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ABSTRACT
Vinculin is an intracellular protein that links the 

cytoskeleton with the plasma membrane. It is found in all 
adhering junctions--both cell-cell and cell-surface. Its 
location puts it at the center of a fundamental process of 
embryogenesis--the epithelial-mesenchymal transition. An 
immunohistochemical labelling technique for the localization 
of vinculin was developed. This technique could be used in 
an attempt to understand the fundamental processes of 
development by applying it to the study of epithelial- 
mesenchymal transitions in the somite of a chick embryo.
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INTRODUCTION
Changes in cell phenotype occur in development and 

differentiation. One of the most fundamental changes is the 
epithelial-mesenchymal transition. The cytoskeleton is 
known to be partially responsible for developmental changes. 
It provides the motive force for morphogenesis (Ovstrovsky 
et al., 1983). Vinculin is a 130 kilodalton protein that 
helps link the cell cytoskeleton with the membrane.
Considering its position, vinculin may play some key role in 
developmental changes.

The use of protein localization techniques is essential 
to discovering the molecular events of development. The 
development of a usable labelling procedure is a necessary 
first step toward molecular dissection. This paper is 
concerned with the development of an immunohistochemical 
labelling procedure for vinculin that will be useful in the 
study of epithelial-mesenchymal transitions which occur 
during chick embryogenesis.
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LITERATURE REVIEW
A fundamental question in developmental biology 

concerns the mechanisms by which the tremendous variety of 
tissues are created. Changes in cell morphology, as would 
be expected, are known to play important roles in
embryogenesis (Boyer et al., 1989).

One activity that occurs during embryonic development 
is the interconversion of epithelium and mesenchyme (Solursh 
et al., 1979). For example, during chick embryo
gastrulation, epithelial cells leave the epiblast at the 
primitive streak and migrate from the mid-line as primary 
mesenchyme. Some of these mesenchymal cells reorganize into 
an epithelial endoblast, which serves as the endodermal germ 
layer of the embryo (Solursh et al., 1979). The mesenchymal 
cells arising from the primitive streak will also form the 
somites which are comprised of mesodermal epithelium 
(Greenburg and Hay, 1988).

The first tissue to emerge in the early vertebrate 
embryo is epithelial in nature. Epithelial cells show 
apical-basal polarity, maintain contiguity via lateral cell 
junctions, and usually sit on a basal lamina (Greenburg and 
Hay, 1988). Epithelium, which is basically a continuous 
sheet of epithelial cells, serves a variety of functions in 
animals: protection, sensory reception, secretion,
absorption, and transport (Ekblom, 1989). During 
morphogenetic processes in the embryo, epithelial cells have 
two main modes of movement. They can remain linked together
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and move as epithelial sheets, as is observed in
gastrulation, epiboly, and wound healing. Alternatively, 
they can dissociate and migrate as individual cells (Boyer 
et al., 1989). The migrating cells no longer express 
epithelial characteristics and take on a mesenchymal 
phenotype. During the latter process, the cell-cell 
adhesion of epithelial cells, mediated by cell adhesion 
molecules (CAM's) and certain junctions, is decreased in 
forming the mesenchymal cells. Adhesion is strengthened, as 
would be expected, in the reverse process (Boyer et al., 
1989). These observations have led to the concept of 
"epithelial-mesenchymal transitions," defined as both of the 
opposing processes that occur from each cell phenotype to 
the other (Boyer et al., 1989).

Probably the most commonly observed change in cell 
phenotype during embryogenesis is the formation of 
mesenchyme from an epithelial sheet (Philp and Nacumas, 
1985). As mesenchymal cells emerge from an embryonic 
epithelium, they lose epithelial cell polarity and acquire 
the ability to invade and move through the extra-cellular 
matrix. Mesenchymal cells are elongate or stellate-shaped 
cells that typically give rise to fibroblasts, 
chondroblasts, and like cells of connective tissue 
(Greenburg and Hay, 1988).

