence on 
their surface of ionised carboxyl groups and phosphate groups (Eylar 
et al., 1962; Cook et al., 1962). Several theories have been 
formulated to explain how cells overcome their natural tendency to 
repel each other. For exanple, Bangham and Pethica (1960) and 
Curtis (1960) applied the D.L.V.O. theory of colloid particle 
adhesion (Derjaguin and Landau, 1941; Verwey and Overbeek, 1948) 
to the problem of cell adhesion. They proposed that the strength 
of the electrostatic repulsion between negatively charged cells 
declined exponentially with distance, whereas the attractive force 
(London, van der Waals force) was approximately the inverse cube 
of the distance between two cell surfaces. The interaction of



these forces then leads to two regions of net attraction, the first, 
where the cells are in close contact of less than 4 nm, consitutes a 
strong adhesion and the second where the cells are separated by 
10-20 nm, results in a relatively weak adhesion.

Gingell and Todd, (1980); Todd and Gingel1, (1980) and Gingell and 
Fornes, (1976) obtained experimental evidence, by modulating the 
electrostatic force between red blood cells and oil-water and 
lead-water interfaces, to support the concept of two zones of net 
attraction which display different strengths of adhesion.

The molecular basis.

While long range attractive forces of electrodynamic origin may contribute 
to cell adhesion, other experiments have shown that there are grounds 
for supposing that their contribution is relatively small. For 
example, Beug and colleagues, (1973) found that vAen less than 2% of 
the surface of a slime mould cell was covered with immunoglobulin 
molecules, some of vrfiich bound to a minor subset of surface molecules 
putatively involved in adhesion, adhesion was suppressed, or, if 
cells were already adherent, they separated. However, if up to ten 
times more of the surface was covered with immunoglobulins, identical 
in their non-specific fJnysical properties, but which did not bind to 
the adhesion molecules, no inhibition or dispersal resulted. The 
conclusion to be drawn from such an experiment is that effective adhesion 
depends upon close-range interactive properties of specific cell adhesion 
molecules.

1.1.2 Complementarity of adhesive molecules.

(i) The Tyler-Weiss Hypothesis.

Close range interactions between cell-surface adhesion molecules 
was proposed, in a theoretical form, more than thirty-five years ago 
by Tyler (1946) and Weiss (1946) who further suggested that such 
interactions involved steric interlocking of molecules of a complemen­
tary nature acting in the manner of a lock and key. However, only 
in sponges (Weinbaum and Burger, 1973; Muller, 1982) have such 
conplementary molecules been isolated.



(ii) The Specific Ligand Hypothesis.

Moscona (1962, 1963, 1968) extrapolated the theory of Tyler and 
Weiss to produce his specific ligand hypothesis, in v^ich he proposed 
that cells possess only the "locks" (surface receptors) and that the 
"keys" consist of intercellular bridging molecules, or ligands. He 
further proposed that the ligands are produced by, and act exclusively 
with, cells of their own tissue type. This hypothesis has been 
supported by many studies in which proteins have been isolated, from 
cell surfaces or from their bathing fluid, which specifically 
enhance or inhibit aggregation of their own cell type (see section 
1.2). However, the hypothesis fails to account for several observa­
tions of cell behaviour. For example, when cells of different 
tissue origin are dispersed and then mixed together in shaking 
suspension they will, with few exceptions (Humphreys, 1963; Moscona,
1963), form mixed cell aggregates. These progress to sort out from 
each other, resulting most frequently in a sphere within a sphere 
arranganent. Likewise, if two tissue fragments or two different 
cell aggregates are fused, one will envelop the other (Steinberg 
1962abc, 1963). These patterns are not easily explained by the 
type of specificity envisaged by Moscona.

(iii) Enzyme-substrate mediation of cell adhesion.

Roseman (1970) proposed that the intercellular bonds responsible for 
cell adhesion might be mediated by an enzyme-substrate interaction, 
which is one of the clearest demonstrations of corplementarity in 
biological systems. Two classes of enzyme have been put forward as 
candidates: glycosyl-transferases (Rosanan, 1970; Roth et al.,
1971) and,more recently,glycosidases (Rauvala and Hakcmori, 1981a,b).

Glycosyl-transferases.

Glycosyltransferases catalyse the transfer of sugars frcxn sugar 
nucleotides to appropriate oligosaccharide acceptors, usually the 
incomplete carbohydrate chain of a protein or lipid. A large number 
of glycosyltransferases exist, eadi having specificity for different 
oligosaccharide acceptors with many also requiring specific divalent 
cations. Roseman (1970) proposed that the configuration of surface



glycosyltransferases and their appropriate substrates might be such 
that they are unable to interact with each other on the same cell, 
but could interact with similar sites on opposed cells.

However, to establish a role for these enzymes in cell-adhesion 
requires a clear demonstration of their activity at the cell surface. 
Such activity has been reported in many systems including chick 
embryonic neural retina cells (Roth et al., 1971), human blood 
platelets (Jamieson et al., 1971) and cultured mouse cells (Roth and 
White, 1972). However, the cell surface location of glycosyl-trans-
ferases has been strongly questioned by others (Keenan and Moore, 
1975).

A limited inhibition of chick neural retina aggregation by conpeting 
glycosyl acceptors has been demonstrated (Roth et al., 1971).
However, as yet, decisive evidence along these lines has not been 
obtained and neither has de-adhesion in response to sugar nucleotides 
been clearly demonstrated. These studies are necessary to prove an 
adhesive function for these enzymes.

Glycosidases

Rauvala and Hakonori (1981) have demonstrated that NIL cells and, 
to a lesser extent, BHK cells will adhere to polystyrene coated with 
ovalbumin. Ovalbumin is rich in mannose-containing peptides and 
NIL cells possess an ot-mannosidase activity. Adhesion of the 
cells to this artificial substrate was blocked by a variety of 
conpeting mannose-containing substances. Uie degree of inhibition 
reflected their relative ability to inhibit mannosidic hydrolysis. 
Pretreatment of the ovalbumin substrate with Oc -mannosidase also 
inhibited its cell adherence capacity. NIL cells will also attach 
and spread to surfaces coated with p-galactosidase and neuraminidase 
(Rauvala et al., 1981),but this adhesion was strongly inhibited by 
p-methyl galactoside and 2-deoxy-2,3-dehydro-N-acetylneuraminic 
acid respectively. These results suggest adhesion can occur 
through glycosidase-enzyme substrate interaction, but the relevance 
of this with regard to cell-cell adhesion remains to be elucidated.



(iv) Lectins,

Lectins are a group of proteins and glycoproteins, originally 
isolated from plants (phytohaemaglutinins), v^ich bind sugars and 
sugar residues, often with a high degree of specificity. A large 
number of plant and animal lectins have been discovered (Lis and 
Sharon, 1973; Roth, 1978) which have the ability to aggregate cells 
by cross-linking saccharide residues on adjacent cell surfaces.
Their natural function remains unknown, but the above-mentioned 
observation provided a source of enthusiasm for the idea tiiat 
lectins might mediate intercellular adhesion.

Endogenous lectins have been found on the surfaces of many species 
of cellular slime moulds. The development of adhesiveness seen in 
the aggregation phase of Dictyostelium discoideum was proposed 
to be associated with a 20 fold and 3 fold increase in the lectins 
Disooidin I and II respectively. Discoidin I is a tetrameric 
protein with subunits of 26k.daltons isolated from grex cells, 
whereas Discoidin II is a tetramer of 24k.dalton subunits isolated 
from vegetative cells (Rosen and Barondes, 1978). However, the 
temporal increase in synthesis of these lectins during the increase 
in development of adhesion has recently been called into question 
(Ochiai et al., 1982). Strains of D. discoideum Ax2-214 (axenic) 
and NC4 showed adhesion and aggregation respectively without 
any concomitant increase in discoidins (Ochiai et al., 1982; Yamada 
et al., 1980).

In the vertebrates,a series of lectin-like molecules, termed galaptins, 
have been isolated from onbryonic and adult tissues by lactose 
extraction (Harrison and Chesterton, 1980). All are specific for p 
galactoside and are electrophoretically and immunologically very 
similar (Kobiler et al., 1978; Briles et al, 1979). Again, it 
remains unclear whether galaptins function in cell-cell adhesion.

1.1.3 Differential Adhesion Hypothesis.

The differential adhesion hypothesis of Steinberg (1962abc, 1963,
1964) was formulated to explain the behaviour of cells in mixed cell 
aggregates, fused cell aggregates and fused tissue fragments discussed
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in section 1.1.2 (ii). The guiding principle of the hypothesis is 
that any population of cells will tend towards an equilibrium 
arranganent of cells in vtiich the total adhesive free energy of the 
population is minimised. This is the equivalent of maximising the 
total adhesions formed by the cells. Thus cells of high adhesive 
free energy will becone enveloped by cells with low adhesive free 
energy.

Non-specificity of adhesion for cells in general is fundamental to 
the above interpretation of cell sorting patterns. Selectivity of 
adhesion seen in the ultimate configurations is proposed to reside 
in quantitative differences in the adhesives (Steintierg, 1963).

1.1.4 The role of divalent cations.

Partial or complete dissociation of cells, from each other and from 
their substratum, caused by the removal of divalent cations demonstrates 
their importance in cell adhesion. How these divalent cations act 
in the promotion and maintenance of adhesion is not clearly understood. 
Cation specificity of cell adhesion has been noted in several 
systems, although the hierarchy of ability to promote aggregation 
varies with the cell type used (Armstrong and Jones, 1968).

O IA variety of roles have been proposed for Ca . It may act by 
forming an ionic bond between anionic groups on adjacent cells 
(Steinberg, 1958; Pethica, 1961), by stabilising the intercellular 
cement (Chambers and Chambers, 1961) or by neutralising the electro­
negative surface charge of a cell (Curtis, 1962). However, this 
latter effect does not seam a likely explanation for the role of 
Ca , as other divalent cations can seldom substitute for Ca 
(Armstrong, 1966).

2+Several recent investigations suggest that Ca may be intimately 
involved with maintaining or protecting the structure of adhesive 
glycoproteins. It has been shown to protect a tryptic fragment 
of uvomorulin (UMt) (a cell surface glycoprotein isolated from 
embryonic carcinoma cells and involved in the compaction of cleavage 
stage mouse embryos) from further trypsin digestion by producing a 
change in its conformation (Hyafil et al., 1981). Calcium is also
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involved in maintaining the integrity of the Microciona sponge-cell 
aggregation factor (Jumblatt et al., 1980). Treatment of this 
factor with EX3TA (ethyleneglycol-bis-(B-amino-ethylether) N,N'-tetra 
acetic acid) causes its irreversible breakdown.

A variety of cell types show calcium dependent or independent 
aggregation depending on the choice of conditions for dispersal 
(Urushihara et al., 1979; Takeichi, 1977; Take!chi et al., 1979, 
19811, i.e. cells dispersed by 0.0001% trypsin in the presence of 
ImM ethylenediaminetetra acetic acid (EDTA) display calcium independent 
adhesive mechanisms, while those dispersed by 0.01% trypsin in the 
presence of 1-IOmM calcium display calcium dependent adhesive 
mechanisms. Those dispersed by EDTA alone display both mechanisms.

The distinction between the two mechanisms was shown dramatically in 
co-aggregation experiments (Takeichi et al., 1981; Thonas et al.,
1981). When cells adhesive by only one mechanism were fluorescently 
labelled and mixed with cells adhesive by the other mechanism, they 
formed separate aggregates. In the cases of neural retina cells 
and Chinese Hamster V79 cells, calcium dependent and independent 
mechanisms have been shown to depend on immunologically distinct 
molecules (Thonas and Steinberg, 1981 ; Urushihara et al., 1979).

2+In order to establish the role of Ca ions, neural retina cells
2+were dispersed by trypsin in the presence of Ca and then washed

in Ca -free medium, with or without a trypsin inhibitor. Their
ability to aggregate in the presence of cycloheximide was then
tested. Grunwald and colleagues (1980) reported that the cells

2+failed to aggregate following the Ca free wash, but would
aggregate normally if trypsin inhibitor was present. This suggests
that calcium prevents proteolysis of the adhesive molecules.
However, Magnani and colleagues (1981) found loss of aggregation 

2+after Ca free washing, irrespective of whether trypsin inhibitor
2+was present, which suggested that Ca serves to prevent release

of trypsin-cleaved adhesive molecules from the cells. The role of 
2+Ca remains to be established conclusively.
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1.2 EXPERIMENTAL APPROACHES TO THE IDENTIFICATICW OF ADHESIVE 
MOLECULES.

Three main approaches have been taken to the identification of 
adhesive molecules. Ihe first approach identifies adhesive factors 
derived fron cells or their bathing fluids by their effect upon 
aggregation or collection assays. The second approach involves 
the production of adhesion inhibitory monovalent antibody fragments 
(Fab's) and the examination of cell membrane fractions that will 
neutralise such an inhibitory action. The third approach involves 
the analysis of cell junctions.

1.2.1 Factors inhibiting or enhancing aggregation or collection 
assays.

One major difficulty of such studies is to demonstrate that a factor 
affecting cell aggregation is doing so as a direct result of its 
being part of the adhesive mechanism rather than by sane indirect 
means, such as sterically interfering with the adhesive site, affecting 
cell metabolism or cell viability etc.

Assuming that enhancement or inhibition of the rate of aggregation 
or size of aggregate formed is a measure of cell adhesion, it is not 
clear that the type of adhesion being measured has relevance to the 
in vivo situation. In aggregation assays employing agitation, only 
those adhesions which are able to form quickly and strongly enough 
to resist the shear forces generated in such systems are being 
measured. In collection assays, where the number of dispersed 
cells adhering to a monolayer is used as the indicator of adhesion, 
it should be taken into account that the upper cell surface may not 
normally be involved in cell-cell adhesion. Examples of studies 
which have isolated "factors" will now be briefly presented.
Factors have been grouped according to their mode of isolation.

1.2.1.1 Factors released into calcium-depleted medium or by further 
osmotic shock.

Isolation of factors by this method was pioneered in sponges. 
Mechanically disrupted sponges can be completely dissociated in
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calcium and magnesium-free sea water. If such cells are replaced 
into normal sea water, they will reaggregate at f^ysiological 
tenperatures, but are unable to do so at 4°C. This suggests 
that synthesis of a cell product is required for cell adhesion, 
that it is removed following chelation and, therefore, might be 
reclaimed fron the supernatant. This is also implied by the 
ability of the supernatant to restore cohesive ability to dissociated 
cells kept at 4°C in the presence of calcium. Such "aggregation 
factors" have been isolated and reported to be species specific and, 
in some cases, strain specific in their effect in rotation mediated 
aggregation assays (Humphreys, 1963; Moscona, 1963; Curtis, 1971; 
McClay, 1974). McClay (1974) also demonstrated binding of labelled 
factors in a species specific manner in five different sponges. 
However, selective rather than specific activity (McClennan and 
Dodd, 1967; Turner and Burger, 1973) has been demonstrated.

Analysis of the factor fron Microciona prolifera showed it to be a 
large 20 x 10^ dalton acidic proteoglycan containing 47% protein,
26% hexose, 10% uronic acid, 5.5% glucosamine and 5.8% galactosamine. 
Its amino acid analysis revealed a profile typical for sponge 
structural proteins and different fron collagen or elastin.
Electron microscope examination of the factor revealed a sunburst 
structure. It has been shown to possess several thousand binding 
sites for calcium ions (Henkart et al., 1973; Cauldwell et al.,
1973) and, in the absence of calcium, irreversibly dissociates into 
subunits of 2 x 10^ daltons. Itie factor's activity upon M.prolifera
was specifically inhibited by glucoronic acid and the factor itself 
was destroyed by glucoronidase. Therefore, the cell surface 
receptor was proposed to be a glucoronic-like receptor and the 
active binding region of the aggregation factor was thought to 
reside in glucoronic acid residues of its carbohydrate portion 
(Turner and Burger, 1973). This cell surface receptor has been 
isolated by osmotic shock treatment (Weinbaum and Burger, 1973) and 
termed Baseplate. It has a molecular weight of 50 Kd, and appears 
to be monovalent in its interaction with aggregation factor.
Further binding studies, using agarose beads coated with baseplate, 
suggested that binding of aggregation factor (AF) to baseplate is 
calcium independent, whereas binding of (AF) to (AF) of adjacent 
cells is calcium dependent (Jumblatt et al., 1980). Calcium also
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appeared to be important in maintaining the conformation of the
aggregation factor itself.

A species specific aggregation factor (AF) isolated from Geodia 
cydonium, was found to be a high molecular weight glycoprotein of 
74% protein content (Muller and Zahn, 1973) v^ich, in contrast, to 
the microciona factor, is resistant to both EOTA and glucuronidase 
treatment. It consists of three functional subunits; 1) a non 
enzymic low molecular weight 20 Kd aggregation factor, 96% protein,
6% carbohydrate with terminal lysine and asparagine residues important 
in its binding to its cell surface receptor; 2) a glucoronosyltransferase 
and 3) a galactosyltransferase. The receptor for the aggregation 
factor is a membrane bound glycoprotein 81% carbohydrate 7.5% 
protein of 15-18 Kd which is activated by the (AF) bound gluooronosyl- 
transferase. Once in possession of its glucoronic acid residue, it
is able to bind aggregation factor. Alternatively, it may be 
prevented frcm doing so by deglucoronylation by adjacent membrane 
bound glucoronidase (Muller, 1982). Muller, therefore, proposes 
that cell-cell adhesion is mediated by the non-enzymic aggregation 
factor and receptor, but is functionally controlled by cell surface 
glycosidases and glycosyltransferases. The role of calcium in this 
system has not been elucidated.

An anti-aggregation glycoprotein receptor of 180 Kd, with D galactose 
as its major functional, site has also been proposed to reside in the 
membrane and to interfere with aggregation factor binding to the 
glucoronylated aggregation receptor. The anti-aggregation receptor 
is activated by the (AF) bound galactosyltransferase. Its activity,
however, may be inhibited by a galactan specific lectin found in the 
extracellular space (Muller, 1982).

In both sponge cell systems, complementary molecules have been 
isolated. In the case of Geodia cydonium, reinsertion of the 
isolated receptor into foreign sponges has been achieved (Muller,
1982). Such sponges are then able to aggregate when supplied with 
the Geodia (AF).

Release of aggregation promoting factors into calcium depleted 
solutions have been reported in vertebrates. For example, rat
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ascites hepatona cells will release a glycoprotein of 72,000 molecular 
weight, which promotes the aggregation of certain tumour cell lines 
(rat hepatoma, SV40-3T3), but not their normal counterparts. This 
factor has been fractionated into two corrponents. The first, which 
is low in aggregation promoting activity, is present in the serum of 
normal and tumour inoculated rats, whereas the second is found only 
in the serum of tumour-ridden rats and its levels may be correlated 
with time from tumour-cell inoculation. This second factor 
appears to be a cell surface ocmponent of the hepatona cells (Kudo 
et al., 1974; 1976a,b).

