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ARSTRACT

The cell surface has been connected with develop-
ment and embryogenesis along with othor cellular events. To
study the relationship*bétween the cellAsurface components
and gastrulation, the distribution of Wheat serm Agglutinin
(WGA) biﬁding sites was determined on ‘ Stage 1 and Stage
5 (Hamburgér and Hamilton,_1951) in tHe c¢hick embr?o. WGA
binds speéifically‘to terminal n-acetyl-glucosamine (GlcNaAc)
residues and is localized by the enzyme markers horseradish
peroxidase (HRP) and glucose oxidase (GO). Theseée ﬁarker

|

enzymes react with diaminobenzidine (DAB) to form.an
electron dense reaction product which is visualized in the
‘electron microscope. 1In addition, attempt; were made to tag
WGA wiﬁh the eiectron dense marker ferritih.

; .

The results were inconclusi;e for all the labelling
technigues except the enzyme marker GO. The distribution of
WGA. binding sftes, and hence terminal ‘GlcNac residues as
revealed with GO activity, is alteread from the Stage 1
to the Stage 5 embryo. In the Stage 1 embryo, .the WGA

-t

binding' sites have a relatively even distribution on all
I <
surfaces. However, 1in .the S3Stags 5 embryo, the WGA binding

& Co

S



sites are segregated to the cell surfa es that line the
" Cavity between the epiblast and endoblast. Furthermore,
the mesenchyme cells that are lnvaginating through the
primitive streak have a very low affinity for WGA, but as
they migrate away from the streak they regain their wWGA

binding sites.

It appears that the WGA binding sites, and
- consequently the terminal GlcNAc’residues, may be directly
involved in the process of gastrulation andg morp;ogenesis in
the early developmenf of the chiék embryo. Although the
molecular mechanisms controll;hg the polarity of the weca

binding sites on specific cell surfaces are not understood,

they may have a direct influence upon the development of the

chiok~e@§ryo.
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INTRODUCTION

1s, in agenesral, have complex oligosaccharides
extending from their cell surface that appear to form a coat

arouad  them (Martinez-pPalomo, 187@7). These carbohvdrate

M

chains seem to be specifically <synthesized upon prctein

backbones or lipid molecules (Law and Snyvder, 1972: Bennett

et al., 1974). The majority of the ewvidence supports the

theory that the carbohydrate portion is added sequentiallivy.

bt

(g

b
i

by clycosyltransferases in the Golgi apparatus and u

F

mately 1is deposited on the external suriface of

(T

+

he cell
(Singer and Nicolson, 1972; Roth, 1973). It.has been shown
‘that these compliex oligosaccharides may form the basis for
intricate. cellular events such as adhesion, recosgnition,
communication, migration and growth regulation (Cook and
Stoddart, 1973; Roseman, 1975: Poste and Nicolson, 197¢b).
In addition, the ‘cell surface has been implicated to be
involwed with development and embryogenesis (reviewad by~
Mosczna, 1974, Poste and Nicolson, 1976b). In the pfesent

examined in

D

scudy the <cell surface carbohydrates wer

relation to the earlyxdevelopment of the chick embryo.



One of the technigues of studying the c=ll suyface

n

is the utilization of the melecule collectively known as
lectins (réviewed\by Nicelson, 1974a). These proteins and
glycoproteins have the property of binding to specific sugar
residues upon the cell surface.. The purpvose of this study
was to utilize the lectin,'whéat.germ agglutinin (WGa), to
determine ‘the relationship between terminal n-acetyl-
glucosamine (GlcNAc) residues and the development of the
chick embryo"from Stage 1 to Stage 5 (Hamburger and
Hamilton, 1951). The distribution of WGA binding sites; and
hence términal GlcNAc residues, was revealad in the electron
microscoge by the enzyme markers horseradish peroxidase
(HRP; Francois et al, 1972; Huet and Gafrido, 1973) and
glucose oxidase (GOa‘Francois and Mongiat; 1877) and their
subseguent h?stpéﬁémical reaction.with diaminobenzidine
{DAB) . In adéition, WGA was also taggeqywith the electron
dense marker ferritin and visualized upon the cell surface

with the electron microscope (Nicolson et al, 1975; Shimizu

and Yamada, 1976).

The WGA was incubated with chick embryos that were
either fixad or unfixéd. Then the WGA binding sites were

d and the embryos prepared for

(D

histochémically "stain
X

electron microscopy. The results indicated that from Stage



(Y]

1 to Stage 5, in the chick embryvo, the distribution of
terminal GlcNAc residues, as revealéd bv wGaA binding sites,
was altered. The WGaA binding sites on the Stage 1 embryo
had a relatively even distribution upon al] the cell
surfaces. However, the 'Sfage 5 embryo displayed wGa
binding sites that appeared to be 1limited to specific
cellular surfaces. These distributions seemed to be fairly
Similar throughout the embryo, and on the Staqe 5 embryo the
terminal GlcNac residues had an interesting pattern. There
appeared to be g high concentration of GlecNac residues
illnlng the cav1ty between the epiblast and the hypoblast.,
The meqenchyme cells apparently lost thelL terminal GlecNace’
residues as they passed through the primitive Streak, but
retained their wGa binding sites as they migrated away from
the streak. Finally, the lateral surfaces of the epiblast
in the Stage 5 embryo did not have any =zxposed GlcNAc
residues. These results demonstrated that by the time of
éastrulation within the chick embryo, there had been cell

surface differentiation in relation to development,

The present study has shown that the distribution

of wWGa binding sites i% altered rrom Stage 1 to Stage 3.
A ’

\;\ . .
The molecular mechanism for this teorganization is unknown

v

rand experiments should be conducted to understand this



1

process. Furthermore

r the actuyal importance of the

terminal Glcenac residues in the process of gastrulation
a
should be explored.