Examples of epithelial-mesenchymal cell transformation 
can be found at gastrulation and during a variety of events, 
such as neural crest and cardiac mesenchyme formation (Potts
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and Runyan, 1989), as well as the formation of both the 
kidney (Ekblom, 1989), and the somite--particularly the 
sclerotome (Solursh et al., 1979).
Transitions From Mesenchyme to Epithelium: Morphogenesis of
the Polarized Epithelial Cell Phenotype

Polarized epithelial cells are responsible for many 
functions of a variety of tissues and organs in mammals. 
These functions are primarily vectorial ones—such as the 
uptake of ions by the basal surface coupled with their 
release at the apical surface to generate a transepithelial 
gradient (Rodriguez-Boulan and Nelson, 1989).

The polarized epithelial cell phenotype has many 
characteristics: 1.) the distribution of membrane proteins
to three distinct surfaces--apical, basal, and lateral; 2.) 
tight junctions that separate apical and lateral domains;
3.) cell-cell interactions formed by cell adhesion molecules 
and highly developed junctional complexes; and 4.) the 
polarized distribution of cytoplasmic organelles and the 
intracellular cytoskeletal system (Rodriguez-Boulan and 
Nelson, 1989) .

The structure of polarized epithelium gives different 
functions to each of its parts. The apical plasma membrane 
is responsible for regulation of nutrient and water uptake, 
protection, and secretion. The lateral membrane allows for 
cell-cell contact and adhesion along with communication
between cells. The baso-lateral membrane receives and
transduces signals and also generates ion gradients, while
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the basal membrane is responsible for cell-substratum 
contact and adhesion (Rodriguez-Boulan and Nelson, 1989).

Generation of this phenotype is a multi-stage process 
requiring extracellular cues and the reorganization of 
proteins in the cytoplasm and on the cell membrane 
(Rodriguez-Boulan and Nelson, 1989). Once established, 
polarity is maintained. Cells that will become specialized 
epithelium can be formed through two different processes.
In one process, the cells develop by an elongation of the 
primary epithelial-like sheets of the endodermal and 
ectodermal germ layers. Alternatively, the epithelia can 
form directly from mesenchymal cells derived from mesoderm 
(Ekblom, 1989). Through this process, polarized epithelial 
cells emerge from initially non-polar mesenchymal cells 
(Ekblom, 1989) .

How does this occur? Kidney cell lines, such as MDCK, 
provide good systems for studying the generation of a 
polarized epithelium. Some of the steps in the re
establishment of cell polarity in the cell-line cultures 
resemble the generation of polarized epithelium during 
embryonic differentiation (Ekblom, 1989). The processes 
that occur in the formation of the kidney suggest that the 
development of the polarized epithelial cell phenotype is 
mediated by cell-cell and cell-substratum contacts 
(Rodriguez-Boulan and Nelson, 1989). Proof of this, at 
least in vitro, is shown with the MDCK cell line. Through 
its use, cell-cell contacts have been shown to stimulate the
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development of the apical surface of MDCK cells (Ekblom, 
1989) .
Epithelial Membrane Junctions and the Cytoskeletal System

Epithelial cells are linked to each other by three 
different types of intercellular junctions. Tight junctions 
close off the intercellular space and form a permeability 
barrier, communicating junctions (gap junctions) mediate 
transcelluar passage of small molecules, and adhering 
junctions hold the cells together (Drenckhahn and Franz, 
1986) .

While tight junctions represent points of fusion of 
membranes of opposing cells (Hay, 1968), my primary focus is 
on the adhering types of junctions in epithelial cells 
(particularly the zonula adherens). Adhering intercellular 
junctions occur in two different forms: belt desmosomes 
(zonula adherens) and spot desmosomes (macula adherens).
Belt desmosomes surround each of the cells of an epithelial 
sheet close to the cell apex (Dreckhahn and Franz, 1986). 
Since it is the zonula adherens and closely related 
junctions that will be observed through the localization of 
vinculin, an extensive discussion of their ultra-structure 
will follow a brief mention of the other types and
discussion of the role of the cytoskeleton.

Spot desmosomes, unlike their counterparts, are 
scattered along the entire lateral cellular surfaces. They 
seem to hold the cells together as rivets would. On the 
cytoplasmic side of these junctions, there are 10-20 ju-m
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thick electron-dense plaques. Dense plaques are associated 
with bundles of intermediate filaments (tonofilaments) 
composed of cytokeratin. Several varieties of glycoproteins 
are found in the intercellular cleft of the spot desmosome 
(Dreckhahn and Franz, 1986).