Thyrotropin stimulated adult porcine thyroid cells release a factor 
into salt solutions containing ECTA (3nM) which promotes aggregation 
of EGTA dissociated porcine thyroid cells. Low levels of factor 
are produced by unstimulated cells. This factor is susceptible to 
hyaluronidase and pronase and, therefore, is felt to be a glycoprotein 
containing macromolecule (Giraud et al., 1974).

In neither of these two cases has a receptor for such aggregation 
promoting factors been demonstrated, nor have the aggregation 
factors themselves been shown to bind directly to the cell surface.

1.2.1.2 Factors released into serum-free medium.

Moscona (1962) proposed that cells maintained under j^ysiological 
conditions, but prevented from making aggregates, might continue the 
synthesis of adhesive molecules which would be released and accumulate 
in ttie medium. He demonstrated that such "conditioned" serum free 
medium from embryonic chick neural retina cells would cause an 
increase in the size of aggregates forming from trypsinised neural 
retina cells, compared to the size of those formed by such cells in 
normal medium. This effect was tissue specific. Similar results 
were obtained with "conditioned" medium from monolayers of such 
cells (Lilien and Moscona, 1967). The activity of such medium
could be absorbed out by incubation with freshly trypsinised neural 
retina cells maintained at 4°C, but not by other cell types.
Analysis of fractions of the medium containing activity led to the 
identification of a 50 Kd glycoprotein as the active factor envisaged 
as an intercellular ligand (McClay and Moscona, 1974; Hausman and
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Moscona, 1975). Balsamo and Lilien (1975) demonstrated hcxnotypic 
cell binding of radioactively labelled ligands fron embryonic chick 
neural retina, cerebral optic lobe and liver cells. Sugar competition 
assays and the effect of a range of glycosidases suggested that the 
ligands bind to the cells via N-acetylgalactosamine residues in 
neural retina and by terminal mannose residues in cerebral optic 
lobe. Lilien and coworkers proposed the existence of a further 
component termed ligator or agglutinin. The latter was proposed to 
be responsible for the agglutination of ligand bound glutaraldehyde 
fixed cells by monolayers of similar type (Rutz and Lilien, 1979).

In slime moulds,a low molecular weight inhibitor of vegetative cell 
cohesion has been isolated fron the stationary phase medium of 
Dictyostelium discoideum Ax-2 cells (Swan et al., 1977).

Factors promoting aggregation of P388 lymphoblastic cells have been 
reported, vrf:iich were released into serum free medium of seven 
different fibroblast cell lines and three epithelial cell lines of 
mammalian origin. (Pessac and Defendi, 1972). Analysis showed 
them to be a heterogenous mixture of acid mucopolysaccharides. The 
activities of the SV-40 3T3 cell factor could be destroyed by 
hyaluronidase.

Teratoma adhesion factor (TAF) has been isolated from the ascitic 
fluid of mouse teratoma cells (Oppenheimer and Humphreys, 1971).
Analysis suggests the active factor to be an acidic glycoprotein of 
100 Kd and, again, sugar competition and glycosidase effect suggest 
terminal D-galactosyl residues are involved in cell binding (Cppenheimer, 
1975). So far this factor is effective only upon its own cells.

1.2.1.3 Organic solvent and detergent extracted.

Retina oognin, a factor similar to that released into serum free 
medium (Hausman and Moscona, 1975), has been isolated by butanol 
extraction of embryonic chick neural retina (Hausman et al., 1976).

Merrel and Glaser (1973) demonstrated that a sonicated membrane 
enriched fraction of chick neural retina cells or chick cerebellum 
produce homotypic inhibition of aggregation. Hcmotypic binding was
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verified by radioactive labelling. Lithium diiodosalicylate 
(LIS) extraction of these membrane preparations produced a twenty 
fold increase in activity of the extract. The factor was found to 
be a trypsin labile glycoprotein (Merrel et al., 1975).

1.2.1.4 Factors isolated by trypsinisation of the cell surface.

Vicker (1976) trypsinised baby hamster kidney (BHK-21-C13) cells and 
digested the trypsinate with pronase. The glycopeptides collected 
by this procedure were fractionated and assayed in aggregation 
assays. Two fractions produced an inhibitory effect upon {BHK-21) 
aggregation which was abolished by treatment of the fraction with 
periodate or galactose oxidase, but was enhanced by neuraminidase. 
This suggests that the factor(s) in the fractions bind via their 
carbohydrates, which are masked by sialic acid residues.

1.2.2 Adhesion - inhibitory antibodies ^d their neutralisation.

This approach to the study of cell molecules and mechanisms was 
pioneered by the work of Beug and colleagues on the cellular slime
mould D.discoideum (Beug et al., 1973). They began by raising 
antisera to variously treated (particulate fractions, heat treated, 
total homogenate) fractions of aggregation conpetent cells of this 
organism. The antisera produced were rendered monovalent by 
production of their Fab, and each was assayed upon aggregating cells 
for its ability to inhibit aggregation. Several of the antisera 
showed inhibitory activity, while others, although binding to the 
surface, did not inhibit adhesion. Inhibition of adhesion by the 
former was, therefore, unlikely to result from steric hindrance 
through antibody binding to the cell surface. However, local 
steric impairment of another set of molecules, which might be 
authentically involved in the mechanics of adhesion, cannot be fully 
ruled out with this method.

Absorption of the antibody by various membrane extracts was undertaken 
to identify the adhesive species or "contact sites". These could 
be defined by their ability to neutralise the aggregation-inhibiting 
activity of the Fab. The decrease in the inhibitory titre of the Fab by
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prior absorption was used to assay for contact sites in various 
fractions. Aggregation-conpetent cells were ten times more effective 
than growth phase cells. Pre-absorption of Fab with growth-phase 
cells and preparation of Fab against cells at this earlier develop­
mental stage revealed the existence of two distinct classes of 
contact site; sites A which were peculiar to aggregation-canpetent 
cells and sites B which were present in both j^ases.

Contact sites A have been isolated from butanol soluble material and 
consist of a single glycoprotein of molecular weight 80 Kd (Muller 
and Gerisch, 1978). This purified molecule totally neutralised the 
inhibitory Fab activity. Ochiai et al., 1982 have demonstrated a 
close correlation between the production of contact sites A and the 
development of adhesiveness seen in the aggregation phase of this 
organism.

Other slime mould adhesion molecules have been identified following 
these procedures: GP150 (Geltosky et al., 1979) GP95 (Steinemann 
and Parish, 1980), contact sites B (Chadwick and Garrod, 1983).

In sea urchins a butanol extract of Paracentrotus lividus will 
inhibit an inhibitory Fab produced against blastula membranes.
This extract was found to promote and restore aggregability to these 
butanol extracted dissociated cells (Noll et al., 1979), suggesting 
reinsertion of the active factor into the membrane. Reinsertion of 

aggregation factor receptors have also been reported in 
sponges (Muller, 1982).

Similar ^proaches have been taken with a number of vertebrate 
tissues. Brackenbury and ooworkers (1977) produced an antiserum to 
the cell surface of chick embryonic neural retina which would 
inhibit the aggregation of trypsin recovered neural retina cells. 
Proteins from the supernatants of 10 day neural retinal cell cultures 
neutralised the inhibitory Fab. Three polypeptides were present in 
these supernatants with molecular weights of 140 Kd, 120 Kd and 65 
Kd. Antibodies prepared to each of these purified proteins precipi­
tated a 140 Kd glycoprotein conponent fron detergent solubilised 
membranes. This has since been named neural cell adhesion molecule 
(N-CAM) (Thiery et al., 1977). This molecule is involved in



lateral adhesion of neurites and is also found on embryonic muscle 
cells. Rutishauser and colleagues (1982) have incorporated N-CAM 
into lipid vesicles and demonstrated their binding to retina, brain 
and muscle cells v^tich possess endogenous N-CAM, but not to cells 
devoid of the molecule, such as hepatocytes, fibroblasts or trypsin- 
ised retinal cells.

A chick embryo liver cell adhesion molecule (L-CAM), a glycoprotein 
with a molecular weight of 65-68 Kd, which neutralises an inhibitory 
Fab, has been isolated by low ionic strength extraction of cells 
(Bertolotti et al., 1980; Nielsen et al., 1981). This molecule is 
immunologically distinct fran N-CAM.

Fab produced to mouse embryonic carcinoma cells (EC) inhibits 
aggregation of such cells in monolayer and, also, causes inhibition 
of compaction of embryo cells and blastocyst formation in vitro or 
decompaction of compacted cells (Kemler et al., 1977). A tryptic 
glycoprotein fragment of 84 Kd molecular weight fron (EC) cells was 
able to neutralise these activities of the Fab. The intact molecule, 
a membrane bound glycoprotein, has been termed uvomorulin (UM) and 
the fragment denoted (UMt) (Hyafil et al., 1981). UMt is a calcium- 
protected adhesive molecule, as discussed in section 1.1.4.

Wylie, Damsky and Buck (1979) produced Fab to crude membrane fractions 
of BHK21/C13 cells, which caused irreversible rounding and detachment of 
hamster cells fron their substratum. The antigen neutralising this Fab 
was a glycoprotein of molecular weight 140 K daltons.

1.2.3 The analysis of intercellular junctions.

The isolation of cell junctions offers an alternative route to the 
identification of cell adhesion molecules, sone of which should be 
enriched in junctional, as imposed to non-junctional membranes.
Moreover, such isolation procedures allow the investigation of the 
mechanism of linkage between two halves of the junction free of the 
complexities of living cells.

18.

The first intercellular junction to be isolated was the gap junction 
(Benedetti and Emmelot, 1968), closely followed by the isolation of
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the desmosome (Skerrow and Matoltsy, 1974a). More recently, 
preparations of intercalated discs, enriched in fasciae adhaerentes, 
have been reported (Colaco and Evans, 1981; Wilson et al., 1983). 
Invertebrate smooth septate junctions have been isolated from insect 
midgut (Green et al., 1983). A fraction enriched in tight junctions 
from chick intestine and rat liver has been reported (Stevenson et 
al., 1982).

Intercellular junctions will be discussed in more detail in the 
following section.
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1.3 INTERCELLULAR JUNCTIONS.

Intercellular junctions are regions of cell-cell contact in which the 
adjacent plasma membranes, and, in sane cases, their underlying 
cytoplasmic conponents, are structurally modified to enable cells to 
form a functionally co-ordinated tissue. Junctions of different 
morphology exist to form permeability barriers, communication 
channels, and adhesive sites. They have been classified according 
to the width of their intercellular space (Brightman and Palay,
1963), the complexity of their intra and extracellular features 
(Kelly and Luft, 1966), their area, function and appearance (Farquhar 
and Palade, 1963), the size of filaments associated with then 
(McNutt and Weinstein, 1973) and, more recently, by immunological 
identification (Franke et al.1981, 1982, 1983; Cowin and Garrod,
1983; Geiger et al., 1983).

For the purposes of this introduction, the junctions will be considered 
under the following headings; Occludentes (tight and gap), Adhaerentes 
- (zonula adhaerens and fascia adhaerens, and the desmosome). Each 
will be discussed in terms of its distribution, structure,formation, 
major function, contribution to cell adhesion and, where applicable, 
its biochemical analysis. The intention is to concentrate mainly 
upon vertebrate junctions, as it is beyond the scope of this thesis 
to review the multitude of invertebrate junctions. For reviews see 
Lane (1978). Cell-substrate adhesion will be discussed only where 
sane concrete proof of similarity to cell-cell junctions has been 
shown.

Occludentes Junctions.

Two forms of occluding junctions, or tight junction, were described 
by Farquhar and Palade (1963), namely the zonula (belt-like) 
occludens and the fascia (sheet-like) occludens. Their names were 
intended to indicate the distribution, form and potential physiological 
roles of these contacts. However, the occludens category was found 
to contain a third type of junction which did not truly occlude the 
extracellular space, but appeared to have a 2 nm intercellular space 
in vertically cut thin sections. This difference was dramatically 
illustrated by its permeability to electron dense tracers. This
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junction is now described as the gap junction (Revel and Karnovsky, 
1967).

1.3.1 Tight Junctions.

i) Distribution.

Tight junctions are present between most vertebrate epithelial 
(Farquhar and Palade, 1963) and endothelial cells (Brightman and 
Reese, 1969). They are also present in the heart cells of tunicates 
(Lorber and Rayns, 1972). Invertebrates were thought to lack true 
tight junctions (Satir and Gilula, 1973), but essentially similar 
structures have been described which are involved in forming the 
blood brain barrier of arthropod nervous systems (Lane and Chandler,
1980).

In simple columnar epithelial cells, tight junctions occur in a 
zonula form around the apical region of the cell, forming the most 
lumenal element of the terminal bar complex (Farquhar and Palade, 
1963). In endothelial cells, they occur more frequently in the 
fascia form (McNutt and Weinstein, 1973).

ii) Occurrence during development.

Tight junctions form early during enbryonic development. They have 
been reported to exist during the primitive streak stage in chicks 
(Overton, 1974) and the blastula stage in fish (Lentz and Trinkaus, 
1971). In these situations, they usually occur in a focal rather 
than a zonula form.

iii) Structures.

In thin sections cut in the apical-basal direction of the cell, the 
tight junction appears as a series of focal fusions between the 
membranes of adjacent cells. In these areas, the close union of 
the cell membranes reduces their ocmbined width to 14-18 nm; i.e. 
to less than the sum of the widths of each membrane. Freeze 
fracture replicas display a network of anastomosing ridges on the 
P-face and a complementary arrangement of grooves in the E-face.
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The ridges are believed to fit into the grooves, but not to protrude 
into the intercellular space. They correspond to the areas of 
apparent fusion seen in thin sections and are proposed to bring 
about this close contact by head to head fusion with corresponding 
ridge elements in the opposing cell monbrane (Staehelin, 1973; 
Chalcroft and Bullivant, 1970; Friend and Gilula, 1972). Others 
have proposed that the obliteration and sealing of the intercellular 
space in these regions is mediated by side to side binding of the 
ridges within the manbranes (McNutt and Weinstein, 1973). More 
recently, studies of rapidly frozen epithelial cells have suggested 
that the individual tight junction strands are pairs of inverted 
cylindrical lipid micelles, sandwiched between linear fusions of the 
external membrane leaflets of adjacent cells (Kachar and Reese, 
1982).

IV Formation.

Studies on the formation of tight junctions are ccmplicated by the 
rapidity of formation of these junctions, together with the lack of 
distinction between gap junction particles and those which eventually 
form the sealing strands of tight junctions. Tight junction 
particles appear to coalesce into smooth linear ridges which then 
fuse with others to form the anastamosing network of the mature 
junction (Hudspeth, 1975; Montessano et al., 1975). They frequently 
encompass gap junctional areas (Friend and Gilula, 1972).

V) Function.

The zonula form of tight junction has been shown to prevent the 
diffusion of electron-dense tracers between the cells (Farquhar and 
Palade, 1963; Revel and Karnovsky, 1967), but some show leakiness 
to such tracers (Maachen et al., 1972). Claude and Goodenough 
(1973) have demonstrated that tightness or leakiness, as measured by 
transepithelial resistance, could be correlated to the depth of the 
junction in thin sections and the number and arrangement of the 
sealing strands seen in freeze fracture replicas. Varying degrees 
of interconnection between the sealing strands have also been 
observed and correlated to the requirement of a tissue for distensib- 
ility.
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In view of their ^pearance, impermeability to tracers, and relationship 
to transepithelial resistance, the major function of tight junctions 
appears to be the provision of a selective permeability barrier 
between groups of cells and their outer environment. Striking 
examples of impermeability are found in kidney tubule epithelia 
and in the blood-brain barrier. However, selective permeability is 
an important feature of "leaky" tight junctions. The most extreme 
case is found in the fasciae occludentes of endothelial cells, which 
create "pores" of varying size due to their discontinuous nature.

Connected to their occluding function is the effect such a physical 
barrier, encircling the apex of the cell, has upon the establishment 
of cell polarity due to the prevention of protein diffusion within 
the lipid bilayer (Hoi-Sang et al., 1980).

The nature of the firm contact between the sealing strands obviously 
contributes to cell-cell adhesion. This may be demonstrated 
clearly by the following observations. If cells are shrunk prior 
to fixation, they remain adherent only at the tight junctions 
(McNutt and Weinstein, 1973). Tight junctions will often be 
found after proteolytic attack has fully disrupted desmosomes and 
intermediate junctions (Overton and Shoup, 1964). They are also 
resistant to disruption by hypotonic treatment (Farquhar and 
Palade, 1963).

vi) Biochemical Analysis.

Stevenson, Goodenough and Mooseker (1982) have reported a partial 
enrichment of tight junctions in the plasma membrane fractions fron 
chicken intestine and mouse liver. The liver preparation shows 
enrichment for peptides of 48 Kd and 35 Kd. The isolation protocol 
involves extensive chelation of cations with no destruction of the 
tight junction. The structures are also resistant to solubilisation 
by nonionic and ionic detergents, observations which question the 
cylindrical micelle theory of tight junction structure.
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1.3.2 The gap junction.

i) Distribution.

Two types of gap junction exist. One type is present in metazoan 
phyla, with the exception of the arthropods and the sponges, (Gilula, 
1978; Staehelin, 1974), while the other type is exclusive to the 
arthropods (Peracchia, 1973).

In vertebrates, gap junctions have been described between epithelial 
cells, connective tissue fibroblasts, neuronal cells and muscle 
cells. In vitro and in vivo gap junctions are often found between 
heterologous cell types (Gilula, 1978). However, certain cell 
types do not possess gap junctions. These include innervated 
skeletal muscle fibres, erythroid cells, lymphoid cells and many 
differentiated neurones (Gilula, 1978). Gap junctions are widely 
distributed throughout the embryo during early embryonic development. 
However, uncoupling of cells occurs progressively, reflecting the 
generation of individual organ systems (Potter et al., 1966).

11 Structure.

Morp*iologically, gap junctions ^pear as a narrowing of the intercell­
ular space to 2 nm, although this is larger (3-4 nm) in the arthropod 
junction. En face or oblique views of gap junctions impregnated 
with lanthanum hydroxide reveal a polygonal lattice of 8 nm diameter 
subunits which contain a central dense pore 2 nm in diameter.
These particles have a centre to centre spacing of 9-10 nm. Each 
particle is surrounded by tracer, demonstrating that the space 
around them is continuous with the extracellular space (Revel and 
Karnovsky, 1967). It is not clear how the lanthanum tracer penetrates 
the central pore.

Freeze fracture replicas show that gap junctions occupy oval or 
circular areas of membrane, although linear variations have been 
described (Gilula, 1978). The size of the area involved and the 
packing of the gap junctional particles varies considerably and has 
been correlated with the functional state of the junction, but this 
point remains controversial. The freeze fracture image of the P
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face closely resembles the external en face view of the junction, 
displaying the same polygonal lattice of 8 nm particles with central 
depressions. The E face displays a ccarplementary arrangement of 
pits and depressions (McNutt and Weinstein, 1970). This is in 
contrast to the arthropod gap junction which shows a reversal of 
particle polarity in freeze fracture replicas. Their particles are 
larger, 11 nm in diameter, and are located on the E face (Gilula, 
1978; Flower, 1972; Peracchia, 1973).