LITERATURE REVIEW
——— P RE seVIEW

In 1972, Singer ang Nicolson, utilizing their basic
understandlng of the physical chemlstry of lipid ang. protein
interactions, formulated the Fluid Mosaic Model for biolo-

x
¥

gical membranes., 1In this model, the components of membrenes
(broteins,h lipids ang carbohydrates) were depicted as a
fluid 1lipig bilayer with islands of protelns The carbo-
hydrate portions of the glycolipids and glycoprotelns were
€xXposed to the external medium. <Some Proteins were firmly
embedded fn.the lipid@ bilayer and others extended through
the bilayer (intrinsic proteins).-% The remainin membrane
Proteins were loosely assoeiated with the internal or
external surface {extrinsic proteins). This model, formu-
lated iargely Upon research conducted oh the erythrocyte

membrane (reviewed by Bretcher, 1971a, b; Steck, 1974;

Marchesi et al, 1976), has been widely accepted.

1. Glycoprotein Structure:

The surfaces of eukaryotic cells have been shown to
contain a latge amount of carbohydrates (Martinez- -Palomo,

1979; Winzler, 1974; Parsons and Subjeck, 1972; Cook and



Sgoddart/ 1973; Ito, 1974) located on giycoprotein\or glyco-
lipid molecules and as glyéosaminoglycans. | These carbo-
hydrate—containing moities have been " shown to turn over
rapidly during cell growth (warren and Glick, 1968; Warren,

1969; Rosenburg and Einstein, " 1972; ‘Fritsch et al, 1975;

Buck and Warren, 1976). ‘Glycoproteins_and glycolipids have
been demonstrated tb act as receptors for: histocom-
patibility antibodies‘(Cunningham, 1977); hormones such as
insulin (Narahara, 1972): blood éroup antibodies (Maréhesi

et al, 1976); immune reactions (Raff, 1977); and lectin-
mediated agglutination (Sharon, 1977) and mitogenesis
(Nicolson, 1974a). The extracellular glycosaminoglycans are
of paramount importance in tae formation of cénnective
tissuev and have been implicated as a substrate for cell

migration (Solursh, 1976).

The structures and Sequences in the carbohydrate
portion of fhe major glycoproteins have been determined by
systematically degrading the molecule with selective enzymes
(for reviews see‘Kornfeld‘and Kornfeld, 1976; Marchesi gﬁ
al, 197e6). This type of analysis involves degrading the .
glycpprotebn moiecule with proteases, fractionating . the
products and selactively hydrolyzing the'carbohydrates Qith

exoglycosidases or endoglycosidases.» When analysis of this

)J““’t;\‘



type is attempted, the need for highly specific enzymes is
imperative, due to the large number of variable'strﬁ%tures‘
that may exist within the carbohvdrate chaiq of the glyco-
protein. The sugar molecules that are present in these
mgcromolecules have the capability of linking to each other
at(various free hydrokylvgrogps, with the result ;hat in a
hexose dissaccharide it is ‘possible to have thirty-six
combinations. The complexity that may exist in the sequence
of straight, and‘more often, branched oligosaccharides 1is

considerable, yet is probably fundamental to their function.

v

!

The glycosylation of glycoproteins and glycolipids
occurs by two mechanisms. "Although the Inajér}t)' of this
process occurs in the G;lgi apparatus, some glycosylatiOn
occurs. in the endoplasmic reticulum and upon the plasma
membrane (Bennett gg_gl( 1974) . Glycolipids are syr-hesized
from a diglyceride”or ceramide with the transfer of - sqgér
molecule from a nucleotide to the free primary hydroxyl
group at the .three or one position respectively. The
nucleoﬁidé carrier may also add the sugar to the growing
"oligosaccharide chain (Law apd Snyder, 1972). Glycoproteinsv
are synthesized by the addition of a phosphofylated)sugar
molecule toe oné of the amino acids; serine, threonine or

asparagl. .. The nucleotide sugar carrier, or in the case of



core N-acetyl-glucosamine or mannose residues of asparagilne-
linked side chains, the. dolichol phosphate lipid carriers,

donate their specific sugars to the appropriate amino acid

with a glycosyltransferase specifically creating the: re-

action (reviewed by Waechter and Lennarz, 1976) . . Aspara-
gine-linked side chains are started in the endoplasmic
reticulum even before the whole protein has been synthe-
sized, but the terminal sugars are .added in the Golgi

appagatus. Less is known about where the .core sugar{rS
N-acetyl-glucosamine is added to the serine or threoninéd
residues (Schacter, 1974). The specificity of the addition
of the sugar moities to the growing oligosaccharide is

almost completely understdéd.and seems to in&olve both the
prqtein backbone and the oligosaccharide Sequence (Roseman,

1978, 1975; Cook ard Stoddart, 1973; Roth, 1973; Leblond and

Bennett, i977).