With the exception of spot desmosomes, all other 
adhering type of junctions involve the interaction of actin 
microfilaments with the cellular membrane (note: the mention 
of adhering junction will refer only to actin-containing 
types).

A fundamental role for cell-substrate contacts and
changes in cell shape exists in the regulation of cell 
growth, motility, and differentiation, but the molecular 
basis for these phenomena is poorly understood (Ungar et 
al., 1986). Characteristics of cytoskeleton and epithelial 
junctions are important since these structures play a role 
in the changes involved in embryogenesis. The cytoskeletal 
network consists of microfilaments--mostly actin, yet myosin 
is also present (Takeuchi, 1987). Cytoskeletal filaments 
are generally accepted to be associated with the membrane at 
areas of contact, and evidence for this is abundant (Avnur 
et al., 1983). It has been shown that bundles of actin
microfilaments are attached to the membrane in cell-
substrate and related intercellular adhering types of focal 
contacts of the membrane in cultured cells (Avnur et al., 
1983). These interactions help maintain the structural 
continuum of the epithelium. It is also commonly accepted
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that microfilaments are necessary to provide the motive 
force for morphogenesis (Ostrovsky et al., 1983). However, 
details of how microfilaments are related to morphogenesis, 
such as the factors controlling their distribution, are not
clear.
Adhering Junctions--the Actin Microfilament Variety

Adhering junctions connect bundles of actin filaments
from cell to cell or from the cell to the extracellular
matrix (Alberts et al., 1989). Examples of adhering 
junctions include zonula adherens, fascia adherentes of 
polarized epithelia and cardiac myocytes, small adhesions of 
fibroblasts, focal contacts in cell cultures, and dense 
plaques of smooth muscle (Geiger et al., 1985). These 
represent a morphologically diverse group of contacts, yet 
they can all be grouped together because of the molecular 
homology found between them (Geiger et al., 1985).

In cell-cell contact, adhesion belts (zonula adherens) 
are directly opposed. Uvomorulin, an adhesive embryonic 
glycoprotein, is present in the intercellular space of the 
belt desmosome (Dreckhahn and Franz, 1986). Within each 
cell, a contractile bundle of actin filaments lies adjacent 
to the adhesion belt, running parallel to the membrane. A 
number of proteins link the actin filament bundles to the 
membrane (Alberts et al., 1989). Actin bundles are linked 
from cell to cell through adhering junctions. This network 
helps mediate the folding of epithelial sheets into
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structures during animal morphogenesis (Alberts et al.,
1989) .

In cell-substrate contact, adhesion plaques attach the 
cell and its actin filaments to the extracellular matrix.
Bundles of actin are connected to the extracellular matrix
by a glycoprotein known as fibronectin, a member of the 
integrin family of proteins. The adhesion plaque allows 
actin filaments to pull against the substratum (Alberts et 
al., 1989). This ability is undoubtedly important to 
morphogenetic processes in the developing embryo.

Adhering junctions are molecularly heterogeneous and 
consist of two groups: those involving cell-cell contact 
and those involving cell-substrate contact. The proteins 
linking the actin microfilaments of the cytoskeleton to the 
membrane differ cell-cell and cell-substrate junctions. The 
two major proteins involved are vinculin and talin. There is 
some doubt on the role of these two, as well as what other 
proteins are also involved. I will address these concerns 
after the examination of transitions from epithelium to 
mesenchyme.

Vinculin is associated with all adhering junctions 
regardless of whether they were formed with neighboring 
cells or with non-cellular surfaces (Geiger et al., 1985).
It has been shown to be present in the junctional plaques of 
all adhering junctions studied so far, including cell-cell 
contacts (zonula adherens) and cell-matrix adhesions (focal 
contacts and dense plaques) (Volberg et al., 1986). While
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vinculin is present in all adhering junctions, talin is only 
associated with cell-matrix contacts. It is absent from 
intercellular junctions (Volberg et al., 1986). Molecular 
differences between cell-cell and cell-matrix adhering 
junctions result in the different physiological functions 
for which each is responsible. In studies, cell-substrate 
adhesions have been shown to be essential for cell motility 
and growth, while cell-cell contacts lead to an arrest of 
these processes (Geiger et al., 1985).