High resolution electron miscroscopy and x-ray diffraction have 
shown the particles to protrude on either side of the membrane and 
connect to subunits on adjacent cells within the intercellular 
space. Each particle is ccxtposed of six subunits arranged around a 
central channel. They have been termed connexons (Perrachia, 1973; 
Staehelin, 1974). The subunits were envisaged to be dumbel1-shaped 
elements 2.5 nm in diameter and 7.5 nm long (Staehelin and Hull,
1978). However, Unwin and Zampighi (1980) propose that the units 
are arranged tangentially within the membrane. Rotational movement 
of these subunits is proposed to cause opening and closing of the 
central hydrophilic channel.

iii) Physiological role of gap junctions.

Gap junctions ^pear to provide hydrophilic channels directly 
linking the cytoplasm of adjacent cells and so permitting intercellular 
cotmunication of small molecules. Ionic coupling (Potter et al., 
1966), metabolic coupling, (Subak-Sharpe et al., 1969), transfer of 
RNA (Kolodny, 1971) and the passage of tracers, such as fluorescein 
and procion yellow, have been demonstrated between cells connected 
to each other in this way. Tracer studies have shown the passage 
of molecules up to 700 molecular weight. However, direct observation 
of molecules passing through gap junctions has not yet been shown. 
Studies attempting to correlate such canmunication between cells 
with the presence of gap junctions, are usually complicated by the 
presence of other junctions. However, Dreifuss et al. (1966) have 
shown that, vhen cardiac muscle is depleted of calcium, all junctions 
except the gap junction separate, yet its cells remain ionically 
coupled to each other. Disruption of these gap junctions by 
hypertonic sucrose then abolishes coupling (Barr et al., 1965).



26,

Studies of genetically different fibroblastic cell lines have 
demonstrated that both metabolic and ionic coupling depend upon 
the presence of gap junctions (Gilula et al., 1972).

Theoretically, the channel pores can accommodate molecules of 1000 
molecular weight. It has been proposed that passage of molecules 
of this size, between selectively coupled cells, could be responsible 
for the formation of tissue properties and phenotypes (Crick,
1970).

Ccanmunication between cells is disrupted by high levels of intracyto- 
plasmic calcium. It has been proposed that this closing of the 
connexons may reflect on vivo wound healing response (Rose and 
Lowenstein, 1977) preventing the loss of essential metabolites 
from the tissue.

iv) Adhesive properties of gap junctions.

The contribution of gap junctions to cell-cell adhesion is apparent 
from the experiment of Dreifuss et al. discussed earlier, and, also, 
the ability of the ^herent form of the junction to resist disruption 
during isolation procedures involving detergent extraction and 
protease digestion (Goodenough and Stoeckenius, 1972). Henderson 
et al., (1979) have presented evidence suggesting that the stability 
lies in the close interaction between protein and cholesterol. 
Mechanical separation of cells is often found to tear a gap junction 
from the surface of one cell rather than disrupt the adhesive bond 
between the connexons (Overton, 1974).

V) Isolation of gap junctions.

Gap junctions have been isolated from mouse and rat liver (Goodenough 
and Stoekenius, 1972; Goodenough, 1974, 1976; Duguid and Revel, 
1975; Zampighi and Unwin, 1979; Henderson et al., 1979; Hertzberg 
and Gilula, 1979; Finbow et al., 1980). The molecular weight of 
the polypeptide components of gap junctions has been the subject of 
much controversy. However, the major consistent polypeptide 
has a molecular weight of 26-28 Kd. The other polypeptides have 
been attributed to high molecular weight contaminants, such as



collagen and uricase (Nicolson et al., 1981), to aggregation of the 
26~28Kd protein (Henderson et al., 1979), or to lower molecular 
weight degradation products of the 26-28Kd protein (Hertzburg and 
Gilula, 1979) (earlier methods employed proteases in the'- isolation 
protocol and so report lower molecular weights of 10-20Kd for the 
major polyp^tide). Revel and co-workers (Nicolson et al., 1981; 
Revel et al., 1982) have confirmed these suggestions by 2-D peptide 
mapping and NH^-terminal amino-acid sequencing of all of the poly­
peptide bands produced in their isolation procedures.

Finbow and co-workers (1983) have devised an alternative isolation 
protocol, enabling them to isolate gap junctions from various tissue 
sources and cell cultures. They have found that the single common 
component of these preparations is a protein of 16Kd. It will also 
polymerise to form a 26~28Kd dimer which, however, appears to differ 
from those previously described.

Colaco and Evans (1981) have produced gap junction enriched fractions 
of rodent intercalated discs with major polypeptides of 38Kd, 29Kd, 
26Kd and 19Kd. Kensler and Goodenough (1980) isolated gap junctions 
from mouse myocardium and reported polypeptides of 47Kd, 38Kd,
33.5Kd and 3lKd.

Lens Fibre junctions.

Lens fibre junctions are morphologically similar to gap junctions, 
Hertzberg and colleagues (1982) have isolated the lens fibre junction 
from bovine lens and demonstrated that its major 25Kd polypeptide 
differs, both biochemically and immunologically, from the 26~28Kd 
protein of rat liver. However, it is biochemically similar to the 
25Kd lens fibre protein of a number of species (Takemoto et al.,
1981). Bok and colleagues (1982) have suggested that, although 
these lens fibre junctions have a morphological similarity to liver 
gap junctions, they may possess a tetrameric rather than a hexameric 
oonnexon subunit. They have not been tested in vitro for their 
ability to form junctions with heterologous cells.
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1.3.3 Adhering Junctions.

The term adhaerens was first used by Farquhar and Palade (1963) to 
describe junctions thought to be intercellular adhesive devices.
They divided them, on the basis of the morphological criteria 
into two main types: the zonula and fascia adhaerens, otherwise 
called the intermediate junction, and the macula adhaerens or spot 
desroosome (see table 1). These classical exairples from the terminal 
bar region of simple columnar epithelia can be easily distinguished 
fron each other. However, in other situations, the assignment to a 
particular category is more difficult. For instance in many studies 
of embryonic tissues and of cells in culture, classification often 
resorts simply to adhaerens junctions. Hence the literature is 
studded with terms such as, glioblast "desmosome-like junctions"
(Lim et al., 1977), "sinplified desmosones" between rodent mammary 
gland cells (Pitelka, 1979), "maculae adhaerentes diminutae" (Hay et 
al., 1968) and "modified desmosomes" in cultured cell lines (Zerban 
and Franke, 1978). These all point to the problems of identifying 
junctions by their ultrastructure alone. Fortunately, both types 
of adhaerens junctions have yielded to immunological characterisation 
of, either the integral constituents (Cowin and Garrod, 1983; Franke 
et al, 1982, 1981), or of closely associated filaments and filament 
binding proteins (Geiger et al., 1979, 1981, 1983; Henderson 
and Weber, 1981; Kartenbeck et al., 1983). So far, the antigens 
investigated ^pear to be exclusive to one or other type, thus 
indicating their biochemically different natures. Such immunological 
studies have also been able to confirm relationships between these 
intercellular junctions and the cell-substrate adhesions of the 
hanidesmosone and focal contacts.

Zonula and Fascia Adhaerens.

i) Distribution.

These junctions are found between simple epithelial cells, in the 
intercalated discs of cardiac muscle and between fibroblasts in 
culture. Similar structures, seen in smooth muscle, are described 
as dense plaques (Geiger, 1979). In columnar epithelial cells, 
they form the second element of the terminal bar complex and, in 
this situation, usually have a zonula or belt-like form around the
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TABLE 1

COMPARISON OF STRUCTURE AND COMPOS ITICN
OF DIFFERENT TYPES OF ADHAERENS JUNCTKOJS

Macula adhaerens 
(True desmosane)

Zonula (Fascia) adhaerens
(Intermediate junction)

Membrane
separation

Extracellular
structure

Cytoplasmic
structure

Associated
cytoplasmic
filaments

Extracellular
coiiponents

Cytoplasmic
components

Related
Homologous
structures

25-35nm

Dense midline

Dense plaque

Cytokeratin in 
epithelia 

Desmin in heart

?150kd (glycoprotein) 
lOOkd
115kd glycoproteins 

?22kd glycoprotein

230kd) desmoplakin 
205kd) proteins 

?150kd (glycoprotein) 
86kd protein

Hesmidesmosomes

about 20nm

Diffuse intermanbrane 
density

Diffuse density

Act in

Vinculin 
alpha-actinin 
Tropomyosin

Focal contacts 
dense bodies of 
smooth muscle
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epical region of the cell (Farquhar and Palade, 1963). The fascia
form is found in the intercalated disc of heart and in the distal 
tubule of the nephron (Overton, 1974).

Structure

In thin sections of simple columnar cells cut in an apical-basal 
direction, zonulae adhaerentes show the following characteristics.
They have an intercellular space of 20 ran occupied by homogeneous, 
amorphous electron opaque material bounded by parallel cell membranes. 
Their length varies from 0.2 - 0.5 nm. However, their most conspic­
uous feature is the mat of moderately dense material located in the 
cytoplasm subjacent to the cell membrane (Farquhar and Palade,
1963). Associated with this mat are 7 nm filaments of the terminal 
web of epithelial cells, demonstrated to be actin by the binding of 
heavy meromyosin in its characteristic arrowhead fashion along the 
filaments (Tiiney and Mooseker, 1971). Alpha-actinin (Craig and 
Pardo, 1979; Geiger et al, 1979), vinculin (Geiger et al., 1981,
1983) and tropomyosin (Geiger et al., 1981) have all been found in 
association with the epithelial zonula adhaerens. Vinculin appears 
to locate closest to the cell membrane in the region of the cytoplasmic 
densities and has, therefore, been proposed to link the actin 
filaments to the membrane. Alpha-actinin is found slightly further 
away than vinculin (Geiger et al., 1981) and is involved in cross 
linking of actin filaments to each other. Tropomysin shows a 
looser association and appears to be distributed throughout the 
terminal web. In no instance are these proteins located at the 
desnosane. Actin, vinculin and alpha-actinin (Geiger et al., 1979, 
1981) have been located in close association with the dense plaques 
of smooth muscle and the fascia adhaerens of intercalated disc, in a 
similar arrangement to that found in the epithelial zonula adhaerens. 
They have also been found in the focal adhesions to the substrate in 
fibroblasts (Geiger et al., 1979) and epithelial cells (Geiger et 
al., 1983). Therefore, immunologically similar features are found 
at all of these junctions. They have been classified together as 
focal junctions by Geiger (1983). Preliminary studies on the rates 
of formation of the substrate focal contacts in relation to the 
apical zonula adhaerens of Madin Derby bovine kidney cells (MDBK) 
show the latter to take much longer to form (Geiger et al., 1983).
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iii) Biochemical Analysis.

Little is known about the biochemical nature of the intercellular 
material of the zonula or fascia adhaerens. Colaco and Evans 
(1981) have prepared a fraction of rodent intercalated discs enriched 
in fasciaz-adhaerentes junctions. Polyacrylamide gel electrophoresis 
of such a preparation showed major polypeptide bands of molecular 
weights 150Kd, 134Kd, 108Kd, 62-64Kd, 58Kd, 47Kd and 43Kd as detected 
by coonassie blue staining. Two minor polypeptides were also found 
to be glycosylated. The relationship of the 130Kd band to vinculin, 
the 108Kd to alpha-actinin, the 62Kd-64Kd bands to fimbrin, the 58Kd 
band to desmin and the 43Kd band to actin are being investigated.

Wilson and colleagues (1983) have reported the isolation of fasciae, 
adhaerentes-enriched fractions from bovine heart. They found four 
con-A binding glycoproteins to be present in triton-extracted 
adherent forms, of molecular weight 64Kd, 84Kd, 165Kd and 220Kd. 
Further extraction of such preparations with sarkosyl resulted in 
almost conplete removal of intercellular material from the structures 
and the extraction of the 64Kd, 84Kd and 165Kd glycoproteins.
These are reported to be distinct from the glycoproteins isolated 
from desmosomes. The biochemical and functional homologies with 
the 60Kd glycoprotein of the focal adhesions of fibroblasts isolated 
by Oesch and Birchmaier (1982) has yet to be elucidated.

Function.

The function of the zonula and fascia adhaerens is to form a membrane 
site of attachment, by sane mechanism including alpha-actinin and 
vinculin, for the actin filaments of cardiac and smooth muscle and 
of the terminal web of epithelial cells. The association of these 
structures with actin suggests that they are part of an adhesive- 
contractile system involved in cell motility. The contractile 
properties of the terminal web of intestinal epithelial cells 
have, indeed, been elegantly demonstrated by Burgess (1982).

Sorting out of mixed cell aggregates has been associated with the 
appearance of intermediate junctions between like and unlike cells 
(Armstrong, 1970; Overton, 1975). It has been tentatively proposed 
that they contribute towards the active cell movement found during 
sorting out.
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1.4 DESMOSOMES.

1.4.1 Function.

Three functions have been attributed to the desmosome. Firstly, 
they are the sites of anchorage of tonofilament bundles. Hence 
their name which is derived fron the Greek words 'desmo' (anchorage, 
link, tie, bond), and 'sana' (body).

Secondly, they are conmonly believed to contribute to cell-cell 
adhesion and to tissue resistance (Farquhar and Palade, 1963;
McNutt and Weinstein, 1973; Overton, 1974; Staehelin, 1974).
This assumption is largely based on the following observations.
They are the major cell membrane specialization of tissues prone to 
mechanical stress, for example, the epithelium of skin (Wilgrams et 
al., 1964), uterine cervix and bladder epithelium (McNutt and 
Weinstein, 1973). They appear during embryonic development v^en 
there is a need for strong intercellular adhesion, for example, vrfien 
the epithelial layers are stretched during amphibian epiboly (Lentz 
and Trinkaus, 1971), in the extra anbryonic regions of the chick 
blastoderm (Balinsky and Walther, 1961) and between the trophoblast 
cells during blastocyst inflation in the mouse (Ducibella et al., 
1975). In certain bullous skin disorders, loss of intercellular 
adhesion coincides with desmosome breakdown (Barnett, 1978; Wilgram 
et al., 1964). Many tumours show qualitative and quantitative 
changes in their desmosomes (Caputo and Prandi, 1972; Klingmuller 
et al., 1970; Seiji and Misune, 1969; Takaki et al., 1971;
Martinez Palomo, 1970). An inverse relationship has been found 
between desmosome number and the malignant status of certain tumours, 
suggesting that loss of desmosome-mediated adhesion may result in 
metastatic or invasive behaviour (Alroy et al., 1981). A good 
correlation has been noted between the extent of desmosome development 
and the difficulty found in dissociating embryonic chick blastoderm 
(Overton, 1962). Strong molecular adhesion is implied the 
maintenance of adherence of their two halves during cell disruption, 
and their subsequent isolation in the presence of detergents which 
solubilise non-junctional membrane (Skerrow and Matoltsy, 1974a; 
Gorbsky et al., 1981) and, also, in their ability to withstand high 
and low ionic strength solutions, high concentrations of urea, wide



fSi ranges frcro 1-12, freezing and thawing and sonication (Mueller 
and Franke, 1983).
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Thirdly, they have been proposed to contribute to in vitro cell 
sorting out. Several groups have demonstrated that possession of 
desmosanes correlates well with internal sorting out behaviour.
Overton (1977) examined the effect of combining cells of different 
embryonic ages and hence different desmosome forming capacities 
together. With anbryonic mouse skin cells and embryonic chick 
corneal cells, she found that, in any combination, the cells with 
the maximum desmoscme forming capacity always sorted internally to 
those with less desmosome forming capacity. Wiseman and Strickler 
(1981) have demonstrated a hierarchy of tissue envelopment in which 
the enveloped tissue is always the one possessing the most desmosomes. 
Nicol and Garrod (1979) have found similar results with cell sorting 
out in monolayer.

In studies of heterotypic aggregates, chick corneal cells were found 
to make desmosanes with themselves and with mouse skin cells, but 
not with other chick tissues such as heart, liver and retina. They 
sorted from cells of these tissues even in the presence of cytochalasin 
B which inhibits cell movement, but not junction formation (Overton, 
1975a,b). Overton concluded frcm this experiment that the tissue 
sorting out was due to selective formation of desmosomes and that 
any contribution by active cell movement had been abolished by 
cytochalasin B incorporation.

In subsequent experiments, Overton combined chick cornea and mouse 
embryo skin cells which would normally sort out (the former tissue 
possesses three times the desmosome number of the latter). Cells 
were dispersed, aggregated and treated with actinomycin D after 6 
hours to prevent protein synthesis with a view to inhibiting junction 
producticxi. However, she found that cells still displayed sorting. 
Overton concluded fron this experiment that the desmosome played 
little part in the process. However, although desmosome increase 
was prevented by the drug, an initial 5:1 difference in desmosome 
number existed between the two cell types at the time of drug 
administration (Overton, 1979).

A further criticism of such a conclusion is that only the role of 
the fully formed junction has been considered and the possible 
consequences of adhesive components of the junction, acting prior to 
incorporation into the junction, have been ignored.
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1.4.2 Distribution.

True desroosones are found between most vertebrate epithelial cells 
(Farquhar and Palade, 1963; McNutt and Weinstein, 1973). Structur­
ally identical junctions occur in the intercalated discs of higher 
vertebrate heart (Sjostrand et al., 1958; Fawcett and McNutt, 1969). 
As mentioned previously, many primitive or modified desmosome-1ike 
junctions of questionable classification exist, notably those found 
in lower vertebrate heart (Hama, 1968) and in certain cultured cell 
lines (Zerban and Franke, 1978). Invertebrates possess a variety 
of adhesive structures (Staehelin, 1974) consisting of paired 
cytoplasmic densities often associated with microtubules. These 
are particularly camion in the arthropods. Annelid worms and 
termite rectum possess structures similar to vertebrate desmosomes 
but with two interspace densities, again in association with microtu­
bules (Noirot-Tiroothee and Noirot, 1966). An essentially similar 
desmosome has been described in the trypanosonatid flagellate 
Crithidia fasciculata (Brooker, 1970). A rather interesting 
desmosome-like junction occurs in the subumbrellar musculature of 
the jelly fish Cassiopea xamachana (Blanquet and Riordan, 1981).
This junction will be discussed in chapter 5.

During embryonic development, desmosomes appear later than the other 
junctions. In developing Fundulus blastoderm, immature desmosomes 
are present in the blastula stage (8), but are not fully formed 
until the early onbryo stage (13). Lentz and Trinkaus (1971) have 
proposed that the desmosomes occur at this stage in response to the 
increased stress placed upon cells of the blastoderm during epiboly. 
Desmosomes occur slightly earlier in extraembryonic regions (Overton, 
1962; Hay, 1968). Strings of desmosomes occur between adjacent 
primary oocytes in polyovular follicles in the rabbit (Szollosi,
1978).

Desmosomes display tissue specific arrangements within the cell, for 
example, in the stratum spinosum of skin they lie along the cell 
projections in a "prickle pattern", while, in columnar epithelium, 
they form the innermost element of the terminal bar oonplex (Farquhar 
and Palade, 1963). In sane cases, a very distinct tissue polarity 
is found, for example, in the toe pads of Hyla cinerea (Ernst, 1973)
and in the epidermis of the Mormyrid fish (Szabo and Wersall,
1970).