It has been proposed that glycosyltransferases are

o N
present in. the serum of animdls and on a variety of “&ell

surfaces (Deppert et al, 1933; Pratt and Grimes; 1973y,

although this theory has been disputed (for review see

Keenan and Morre, 1975). The Dossibility of glycosyltrans-

t

ferasés on the cell surface may be very significant, for it

provides a specific mechanism to explain cell-specific



aggregation and sorting out, or such surface-associated
events as adhesion, agglutination and morphogenesis (Roth,

1973) .

2. Glycoproteins as Cell Surface Réceptors:

Mcnbrane asscociated glycoproteins probably
act as recebtors, with the specificity either in the
carbohydrate chain or in‘the amino acid sequence. They have
been demonstrated to be highly mobile within the élane of
the membrane (Frye and Edidin, 1979) and to diffuse rapidly
over thé cell surface. This diffusion will be discussed
further in relation(to the cytoélasmic influence over
su:facé mobility. some of the glycoproteins and proteins
ha&e been sthn to pass through the bilayer and to
intimétely associate with the hydrophobic portions of the
lipids but are vyet highly mobile. 15 cohsider'ﬁg the
erythrocyte membrane or the plasmalemma .of the organism

Achoiiplasma laidlawii evidence has been presented that the

particles seen with freeze fracture (Pinto da Silva. and
Branton, 1978; Branton, 1971; Marchesi, 1973; Singer, 1973)
are aggregates of glycoprotein moleacules. With ferritun
labelling of the glycoéroteins, in conjunction with ﬁreeze

fracturing, it was hypothesized that th se particles were



glycoproteins,thqt could exist in a dispersed or clustered
state in the membrane. The studies on A. ladlawii showed
that at the optimal growth -temperature the particles were in
a dispersed condition in the membrane. Ho@ever, when the
temperature was lowered, . the particles bgzame clustered and
growtﬁ wés~ diminishea (James and Brénton, 1973). After
further study it was concluded that proteins must remain in
the fluid eﬁvironment of the libid bilayer for Bptimal
activity. That is, the proteins woyld be squeezed outxof
lipid domains which are in a gel state and remain, prefer-

ably, in the domains of lipids that would be in the fluid

(liquid cryétalline) state (De Kruyff et al, 1973).

As mentioned above, Frye. and Edidin (197¢)
discovered that there was rapig intermfxing of cell surface
antigens and ghat these surface glycoproteins were extremely
mobile within the plane'of -nc membrane. With the evidence
that these antigens may :.-- the ‘bilayer and the finding
that antibody binding to surface receptors would“produce a
distribution that was either diffuse, clustered, or capped
(Taylor et _al, 1971), there was intense study of the
mechanisms that control the surface distfibution of the

glycoproteins., Lymphnocytes were cthe major target of

investigation, and when ‘the surface antigens were capped



I

(glycoproteins orientated at the uropod over the Golgi), tne
R : ")
receptors were subsequently pirocytosed and the lymphocyte

was transformed mitogenically. However, c¢vtochalasin R

(considered to disrupt cytoplasmic microfilamontsj"iq§ézwj‘
Ellid inhibited capping to varying degrees, but Jdid not
alter the initial patching response (reviowed Ly Nicolson,
1976a) . Therefore, the diséribution of surface receptors

was found to be related to the microfilament cytoskoleton of

the lymphocyte.

Further study of the cytoplasmic control over the
distribution of the surface receptors revealed: that

capping 1is energy and temperature dependent:; that by

o)

cross-linking receptors, other antigens are unable to cap;:
that microtubules act as anchors, and microfilamente must be
"present to induce capping; and that Ca++ relesase and loca]
Qanesthétics induce éapping (for excellent reviews see
Edelman, 1976, and Nicoison, 1976a) . Fuller and Brinkley
(197¢) hypothesized that the initial step in the modulation

a
the distribution of the surface antigens by the cyto-

(3}

o
Plasmic microtubule complex is the release of Ca++. This

was supported by the experiments of Poste .ind Nicolson

v
-

€ that specifically

(1]

(1876a) , who £found thz. snochor

her

~

o]

ct

transport Ca++ mimicked the effect of colchicine o

)

-



v

microtubule disrupting drugs. Although it appears gha”
microfilaments are the driving force in the capping
phenomenon, it was found that in certain cell lines cyto-
chalasin B causes microfilament disruption and capping,
which could be reversed by the addition of colchicine
(Sundquist and Ehrnst, 1976; Williams et al, 1977) . This
appears to be evidence in support of the fact that either
microfilaments or microtubules may by themselves induce
capping, but with both absent no such response may be
initiated. Although no definite common mechanism 1is
discernible, Edelman et al, (1973) have ©proposed a
hypothesis for the relationship between surface receptors
and their cytoplasmic components. The'théory 1s that the
surface antigens are linked to mic;of{iaments which interact
with microtubules; by disrupting the'ﬁiﬁrotubules the
Surface Modulating Assembly will céuse the antigens to“cap.
However, by cross-linking certain recepters, the remainder
of the antigens may not spontaneously cap unless the

. anchoring microtubules are disrupted (for review seeo

Edelman, 1976).