There is a second type of spot desmosome-like junction 
that is not related to the tonofilament-associated spot 
desmosomes (Dreckhahn and Franz, 1986). This junction is 
known as a type II plague. Type II plaques are associated 
with actin and vinculin and do not contain desmoplakins, the 
marker protein of previously mentioned (type I) spot 
desmosomes. It has been suggested that type II plaques 
serve to couple the contractile filament system to the 
basolateral cell membrane (Dreckhahn and Franz, 1986). This 
description of type II plaques shows their similarity to the 
previously mentioned actin-containing adhering junctions. 
Transitions from Epithelium to Mesenchyme

The very first formation of mesenchyme from epithelium 
during embryogenesis is seen in the formation of the 
primitive streak. Here, the cells of the epiblast 
(pseudostratified columnar epithelium) give rise to both the 
hypoblast (simple squamous) and the mesoblast (mesenchyme). 
The mesoblast is mesenchyme in the sense that its cells have
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no free surface themselves and migrate between the
epithelial layers of the embryo (Hay, 1968). Most of the 
inward wandering cells of the primitive streak are destined 
to develop back into epithelia (Greenburg and Hay, 1988). 
Hence, they are known as primary mesenchyme, and their life 
as mesenchyme is short. The term secondary mesenchyme is 
given to the mesenchymal cells which derive from the 
mesodermal epithelia and neuroepithelia (Hay, 1968). 
Secondary mesenchyme in the embryo cannot be induced to 
reform epithelium (Greenburg and Hay, 1988). This type of 
mesenchyme will form connective tissue cells, ganglion 
cells, and pigment and muscle cells (Hay, 1968).

The transition from epithelium to mesenchyme occurs in 
many different morphogenic processes. These include the 
formation of part of the kidney as mentioned before, the 
migration of neural crest cells (Duband and Thiery, 1990), 
the formation of the sclerotome in the somite (Stern and 
Keynes, 1987), and the formation of the progenitor cells of 
the valves and membranous septa of the vertebrate heart 
(Potts and Runyan, 1989). Many, if not all of these, 
transitions are mediated through inductions. For example, 
the transitions that occur in the heart are mediated by a 
signal produced by the myocardium of the atrio-ventricular
canal and transferred across the extra-cellular matrix
(Potts and Runyan, 1989).

Although the transitions mentioned result in varied 
products, they have many similar characteristics. These
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transformations are carefully controlled and only occur in 
appropriate areas at predictable times (Greenburg and Hay, 
1988). To mention again, the occurrence of this event, as 
well as its reverse, relies upon the dynamic organization of 
the cytoskeleton and its association with the cellular 
membrane (Duband and Thiery, 1990). In the embryo, without 
exception, epithelial-mesenchymal transformation occurs from 
the basal surface of the epithelium. Changes occur in the 
epithelium before the basement membrane breaks down, such as 
an increase in intercellular space, but mesenchymal cells do 
not emerge before this event (Greenburg and Hay, 1988). 
Fibronectin is present at high levels in the basement 
membrane and extra-cellular matrix and it influences cell 
migration and cell-cell or cell-matrix interactions (Noda 
and Mitsui, 1988). The emerging cells can release proteases 
that aid in removal of basal lamina (Greenburg and Hay, 
1988). While the composition of adjacent ECM plays a major 
role in the process, the cells themselves initiate the 
transition (Greenburg and Hay, 1988).

As cells emerge, there is a dramatic transformation in 
their structure. The cells acquire pseudopodia and 
filopodia for locomotion. The rough endoplasmic reticulum 
takes on a different appearance, and the nucleolus becomes 
well-developed. The cells lose their basal lamina and 
intercellular junctions (Greenburg and Hay, 1988). The 
cytoplasm is highly filamentous and filled with secretory 
organelles, while the Golgi complex is well developed.
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Cytoplasmic intermediate filaments become of the vimentin 
type, whereas those in epithelia were mostly cytokeratin 
(Greenburg and Hay, 1988).