In vivo desmosones occur between both like and unlike cells within a 
tissue, for example^they occur between the different cells lining 
the stomach glands (Ito and Winchester, 1963) and the intestine 
(Farquhar and Palade, 1963). They also occur between the trophoblast 
and the uterine epithelium (Enders and Schlafke, 1969). Many other 
instances have been reviewed by Overton (1974) and Armstrong (1970). 
Where unlike cells join, the cytoplasmic features of the desmosome 
may show asymmetry (Caitpbell and Campbell, 1971). Desrhosones 
sometimes occur between parts of the same cell and these are 
termed autodesmosanes (Petry, 1980). They are particularly abundant 
at the basal surfaces of the human chorion and human amnion (Petry,
1980).

Intracytoplasmic desmosomes have been reported in a number of skin 
diseases including Bowen's disease (Seiji and Misune, 1969), 
spinocellular carcinona (Klingmuller et al., 1970), keraratocanthoma 
(Takaki et al., 1971), Gottrons carcinoid papillomatosis (Caputo and 
Prandi, 1972) and laryngeal carcinoma (Schenk, 1980). There is 
some dispute among these authors over the question of how these 
structures arise. Seme favour the view that the surface desmosomes 
fail to connect and are invaginated as vesicles which zip up internally. 
Others suggest that one cell phagocytoses the desmosome from the 
surfece of itself and its neighbour.
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Hemidesmosomes (so-called because they closely resemble half a 
desmoseme) occur between many epithelia and their basement membrane. 
They have a similar cytoplasmic appearance displaying dense plaques 
with associated tonofilaments. In larval newt epidermis Kelly 
(1966) has shown the extracellular region to contain ruthenium red 
positive material, organised into filaments which penetrate the 
basement membrane. Freeze fracture replicas display similar 
intramembranous features to the desmosone (see section 1.4.3ii). 
However, they are reported to possess larger intramembranous granules 
of 20-30 nm diameter (Shienvold and Kelly, 1976; Kelly and Shienvold, 
1976; Kelly and Kuda, 1981) which locate to the P face of fixed 
specimens.
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1.4.3 Desmosone structure.

All desmosones share a basic characteristic morphology (Odland,
1958), although minor structural variations occur from tissue to 
tissue and between different cell layers of the same tissue (Can#)ell 
and Campbell, 1971; Farquhar and Palade, 1963, 1965; Overtcn,
1962; Kelly, 1966). En face desmosones occupy oval or circular 
areas of cell menbrane, varying in diameter from 0.1 - 1.5jjm, 
depending upon the tissue origin.

i) The intercellular components.

In cross-section, desmosomes consist of a pair of straight and 
parallel plasma membranes, separated from each other by an intercellular 
space of 25-35nm. This space is bisected by central dense stratum 
or mid-line. In freeze fracture replicas, the mid-line consists of 
a row of globular particles, described as llnm diameter in newt skin 
(Kelly and Shienvold, 1976) and 5nm diameter in bovine nose (Leloup 
et al., 1979). In many instances, crossbridges may be resolved 
between the central stratum and the cell membranes. These are 
particularly evident in freeze fracture replicas (Leloup et al.,
1979) and in thin sections perfused with lanthanum hydroxide (Revel 
and Karnovsky, 1967; Rayns et al., 1969; McAlear, 1962) or stained 
with ruthenium red (Kelly, 1966; Luft, 1971).

The intercellular region of desmosomes show staining reaction with 
periodic—acid silver methionine, collidal thorium (Rambourg and 
Leblond, 1967; Benedetti and Emmelot, 1967), Ruthenium red (Kelly,
1966; Luft, 1971) and will bind ferritin conjugated Con-A (Shida et 
al., 1982). All of these methods suggest the presence of sugar 
residues in this region. However, many of these agents stain the 
entire cell surface, which has led Benedetti and Emmelot to propose 
that the adhesive material of the junction may share some of the 
characteristics of the cell coat in general.

Ruthenium red, which binds to acid polysaccharides (Luft, 1964), 
strongly labels the side-arm structures and makes them ^pear as 
continuous extensions of the outer membrane leaflet (Kelly, 1966). 
The mid-line is not heavily labelled by this agent, which suggests 
that these two morphological components of the extracellular space 
may differ in their degree of glycosylation.
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ii) Intramembranous specialisation.

Freeze fracture replicas of non-junctional membrane display a 
randan, sparse arrangement of particles, lOnm in diameter, which 
locate to the P face in unfixed tissue and the E face in glutaralde- 
hyde fixed tissue. In contrast, the desmosone region appears as 
circular patches of closely packed particles on one face, with 
correspondingly bare areas on the opposite face. This has been 
examined in a number of sources; rat intestine (Staehelin, 1974), 
human cervix (McNutt et al., 1973), human skin (Breathnach et al.,
1972, 1973; Caputo and Pelechetti, 1977) and newt skin (Kelly and 
Sheinvold, 1976). However, the reported polarity of particle 
localisation to either E or P face varies among the different 
investigators. Kelly and Shienvold (1976) have shown the discrepancies 
to be due to preparative technique. In general, particles locate 
to the E face in unfixed tissue, but to the P face in glutaraldehyde 
fixed specimens, i.e. the reverse of the polarity shown by non-junctional 
particles. Breathnach et al.,(l973)has suggested fron his study of 
human skin that the stage of maturation and keratinisation of a 
tissue may also affect the polarity of particle cleavage. This is, 
perhaps, not surprising, as desmosames undergo considerable modification 
as they pass from the stratum spinosum to the stratum corneum. In 
newt skin, the desmosomal particles are of two classes, the majority 
forming a dense mat of low profile particles, but within these lie 
larger 10-15nm desmosonal particles. In bovine nose, the latter 
appear as 15-20nm oblong-shaped particles.

iii) Cytoplasmic conponents.

On the cytoplasmic side of the cell membrane are electron dense plaques. 
These lie in perfect register with each other and are believed to 
impart rigidity to the junction (Overton, 1962; Farquhar and 
Palade, 1963). High resolution images of the sections cut perpendicular 
to the plaques show them to be a thin mat, 15-20nm in width, 
separated fron the cell membrane by a smaller, less dense zone 
(Overton, 1962; Kelly, 1966; Lentz and Trinkaus, 1971). In 
oblique sections, beaded profiles and filamentous loops are located 
within the plaque matrix, suggesting that filaments may pass through 
rather than terminate in its matrix (Kelly, 1966). Bundles of lOnm
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filaments, teemed tonofilaments by Charles and Smiddy (1957) (from 
the Greek word "tonus" meaning tension), converge towards the 
plaques and are, therefore, assumed to be anchored to them in sane 
way. These filaments have been immunologically identified in 
epithelial cells as belonging to the cytokeratin family (Henderson 
and Weber, 1981) and in the heart as desmin (Kartenbeck et al,^ 
1983). Careful examination of stereo electron micrographs of newt 
epidermal desmosones has shown that, v^ile a few lOnm filaments may 
enter the plaques, the majority approach and seem to loop away into 
the cytoplasm some 40-70nm before reaching them, causing a second 
dense line in this zone. The tonofilament bundles appear to loop 
from one desmosone to another of the same cell (Lentz and Trinkaus, 
1971). The region between the banks of tonofilaments and the 
plaques is occupied by a lightly staining zone, which is filamentous 
in nature. A comparable but narrower zone is seen in desmosomes 
frem other species (Farquhar and Palade, 1965; Karrer, 1960;
Skerrow and Matoltsy, 1974a). Kelly (1966) has suggested that the 
material in this zone, which he termed "connector cemponent", might 
serve as the vehicle to attach the tonofilaments to the plaques. 
Using tannic acid-glutaraldehyde fixation, fine filaments have also 
been visualised between the plaque and the membrane. This region is 
also reported to stain with ruthenium red (Kelly, 1966). Kelly has 
proposed that the "connector ootponent" filaments and the second set 
of 5-8nm filaments may be continuous with each other and has termed 
than the "traversing filaments".

In freeze fracture replicas, tonofilaments are observed as tight 
bundles of filaments with a diameter of 12nm (larger than in thin 
sections, due to the etching procedure). The plaque region is not 
distinct. However, smaller filaments of 5-8nm diameter are seen 
both between the tonofilaments and the plaque region and between the 
plaque region and the manbrane. These latter travel from the
plaque region, pierce the inner membrane leaflet and abut onto the E 
face of the unit membrane, where they appear to fuse with intramembr- 
anous particles (McNutt and Weinstein, 1973; Kelly and Shienvold,
1976; Leloup et al., 1979; Staehelin, 1974). Images to date do 
not disclose with certainty whether they extend beyond the membrane, 
nor is their nature within the plaque region certain. Authors are 
divided as to whether two sets of finer filaments exist, one connecting
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tonofilments to the plaques and a second connecting the plaque to 
the manbrane, or vrfiether they are both the same filament (Kelly and 
Kuda, 1981) (see fig. 1.1) connecting the tonofilaments via the 
plaque directly to the membrane. Leloup and co-workers have 
proposed that tonofilament bundles unravel to produce these smaller 
filaments, which they term protofilaments. These are proposed to 
connect directly to the P face of the monbrane, causing an indentation 
called the P granule. They also speculate that these cytokeratin 
protofilaments might traverse the entire unit membrane and link 
together, forming the adhesive vehicle, in the extracellular space.
In fixed specimens of newt skin, Kelly and Kuda (1981) have found 
8-10nm thread or ridge-like profiles between the desmosonal particles. 
They suggest that these represent the traversing filaments passing 
from the cytoplasm and piercing through the inner membrane leaflet 
to interdigitate with and anchor to the desmosome particles (Kelly 
and Shienvold, 1976; Kelly and Kuda, 1981; Leloup et al., 1979). 
Others, however, have interpreted the desmosonal particles to 
represent cross-sectional views of shorn off filaments, passing into 
the membrane fron the cytoplasm, and, possibly, through it to the 
extracellular space (Leloup et al., 1979; McNutt and Weinstein,
1973; Staehelin and Hull, 1978). However, it should be noted that 
in all of these studies the size of the membrane particles is always 
larger than the diameters given for the traversing filaments.

A summary of controversies and hypotheses of desmosome structure.

Most investigators are agreed upon the existence of sane form of 
"traversing filament" which connects directly or indirectly to the 
tonofilaments or unravels fron them. There is no consensus of 
opinion as to whether they terminate in the plaque, the membrane or 
the intercellular space. Models illustrating the various hypotheses 
are illustrated in fig. 1.1.

1.4.4 Biochemical Disruption Studies.

i) Proteolytic Agents and Chelators of divalent cations.

The intercellular material of the desmosone has been shown, in many 
tissues, to be susceptible to trypsin digestion and dispersal



Figure 1.1.
(a) Kelly, (1966) This model proposed a "connector conponent",

(C) linking most of the tonofilaments (T) to the plaque (P) 
and the possibility of a ruthenium red positive material (R) 
cementing layer intervening and attaching the plaque to the 
membrane. The cross-bridging filaments were thought to be 
continuous with the outer membrane leaflet and to form the 
mid-line density (M) by overlap in the centre of the extracell­
ular space.

(b) Kelly and Shienvold (1976), Kelly and Kuda (1981) have developed 
this hypothesis, on the strength of freeze fracture and 
specialised fixation techniques, to suggest that the connector 
component, now termed traversing filaments (TF), links the 
tonofilaments (T) directly to the intra-membranous particles 
(circles). Although the extracellular filaments (CB) are of 
similar dimension (5nm) to the traversing filament (TF), they 
are hypothesised to be biochemically different. Both intra 
and extracellular filaments interdigitate with the membrane 
particles. As illustrated, the mode of interaction of the 
traversing filament with the tonofilaments is not clear, i.e. 
whether they abut onto them or loop through them. The 
midline is envisaged as a row of llnm protein particles (M) 
linked in some way to the cross-bridging filaments (CB).

(c) Staehelin and Hull, (l978) proposed direct linkers (L) to 
extend frcm one plaque to another. Intramembranous particles 
are proposed to represent cross-sectional views of such 
linkers passing through the membrane. A shortened version of 
the traversing filament or connector conponent (C) attaches 
the tonofilaments (T) to the plaque (P).

(d) Leloup et al. (1979) proposed that tonofilaments (T) unravel 
to form smaller protofilaments (PF) which either abut, (i) 
onto the intramanbranous particles which also interdigitate 
with the extracellular cross-bridging filaments (CB), or, (ii) 
pass directly through the membrane and link to the mid-line 
particles (M).
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Figure 1.2.
Borysenko and Revel,(1973)proposed the existence of two types of 
desmosomes producing the same morphological appearance. One type
(A) having a proteinaceous midline which would produce a relatively 
stable junction was proposed to be the type found in stratified 
tissues. (B) This type was proposed to perform adhesion via a 
ca bridging mechanism resulting in a more labile nature found in 
sinple columnar epithelia. Kartenbeck et al. (1981) have reported 
disruption of cultured epithelial cell desmosomes by EGTA.
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(Overton, 1968; Berry and Friend, 1969; Borysenko and Revel,
1973). This suggests the presence of protein, in the intercellular 
space, vital to the adhesive mechanism.

Enzymatic digestion of ultrathin sections of tissue embedded in 
plastic has permitted examination of the relative susceptibilities 
of both intra and extracellular components of the desmosome to 
proteases (Douglas et al., 1970). ‘Hie intercellular material was 
found to be susceptible to trypsin treatment, while the plaques and 
tonofilaments were unaffected. Plaques, however, were rendered 
lucent by either chymotrypsin or pepsin. This work suggests that 
the cytoplasmic traversing filaments described by Kelly and Shienvold 
(1976) differ biochemically from the intercellular cross-bridging 
filaments.

A more complex picture of desmosomes has emerged from the study of 
Borysenko and Revel (1973). In general they found that desmosomes 
from stratified squamous and glandular epithelia were disrupted by 
trypsin digestion of their extracellular coaponents, but were 
unaffected by EDTA. In contrast, desmosomes from simple columnar 
epithelia were resistant to proteolytic attack, but were disrupted 
by EDTA. This led them to propose the existence of at least two 
types of desmosomes within the existing morphological category, with 
one type having a proteinaceous mid-line and a second type with a 
mid-line produced by overlap of cross-bridging filaments held 
together by calcium bridges (see fig. 1.2). They postulated that 
the former would result in a stable permanent adhesion, while the 
latter would give a more flexible, labile, junction which could 
dissociate and re-associate in response to calcium flux. A similar 
overlap model was proposed by Kelly (1966).

ii) Detergents.

Borysenko and Revel (1973) reported the intercellular material to be 
dissolved by SDS (sodium dodecyl sulphate) and by DOC (sodium 
deoxycholate), although, with the latter, the crossbridging filaments 
were unaffected. Triton X-100 and Saponin dissolved non-junctional 
membrane, but had no effect upon the desmosome. In contrast, 
Drochmans and co-workers (1978) reported effacement of intercellular 
material with Triton X-100.
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iii) Urea.

Rash et al., (1968) reported loss of the plaques of chick heart 
desmosones after treatment with 1-3M urea. However, Drochmans and 
co-workers (1978), Borysenko and Revel (1973) and Mueller and Franke 
(1983) reported that concentrations of urea of up to 9M urea had no 
effect on the desmosome plaques.

iv) Low ionic strength media.

Drochmans and colleagues (1978) have isolated desmosomes of normal 
appearance in distilled water, whereas Skerrow (1979) reported 
loss of two high molecular weight proteins and plaque lucency 
following dialysis of isolated desmosomes against low ionic strength 
media. However, as protease inhibitors were not included, this 
lucency was probably caused by proteolytic breakdown.

v) Miscellaneous.

Desmosome structure is resistant to high salt, sonication, 
freezing, thawing, and P-mercaptoethanol (Drochmans et al., 1978; 
Mueller and Franke, 1983), phospiiolipase, neuraminidase, 70% 
ethanol and 60% acetone (Borysenko and Revel, 1973).

1.4.5i) Desmoscxne Formation.

There are few generally accepted views concerning the mechanisms of 
desmosome formation, but there have been several descriptions of the 
morphological sequence of events that occur. Desmogenesis has been 
described in early chick embryos (Hay, 1968; Overton, 1962), early 
fish embryos (Lentz and Trinkaus, 1971), the germinative layers of 
bovine, human and ovine epidermis (Leloup et al., 1979; Breathnach, 
1971; Orwin et al., 1973), murine epidermal wound healing (Krawczyk 
and Wilgram, 1973) and tissue culture (Dembitzer et al., 1980; 
Patrizi, 1967; Hennings and Holbrook, 1983).

Studies describing the morphology of junctions in the stages of 
embryonic development, from early blastula to late gastrula, give a 
reproducible and precise sequence of events. However, they may
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reflect the limited capability of the embryonic cells more than the 
sequence of desmogenesis that might occur between fully conpetent 
cells.

Studies in maturing tissues present constructions of the sequence of 
desmogenesis based upon subjective analysis of the frequency of a 
given form in particular cell layers. These studies are particularly 
complicated by an inability to distinguish between stages of formation 
and stages of breakdown of desmosomes.

Studies involving reaggregation of dissociated embryonic tissues or 
cell lines are disadvantaged by the lingering effects of the dispersal 
agent, inoonplete cell dispersal and the persistence of junctional 
remnants at the cell surface. However, these difficulties have 
been overcome by the elegant procedure of Dembitzer and colleagues 
(1980) and in the calcium-induced formation of desmosomes by cultured 
keratinocytes (Hennings and Holbrook, 1983).

Considerable disagreement exists as to what constitutes the first 
step of desmogenesis. This is inevitable, as judganents are based 
solely on morphological criteria. This emphasises the need for 
specific probes which can identify junction components before the 
point at which they assume a recognisable morphology.

Close apposition (<5nm) and parallel alignment of plasma membrane, 
in regions known to form desmosomes, have been described as the 
first indications of ensuing desmosome formation (Orwin et al.,
1973; Dembitzer et al., 1980). Occasionally, paired mitochondria 
have been described as marking such sites (Deanne and Wurzelman,
1965). Another frequently reported initial feature is the presence 
of electron dense material in the extracellular space. This is 
variously described as amorphous (Overton, 1962; Lentz and Trinkaus, 
1971; Dembitzer et al., 1980), as organised into fine filaments 
extending between the outer monbrane leaflets of adjacent cells 
(Orwin et al., 1973; Krawczyk and Wilgram, 1973) or as formed 
into three rows of dots (Leloup et al., 1979). The extracellular 
space is generally reported to be 10-12nm wide at this stage.
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Amorphous cytoplasmic densities, closely apposed to the plasma 
membranes, are reported to occur simultaneously (Lentz and Trinkaus; 
1971; Overton, 1962; Dembitzer et al., 1980) or slightly later 
than the extracellular densities (Orwin et al., 1973; Krawczyk and 
Wilgram, 1973; Leloup et al., 1979; Campbell and Campbell, 1971). 
Hennings and Holbrook (1983), however, describe the formation of 
plaques and accompanying tonofilaments as the initial event in 
desmosome formation in keratinocyte culture.