In 1977, Wolpert suggested that the plasma membrane
must function as a mechanica: sensor, a channel, and a

transducer in such cellular interations as adhesion, recog-

G



nition, communication and differenti. _jion. The most

3

probable components of the membrane which would have the

capacity to mediate such events are glycoproteins since they

‘may completely span the membrane. Some examples will be
considered below. . /
(a) Moscona (1952, 1961)'}ntroduced standard

methods for dissociation and developed the
rotary shaker technique for aggregation

/
studies. ‘He then-initiated the devefopment of

the ligand hypothesis for cell recogultion and

selective cell affinities (for review see

(o)
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Moscona, 1974). His group found that dis-
sociated cells secrete a tissua~§gg;:g?§
aggregating factor. This ligand binds spéci;>
fically to receptors présent on the celi
surface and enhances the adhesion and aggreg-
ation of homotypic cells in vitro. They also
reported the presence of tissue-specific
antigens on embryonic <cell surfaces. The
ligand hypbtheéis po-tulates that sorting out
is mediated by speciiic cell surface antigens
that act 1n recognition and morphogenesis
(ﬁausman and’ﬁoscona, 1976) . This group has,
in fact, isolated a glycoprotein that has the
specific effect of enhahcing the aggregation
of chick neural retinal cells, from which it

came.

Roth (1973) proposed that recognifion and
" adhesion are possibly due to glycosyl-

1s. His

(o]

transferases on the surfaces of ce
theory - would suggest that like cells would
have - similer glycbsyltransferases and
receptors, so that %ore stable association=

T

would be formed in. homotyvic cell types. fiatc
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enzyme would form a bridgé'between cells that
had on their surfaces glycoproteids or glyco-
lipids with sugar sequences that the glyco-
syltransferase could recognize as a suitable
substrate. These bonds would be relatively
short~lived if there were any nucleotide sugar
carriers present, but could bring the cells
together long enough to form stable contacts

and sort out.

The recognition‘ and  subsequent adhesion
betw=2en homotypic groups of éells has also
been related to terminal sialic acid residues.
Lloyd (1973) suggested that sialic acid could
function as 2 recognition site protector in
such av'ma;ner as. to mask the receptor
function. He. hypothesized that adhesion
between cells would depend upon the approp-
riate conformation' of the receptors to suit
the bonds to be formed. In addition, the

presence of sialic acid .on the cell surface

would tend to increase the cell's net negative

charge, causing tuc repulsion of some cells

z

more forcefully than others.
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The process of recognition has been studied in

tﬁe immunological systems of animals. A
variety of antigens on cells allow the lymph-
ocytes to recognize thé cells as alien or
native. The recognition process 1is deter-
mined by appropriate antibody formation
resulting fFom any new antigen that 1is iIntro-
duced to the 'system. When the antibodies
recognize an antigen they bind to it and it is
subseguently removed from the system (for
reviews see Raff 1976; Cunningham, 1977).
The presence of specific antibodies.within'the
animal provides protection against any further
antigenic invasion.

Mali%nant trénsformation has been related to a
dedifferentiated state of the cell. The cell
loses 1its antigenicity and adhegion proper-
ties, begins to divide without gny apparent
control, and may even invade healthy organs,
causing them to malfunction: Alterations
appear to occur in the cell surface which may
reflect malignant tranéformation. It has

been suggested that transformed cells have an



altered surface modulatingvéssemhly, a hiéher
Susceptibility to agglutination by phytohem-
agglutinins, and a loss of a high.molecular
weightv glycoprotein related to lowered
adhesion and uncontrolled cell cycle

5

pProperties (reviewed by Abefcrombie, 1967;
¢

Dunn 1971; Nicolson, 1976, a and b). -

3. Early Chick Embryology and the Cell Surface:

At the time of laying the chick embryo appears

as a circular disc composed ofl about 60,000 cells

(Spratt, 1963). There are two distinct areas within
the blastecderm: the central area pellucida and the
peripheral area opaca. The area pellucida is

generally composed of a dorsal layer df columnar cells
called the epiblast and a ventral layer of ‘larger
spheroid célls calléd the hypoblast. The area opaca
is composed of five or six. cell iayers (Bellairs,
1971) . Small yolk granules are formed in close
association with the area opaca while lérge te yolk
granules appear in loose association with ! the area

opaca, and the area pellycida. Beneath the area



.

pellucida is a cavity called the subgerminal space

which is filled with embryonic fluid (Pasteels, 1945),

The area pellucida will form the future embryo
‘while the cells of the area ooaca will q1ve rise to
extra-embryonic tissue. When the egg leaves the
uterus, the area pellucida may have a second layer of
cells beginning to form beneath the eplblast "These
cells, the primary hypoblast,-appear to come from the
epiblast via a process of delamination kPeter, 1938) .
The primary hypoblast first appear as islands of cells
.beneath. the epiblast. With further incubation the
primary hypoblast will. aggregate, form the embryonic
shield.or "sickle of Koeller" (a disc of cells at the
posterior end 'of the area pellucida), and then move
anteriorly and laterally as a sheet of cells beneath
the epiblast (Eyal-Giladi and Kochay, 1976). It
appears that' when the egg leaves the uterus the degree
of development of the primary hypoblast is variable;
that is, 1f the egg is held within the uterus for a
slightly longer time, the primary hypoblast may be

starting its anterior migration.