£ The changes that occur in the epithelial cells prior to
the breakdown of the basement membrane seem to indicate that 
precise genetic programs control the timing of the
transition of epithelium to mesenchyme (Greenburg and Hay, 
1988). The same is likely to be true for the reverse 
transition. This genetic program must be inactivated in the 
definitive epithelia of the embryo and adult since it is 
generally accepted that the ability to give rise to 
mesenchyme-like cells is lost as epithelia mature (Greenburg 
and Hay, 1988). However, epithelial cells in the lens give 
rise to fibroblast-like cells and collagen fibrils, 
suggesting that at least some epithelia retain activatable 
programs for forming mesenchyme (Greenburg and Hay, 1988).
Epithelial-Mesenchymal Transitions in the Somite

The interconversion of mesenchyme and epithelium occurs 
repeatedly during the development of the somite. Primary 
mesenchyme in the paraxial region of the embryo first 
organizes into an epithelial ball, only to disperse later 
into mesenchymal cells again (Solursh et al., 1979). These 
many changes concentrated in one region make the somite 
quite suitable for studies concerning the mechanisms of 
epithelial-mesenchymal transitions. Newly formed somites 
are epithelial balls which surround a core of mesenchymal 
cells. Cells of the epithelial wall are columnar or bottle-
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shaped and are closely applied to one another (Ostrovsky et 
al., 1983). Each cell is polarized with respect to the 
central lumen. Cells extend processes which pass through
the basement membrane to contact the basal lamina of the
neural tube and the notocord sheath (Hay, 1968). The core 
cells are passive participants in the epithelialization 
process. They are thought to contribute to the mesenchymal 
future of the somite (Ostrovsky et al., 1983). Experiments
have shown a fundamental difference between the core cells
and those of the epithelial wall. In the epithelial ball, 
actin is concentrated in the apical regions of the 
epithelial cells, while absent in the core cells (Ostrovsky 
et al., 1983).

In early epithelial somites there is considerable 
structural similarity between the future sclerotome and 
dermomyotomal regions (Solursh et al., 1979). However, a 
prominent localization of actin exists in the basal portion 
of epithelial cells of the ventral and medial somite wall. 
This region will migrate ventromedially as the mesenchymal 
sclerotome (Ostrovsky et al., 1983). Six to eight hours 
after formation, each somite disperses into three 
components: the dermatome (presumptive dermis), the myotome
(presumptive skeletal muscle), and the sclerotome 
(presumptive vertebral column and ribs) (Stern and Keynes, 
1987).

In the forming dermomyotome, junctional complexes 
become more extensive and the cells become elongated and

14



closely applied to each other. The cells become angular and 
their surface contours become more planar than curved 
(Solursh et al., 1979). The dermomyotome temporarily forms 
an "epithelial cap" for the sclerotome. The dermatome will 
eventually transform back into mesenchyme as it migrates 
toward the epithelium to form the dermis of the skin. The 
cells just beneath it (the myotome) will remain and 
differentiate into muscle (Ostrovsky et al., 1983)

The sclerotome loses its epithelial structure and 
appears as a loose mesenchyme. During this transformation, 
the cells undergo extensive elongation along their original 
apical-basal axis (Solursh et al., 1979). When the 
transition is complete, apical junctional complexes are no 
longer found. Intercellular space borders most of the cell 
surfaces. Hyaluronic acid is a principal constituent of the
sclerotomal extracellular matrix. Cells remain in contact
with one another by slender filopodia, which are the site of 
focal cell junctions (Solursh et al., 1979).

Development of the sclerotome is a good model for the 
formation of mesenchyme from epithelium. The developing 
sclerotome is intimately associated with its extracellular 
environment. It is likely that the increased volume within
the sclerotome is due to internal forces rather than
external ones. Hyaluronic acid has a great capacity for 
hydration--it is capable of a 10,000 fold increase in size 
upon hydration (Solursh et al., 1979). Hyaluronic acid is 
thought to help the migration of sclerotomal cells with its
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size increase through hydration. The role of internal 
forces in separating sclerotomal cells is further supported 
by the observation that hyaluronate is a poor substrate for 
mesenchymal cell attachment at least in vitro (Solursh et 
al., 1979).

Interestingly, there is a noticeable difference between 
the rostral and the caudal halves of the sclerotome. Cells 
from like halves mix with each other, while those from 
unlike halves do not (Stern and Keynes, 1987). The rostral 
half has the ability to support axon outgrowth and neural 
crest cell migration. On the other hand, the caudal half
shows the absence of motor axons and neural crest cells.
The fates of the rostral and caudal halves are similar.
Both give rise to bone and cartilage of the vertebral column 
as well as to intervertebral connective tissue (Stern and 
Keynes, 1987). This division between the rostral and caudal 
halves possibly serves to set up the segmental arrangement 
of the developing nervous system, vasculature, and vertebrae 
(Stern and Keynes, 1987).
Vinculin's role within Adhering Junctions

Vinculin is a 130 kilodalton protein (Wilkins and 
Lin, 1986). This has been shown through sedimentation and 
gel-filtration assays (Schliwa and Potter, 1986). It has a 
diameter of 85 A (Leonard and Jockusch, 1982).