Most authors report the second phase of development to consist of 
both condensation and increase in length of the cytoplasmic densities. 
Only one report suggests that mid-line formation precedes plaque 
condensation (Krawczyk and Wilgram, 1973). The dense plaques 
remain apposed to the cell membranes and are generally found in 
register with each other, although occasional asymmetry has been 
reported (Dembitzer et al., 1980), and marked asymmetry occurs in 
the rapid formation of plaques by keratinocytes (Hennings and 
Holbrook, 1983). During this phase, filaments have been described 
as running parallel (Lentz and Trinkaus, 1971) or perpendicular 
(Danbitzer et al., 1980) to the plaques, although both of these 
studies are vague with regards to the size of these filaments and 
their relationship to the bundles of lOnm tonofilaments which become 
associated with the junction at later stages.

The next stage involves the separation of the plaques frcm the 
membrane (Overton, 1962; Lentz and Trinkaus, 1971; Dembitzer et 
al., 1980). This is accompanied by a widening of the extracellular 
space to 25-30nm and an organisation of its mid-line structure. At 
this stage Lentz and Trinkaus (1971) noted small filaments extending 
between the plaques and the parallel filaments described earlier.
It is tenpting to consider these as being the "connector component" 
described by Kelly (1966).

Most authors describe the final stages of desmogenesis as consisting 
of the association of dense bundles of lOnm tonofilaments with the 
plaques, together with further delineation of the mid-line structure. 
Hennings and Holbrook (1983), using the calcium controlled keratinocyte 
differentiation system, have ctotained a rather different picture.
In keratinocyte cultures maintained at 0.02-0.ImM calcium, the 
cells remained in monolayer, did not produce desmosomes and had large
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bundles of keratin filaments in the perinuclear cytoplasm. A 
pattern of differentiation, resembling that seen in normal epidermis, 
can be induced in such cells by raising the calcium level to 1.2 - 
1.8mM. One of the first events, following calcium increase, is the 
development of intercellular contact, accompanied by rapid desmosome 
formation. Under these conditions, desmosomal plaques with associated 
tonofilaments form asymmetrically within 5 minutes. The association 
of such plaques with tonofilaments is at variance with other reports 
where tonofilament insertion follows plaque formation. Desmosone 
formation is advanced after 1 hour, with most plaques now symmetrically 
aligned.

In seme instances, fully formed junctions undergo subsequent 
regression. For exanple, in the epidermis, changes occur in the 
upper layers of the stratum comeum. The plaques become progressively 
less dense, while the extracellular space becomes evenly dense, and 
so the desmosome loses its mid-line feature and, upon further 
cornification, is no longer identifiable (Overton, 1974). As 
mentioned previously, certain skin disorders produce normal desmosemes 
at their surface, but, for sane reason, appear to engulf them into 
their cytoplasm. However, this may be considered an abnormal 
development. Such engulfment may be produced experimentally 
(Overton, 1968; Berry and Friend, 1969; Kartenbeck et al., 1982).

ii) The timing of desmoseme formation.

Desmosome formation has been estimated to take minutes (Dembitzer et 
al., 1980; Hennings and Holbrook, 1983), hours (Overton, 1962,
1977) and days (Patrizi, 1967). These discrepancies may be due to 
real differences in the rate of desmosone formation in the various 
cells studied. However, as discussed previously, the majority of 
these studies are inherently iitprecise. Dembitzer and colleagues 
(1980) have overcame such problems in the following way. They 
labelled two batches of C41 human cancer cells with latex or gold. 
The populations were then disf^rsed and each set of cells was 
allowed to recover from the dispersing agent and to internalise 
their junctional remnants, while being maintained apart by shaking 
for 24 hours. The two populations were then mixed and rapidly 
brought into contact with each other by centrifugation. So, by 
considering only those junctions between dissimilarly labelled 
cells, the maximum age of the junction could be estimated with 
greater assurance.
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Dembitzer's group have estimated that the first signs of close 
membrane appositions occur within 15 seconds of contact. Cytoplasmic 
and extracellular densities are found within 15 minutes, filament 
association by 30 minutes, plaque formation and widening of the 
extracellular space by 60 minutes and desmosomes, with a fully 
extended 30 nm extracellular space, distinct mid-line and associated 
bundles of 10 nm filaments were seen within 90 minutes. The study 
of Hennings and Holbrook (1983) suggests that the time required for 
comp!'ete desmosone formation is in the order of 1 hour. However, 
it should be mentioned, that the desmosomes, formed under these 
conditions, did not form mid-lines even after prolonged periods of 
culture in high calcium concentrations.

iii) Experimental approaches to desmosome formation.

In addition to the purely descriptive studies, two other approaches 
have been taken to desmosome formation. One is concerned with the 
biochemical mechanisms of junction formation and asks such questions 
as: What causes the accumulation of extracellular and intracellular 
dense material? What condenses the plaques, attaches them to the 
membrane and traps the associated filaments? What biochemical 
interactions are involved in the adhesive mechanism? These questions 
firstly require isolation and biochonical analysis of the junctions, 
as will be discussed in section 1.4. The second approach looks at 
factors enhancing or inhibiting junction formation, both factors at 
the tissue level such as strain and stress or factors frcxn within 
the cell. For example, these studies consider such questions as 
vhat factors determine the size, location and axis of the junction.
Do sane surfaces form junctions more readily than others? Are 
there predetermined sites? At vrtiat time do such properties become 
fixed? What can alter their pattern? How is the co-ordinated 
activity of adjacent cells brought about?

Early workers proposed that one plaque may induce another in an 
adjacent cell (Fawcett, 1961). This now seems unlikely, as 
half plaques are rarely seen in vivo. Mercer (1964) proposed that 
predisposed sites of distinctive permeability or enzymatic constitution 
may occur. Deanne and Wurzleman (1965) suggested that the paired 
mitochondria, often seen at sites of incipient desmosomes, might
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precipitate desmosone component localisation by producing localised 
fluxns of calcium. Canpbell and Campbell (1971) proposed a theory 
of lateral recruitment of conponents fron continuously flowing 
plasma membrane in order to explain junction formation.

Overton has devised a number of experiments to test whether one cell 
surface can suppress or stimulate the appearance of junctions 
locally on adjacent cells. In particular, she aimed to test 
whether unpaired plaques stimulate new plaque formation or single 
plaque aligment in the adjacent cells.

iv) Effect of retained plaques on the rate of desmosone 
formation.

When anbryonic chick corneal cells are dispersed, the two plaques of 
the intact desmosome separate. After 2-3 hours in culture, these 
single plaques, together with their associated tonofilaments, become 
internalised and are found lining small vesicles which collect near 
the nucleus. Later, the plaque structure breaks down (Overton, 
1968). This is a common fate of desmosomes from many tissues, 
following dispersal by proteolytic agents or calcium chelators 
(Berry and Friend, 1969; Borysenko and Revel, 1973; Kartenbeck et 
al., 1982).

The loss of single plaques from the cells surface can be delayed by 
treatment with cytochalasin B (Overton and Culver, 1973) vrtiich 
appears to act, in this instance, by freezing the cortical arrangement 
and preventing endocytotic, phagocytotic and pinocytotic activity 
(Overton and Culver, 1973). These authors reported that the 
retention of the single plaques and original cortical surface 
produced no added enhancement to the de novo synthesis of desmosanes. 
However, more recently, Overton and Desalle (1980) have reported, 
with no reference to their former conclusion, that enhancement does 
occur in cytochalasin B treated cells as compared to untreated 
cells, the former producing twice the number of desmosomes.
Comparison of the number of single and double plaques, at various 
time intervals, in the presence and absence of protein synthesis and 
metabolic inhibitors, has led them to conclude that the single 
plaques themselves do not contribute to double plaque formation, but
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that scsne "initiation sites", present in the frozen cortex of 
cytochalasin-treated cells, enhance double plaque formation. This 
induction required protein synthesis and was energy dependent. 
Hennings and Holbrook (1983) report that neither transcription nor 
translation are required for the calcium-dependent formation of 
desmosomes by cultured keratinocytes.

V Induction of desmosomes in one cell by another cell.

Overton (1973, 1977, 1975a,b) and Overton and Kapmarski (1975) have 
examined the effect of juxtaposing cells, of high desmosome forming 
capacity, next to younger cells, of less desmosome forming capacity. 
Heterotypic and hcmotypic combinations of embryonic chick cornea and 
mouse skin were examined, and cells were prevented frcm sorting out 
from each other by treatment with cytochalasin B. In each ocmbination, 
the frequency of desmosomes on surfaces between older and younger 
cells was intermediate in value by comparison with the frequency 
found on surfaces between adjacent young cells and between adjacent 
older cells. Overton concluded from this that the cells of dissimilar 
desmosome forming capacity could stimulate and inhibit each other's 
desmosome production. In these experiments, species differences 
did not appear to be a barrier to desmosome formation. However, in 
other experiments, in which mouse skin cells were mixed with mouse 
heart or mouse liver cells, and in which chick corneal cells were 
mixed with chick heart and chick liver cells, desmosomes were not 
found between heterologous cells (Overton, 1974; Overton and 
Kapmarski, 1975). This suggests that seme tissue inocmpatibility 
exists. Overton suggests that this may be an incompatibility of 
synthetic rates rather than a tissue "specific" incompatibility.

vi) The role of carbohydrate containing compounds on desmosome 
formation.

As discussed earlier, glycoproteins are commonly implicated as being the 
mediators of cell adhesion in many systems and histcxzhanical evidence 
demonstrates the presence of carbohydrate in the desmosomal interspace. 
Overton and Culver (1973) and Overton (1977) have reported the 
presence of a sparse carbohydrate coat on trypsinised chick corneal 
cells, which regenerates to give a fuller coat within 3 hours just
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prior to desmosone formation and at the same time as small aggregates 
form. It is possible, therefore, that these carbohydrates may have 
an important role in early desmosome formation. Carbohydrate 
moieties could function in junction formation, either by stabilising 
a protein involved in the adhesive mechanism (Olden et al., 1981), 
or by acting as a recognition factor (Frazier and Glaser, 1979), or 
by performing both roles. If desmosome formation is mediated by an 
adhesive mechanism involving cell surface carbohydrates interacting 
with cell surface carbohydrate-binding proteins (lectins), inhibition 
of glycosylation would be expected to prevent desmosome formation. 
Tunicamycin inhibits synthesis of N-acetylglucosaminyl pyrophosphoryl 
polyisoprenol (Tkacz and Dampen, 1975) which is an intermediate 
required for the synthesis of N-glycoside-1inked oligosaccharides. 
Treatment with this antibiotic, therefore, results in synthesis of 
glycoproteins deficient in asparagine-1inked oligosaccharides (Olden 
et al., 1978). Overton (1982) has shown that frequency of desmosome
formation in aggregating chick corneal cells, although not eliminated, 
is reduced two to three fold by doses of tunicamycin (0.1 - 0.05pg/ml) 
which inhibit mannose but not leucine incorporation.

If carbohydrates simply serve to shield the proteins involved in the 
adhesive mechanism fron degradation, then any effect of tunicamycin 
treatment will be reversed by including protease inhibitors which 
will inhibit protein degradation without reversing the inhibition of 
glycosylation produced by tunicamycin. Overton found that the 
inclusion of leupeptin in her experiment reversed all inhibitory 
effect of tunicamycin upon desmosome formation frequency and she 
concluded that carbohydrates play a stabilising role in desmosome 
formation.

Tunicamycin is unable to reverse the enhancement of junction formation 
produced by cytochalasin B treatment during cell dispersal. The , 
enhancement produced by cytochalasin B was, therefore, interpreted 
to be due to the retention of critical carbohydrates at the cell 
surface. Ferritin-congugated oon-A labelling confirmed earlier 
findings that a sparse carbohydrate coat persists over the cell 
surface, including the desmosomal sites following dispersal (Overton,
1980). Addition of succinyl con-A to the dispersed cells caused 
reduced cell aggregation and inhibited junction formation. Overton
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proposed tJnat the lectin bound essential carbohydrates or glycoproteins 
and caused them to be invaginated into the cells, thus inhibiting 
junction formation.

1.4.6 Biochemical analysis of desmosones.

It is clear that a first step towards the elucidation of the molecular 
interactions responsible for cell-cell adhesion and for filament 
anchorage at the desmosome requires the isolation of desmosanes in 
sufficient quantities and purity for biochemical analysis. Desmosomes 
are found in abundance in epidermal tissues and most isolation 
procedures use bovine nasal stratum spinosum as the starting material 
(methods for isolation fran bovine tongue and heart have been 
devised with only limited success (Franke et al., 1981)). Classical 
methods of membrane isolation, employing hypotonic solutions and 
homogenisation to swell and disrupt the tissue, have been used by 
Drochmans and colleagues (1978). This method produces desmosomes 
with large quantities of attached tonofilaments joined by non-junctional 
membrane. Biochemical analysis of such preparations is biased by 
the overwhelming amounts of extradesmosomal components and, therefore, 
this method will not be discussed further. Alternative methods 
exist based on the observation that O.IM citric-acid sodium-citrate 
buffer at pH2.6 (CASC) will dissolve prekeratin, the major protein 
of epidermal cells, leaving membrane fragments consisting largely of 
desmosanes (Matoltsy, 1965). Hie method for desmosome isolation of 
Skerrow and Matoltsy (1974a) is based on swelling, disruption and 
solubilisation of prekeratins by CASC action and honogenisation.
The membrane residue is then fractionated on a sucrose gradient. 
Desmosomes isolated in this manner consist of pairs of unit membranes 
with closely applied plaques and a residual mat of filaments. The 
intercellular conponents display a well preserved mid-line and 
cross-bridging filaments. A certain amount of non-junctional 
vesicle contamination is found.

Analysis of these isolated junctions, by polyacrylamide gel electro­
phoresis, shows them to consist of twenty four bands. Seven are 
major bands constituting 80% of the protein content while the 
remaining 17 or so may be attributable to the prekeratins and 
possibly to break down products of the major bands due to lack of
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protease inhibitors (Gorbsky et al., 1981). The major bands 
cxxTiprise a protein doublet of molecular weight 230Kd and 210Kd, two 
major glycoprotein bands of 140Kd and 120Kd and three other proteins 
of 90Kd, 75Kd, 60Kd. Skerrow proposed the glycoproteins to be 
extracellular and suggested that the 230Kd and 210Kd doublet might 
resemble spectrin, a sub-membranous protein of red cell ghosts. 
Biochemical analysis (Skerrow and Matoltsy, 1974b) shows these 
junctions to oonprise of 76% protein, 17% carbohydrate, 10% lipid, 
of which 40% is cholesterol, and 60% phospholipid. The protein 
content shows an abundance of non-polar amino acids with very low 
amounts of cysteine, suggesting that S-H bonds are rare. Sialic 
acid content is also low for plasma membrane (5nM/mg as conpared to 
an average of 50-100nM/mg).

Gorbsky and Steinberg (1981) have refined the method of Skerrow and 
Matoltsy (1974a) by the inclusion of protease inhibitors, differential 
centrifugation to remove nuclear manbrane, and non-ionic detergent 
to remove non-junctional membrane. Such preparations give desmosomes 
consisting of fifteen bands on polyacrylamide gels, seven largely 
comparable to the major desmosome bands of Skerrow and Matoltsy 
(1974a), seven attributed to the prekeratins, and one novel band of 
22Kd. A further modification, substituting metrizamide for sucrose 
as the density centrifugation medium, results in a preparation of 
desmosomes devoid of prekeratins, reduced in plaques, and enriched 
in intercellular material. These structures have been termed 
desmosomal cores. Polyacrylamide gel analysis of such cores, by 
comparison to the vhole desmosomes, show a lack of prekeratins, a 
diminution of the 230Kd, 205Kd, 86Kd and 82Kd protein bands and a 
relative enrichment of the glycosylated bands 150Kd, 115Kd, lOOKd 
and 22Kd. On the basis of the enrichment and glycosylation,
Gorbsky and colleagues tentatively propose them to be the extracellular 
adhesive components of the desmosome, which they term the desmoglea.

Analysis of the individual protein bands has been undertaken by 
Mueller and Franke (1983), with particular atphasis on the high 
molecular weight doublet, which they term the desmoplakins. They 
found that extractions of v^ole desmosomes with reducing agents did 
not alter the proportion of desmoplakins bands in samples run on 
polyacrylamide gels, thereby indicating that these proteins are not
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linked to the plasma membranes by disulphide bonding. Isoelectric 
focusing shows the desmoplakins to consist of one major polypeptide 
with three or four isoelectric variants, ranging fran pH7.2 - 6.8.
The more acidic variants are phosphorylated (Mueller and Franke,
1983). Desmoplakins isolated from bovine tongue, human oesophagus, 
breast epidermis, and rat embryos show similar co-migration and 
isoelectric values on 2-dimensional gels. Tryptic peptide maps of 
desmoplakins from the same or different organs are very similar 
showing that the two polypeptides are chemically closely related. 
Desmoplakin II (lower molecular weight) is reported to be absent 
from heart preparations.

The 150Kd proteins are reported to be a triplet of glycosylated 
proteins, each having similar peptide maps (Gorbsky et al., 1981;
Cohen et al., 1983). Shida et al. (1982) report staining of 
this band by fluorescein labelled con-A. Franke et al. (1981), 
however, report little glycosylation of these proteins.

Both the 115Kd and lOOKd consist of glycoprotein doublets vrfnich also 
stain with fluorescein labelled con-A (Shida et al., 1982). These 
four glycoproteins are very similar to each other, possibly differing 
only in their degree of glysosylation although this has been questioned 
by the studies of Cohen et al. which suggest identical lectin affinities 
for each. They consist of a series of acidic isoelectric variants 
ranging from pH 4.85 to 4.92. All the variants are glycosylated 
(Mueller and Franke, 1983). Peptide mapping of the lOOkd doublet 
shows them to be identical. However, some differences are found 
between the peptides of the 115kd doublets and those of the lOOkd 
doublets. Tryptic peptide maps of the most basic variants of each 
are identical (Mueller and Franke, 1983). This has been confirmed 
by Cohen et al., 1983.

The 86Kd consists of a series of isoelectric variants between 
pH 6.3 and 7.0 and, again, similar results were found with proteins 
from lingual preparations.

Band 82Kd consists of an unusually basic protein and has been 
likened, in this feature, to the filagrins (Franke personal ccmmuni- 
cation).
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Little is known about band 22Kd except that it is weakly glycosylated 
(Cohen et al., 1983).

During the course of this work Steinberg's group have reported the 
production of monoclonal antibodies to bovine desmosonal cores 
(Cohen et al., 1983). They have shown the glycoproteins to consist 
of three antigenically distinct protein families: 150Kd, 115 and 
lOOKd and the 22Kd, and more recently presented an abstract stating 
that antibodies to as yet unspecified glycoproteins produced an 
inhibitory effect on embryonic chick cell aggregation (Cohen et al.,
1982) . Franke's group have produced polyclonal antisera to the
desmoplakins (230Kd, 21OKd) which they have located to the plaque 
(Mueller and Franke, 1983). This antibody detects antigen in 
species frcm man to chick. A second antibody to polypeptides of 
164Kd-250Kd also located to the plaque was species specific, but 
stained several bovine tissues (Franke et al., 1981; Geiger et al.,
1983) .
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Chapter 2 - Materials and Methods
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2.1 Phosphate buffered saline.