13



In 1951, Hamburgér and Hamiltnn depicted the

unincubated embryo as a circular disc with few or no

distinguishing features, This embryo w== called Staée
1. The Stage 2 embryo showed the initial formation of
the primitive streak. Eyal-Giladi and Kochav (1976)

remgved eggs artificially from the uterus of the hen

and dividedFHamburger and Hamilton's first two stages

“into fqu;tééh. They described the early movements {

within the embryo in great detail and explained the
development between the unincubated and carly primitive

streak chick embryo.

As the primary hypoblast 1is forming a con-
tinuous layer beneath the epiblast, the epiblast cells
are beginning to prepare for gastrulation. It 1is

known that the hypoblast orientates the future

embryonic axis (Waddington, 1923, 1956; Eval-Giladi,-

.1970) and may. influence‘the epiblast to begin to in-
vaéinate Ehrough'the central region of'the area pell-
ucida called the primitive streak. Bancroft and
Bellzive. (1974) showéd with scanning electron micro-
scépy that cells which are about to move into the
primitive streak region have less microvilli and more

>
globular projections than the peripheral cells that

19



will form the ectoédermal laver of the embryo. They

also noted cellular projections, which they term cords,
extending from one cell over to another cell, possibly

keeping the cells in communication withH each other.

The morphogenic movements of cells within the
chick embryo have been studied by cinephotomicrographic

observation (Vakaet, 1978) and have been mapped with a

wide variety of dyes or labels (Spratt. e 1as, 1959;
_Rosenqguist, 1971, 1972). -The consensus nion is
that the initial group of cells to invagin.-= * rough
the primitive streak form a layer of cells (¢ “arfary

. ‘
hypoblast or endoblast) which invade the primary -~ -

blast and push the original layer out tovthe_peripherl,

where it begiés to form the yolk sac membrane
(Bellairs, 1963; Vakaet, 197a; Rosenquist, 1971).
The endoblast forms a continuous sheet of cells which
underlies the epiblast and will form the future endo-
‘derm. The cells that follow the endoblast through the

primitive streak will form the mesoderm of the future

embryo.

In the early develcopmen: -f the chick embrvo

from Stage 1 to Stage 5, some cell surface alteration

20



is perceptible. Apparently, the electrophoretic
mobility at pH 7.2 of dissociated embryos decreasés
from unincubated to Stage 5 (zalik et al, 1972).
"Furthermore, 3Zalik et _al found that sialic acid
contributed little to the surface net charge. Also,
there 1is an associated decrease 'in the amount of
glycoprotein present at Ehe cell surface as the embryo
began to form the primitive Streak, as revealed with
lanthanum-nitrate and co}loidal iron bindiﬁg (Sanders
and Zalik, 1972). In addition, Sanders and Zalik
(1972) found that there was a large amount of lanthanum
staining present in junctional areas ~of the «chicgk
blastodetms and withih the primitive. streak region.

This indicated an increased amount of surface carbo-

hydrate moities in these two regions.

In sorting out experiments, the hypoblast was
found to have altered surface properties from the
epiblast. In 1974, Zalik and Sanders showed that the
@rimary hypoblast would sort out from aggreéatas of
.dissociated unincubated embryos. Also, in‘1975, Eyal-
Giladi et al showed that the primary hypoblast would
sert out and migrate to tﬁé edges of aggregates of

unincubated embryos with the vitelline membrane 3as a

o~
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_substrate, The aggregate would form a distinct two-
tiered structure, with thé larger, heévier primary
hypoblast cells positioned ventrally and the epiblast
cells dorsally. Bellairs et al. (1977) found

that when cultures of explanted endoblast and primary
hypoblast cells confront one another, the former
invades the latter and eventually the primary hypoblast
surrounds the endleést._ In addition, the primary
hypoblast has been shown to have an increased number of
Concanavalin A binding sitesgon its ventral surfaces,
as compared to its dorsal surfaces (Hook and Sanders,
1977) indicating cell surface specialization reflécting <

]

cell diffefentiation.

4. The use of Lectins in Probing the Cell Surface:

A. Agglutination Studies:

The history and development of the use of

lectins as probes of the cell surface have been
reviewed extensively by Sharon and Lis (1972, 1976),

Nicolson (19742), and Rapin. and Burger (1973).

Lectins (or phytohemagg¥dtinins) are plant or animal

tn



proteins that cause agglutination  of red blood cells.
These proteins, which inclpde Céncanavalin A (Con &),
Wheat Germ Agglutinin (WGA), Ricin Communis Agglutin
(RCA) or Soyabean Agglutinin (SBA), bind specifically
to carbohydrate moities ég the cell surface. - For

example, the WGA-induced agglutination of erythrocytes,

type A, a&i‘ specifiically inhibited by N-acetyl-

/

[§)
J

glucosamine (GlcNAc). - This indicates that WGA binds .

to terminal GlcNAc residues on the cell surface. Con
A 1is specific for terminal ol -methyl mannoside-like
residues at the cell surface because agglutination- can
be inhibited by the presence of c<—ﬁethyllmannoside in

the incubation medium.