Studies suggest that talin, vinculin, and another 
protein known as alpha-actinin may constitute a chain of 
attachment from the plasma membrane to actin filaments.
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Vinculin interacts in vitro both with talin and alpha- 
actinin (Mangeat and Burridge, 1984). Vinculin and alpha- 
actinin influence the intracellular arrangement of actin 
filaments (Noda and Mitsui, 1988) while, of the two, 
vinculin is located closest to the membrane (Drenckhahn and 
Franz, 1986).

The suggestion that vinculin functions in attachment 
has gained support from several studies showing that 
preparations of vinculin interact with actin. However, some 
study groups have thought that vinculin causes actin 
filaments to bundle (Schliwa and Potter, 1986), while others 
have thought that vinculin binds to one end of an actin 
filament (Mangeat and Burridge, 1984). These differences, 
perhaps, could be due to contaminants in different vinculin 
purifications (Mangeat and Burridge, 1984). Only alpha- 
actinin has been conclusively shown to interact with actin 
(Niggli et al., 1990). Whatever the case may be, it is 
generally accepted that vinculin has an attachment role.

In theory, it is possible to see how vinculin may 
interact with the plasma membrane. The vinculin protein 
which is coded for by chicken embryo fibroblast cDNA does 
not contain a hydrophobic transmembrane segment as present 
in most membrane proteins. However, there are two small 
hydrophobic regions in the amino-terminal domain of the 
protein. If expressed, these regions could insert partially 
into the lipid bilayer (Niggli et al., 1990). Additionally,
vinculin has been shown to interact in vitro with acidic
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phospholipids and to insert into liposome bilayers (Niggli 
et al., 1990). Conclusive evidence of the nature of the 
vinculin-membrane attachment is still lacking.

Vinculin seems a good target for study in that it is 
involved in all adhering junctions. Because of its 
involvement in the membrane anchorage of actin bundles, 
vinculin undoubtedly participates in the control of the 
cytoskeletal and, consequently, cell's adhesive behaviors 
(Duband and Thiery, 1990). The nature of adhering junctions 
is relatively defined, yet many aspects are controversial 
and merit further study. The examination of vinculin 
distribution during somitic epithelial-mesenchymal 
transitions is an interesting and essential experiment, 
since adhering junctions, or lack-there-of, seem to have an 
important role in these processes.

MATERIALS AND METHODS
Chicken eggs obtained from commercial suppliers 

(Carolina Biological Supply, Montana Biological Supply, and 
MacMurray Hatchery) were incubated at 38*C for 48-65 hours. 
Whole embryos were fixed in 2% paraformaldehyde solution, pH 
7.2, in phosphated buffer saline (130 mM NaCl/10 mM Na HPO 
mixed with 130 mM NaCL/10 mM NaH PO ) for 1 hour at 25’ C. 
Following fixation, embryos were washed in phosphated buffer 
saline (PBS) twice, then sugar infused before freezing.
Sugar infusion was accomplished by placing embryos into 12% 
sucrose in PBS for one hour, followed by overnight treatment
with 18% sucrose.
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Embryos were frozen in OCT (Miles) compound quickly by 
placing them on the surface of an ethanol pool cooled with 
dry ice. Embryo cross-sections at the level of somites were