Throughout this thesis, j^iosphate buffered saline (PBS) refers to 
the following buffer.

PBS pH 7.3

NaCl
KCl
KHgPO^
Na^HPO^

8g 
0. 2g 
0. 2g 
1.15g

Made up to 1L with dist. H^O.

2.2 Isolation of desmoscmes.

Desmosomes were isolated from bovine nasal epidermis according to 
the method of Skerrow and Matoltsy (1974a) (see fig. 2.1). Purity 
of the preparation was assessed by electron microscopy and polyacryl­
amide gel electrophoresis.

Buffers.

(CASC) O.IM citric acid/sodium citrate pH 2.6.

Make up 1L O.IM. citric acid (21.014 g/L). 
Discard 70 mis
Add 70 mis of O.IM sodium citrate (29.410 g/L) 
pH to 2.6 with O.IM sodium citrate

2.3 Isolation of desmosonal cores.

Desmosomal cores were isolated according to certain refinements of 
the method of Skerrow and Matoltsy (1974a) introduced by Gorbsky and 
Steinberg (1981) (see fig. 2.2). Purity of the preparation was 
assessed by electron microscopy and polyacrylamide gel electrophoresis.

Buffers.

CASC A.

O.IM citric acid/sodium citrate (CASC)



57.

Figure 2.1.

ISOLATION OF DESMQSOMES (Skerrow & Matoltsy 1974a)

lOg Bovine Nasal Stratum Spinosum 
minced into 2mm cubes.

Stir at roan temperature 0.5 hr. in lOOmls. 
CASC

Homogenize in a Bounce honogenizer 
max. setting 4 mins.

Filter through 4 layers of gauze 
^Centrifuge supernatant 10,000 g at 4‘’C 
for 0.5 hr.

Repeat 
X 4

A trilaminar pellet is produced. 
Resuspend white upper layer in 
lOOmls CASC by hand 
homogenization.

Resuspend pellet in 2mls CASC 
Homogenize by hand.1
Apply to 4 X 12ml sucrose step gradients 
60%, 55%, 50%, 40% made up in CASC.

Burst cells 
and solubilise 
prekeratin.

Discard supernatant 
prekeratin.

180,000 g for 3 hrs. at 4 C.
Discard Bands I
and II 40-50%
50-55% interface
(vesicles) Band IV
(nuclei and cell

4r debris)
and wash in 80mls CASC 
Centrifuge 30,000 g at 4‘’C for 0.5 hr. 
Repeat x 4.

Purified desmosones - (7-10mgs).
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ISOLATION OF DESMOSa>1AL CORES (Gorbsky and 
Steinberg, 1981)

lOg Bovine Nasal Stratum Spinosum 
minced into 2mm cubes.

Stir vigorously at 4°C for 3 hrs. 
in 500 mis in CASC A.

Filter through 4 layers of gauze and 
Centrifuge supernatant 13,000 g at 4‘’C 
for 0.5 hr.

Resuspend pellet in 80 ml CASC B. 
Sonicate setting 7 for 15 secs, x 10 
with 10 sec. intervals on ice.

1

Centrifuge 750 g at 4'’C for 0.5 hr. 
DISCARD PELLET.

Centrifuge supernatant 12,000 g 
at 4“C for 0.5 hr.

Repeat 
X 4.

A trilaminar pellet is produced. 
Resuspend white upper layer 
in 100 mis CASC B by hand 

■ homogenization.

Resuspend pellet in 2 mis CASC B. 
Sonicate settir^ 7 for 15 secs, x 3.

^ply to 4 X 12ml. metrizamide linear 
gradients 10% - 45% w/v made up in 
CASC B.
Centrifuge 180,000 g for 3 hrs at 4“C.

Burst cells and 
solubilize prekeratin 
filaments.

Differential centrifu­
gation to remove nuclei.

Ramoval of solubilised 
prekeratin filaments.

Stripping of plaque 
constituents and 
attached prekeratin 
filaments.

Washing out of the 
above.

Wash desmosone band (35% - 40%) 
in 80 mis CASC B. Centrifuge 22,000 g 
at 4'’C for 0.5 hr. Repeat x 3.

8-lOmgs desmosomal "cores" (enriched intercellular regions).
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2.4

0.05% Nonidet P-40 (NP-40) v/v 
5|jg/ml Pepstatin and Leupeptin

CASC B.

0.1M citric acid/sodium citrate (CASC) 
0.01% NP-40 v/v
5pg/ml Pepstatin and Leupeptin 

Isolation of Prekeratin.

Prekeratin was isolated from bovine nasal stratum spinosum according 
to the method of Matoltsy (1965) (see fig. 2.3). Purity was 
assessed by gel electrophoresis.

2.5 Extractions of desmoscsnes.

Desmosomes prepared according to the method of Skerrow and Matoltsy 
were used for the following procedures:

(i) I/3W ionic strength extraction.

Desmosomes were extracted according to the procedure of 
Skerrow (1979). 2mgs of desmosomes were resuspended in 
20mls of distilled water containing 5mM P -inercaptoethanol 
and ImM EDTA pH 7.8 then dialysed against 2L of this buffer 
for 48 hours, with 3 changes. Desmoscsnes were collected by 
centrifugation for 2 hours at 100,000g. The pellet was 
resuspended in 20mls of dist.H^O and stirred overnight at 
4°C. Controls were taken through the same procedure in 
PBS.

(ii) Urea extraction.

The method used by Rash et al. (1968) to extract desmosomal 
plaques from chick heart was applied to isolated bovine 
desmoscsnes. 2-3 mgs of desmosomes were resuspended in 
ZOmls of PBS containing IM or 3M urea and stirred for 3 
hours at room tarperature. Control desmosomes were stirred 
in PBS.
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ISOLATION OF PREKERATIN (Matoltsy, 1965)

lOg Bovine Nasal Stratum Spinosum minced into 
2mm cubes.

i
Stir at roan temperature for 0.5 hrs. in 
lOOmls CASC buffer.

i
Homogenize in a Bounce homogenizer at max. 
setting for 4 mins.

Filter through 4 layers of gauze.
Centrifuge the supernatant 10,000g at 4°C for 
0.5 hrs.

Collect the supernatant and dilute with an 
equal volume of CASC. Stir the solution 
adding iN.NaOH dropwise to bring the pH. to 
7.0. Iiranediately decant the supernatant and 
replace with an equal volume of CASC. Adjust 
pH to 2.6 with HCL and stir until the precipitate 
dissolves. I
Precipitate serially by adjusting the pH to 
6.0, 5.0, 4.5 collecting the precipitate on 
each occasion by mild centrifugation at 500g 
for 5 mins. Redissolve precipitate in CASC.

Dialyse overnight against CASC and clear 
by centrifugation 30,000g for 1 hr at 4°C.10.5mg prekeratin.
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(iii) Sodium deoxycholate (DOC) extraction.

The method used by Borysenko and Revel (1973) to extract
isolated frog epidermal cell membranes was followed substitu­
ting isolated bovine desmoscmes. 2-3rags of desmoscmes were
incubated in 20mls of 5mM DOC, made up in dist.H^O, for 45 
mins, at 4°C.
45 mins.

Controls were maintained in dist.H^O for

Following these procedures, desmosomes were collected by 
centrifugation at 100,000g for 2 hrs. and processed for
electron microscopy according to schedule A.

(iv) Ttypsin digestion of bovine nasal epithel lum.

Strips of stratum spinosum were minced into 2mm. cubes and 
Ig portions placed into ten universals containing lOrols PBS, 
5000 units/ml penicillin, 5000pg/ml streptomycin. Trypsin 
(2 X crystalline 10,200 BABE units) (0%, 0.25%, 0.125%, 
0.0625% w/v) was added and the tubes were incubated at 
37°C for 15 mins., 30 mins., 1 hr., 2 hrs., and 5 hrs.
The reaction was stopped by adding the appropriate quantity 
of soy bean trypsin inhibitor. Cubes of stratum spinosum 
were processed for electron microscopy according to schedule 
A.

2.6 Polyacrylamide gel electrophoresis.

Polyacrylamide gel electrophoresis (Page) was carried out with 
slight modifications to the method of Laemmli (1970). Concentrated 
stock solutions of "running gel" were mixed in the order and proportions 
given in fig. 2.4, table 1. The solutions were deaerated prior to 
addition of the SDS, the accelerator (TEMED) N,N,N ,N -Tetramethyl 
ethylenediamine, and the initiator ammonium persulphate. Gel 
solution was quickly poured into a glass mould and overlaid with 
water saturated isobutanol. When polymerization was canplete 
(about 20 mins, at room temperature), the isobutanol was rinsed off 
with distilled water, the solutions for the "stacking ge_ were 
mixed and added to the top of the running gel, and a plastic comb 
was inserted to form the wells.
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Figure 2.4

Formulae for polyacrylamide gels electrophoresis.

1. Formulae for gels Stack Running Gel
gel

Solutions 5% 7.5% 10% 15%

30% acrylamide 1,67mls 7.5mls ' lOmls 15mls

1% BIS--acrylamide a. 1.35mls 5.8mls 3.9mls 2.6mls

1.5M Tris-CL pH 8.8 - 7.5mls 7.5mls 7.5mls

1.0M Tris-CL pH 6.8 1.25mls - —

Distilled water 5.6mls 8.8mls 8.2mls 4.5mls

10% SDS lOOpl 300pl 300pl 300pl

(TEMED) N, N, N ,N-tet r ame thy.l 
ethylenediamine

5pl lOpl lOpl 10pl

10% ammonium persulphate b. 50pl lOOpl lOOpl lOOpl

a. BIS"acrylamide should be stirred for several hours and then 
filtered through Whatman No. 1 filter paper, and stored in the 
dark.

b. Ammonium persulphate should be prepared just prior to^use. All 
other solutions may be stored for up to 6 months at 4 C.

2. Sample Buffer.

Dithiothreitol
(DTT)

0.39g

3. Electrophoresis Buffer

Glycine 28.8g
(SD6) 0.5g Tris 6g
1M Ttis-CL pH 6.8 2mls SDS ig
50% glycerol. 5nfls Made up to 1L with
2% Bronophenol blue in ethanol 150ul, 
Made up to 25mls with distilled H«0. 
Store frozen in small aliquots.

dist.H^O.

4. Coomassie Stain
SOOmls

Destain Solution 
1L

Coomassie Blue (R) 0.625g 
Methanol 225mls 
Dist.H^O 225mls 
Glacial acetic acid 50mls

Methanol 250mls
Dist.HgO 650mls
Glacial acetic lOOmls 

acid
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Protein sanples at approximately 2mgs/ml were suspended in an equal 
volume of sample buffer (see fig. 2.4) and boiled for 2 mins, to 
solubilize the proteins. Electrophoresis buffer (see fig. 2.4) was 
added to the reservoirs, and air bubbles were removed from the lower 
end of the gel. Protein samples were electrophoresed either 
overnight at 40v at room temperature, or for 5 hrs. at 125v at room 
temperature.

Molecular weight markers included myosin (200Kd), ? galactosidase 
(II6Kd), phosphorylase b (94Kd), bovine serum albumin (67Kd), ovalbumin 
(43Kd), carbonic anhydrase (30Kd), trypsin inhibitor (20Kd) purchased 
fron Sigma, Pharmacia and Worthington.

Gradient-SDS-Polyacrylamide Gel Electrophoresis.

These gels must be poured into glass moulds kept in a water bath at 
roan temperature as they are highly exothermic during the polymerisa­
tion phase.

Solutions were made up according to table 1. in fig. 2.5 with the 
omission of the persulphate. Equal volumes of each solution were 
placed into separate vessels and connected to a 3-channel punp. 
Ammonium persulphate was added and the solutions were stirred 
rapidly. The 10% solution was pumped into the 25% solution and the 
mixture was removed at the same rate via the other two pump channels 
into the glass mould. Isobutanol was layered over the top of the 
gel.

Following polymerization, a stack gel was applied and set. Running 
buffer (see fig. 2.5) was added to the reservoirs and protein 
samples were electrophoresed for 20 hrs. at 4°C with 200v.

Gels were stained and destained as before.

2.7 Purification of desmosomal core proteins for use as antigens.

Desmosomes, produced according to the method of Gorbsky and Steinberg 
(1981) were used for this procedure (initially it was found impossible 
to solubilise the core material and so pre-metrizamide desmosomes
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Figure 2.5

Table 1. Gel Solutions.
25% 10% Stack

soln.
50% acrylamide/1.3% BIS-acrylamide lOmls 4mls 0.6ml
1.2M Tris-CL pH 8.8 5mls 5mls -
0.25M Tris-CL containing 80ul TEMED/IOOmls — - 5mls
50% glycerol 2mls - -
2% SDS 1ml 1ml 0.5mls
lOmgs/ml ammonium persulphate 200pl 400pl 1.0ml
(TEMED)N,N,N,N,-tetramethy1 ethylenediamine lOjjl lOpl -
Dist.H^O 1.8mls 9.6mls 3mls

2. Running Buffer.

0.025M Tris (3.03g/L) 

0.192M Glycine (14.4g/L) 

0.1% SDS (Ig/L)
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provided a more convenient source. Later, core preparations were 
rendered soluble, by dialysis for 18 hrs., into 0.1% SDS w/v, 5mM 
R -mercaptoethanol in PBS).

Desmosome preparations were fully solubilised by boiling for 2 mins, 
in an equal volume of Laeramli's sample buffer. 2-3 mgs of solubilised 
material were applied to each of 3-4 (if cores were used) or 12-16 
(if pre-metrizamide desmosomes were used), 7.5% polyacrylamide slab 
gels and electrophoresed, using 40v overnight at roan temperature. 
Narrow strips were cut fran the gels and stained with Coomassie blue 
to locate the core proteins. The respective areas were sliced frcxn 
the unfixed gels, which had been stored at 4^C to prevent protein 
diffusion, then forced through the nozzle of a 10ml syringe. The 
gel fragments were rotated on a blood mixer for a minimum of 18 hrs. 
at roan temperature in 5mls of 0.05% SDS w/v in distilled water to 
elute the protein. The SDS-protein solution was collected by 
suction through a sintered glass funnel and the acrylamide fragments 
were rinsed with a further 5mls of 0.05% SDS w/v in distilled water 
to remove remaining bound protein. This filtrate was concentrated 
to 1ml by reverse dialysis through an Amicon filter (YM10, cut off 
at MW.10,000).

The purity of the eluted proteins was verified by further electropho­
resis of a 50pl sample of each on a 10% polyacrylamide slab gel.

2*8 Immunisation schedule for desmosonal antigens

Adult Dunkin-Hartley guinea pigs were chosen as rabbits often 
possess autoantibodies to intermediate filaments (Osborn et al.,
1977). Three guinea pigs were injected with each antigen. Blood 
samples were taken by cardiac puncture prior to innoculation. An 
immunizatioi schedule was chosen, based on the recommendations of 
W.J. Herbert in "The Handbook of Experimental Immunology", ed. D.M. 
Weir. Antigens at a concentration of 200-300pg/ml (assessed by 
densitometry) in 0.05% SDS w/v in distilled water were emulsified with 
an equal volume of Freund's complete adjuvant. Guinea pigs received 
1ml of emulsion distributed between two intramuscular sites in the 
hind limbs and two subcutaneous sites on the back. Booster injections 
were given at 6-8 week intervals, the first with complete adjuvant, 
the second with incomplete adjuvant. The animals were bled out 7
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days after the final injection. Blood was collected, clotted for 
five hours at roan temperature and cleared by centrifugation at 
4,000g for 10 mins. The sera were decomplemented by heating at 
56° for 30 mins, and then aliquoted into small volumes (200-500^1) 
and stored frozen at -20°C.

2.9 Immunisation schedule for prekeratin.

Twelve guinea pigs received Img prekeratin per injection, emulsified 
in 1ml of Freund's corplete adjuvant, distributed between two 
intramuscular sites on the hind limbs and two subcutaneous on 
the back. Booster injections were given in Freund's complete 
adjuvant after 21 days and in Freund's incomplete adjuvant after 3 
months. The animals were bled out 8 days after the final injection. 
Serum was processed as described previously.

2.10 Immunodiffusion plates.

Ouchterlony plates were prepared according to the modifications of 
Yen et al. (1976) introduced for insoluble antigens. Gels consisted 
of

1% Durified agar (oxoid) w/v 
0.02% sodium azide w/v 
0.1% SDS w/v 
0.5% Triton X-100 v/v 
0.86% NaCL w/v

Antigen was solubilised by dialysis against PBS containing 0.1%
SDS w/v and 5mM P -mercaptoethanol. Antiserum was diluted in PBS.

Doubling dilutions of antigen were set against a constant concentration 
of antibody and vice versa, to find the optimum concentration for 
precipitation. Controls included antigen buffer alone set against 
antisera and antigen set against PBS alone and substitution of 
preinjection serum for antiserum. No precipitation was seen in 
these cases. Precipitation lines were enhanced by washing the 
plates extensively for two days with 10 changes of PBS to remove 
soluble protein. Ihe agar was dried onto glass plates by absorbtion 
of water onto filter papers, then stained for 15 mins, with:-
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Coomassie blue R 0.125% w/v 
45% Dist. H^O v/v 
10% acetic acid v/v 
45% methanol v/v.

followed by destaining in:-

25% methanol v/v 
55% dist. H2O v/v 
10% acetic acid v/v.

2.11 Absorption of antibodies by their antigens.

Doubling dilutions of antiserum were made up in PBS and added to an 
equal volume of appropriate and inappropriate antigens at a concentra­
tion of 500pgs/ml in a solution of 0.05% SDS w/v in distilled H^O. 
This solution was mixed overnight at 4°C and then spun at 10,000g 
for 30 mins, to remove the immune precipitate. The supernatant was 
applied to frozen sections of bovine nose and staining with second 
antibody was carried out as described in section 2.16. Controls 
included solutions of antigen alone and solutions of antibody 
alone and substitution of preinjection serum for antibody.

2.12 Immunoblotting of antisera.

Several methods of immunoblotting were tried, using peroxidase
labelled anti-guinea pig as the second antibody. No specific

125binding could be produced. Changing the second label to 1 - 
protein A and including inhibitors of non-specific binding such as 
gelatin, NP-40 and sarkosyl, produced specific labelling. This was 
greatly enhanced by the incorporation of a renaturing step prior to 
transfer of proteins to nitrocellulose.