Agglutination has been interpreted as the
cross-linking of like receptors on two cell surfaces by
a multivalent ligand.v By studying the patterns of
agglﬁtination caused by a series of lectins,‘the
investigator may determine the presence or‘absence of
specific carbohydrates at the cell surface. However,
two conditions should Qﬁ met before agglutination will
occur. First}y, the lectin must be multiv ent, and
secondly, the receptors should be mobile on tﬂe cell

surface. For instance,/ succinyl Con A, a univalent

-
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lectin, will not agglutinate or initiate movement of
‘the surface receptors to the extent that the tetra-
valent Con A does (Gunther et al., 1973). The
mobility of the receptors has been recognized to be
important through experiments which showed that
althouéh equél amounts of lectin bind to glutar-
aldehydé—fixéd cells versus non-fixed cells, the non-
fixed cells are agglutinable by much lower dosages of
the lectin than the fixed cells. This indicates that
.a loss of the receotor mobility decreases agglutin-
ation, but this c¢an be overcome by increasing the
number of cross-linking 1éctins mediéting agglutination
(Inbar et al., 1973; Noonan and Burger, i973). There-
fore, by noting the wvariation 4n agglutination, not
onlyﬁcan the surface topography be charﬁcterized, but
‘the conditions of the membrane receptor mobility could

be interpreted also. e

For gquantitative probing of the cell surfaces,
lectins have beeﬁ tagged with radiocactive markers.
This allows'comparisons in the binding of a variety of
cell typés and qonditionsf The 1investigator may -

quantify the number of lectin binding sites and cross

reference them to 2gglutination studies for surface



mobility. The most useful technique involves lacto-

. ’ . K ! 2 g
peroxidase (Arndt-Jovin and Berg, 1971) coupling of Lot
I to the lectin and subseqguent analysis of binding

(Ozanne and Sambrook, 1971).

Lectins such as Con A and WGA have been found
to be wuseful in the study of surface conditions of
transformed cells (for review see Noonan and Burger,
1974) . It has been recognized that ndh—transformed
cell lines are agglutinated only after trypsinization,
whereas transformed.cells can be readily agglutinated
by lectins. Aub (1963) was one of the first invest-
igators to discern that the differenée between trans-
formed cells and normal cells may lie at their cell
surfaces. His hypothesis seems well founded for the
characteristic conditions of cancer cells, that is,
contact 1inhibition 1loss, rapid division, altered

morphology and lowered adhesion would seem to fnéicate

<

some altered membrane structure. There appears to be

a loss of glycoproteins - from tge ‘transformed cell
membrane as detected with lactoperoxidase iodination
(Pouysseéur and ?astan,.1976). The'ability to probe
the cell surface of transformed cells will make
possible a potentially large amount of information with

3
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regard to the transformed state and may eventually

allow for methods of controlling the transformed state.
-

The use of lectins and Other such probes will 23id this

research.

Lectins also Stimulate mitogenesis (Lis and
Sharon, 1973) and are therefore useful in the study of
lymphocyte activation. Apparently the most important
factors in hitogenesis stimulation are the valency of
tﬁe lectin_(Mannino and Burger, 1975) and the capping

response of the lymphocyte.

B. Ultrastructural Visualization of Lectin

Sites: ‘

The sites where the lectins have bound to the
cell surface may be visualized and gquantified by a
vgriety of techniques. Afy the level of the light
microscopé, the lectins méy“be tagged with radié—
isotoées and studied bv autoradiography (as mentioned
above), fluorescein isothiocyanate (Smith and Hollers,

1972), or !tetramethylrhodamine isothiocvanate (Loor,

1973). The fluoreséent tagging method is very useﬁyl
e



since the dynamics of the lectin recert s may be
Oobserved- on living cells. This was the method used to
discover the patching and capping responses of lymph-
ocytes  .aylor et al., 1971; Karnovsky et al., 1972;:

Yahara and Edelman, (1972).

Cell surféce bound lectins may be located in
the electron microscope by a variety of techniques.
The most often used is the'conjugation of the‘lectin
via glutaraldehyde to an énzyme marker, such as

horseradish peroxidaseM(HRP, Avrameas, 1969) which is

electron dense after a eaction with diaminobenzidine

(DAB, Graham and Karnovsky, 1969), or to the electron

o

dense marker Ferritin (Ncolson and Singer, 1971).
Recently, the lectin, Con A, was located on the cell

surface with the specific marker Busycon canaliculatum

hemocyanin (Smith and Revel, 13872). This marker has a
distinct size and shape which aids in its recognitién
on the cell surface by‘the use;of replica technigues.