f obtained by cryosectioning at -20°C. In order to obtain
good adhesion of frozen sections to glass slides, the slides 
were pretreated with a 0.5% gelatin + 0.05% CrK(SOw)a- 12HaO 
solution in water. Slides were kept in a freezer until 
immunohistochemical staining was carried out.
Antisera and other chemicals Monoclonal anti-vinculin
antibodies, derived from the hybridoma produced by the 
fusion of mouse myeloma cells and splenocytes from an 
immunized mouse, were obtained from Sigma Chemical Co.
These antibodies were of the mouse IgGl subclass. Anti
mouse IgG Biotin Conjugate, prepared from goat anti-mouse 
IgG antiserum, was also obtained from Sigma. VECTASTAIN ABC 
Kits, containing Avidin DH and Biotinylated horseradish 
peroxidase DH reagents, were obtained from VECTOR
Laboratories.
Immunohistochemistry Sections mounted on slides were
removed from the freezer and placed in a moist incubation 
chamber. After they were brought to room temperature, they 
were covered with PBS, pH 7.2. After 5 min, the PBS was 
aspirated off and PBS/TX/NGS (0.1% Triton X-100/2mg/ml 
NGS/PBS) was layered over the sections. NGS stands for 
Normal Goat Serum, while Triton X is a detergent. This 
layer was let sit on the sections for 10 minutes. The 
PBS/TX/NGS was removed and the primary antibody (anti-

19



vinculin) preparation was applied (40-50 ml/section). The 
primary antibody was prepared by diluting it in PBS + NGS (2 
mg/ml NGS/PBS), and then centrifuge diluted in a
microcentrifuge for 2 min at 10,000 rev/min. The sections 
were incubated with the primary antibodies for one hour at 
25* C.

After the first incubation the sides were washed three
times in PBS (5 min/wash). The secondary antibody was 
layered over the sections and allowed to incubate for 1 hr. 
This Biotin conjugate antibody was prepared in the same 
manner as the primary one. The ABC reagent was prepared by 
adding 2 drops of Reagent A (Avidin DH) to 10 ml PBS and 
then adding 2 drops of Reagent B (Biotinylated horseradish 
peroxidase DH). This combination was mixed and let stand 
for 30 min at 25°C. After the incubation period of the 

secondary antibody the slides were again washed 3X in PBS 
and the ABC reagent was applied. The incubation time here 
was also one hour, and the process occurs again at 25 C. 
Afterwards, the sections were washed 3X in PBS, and a 
peroxidase substrate solution was layered over them. This 
solution consists of 0.1% DAB, 0.02% HaO^, and 0.1 M Tris- 
HC1 pH 7.2. The section were incubated in the peroxidase 
substrate solution at 25°C. They were then washed in tap 
water for 5 min at 25°C. After this, the sections were 
covered using glycerol as a medium. Photomicrographs of 
sections can be taken using a Nikon Optiphot microscope with
a Nikon AFX-II camera mount and FX-35 camera.
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RESULTS AND DISCUSSION
The primary goal of our research was to develop an 

immunohistochemical staining procedure which could be used 
in our laboratory. A secondary goal was the application of 
such a procedure to study the nature of the epithelial- 
mesenchymal transition during embryogenesis--in particular 
the role of vinculin. The development of our final 
procedure was an extensive task, requiring many changes.
The successful application of this technique to the 
transitional system provided by the somite remains to be 
done. The time and materials it took in developing the 
labelling technique made it impossible to achieve our 
secondary goal. An overview of the final technique is shown
in Table 1.

The first major change in the technique involved the 
preparation of the tissue for cryosectioning. At first we 
froze tissue specimens in OCT compound at -20° C. We found 
that this technique resulted in imperfect sections. When 
the sections were frozen on the surface of a pool of ethanol 
cooled with dry ice, sectioning went much more smoothly. 
Additionally, sectioning went smoother when the extra- 
embryonic membranes were removed from the embryo before 
freezing.

Before any attempts at labelling were carried out, we 
tested the ABC reagent. The combination of the Avidin DH 
and the Biotinylated horseradish peroxidase DH was achieved 
in a test tube. A subsequent developing of this combination
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Table 1. PROTOCOL FOR IMMUNOHISTOCHEMICAL LABELLING
1. Cover sections with PBS, pH 7.2, at room temperature.

--remove PBS after 5 minutes.
2. Layer 0.2% Triton X-100/2mg/ml NGS/PBS over sections.

--remove after 10 minutes.
3. Incubate with primary antibody at 5"° C for 3 hours.

--(1° Ab is diluted in 2mg/ml NGS/PBS).
4. Wash slides three times in PBS.

—5 minutes/wash.
5. Incubate sections with secondary Ab at 5° C for 3 hours.

--(2’Ab is also diluted in 2mg/ml NGS/PBS).
6. Prepare ABC reagent during step 5 .