Img of solubilised desmosonal cores was electrophoresed on a 5-20% 
polyacrylamide gradient gel for 20 hrs at 4c at 200v. The gel 
was then renatured according to the method of Risau et al. (1981),
i.e. shaken for 1 hr in lOmM Tris-HCI (4M urea, 50mM NaCi, 0.1 mM 
dithiothreitol (DTT) pH 6.7) at rocm temperature. After a brief 
rinse in distilled water, the proteins were electrophoretically
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transferred fron the gel onto nitrocellifcse paper (Biorad) by 50v
for 18 hrs. at 4°C according to the method of Towbin et al.
(1979). A reference strip was stained with 1% amido black w/v in
45% methanol, 10% acetic acid v/v to locate the proteins. The rest
of the blot was incubated in 3% ovalbumin in tris-buffered-saline,
(0.9% NaCL w/v, lOmM Tris-CI pH 7.4) for 1 hr at 40°C, to saturate
paper binding capacity. The blot was then rinsed in distilled
water, cut into vertical strips and incubated with the antisera
diluted 1/50 in buffer A (150 mM NaCL, 5mM ethylene diaminetetraacetic
acid (EDTA), 50mM Tris-HCL pH 7.4, 0.25% gelatin w/v) for 2 hrs. at
roan temperature. This was carried out in sealed polythene bags.
At the end of the incubation, strips were briefly rinsed in the same
buffer containing 0.05% NP40 v/v (buffer B) then transferred to

1buffer B containing I protein A (kindly provided by Dr. J.
Heckels) at 10^ cpn for 2 hrs. at roan temperature. They were 
then washed in buffer C (1M NaCI, 5mM EDTA, 50mM Tris-HCI (pH 7.4), 
0.25% gelatin w/v, 0.4% sarkosyl w/v). Six changes were given 
over a period of two hrs. Finally, strips were rinsed in water, 
air-dried and autoradiographed for 16-18 hrs at 20®C using Kodak 
Xonat film.

In the case of v^ole tissue extracts of bovine skin, heart and liver, 
0.5g of tissue were minced using a dounce honogeniser at full speed 
for 1 min in 20mls gel sample buffer containing protease inhibitors. 
75ul samples were applied to each lane and the gel electrophoresis, 
transfer to nitrocellulose and immunoblotting were carried out as 
described for desmosomal cores.

2.13 Preparation of IgG and Fab' fractions of antisera.

(i) IgG fractions were prepared by ammonium sulphate precipitation 
followed by DEAE affinity chromatography. DEAE cellulose ion 

exchanger was purchased from Whatmans Ltd. Buffers 
involved will be listed first.

TE8 (0.2M Tris pH8)
Tris 24.2g 
1M HCL lOOmls 
EDTA 3.72g
made up to 1L in dist.H^D

Saturated Ammonium Sulphate
(NH^)2SO^ 770g
TE8 buffer to 1L
stirred for 2 hrs at 37°C
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0.3M phosphate pH 7.4 0.06 phosphate pH 7.4
KH^PO^ 10.2g 2.04g
Na^HPO^ 32.Og 6.40g
EDTA 3.7g 0.74g
made up to 1L in dist.H^O made up to 1L in dist.H20

Saturated ammonium sulphate was added dropwise to serum in a ratio 
of 60:100 over a period of fifteen mins. The precipitate was 
collected by centrifugation at 4p00g for 20 mins and resuspended to 
the original serum volume with TE8 buffer. This procedure was 
repeated until the precipitate was white. The immunoglobulin was 
finally resuspended to initial serum volume in 0.06M phosphate 
buffer and dialysed into ten volumes of 0.06M phosphate buffer with 
three changes. It was then applied to a column (5-10 x the serum 
volume) of DEAE cellulose ion exchanger, equilibrated in 0.06M 
phosphate. IgG was eluted by 0.06M phosphate, IgM was eluted by 
running the column with 0.3M phosphate. Fractions were collected 
and concentrated by reverse dialysis through Amicon filters (YM-10), 
then dialysed into ten volumes of PBS with three changes of buffer.

(ii) Production of Fab* fractions was by pepsin digestion of the 
IgG to Fab'y 2 followed by reduction to Fab'. The buffers 
involved will be listed first

Acetate buffer pH 4.0.

NaCH^ COO 1.15g
NaCL 2.92g
Glacial acetic acid 3.22ml 
Make up to lOOmls with distilled H^O.

IM Tris-HCL pH 8.0.

Tris 121.1g
distilled water to 800mls
pH with cone. HCL
Make up to 11 with distilled H^O.

IgG fractions were concentrated to lOmgs/ml, by reverse
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dialysis using Amicon filters (YMIO) and then dialysed 
overnight into IL acetate buffer pH 4.0. Pepsin at 2mg/inl 
in acetate buffer was added to give a final concentration of 
O.lmg/ml and incubated for 18 hrs. at 37°C. The reaction 
was stopped by the addition of 0.25 volumes of IM Tris-HCL 
pH 8.0. The Fab'^ fraction produced by this digestion was 
separated from Fc fragments and undigested IgG by gel 
chromatography using sephadex G150 (Pharmacia) equilibrated 
in TE8 buffer. The Fab' 2 fraction was concentrated to 
9mls. 1ml O.IM DTT made up in TE8 buffer was added to 
cleave the fragment. After 30 mins 1ml of 0.22M iodoaceta- 
mide made up in TE8 buffer was added to stop the reaction. 
After 10 mins the mixture was reapplied to the G150 sephadex 
column. Fab' was collected, concentrated by reverse 
dialysis using Amicon filter YM-10, and checked for purity 
by polyacrylamide gel electrophoresis of a 50pl sample.

2.14 Fluorescent labelling of antibody.

Buffers

1. Sodium bicarbonate buffer pH 9.5
NaHCO. 3.7g 

1.03g 
lOOmls

adjust to 9.5 with NaOH

Na^OOg
Dist.H^O

2. 0.0175M phosphate pH 6.3

Na^HPO^ 0.56g
KH^PO^ 1.85g
made up to 1L with dist.H^O
adjust pH to 6.3 with NaOH

Fluorescent labelling was carried out as follows: Img of fluorescein 
isothiocyanate (FITC) isomer I (Sigma) was dissolved in 0.5mls of 
sodium bicarbonate buffer pH 9.5. This was added to 4.5mls of the 
antibody at lOmg/ml in 0.15M sodium chloride. The reaction was 
carried out in a shaking water bath, in the dark, for 2 hrs at
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25°C. Following the conjugation, unreacted FITC was removed by 
passing the solution through a column of Sephadex G25 fine (column 
size was 3 x the sample volume) equilibrated and run in 0.0175M 
phosphate pH 6.3. The protein eluted from this column was further 
purified to remove unwanted low and high fluorescein protein ratios 
(F/P) by chronatography on DEAE cellulose equilibrated with 0.0175M 
phos[/hate buffer pH 6.3 (a column of 5 x the sample volume was 
required). Stepwise elution was undertaken. Material eluted by 
0.0175M phosphate pH 6.3 was discarded. Material eluted by 0.0175M 
phosphate pH 6.3 + 0.25M NaCL was assessed by absorption at 495nm 
and 278nm. Material with F/P ratios of 0.6 - 0.8 was collected, 
concentrated by 5mgs/ml, dialysed into Eagle's Minimal Essential 
Medium (MEM) with Earles salts and 20mm HEPES (N-2-hydroxyethyl-pipe- 
razine-n-2-ethane-sulphonic acid) and frozen in small aliquots.

2.15 Preparation of tissues for frozen sections.

Human tissue was collected from material which had been frozen in 
liquid nitrogen immediately following biopsy. Human heart, however, 
was taken from 2 day old autopsy material. Bovine tissues were 
frozen in liquid nitrogen within 2 hrs. of slaughter. Tissues frcxn 
rat, guinea pig, domestic chicken, frog (Rana pipiens), axolotl 
(Ambystana mexicanum), lizard (Lacerta viridis) and fish (Salmo 
trutta) were frozen in liquid nitrogen immediately following death. 
All tissues were cut into 2-3mm cubes prior to freezing.

2.16 Fluorescent antibody staining of frozen sections.

1. 5pm sections were air dried onto glass microtitre slides 
(Flow Laboratories).

2. Sections were stained with antiserum, diluted 1/50 in (PBS) 
for 30 mins at room temperature.

3. Unbound antisera was removed by washing with 3 changes of 
PBS over 1-2 hrs.

4. Sections were then stained with fluorescein-conjugated
rabbit anti-guinea pig IgG (Wellccme) at a dilution of 1/20 
in PBS.
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5. Followed by washing in PBS for a minimum of 1 hr with 3 
changes.

6. Slides were mounted in 9:1 glycerol: PBS and viewed by 
incident illumination on a Zeiss Photcmicroscope III.

Staining intensity was classified on an arbitrary seven point scale 
as follows: staining absent; +/-, staining equivocal; 1+, 2+,
3+f 4+, 5+, gradually increasing scale of brightness from just 
detectable to very bright.

Controls included the following:

1. No first antibody, fluorescent antibody alone to check for 
non-specific binding of 2nd antibody to the tissue.

2. No antisera, to check for tissue autofluorescence.

3.

4.
2.17

Positive controls to check that the antibody was functional 
by staining a tissue known to be positive for all antisera, 
for example bovine skin or bovine heart.
Substition of preinjection serum for 1st. antibody 
Cell culture.

(i) Madin-Derby Bovine Kidney cells were obtained fron Flow and 
Gibco laboratories and cultured in standard Nunclon 175cm^ 
flasks Eagle's Minimal Essential Medium with Earle's salts and 
20mM HEPES buffer. To this was added 10% foetal calf serum 
(Flow) 2mM L-glutamine, 100 i.u./ml penicillin, 1OOug/ml 
streptai^cin (Flow Labs) and 0.25ug/ml of amphotericin B 
(Fungizone, Flow Labs).

HeLa cells were obtained fron Flow Laboratories and cultured 
as above, except that 10% newborn calf serum was substituted 
for foetal calf serum.
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TR139 and TR146 are human cell lines derived frcsn a primary 
larynx squamous cell carcinona (TR139) and its metatasis to the 
cheek (TR146). They were a kind gift fron Dr. Ton Rupniak,
ICRF. These cells were grown in 175cm^ Nunclon flasks in 
Hams FI 2 medium (Gibco) containing 10% foetal calf serum, 100 
i.u./ml penicillin and lOOpg/ml streptanycin and 0.25pg/ml 
amphotericin B.

3T3 cells were obtained fron Flow Laboratories and grown in 
Dulbeccos Modified Eagle's medium containing 20mm HEPES (Flow 
Labs) containing 10% foetal calf serum, 100 i.u./ml penicillin 
and lOOpg/ml streptanycin.

(ii) Subculture of cell lines.

All cell lines were subcultured according to a standard procedure. 
Spent medium was discarded and the flasks rinsed with Earles balanced 
salt solution (EBS) without calcium and magnesium (CMF). 5mls 
of 0.25% Trypsin and ImM EDTA in EBS - (CMF) were added and the 
excess quickly removed. The flasks were then incubated at 37°C 
for 5-15 mins, until the cells were seen to slough off the plastic. 
The cells were collected in lOmls of serum-containing medium by 
centrifugation at 700g for 5 mins., resuspended in fresh medium and 
divided into the appropriate number of flasks.

Cell cultures were fed every 3 days.

2.18 Fluorescent staining of cultured cells.

For all types of fluorescent staining, cells were plated onto 
glass microtitre (Flow Labs) slides (8mm diameter wells) sterilised 
at 160°C dry heat for 1 hr. The cells were plated out in lOOpl 
amounts onto each well at the following concentrations: MDBK - 5 x 
10^/ml; 3T3, HeLa, TRI39, TR 146-10^/ml. Cells were allowed
to settle and attach overnight. Dishes containing the slides were 
flooded with ^propriate medium and the cells cultured for the 
required periods of time.
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(i) Fixation of cells for fluorescent staining.

Several different fixation regimes were tested as follows

1. Wash cells x 3 in Hanks Balanced salt solution HESS (Flow
labs)

Fix for 5 mins in acetone at 4°C 
Air dry.

2. Wash in HESS
Fix overnight in acetone at -20°C 
Air dry.

3. Wash in HESS
Fix for 5 mins, in methanol at room tenperature 
Wash in HESS.

4. Wash in HESS
Fix in ice cold methanol for 30 mins.
Wash in HESS.

5. Wash in HESS
Fix in methanol -20°C for 10 mins, followed by six dips 
in Acetone at -20°C 

Air dry.

All acetone or methanol fixation methods produced satisfactory 
levels of background staining. However, acetone at 4°C for 5 
minutes gave the best results. Washing the cells to remove foetal 
calf serum was also found to be important in this respect. HESS 
was essential for washing the cells prior to fixation as PBS caused 
considerable cell detachment from the substratum within fifteen 
mins.

(ii) Fluorescent staining of fixed cells.

The indirect staining method was used as follows;-
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1.

2.

3.

4.
5.

Guinea pig antiserum 1/50 dil. in PBS or IgG at 
50jjg/ml PBS was applied to the cells.

Unbound antibody was removed by 3 x 30 mins, washes in 
PBS.

2nd antiserum, sheep anti-guinea pig 1g (FITC) (Wellcane) 
diluted 1/20 in PBS was applied.
Followed by 3 X 30 minute washes in PBS.
Slides were mounted in PBS/glycerol 1:9 and viewed by 
incident illumination on Zeiss Photomicroscope III.

Controls were as described for frozen sections (2.16). MDBK cells 
which are positive for all antisera were used as the positive 
controls for other cell lines.

High levels of non-specific background were found and were not 
inproved by increasing the washings or diluting the antisera. This 
background was present in control wells stained with FITC-sheep 
anti-guinea pig only, indicating a problem with non-specific binding 
by the 2nd antibody. Several steps were taken to try to improve 
this situation as follows:-

Including:

1. 2% ovalbumin w/v in the washing buffers
2. 2% ovalbumin w/v in the washing buffers and antisera

dilutions
3. 0.25% gelatin w/v in the washing buffers and antisera

dilutions
4. 0.25% gelatin and 0.05% v/v NP-40 in the washing buffers

and antisera dilutions
5. 0.25% gelatin w/v throughout +0.4% sarkosyl w/v in the

final washes
0.25% gelatin w/v throughout +0.4% sarkosyl w/v + 1.0M 
NaCL in the final washes
0.25% gelatin w/v throughout + 1.0M NaCL in the final 
washes

8. Making up the second antibody in undiluted normal sheep
serum

9. Using DEAE-purified sheep anti-guinea pig IgG-FITC
produced by Tenovus Laboratories, Southampton
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Only methods 8 and 9 any produced significant improvement and these 
were substituted for step 3 of the original procedure.

(iii) Fluorescent staining of living cells.

Living cell monblayers were stained by the indirect method, both at 
4°C and 37°C in the presence and absence of azide. In each 
case, buffers and antibodies were equilibrated to the correct 
temperature before the experiment began. The procedure was as 
follows:

1.

3.

4.

5.

Slides were rinsed gently by dipping into beakers of 
HESS to remove foetal calf serum

Antisera 1/50 dilution, IgG at 100 juig/ml or Fab' 200jig/ml 
diluted in Eagles medium were added to the cells for 
15 mins.

Unbound antibody was ranoved by running BBSS gently over 
the slide and then by immersing the slide in BBSS, changed 
3 times in 15 mins.

Sheep IgG anti-guinea pig IgG -(FITC) (Wellccxtie 1/20 dil) 
or sheep Fab' anti-guinea pig Fab' (FITC) 1/5 dil in 
Eagles medium were added to the cell for 15 mins.

Slides were washed as before and mounted in 9:1 glycerol;BBSS.

Controls were included, as follows;

Controls of non-specific antibody binding by 1st antibodies 
by using normal guinea pig serum as the first layer.

Controls of autofluorescence by emitting antisera from the 
buffer.

Controls of non-specific 2nd antibody binding by omitting 
the first antibody and staining with fluorescein-labelled 
antibody alone.

Controls of cell permealization by using anti-prekeratin as 
the first antibody.

Positive control of antibody activity by staining fixed 
MDBK cells with the same antisera.
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(iv) EGTA treatment of cell cultures.

In sane experiments cells were treated with 3mM EXTTA in complete 
cell culture medium (2.17 (i)) for various periods of time according 
to the method of Kartenbeck et al. (1982). Cells were then stained 
as in section 2.18 (iii).

2.19 Staining of living cells with gold labelled goat anti-guinea 
pig antisera.

MDBK cells were plated onto sterile thermonox coverslips (Flow Labs) 
at 5 X 10^/ml. Cells were allowed to attach and then the culture 
dishes containing the coverslips were flooded with complete medium 
and cultured for five days. Half the coverslips were treated with 
3mM EGTA for 15 mins. Cells were stained as for living staining 2.18.iii 
using guinea pig IgG fractions at lOOpg/ml as the first antibody and 
goat anti-guinea pig IgG labelled with 5nm gold (Jenssen) at 1/10 
dilution as the second antibody. All procedures were carried out 
at 37*^C. Coverslips were processed for electron microscopy 
according to schedule C.

2.20 Electron Microscopy.

Tissues were cut into 2mm cubes. Desmosomal preparations and sections 
of bovine stratum spinosum were prepared for electron microscopy 
according to schedule A. Other tissues were processed according to 
schedule B. Cells were processed according to schedule C.

Buffers

Stock Veronal Acetate buffer. 
Sodium veronal 2.89g
Sodium acetate 1.l5g
Dist.H^O made up to lOOmls.

Veronal Acetate buffer pH 7.2
Veronal acetate stock 2.5mls 
Efl to 7.2 with 0.1N HCL 
Make up to lOmls with dist.H20
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Wash X 3 in veronal acetate pH 7.2
Fix in 1% Osmium/veronal acetate v/v for 1hr
Wash X 3 in distilled water

Stain enbloc with 1.5% uranyl acetate in distilled water 
w/v for 30 mins.

Wash X 3 distilled water

Dehydration.

70% acetone, 5 mins, x 2 
90% acetone, 5 mins, x 2 
100% acetone 5 minutes twice

B

Buffers.

Sodium cacodylate buffer pH 7.2
50mls of 0.1M sodium cacodylate NaCH^ASO^lH^O (21.4g/l
4.5mls of O.IM HCL
made up to lOOmls in dist.H^O.

Wash X 3 in (PBS).
Fix in 2.5% glutaraldehyde v/v in sodium cacodylate pfl 7.2 
for 1 hr.

Wash X 3 in sodium caoodylate/sucrose (7.5% w/v) buffer 
Fix in 1% osmium v/v in sodium cacodylate pH 7.2 for 1 hr. 
Wash X 3 in distilled water
Stain enbloc with 1.5% uranyl acetate w/v in distilled H^O 
for 30 mins.

Wash X 3 in distilled water.

Dehydration.

70% ethanol for 5 mins, x 2 
90% ethanol for 5 mins, x 2 
100% ethanol for 15 mins, x 2 
100% histosol for 5 mins, x 2



79,

Wash X 6 HESS 37°C

Fix 2.5% glutaraldehyde v/v in HESS 37°C for 15 mins.
Wash X 6 HESS 37°C
Fix 1% osmium v/v in HESS 37° for 30 mins.
Wash X 6 HESS 37°C
Dehydrate as in section E.

Tissues, desmosome preparations and monolayers on thermonox coverslips 
were then iirpregnated with 50:50 Spurr/histosol for 1 hr. followed 
by two changes of 100% Spurr resin for 2 hrs. Finally, they were 
embedded in 100% Spurr at 60°C for 18 hrs. Silver sections were 
cut on a Sorvall microtome using glass knives. Sections were 
post-stained with lead citrate (Reynolds, 1963) for 4 mins, and in 
some cases with saturated alcoholic uranyl acetate.

2.21 Culture of cells in the presence of fab' fragments of
desmosomal antisera.

Fab' fragments of antisera (anti-200+, anti-150, anti-100, anti-86/82, 
normal guinea pig serum) were prepared according to section 2.13.