These three techniques were compared in a latudy
performed by Temmink et al (1975). ' They speculated
that the limitations of these techniqués were due to
the~marker size, the inability to determine the effect

of conjugation upon the binding ability of the lectin,



and the enéymatic reaction that takes place between the

marker HRP and DAB. They suggested that 1in vitro

conjugation of the lectin Lo the marker was a better
technigue bécause of its more direct biﬁding and
visualization. However, they noted that any enzymafic
reaction could produce an overestimation of the number
of lectin receptors present. The ferritin or hemo-
cyanin markers were considered to be the most accurate
in determining the number of lectin binding sites, but
the 1inaccessibility of some of the surface sites to

these labels is a limitation.

c. Lectins and Development

With the development of lectins as specific

probes for the surface characteristics, much attention

was devoted to changes in cell surfaces in relation to

cellular differentiation. In 1972, Kleinschuster and
Moscona found that in association with differentiation
there was an altered ability fér Con 2 to 1induce
agglutination. They found that -as retina cells from
eigﬁt— or nine-day. 6ld chick embryos differentiate and

mature, they lose the property of agglutinability with

[
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Con A. However, by treating thirteen-to sixteen-day

0ld retinal cells with trypsin first, the Con A induced

agglutination. Then, in 1973, Krach et al - found a
similar trend for developing sea urchin embryos. They

found that as the sea urchin embryo develoééd from one
to two and three davs old, there was a decrease in the
aggldtination with Con A or RCA. Interestingly, they
found that WGA had no effect. upon aggfutination in sea
urchin embryo cells until they were trypsinized.
These developmental changes may be associated’vith &

decreasevin the fluidity of the membrane (Martinozzi
and Moscona, 1975). Roguet et al (1976) found that
during development there was an.,altered fibroblast
response to a variety of mitogenic K lectins. By
monitoring the amount of (3H) thymidine incorporation
after incubation of chick embryo fibroblastsvkeight— to
sixteenjday) with Robino lectin, Dolichos lectin or Con
A, they found an increase in’mitqgenesic response‘of
the fibroblasts from the sixteen-day embryo to the
lectins. There was a definite gradient of mitogenicz
response, although the total amount of lectin binding
Sites decreased with development. Experimentsmfrom

the same 1lab showed that there was an associated

decrease 1in agglutination of.fibroblasts from the



éighth to sixteenth days of development (Adbery and
Bourrillon, 1976). S
Zalik and cook (1976) found that there was an
- associated. loss of WGA- induced agglutination of chick
embryo cells with development. They found that Stage
1 to Stage 5 chick embryo cells were agglutinated by
WGA, Con A and RCa but- not by fucose—blndlng protein,
and that SBA would induce agglutination only after

Neuraminidase treatment. - - However, trypsin pre-

treatment of twelve—day liver cells would 1nduce WGA

agglutinagion but had no effect upon blastoaerm cells.

They alsg found that the trypsinized twelve—day liver
cells bound less WGA thap EDTA—dissociated'ceils_ahd
thaﬁ the dissociated blastoderm cells. bound similar
amouqts of WGA as :he twelve-day cells. - They'thought
that WwGA receptorsvwére masked with trypsin-sensitive
material as develop.eﬁt‘proceéded, indicatihg that the
WGA receptors wereéiiteped,with differentiation.gb

As well, further studies with Con A have

implicated these receptors in early devel opment and

differentiation. , In Xenopus embrvos, 0O'Dell et a]

{1974) showed that fluorescein—labelled Con A had a

30



higher affinity for the dorsal lip of gastrulating
embryos and the presumptive  neural plate during
neurulation. In sea wurchin embryos, Oppenheimer's

group found that micromeres were preferentially

aagglutinateq by Con A (Neri et al, 1975; Roberson et
al, 197s). They also showed that fluorescein Con A

had a greater lateral mobility on the micromere cell’

surface than on the mesomere or macromere cell

membranes.

The decrease in agglutination as a function of

differentiation is probably not related to a decrease

in the fluidity of the bilayer, because agglutination

cannot be related to fluidity (Gaffney, 1973; Lyles

and Landsberger, 1976; Bales et al, 1977). Also, the

surface characteristics of cel;s, that is, the presence
or absence of microvilli, have been shown to have no
correlation with agglutinability (Ukeﬁa and Karnovsky,
1977). Finally, the decrease in agglutination cannot
be attributed to a decrease in' the numbsr of lectin

binding sites, as the amount of lectin binding remains

- the same or increases as development proceeds. The

alteration that has apbarently not been examined is the

relationship of cytoplasmic control over the surface

31



receptors and the effect of trypsin upon the surface
modulating assembly. Although masking of surface
receptors is a very probable method in differentiation,

the cytoplasmic control should be considered as well.