--add two drops of Reagent A (Avidin DH) to 10 ml PBS, 
then add two drops of Reagent B (Biotinylated 
Horseradish Peroxidase DH).

--let stand for 30 min at 25° C.
7. Wash sections three times with PBS.

--5 minutes/wash.
8. Apply the ABC reagent prepared in step six.

--incubate for 1 hour at 25° C.
9. Wash sections three times with PBS.

--5 minutes/wash.
10. Incubate in peroxidase substrate solution at 25° C.

--(0.1% DAB, 0.02% Hao^, and 0.1 M Tris-HCl at pH 7.2)
11. Wash in tap water for 5 min at 25° C.
12. Add cover slips over sections with glycerol as a

medium.

<r

22



occurred when the peroxidase substrate solution was added, 
forming a brown precipitate. The use of the ABC reagent 
gives a signal that is significantly greater than that of 
traditional peroxidase methods. A six to one advantage is 
seen with the ABC over those methods, in that Avidin can 
bind up to six Biotin molecules at one time, thereby 
increasing the amount of horseradish peroxidase associated 
with each vinculin. This advantage, as well as a view of 
the labelling process at the molecular level, is shown in 
Figure 1.

Ab (Anti-mouse Ig
Biotin conjugate)

Figi. Immunohistochemical labelling. The signal which locates 
vinculin is magnified through the use of the ABC reagent. What is 
actually seen in localizing proteins is the precipitate formed during 
incubation with peroxidase substrate solution.

23



Our first attempts at staining were carried out under 
the given procedure (Table 1.) with the exception of the 
concentration of detergent and the conditions of the 
incubation periods. Triton-X concentration was set at 
0.1%/2mg/ml NGS/PBS. Incubations of the primary and 
secondary antibodies were for one hour, at room temperature. 
The antigen (vinculin) could not be located easily during 
this first run. Some precipitate was noted in the area 
dorsomedial to the sclerotome (neural crest cells migrate 
through this area). The amount of precipitate was not 
great enough to give a definite localization. However, 
vinculin has been localized in migrating neural crest cells 
(Duband and Thiery, 1990).

In the first attempt at localization, scattered red 
blood cells in the section showed a precipitate with the 
peroxidase substrate solution. This is characteristic of 
labelling with peroxidase methods, so we knew nothing was 
wrong with the substrate solution. Our attention shifted to 
other aspects of the process.

Our next attempt included an increase in the 
concentration of our detergent solution. There was some 
concern that, since vinculin is located on the inside of the 
plasma membrane, the antibodies may be unable to get to it. 
The increase in the detergent concentration would further 
break down the plasma membrane, thereby allowing the 
antibody a freer path to its antigen. We raised the
concentration of Triton X-100 to 0.2% from 0.1% to see if
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this would solve our problem. The incubation period for 
both the primary and secondary antibodies was one hour (at 
25° C) as in the first run. Staining was also very limited 
in this second run. The amount of precipitate was not 
enough to warrant localization.

Our final procedure was developed on the third attempt
at localization. This final run was carried out with
monoclonal anti-actin antibodies. During this "run," both
the concentration of Titron X and the incubation time and
temperature were amended from the first run. The
concentration of Titron X was set at 0.2% (the same as in 
the second attempt). Incubation periods were lengthened to 
three hours, while the temperature remained at 25° C. The 
results of this run were positive. Precipitate levels were 
considerably greater than those of earlier runs, bringing 
us much closer to truly localizing the molecules that we 
were looking for.

The development of the procedure was carried out with 
embryonic sections through the level of the somite. We 
hoped that the procedure could be carried out in the study 
of the epithelial-mesenchymal transitions that occur in the
somite.

The final localization procedure that was developed 
with actin should work also with vinculin, since they are 
both intracellular proteins. Vinculin is essential to 
morphogenetic processes in that it is found in all actin 
containing adhering junctions--cell-cell and cell-surface
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contacts (Volberg et al., 1986). Finding the exact role of 
vinculin in the interaction between the cytoskeleton and the 
membrane seems an essential step toward understanding 
epithelial-mesenchymal transitions. The development of a 
procedure for the localization of vinculin will enable the 
development of precise "molecular dissections" of the 
transitions that occur during embryogenesis. With this 
procedure, we will come a step closer to solving one of the 
many mysteries of development.
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