MDEK cells were trypsinized for fifteen mins, to achieve an average 
single cell suspension of 85%. The remaining 15% were largely 
conposed of 2-3 cell aggregates. Cells were resuspended at twice 
the usual plating concentration, i.e. 10^/ml, in Eagle's MEM 
(Flow) containing twice the usual amount of additives i.e. 20% 
serum; 200i.u./ml penicillin; 200pg/ml streptonycin; 4mM L-gluta- 
mine and 0.5pg/ml amphotericin E.

Equal volumes of cell suspension were mixed with each Fab' in Eagles 
MEM so as to give a final concentration of 0.33mgs/ml. Cell 
suspensions were then plated out onto microtitre slides, as described 
in section 2.17, and cultured for 24, 48 and 72 hrs.

At each time interval slides were fixed (2.18(i)) and counterstained 
with each desmoscmal antiserum, normal guinea pig serum or PES alone, 
followed by FITC anti-guinea pig IgG (2.18(ii)). Cell cultures 
which had not been treated with Fab' were stained simultaneously.
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Chapter three ; Isolation of desmosomal cxxnponents
and the production of antisera
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3.1 INTKXIUCTICN

As outlined in chapter one, the production of adhesion-inhibiting 
antibodies has proved a successful method of identifying and defining 
adhesion molecules of morphologically unspecialised cell surfaces. 
Application of this approach to the analysis of cell junctions 
should, in theory, be simplified by the small number of components 
present from which to select the adhesive molecules. However, a 
major problem lies in the fractionation of these structures into 
their individual components for use as antigens. Itie gross insolub­
ility of the desmosome is a good example of this problem.

This chapter describes the results of various methods used to 
produce suitable desroosomal antigens and the specificity of antisera
raised to them. The rationale behind the choice of methods will

first be discussed.

Several reports in the literature suggested methods which either 
deplete desmosomes of their cytoplasmic plaques or, in some way, 
solubilise the intercellular components. Extraction of plaque 
material, by dialysis of isolated bovine desmosomes against low 
ionic strength-EDTA medium, has been reported by Skerrow (1979).
Rash, et al (1968) found that 1M-3M urea would render the desmosomal 
plaques of chick cardiac tissue electron lucent. In addition,
Borysehko and Revel (1973) demonstrated the selective solubilisation 
of the mid-line structure of frog skin desmosanes by sodium deoxycholate. 
Therefore, it was decided to apply these procedures to isolated 
bovine nasal desmosomes and to assess their effect by electron 

microscopy.

A second approach to the isolation of desmoscmal components was to 
digest slices of bovine nose with trypsin.

Adhesion inhibiting antibodies have been successfully raised against 
trypsin extracts of BHK cell cultures (%lie et al. 1979). The 
possibility existed, therefore, of being able to retrieve extracellular 
adhesive components of the desmosome by exposing slices of bovine 
nose to various concentrations of trypsin for varying periods of 
time. 'Ihe potential of this approach was assessed, morphologically, 

by electron microscopy.
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Thirdly, during the course of these investigations, Steinberg and 
colleagues personally communicated a report of their method which 
enriched the intercellular region of isolated desmoscxnes. These 
structures, which they called desmosonal cores, are highly insoluble. 
In order to divide them into their components, it was decided to 
adopt the protocol of Lazarides and Weber (1974) of eluting small 
groups of protein bands from polyacrylamide gels.
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3.2 RESULTS.

3.2.1 The isolation of whole desmoscmes and prekeratin from bovine 
nose and the specificity of antisera to these fractions.

Desmosomes and prekeratin were isolated from bovine nasal epidermis, 
the stratum spinosum of this readily available tissue possesses an 
abundance of these structures (Fig 3.1).

a) Isolation of desmoscmes.

Whole desmosomes were prepared according to the method of Skerrow 
and Matoltsy (1974a) \Aich exploits the ability of O.IM citric 
acid/sodium citrate (CASC) pH2.6 solutions to burst the highly 
resistant epithelial cells and to solubilise their major cytoplasmic 
product, the prekeratins. These are further removed by density 
centrifugation on sucrose gradients. This method gives a high 
yield of desmosomes displaying most of the characteristics of 
desmosomes found in situ, (fig. 3.2) a distinct mid-line, unit 
membranes and dense plaques. A fuzzy layer of filaments remains 
attached to the plaques. SDS-polyacrylamide gel electrophoretic 
analysis reveals approximately twenty four bands ranging fron 15,000 
to 230,000. This number may be reduced to fifteen (fig. 3.3) by 
the inclusion of protease inhibitors leupeptin and pepstatin, 
indicating that a large number of bands in the original Skerrow 
preparation are due to proteolysis. j^proximately seven of the 
bands are reported to be due to the presence of contaminating 
prekeratins (Skerrow and Matoltsy, 1974a). Carpare fig. 3.3 lane 3 
and fig. 3.4 lane 2.

b) Isolation of prekeratin.

Electroj±ioresis of prekeratin (fig. 3.4) isolated by the method of 
Matoltsy (1965) shows a typical pattern of bands (Matoltsy et al,
1981) consisting of three major bands of molecular weights 67Kd, 
54Kd and 50Kd and five minor bands of molecular weights 65Kd, 
63Kd, 6lKd, 47Kd and 44Kd.
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Figure 3.1 ; Electron micrographs of bovine nasal stratum spinosum.

A) A section showing desmosones arranged along the "prickle-like 
boundaries of the cells of the stratum spinosum. An area cut 
in transverse section through a set of cell interdigitations is 
shown (star) indicating the density of desmosones around them. 
The stratum spinosum of bovine nose is relatively thick, 2-3mm, 
making it a suitable material for the desmosonal preparation. 
Mag. X 6,000.

B) A larger magnification of an area of cellular interdigitation 
showing the concentration of desmosones along the cell membrane 
of this tissue.
Mag. X 47,000.

C) A higher magnification of a desmosone displaying the characteristic 
midline density (arrow) attached to the parallel cell membranes 
by cross-bridging filaments. Tonofilament bundles (TF) approach 
the desmosomal plaques (P) but form a second density (white 
arrowheads), possibly due to them looping back into the cytoplasm 
in this region.
Mag. X 270,000.
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FIG 3-1
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Figure 3.2.
An electron micrograph showing a typical section of desraosomes 
isolated by the method of Skerrow and Matoltsy (1974a). Desmosones, 
occasionally attached to each other by non-junctional membrane, 
possess distinct midlines, closely applied plaques and a fuzzy layer 
of associated filaments.
Mag. X 90,000.

Figure 3.3.
A 10% SDS-polyacr.ylamide gel showing whole desmosoraes produced by 
the method of Skerrow and Matoltsy (1974a) + Leupeptin and Pepstatin 
5pg/ml (Lane 3). Approximately fifteen bands are present. The 
major desraosctnal constituents are the two high molecular weight 
bands ( 230kd and 205kd) and one at 86kd. Desmosomal bands are
also present at ~ 150kd and lOOkd and ~ 82kd. A comparison of 
figure 3.3 lane 3 and figure 3.4 lane 2 shows the rest of the bands 
of this desmosome preparation to electrophorese in the region of the 
prekeratins. Lane 1 contains marker proteins ghosphorylase b 
bovine serum albumin (BSA), ovalbumin, carbonic anhydrase, and 
trypsin inhibitor. Lane 2 shows a preparation of desmosonal cores. 
Note the relative enrichment, by comparison to whole desmosomes 
(lane 3), of the 150kd ~115kd and-100 kd and the'-22kd protein,^1 of which are reported to be glycosylated (Gorbsky et al., 1981). 
Also note the lack of prekeratin bands. This is emphasised in 
figure 3.4.

Figure 3.4
Polyacrylamide gel (7.5%) showing lane 1 shows a preparation of 
desmosomai cores. Lane 2 shows a sample of bovine nasal prekeratin 
produced by the method of Matoltsy (1965). Numbers indicate the 
molecular weights of the bands. Arrows denote the marker proteins; 
phosphorylase a, BSA, ovalbumin.

Figure 3.5
Shows immunodiffusion plates produced according to the method of Yen 
et al., (1976). No precipitin lines were produced in controls, 
including those with preinjection serum.

a) The centre well contains prekeratin fron the preparation shown
in fig. 3.4 at 1 mg/ml solubilized in 0.1% SDS 5mm ^-mercaptoethanol 
in PBS. The outer wells contain doubling dilutions of antisera, 
produced to this antigen, in PBS.

b) Shows doubling dilutions in PBS (n/2, n/4, n/8, n/6) of antisera 
produced to whole desmosomes (Skerrow and Matoltsy, 1974a).
Wells marked P contain prekeratin at 1 mg/ml, C contains desmosonal 
core preparations at 1mg/ml. The central well (S) contains
whole desmosomes at 1mg/ml. The antisera shows a very strong
precipitin line with prekeratin and with whole desmosones and a 
rather weaker reaction with desmosomal cores.
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c) Specificity of antisera to whole desmosones and prekeratin.

Analysis by immunodiffusion in ouchterlony agar plates according to 
the modifications of Yen et al. (1976) show the precipitation of 
anti-prekeratin against prekeratin (fig. 3.5a). A rabbit antiserum 
raised (by a former student Carolynn Kerr) to whole desmosomes was 
tested by immunodiffusion against fractions of prekeratin (fig.
3.4), whole desmosomes (fig. 3.3) and desmosomal cores devoid of 
prekeratin (fig. 3.4). The antiserum was found to precipitate very 
strongly with prekeratin, moderately with whole desmoscxnes which 
contain prekeratin, and weakly with desmosomal cores (fig. 3.5b).
The rabbit anti-vhole desmoscxnes gave several lines of identity with 
anti-prekeratin #ien tested against either prekeratin or vhole 
desmoscxnes (fig. 3.5c,d). In contrast, anti-prekeratin showed no 
lines of identity with rabbit anti-whole desmosomes v^en tested 
against desmoscmal cx)re proteins (fig. 3.5e). The pattern of 
staining produced by anti-prekeratin on frozen sections of tissue 
was distinct frcxn that of antisera to desmosomal core antigens (see 
fig. 3.5f and fig. 3.10). Anti-prekeratin was negative on all 
vertebrate heart tissues (fig 3.5g). These patterns and those 
produced on other tissues (fig. 4.4h) are in keeping with those 
reported in the literature for antisera to prekeratins (Sun and 
Green, ,1979). In cultured cells anti-prekeratin produced the 
typical pattern of filamentous staining (Franke et al. 1978) and was 
distinguished from that produced by anti-actin and anti-tubulin by 
double immunofluorescence (see Billig et al. 1982).

3.2.2 The effect of low ionic strength medium, 1 & 3 M urea, and DOC 
on the structure of isolated desmosomes.

Although these methods did occasionally disrupt the structure of 
desmoscmes, the effect was not consistent. An example of the 
action of low ionic strength medium is shown in fig. 3.6b. Although 
the plaques ^pear more lucent in certain regions, a large amount of 
filaments have remained attached to most of the desmoscxnes. In 
addition, the procedure appears to have produced considerable 
degradation of the control desmoscxnes. 1M urea produced little 
obvious effect on the density of the desmosomal plaques (fig. 3.6c,e). 
3M urea appears to be more effective in dissolving the plaque



Figure 3.5 cx>nt'd.

c) d) and e).

These immunodiffusion plates show rabbit antisera against whole 
desmosones produced by the method of Skerrow and Matoltsy, (l974a) 
(marked D-L) and antisera against prekeratin produced according to 
the method of Matoltsy, (J965) (marked aPk) in alternate wells of the 
outer circle.

These antisera have produced lines of identity against prekeratin 
(c) and whole desmosoraes (d) but not against desmoscmal cores (e) 
produced by the method of Gorbsky and Steinberg, (l98l). Antigens 
are present at 1mg/ml in the inner wells.

From (c) it may be assumed that rabbit anti-whole desmosome sera are 
directed in part against the prekeratin canponents and from (d) that 
both anti-prekeratin and anti-whole desmosome sera recognise many 
ccmnon components, probably the prekeratins present in whole 
desmosome preparations. (e) shows that anti-prekeratin does not 
precipitate the desmosomal core components although the anti-whole 
desmosomes do.

f) shows a frozen section of bovine nose stained with anti-prekeratin. 
Note the different pattern of staining frcxn that produced by antisera 
to the desmosomal cores (fig. 3.10).
Mag. X 675.
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g) shows a frozen section of bovine heart showing the lack of 
staining produced by anti-prekeratin. All vertebrate hearts were 
negative for anti-prekeratin staining.
Mag. X 675.
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Figure 3.6 : Electron micrographs of extractions of isolated 
desmosomes by various procedures.

a) Isolated desmosones (Skerrow and Matoltsy, 1974a) dialysed 
against PBS. Control for (b).
Mag. X 90,000.

b) Isolated desmosomes dialysed, against distilled water containing 
ImM EDTA and 5mM mercaptoethanol, for 48 hours, followed by 
distilled water alone for 18 hours.
Mag. X 90,000.

c) Isolated desmosomes placed in PBS containing 1M urea for 3 
hours.
Mag. X 90,000.

d) Isolated desmosomes placed in PBS containing 3M urea for 3 
hours.
Mag. X 90,000.

e) Control for (c) and (d). 
for 3 hours.
Mag. X 90,000

Isolated desmosomes placed in PBS

f) Control for (g). Isolated desmosomes placed in distilled water 
for 45 mins, at 4°.
Mag. X 90,000.

g) Isolated desmosomes placed in distilled water containing 5mM 
DOC for 45 mins, at 4°. Dissolution of the midline is not 
apparent.
Mag. X 90,000.
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material, but a large number of vesicular debris was present, 
indicating disruption of the structures (fig. 3.6d). The ^pearance 
following treatment with 5mM D 0 C. for 45 mins, is shown in fig. 
3.6f,g. No dissolution of the mid-line occurred.

3.2.3 The effect of trypsin on bovine nasal stratum spinosum.

After 15 mins, of treatment with 0.0625% trypsin, the mid-line had 
begun to disappear, leaving the side-arms free in the intercellular 
space (fig. 3.7f). By 30 mins.to 1 hr., both extracellular structures 
had been removed (fig. 3.7b and g). With further time, cells had 
begun to part (fig. 3.7c) leaving junctional remnants at the cell 
surface for up to 2 hrs. By 5 hrs. the remnants were present 
within vesicles in the cell (fig. 3.7d). No structural evidence 
could be seen for the presence of extracellular ccmponents on the 
invaginating plaques. Zipping up of vesicles, following cellular 
disruption by EGTA, which has been reported by Kartenbeck et al.,
1982, was not observed with these trypsinized cells. This suggested 
that the intercellular material had been digested and removed by the 
trypsin. Higher concentrations of trypsin produced the same 
pattern of events but in shorter time periods. Cells had parted by 
1 hr.

3.2.4 Isolation of desmosctnal cores.

The morphology and purity of the desmosanal core preparations are 
shown in figs. 3.8. Prior to centrifugation on metrizamide gradients, 
the desmosomes display frayed-out plaque material (fig. 3.8a).
This is absent frcxn the final preparations which consist of paired 
membranes and intercellular material showing some derangement of 
morphology (fig. 3.8b). Electrophoretic PAGE analysis (figs. 3.3,
3.4, 3.9a) shows cores to consist of approximately 11 bands from 
82Kd-230Kd and one at 22Kd. Bands in the prekeratin 42Kd-67Kd 
range have been removed. The 150Kd triplet, 115 and lOOKd doublets 
and the 22Kd bands are relatively enriched.

3.2.5 Production of antigens from desmosomal cores.

Antigens were prepared by elution of protein bands from polyacrylamide
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Figure 3.7 : Digestion of bovine nasal stratum spinosum 
by trypsin.

Electron micrographs showing sections of bovine nasal stratum 
spinosum which had been treated, prior to fixation, with 0.0625% 
trypsin in PBS for varying periods of time.

a) Control. Section from slices of nose kept in PBS for five 
hours. Note the distinct midlines.
Mag. X 45,000.

b) Section froti a slice of nose treated with trypsin for 30 mins. 
Note the lack of intercellular material.
Mag. X 45,000.

c) Sections treated for 2 hrs. Cells are beginning to separate. 
Plaques with attached tonofilaments are retained at the surface 
of the cell projections.
Mag. X 10,000.

d) Sections treated for 5 hrs. Plaques and associated tonofilaments 
are found lining vesicles within the cell cytoplasm.
Mag. X 20,000.

e) f) and g) show higher magnification of control, and sections 
treated for fifteen and thirty mins, respectively.
Mag. X 90,000 (e) and (g).
Mag. X 140,000 (f)*



91



Facing page 92

Figure 3.8 : Preparation of desmosonal cores.

Electron micrographs of desmosones isolated according to the method 
of Gorbsky and Steinberg (1981).

(A) Isolated desmosanes prior to centrifugation on metrizamide 
density gradients. Note the fraying of the plaque material 
associated with the desmosanes.
Mag. X 70,000.

(B) A desmosomal "core" structure produced after density centrifuga­
tion on metrizamide and subsequent washes in CASC B buffer. 
Cores consist of paired cell membranes and intercellular 
material showing sane derangement. Little plaque material 
remains and prekeratin filaments have been stripped away.
Mag. X 202,500.

(C) Shows the purity of the desmosonal core preparation. 
Mag. X 21,500.
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gels of desmosonal-core preparations as described in section 2.7. 
The purity of each antigen was tested by re-electrophoresis of a 
small sample (fig. 3.9a). Antigens consisted of the following 
groups: 1) 230kd and 205kd proteins (200+). 2) 150kd glyco­
protein triplet. 3) 115kd glycoprotein doublet. 4) lOOkd glyco­
protein. 5) 86kd protein, possibly containing small amounts of 
82kd protein.

3.2.6 Specificity of antisera raised to the desmosomal core 
antigens.

The specificity of each antiserum was established according to 
several criteria.

(1) Staining of frozen sections of bovine nose.

In each case the antisera produced gave strong staining of the 
bovine nasal epithelium (fig. 3.10) in a punctate (fig. 3.10a.b) or 
prickle-like pattern (fig. 3.10.c.d.e.f), depending upon the plane 
of section and the layer of skin examined. Staining was absent 
fron the dermis which lacks desmosomes and also fron the dermal- 
epidermal boundary where hemidesmosones occur. Specific staining 
was* absent with preinjection serum with all tissues and cells 
examined.

(2) Absorption of fluorescent staining by the various antigens.

This was carried out as described in section 2.11. The antigen 
was present in buffer containing 0.05% SDS. It was found that 
in all cases, including the control which consisted of antisera and 
eluting buffer without antigen, the sections of bovine nose lifted 
from the slide, or dissolved probably due to the action of the 
detergent. This method was, therefore, impractical.

(3) Double immunodiffusion in agar plates.

Again, antigen insolubility required the inclusion of detergents in 
the agar plates, and the presence of SDS and ^ -mercaptoethanol in 
the antigen according to tlie method of Yen et al., 1976). Several 
desmoscmal antisera, anti-150, anti-100, gave precipitin lines 
against their appropriate antigen, although these were very weak and




































































































































































































































































