D. Wheat Germ Agglutinin:

. Wheat Germ 1lipase was found ta agglutinate
malignant cells specifically (Aub et al, 1963) and the
actual Wheat Germ Agglutinin (WGA) was purified by
Burger (1969). The molecule was originally thought to
be a glycoprotein (Nagata and Burger, 1972); howeyer,
it has been determined with“further purification £hat
WGA Is a protein rich in sulphur-to-sulphur bonds (as

rwebl as half—cystiné, glycine residues;' LeVine et al,
1972, Allen et al, 1953). The binding site is similar
to that of Heh's egg-white lysozyme and is like a cleft
in the molecule. From binding studies it appeé}é that
the binding affinity is much grgatér for oligomeps cf
N—acet?l—glucosamine (GlcNac), sé that chitobiose
(G1cNAc) , has a higher affinity than GlNAc at the éite
(Privat et al, 1974; Goldstein et al, 1975; Privat

. and Monsigny, 1975). WGA was also found to bind non-



specifically to Sialic aciad . by Greenaway and

LeVine (1973). Rice (1976) found that the crude Wheat
EN Gerﬁ from a varilety of strains possesses a variety of
agglutinins. He concluded that it is necessary to
ensure that the source of the agglutinin is noted due
to the varying isolectins that were found. Also, the
method for purification should be standardized so that
all laboratories would receijve identical agglﬁtinins
(Wang et al, 197s). Recently, Sharon (1977) has
suggested that WGA has a complex molecular config-
uration; that is, there are two. asymmetric units per
subunit weighing 23,000 daltons and two subunits with
four binding sites ber molecule weighing 36,0208

daltons.

“

Wheat Germ Agglutinin has been visualized on.

the surface of a wide variety of cells by coupling via
the glutaraldehyde method of Avrameas (1963) to horse-

radish peroxidase (Huet and Garrido, 1972; Gonatas and

Avrameas, 1973; Garrido et al, 1974) or ferritin
*(Nicolson et al, 1975; Shimizu and vYvamada, 1976) .

Recently, WGA was identified ultrastructurally with the
marker enzyme Glucose oxidase (Francois and Mongiat,

1977). By employing these ultra§tructural techniques
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of WGA visualization, these authors have found that
transformation does not aiter the surface binding
pattern of WGA. There is, howevgr, 4 general agree-
ment that transformation causes an‘increased mobility
of surface WGA receptors. These findings, and the

evidence that WGa specifically agglutinates tfansformed

‘cells over non-transformed cells, could indicate either

increased membrane fluidity or disruption of the

Surface Modulating 'Assembly with transformation.

Garrido (1975) found that cells that where entering

mitosis showed an increased élustering of WGA sites, as
visualized by horseradish peroxidase, over cells that
were in the interphase. They also reported that the

mobility of surface feceptor sites was nc . =2ndent

upon whether the cells were in suspension 0. 1n mono-

layers. Furthermore, there was no correlation between .

colcemid treatment and mobility. This may suggest
that the transformed State and the mitotic state are
Synonymous, with respect to the Surface Modulating

Assembly.

The activity of the surface receptors seems . to .

’

be similar to the Con a receptors. When the cluster-

~ '

;ing of WGA receptors occurs, the distribution of other



lectin receptors is clustered also (Shimizu and Yaméda,
1976) . However, it could not be determined if
different glycoproteins were being labelled.  They did
note that when cells were agglutinated with ferritin
labelled 1lectins, that thé ferritin label showed a
clustered distribution on the free surfaces and in
areas where the two cells were >in contact. This
finding., supports previous informgtion Ehat agglut-
Ination is a cross-linked process (Nicolson, 1972).

Q

: . ’ ) 4
< ~ Very few studies have been directed towards

visualization of WGA receptors related. to embryonic |

differentiation, although the evidence suggests that
WGA receptors are altered with differentiation by a
trypsin-sensitive material gMoscona, 1971, 1974;
K;einschuster aﬁd "Moscona, 1972; Zalik and Cook,
1976) . These. studies have_ used exclusively
‘agglutination assays to determine alteration of cell
surfaée with differentiation. The present study was
conducted to examine the relationship of WGA binding
sites and the early development of the qhick embryo in

o

situ.
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MATERIALS AND METHODS

1. PREPARATION OF CHICK EMBRYOS

Fertilized eqggs from Leghorn ‘chickens were
obtained from the Poultry Farm, University of Alberta.
The embryos were dissected out and the adhering yolk,
the embryo and 4the sguare vof vitelline membrane was
scooped out and placed in cold Pannett 'and Compton'é

saline (Pannett and Compton, 1924).

Pannett and Compton's saline (PCS), a buffered
isotonic saliﬁe,.was prepared §y mixing 47.4 g NacCl,
6.2 g KC1, éfl g CaCl2 5.1 g MgCl2 .6 H,O0 and 2.42 g
Tris up to 1 litre of deo. Thl; stock solution was
adjusted to a PH of 7.5 at éSOC with 1 M 'solution. of
Tris (reagent grade) and was stored in the refrigerator
at 49C until used. - Before the embrvos were piaced

into the saline, the stock solution was diluted ten

times,

The embryos were then cleared of all adhering .

Yolk granules and the vitelline membrane. They weTe



then transferred into separate watchglasses containing
fresh PCS and placed in the refriagerator (4°c ) over,-

night.

2. PREPARATION FOR TRANSMISSION ELECTRON MICROSCOPY

All stock solutions were routinely checked for

proper pH. Those that were not in stock were made
fresh before the experiment was started. .The follow-
ing procedure was the standard Preparation. However,

depending upon the conditions to be tested, ~these

methods were altered to suit the expériment.

The embryos were removed from the refrigerator

and rinsed twice for 10 minutes with 0.1 M Na phosphate

buffer, (Sorenson's) PH 7.4 (the bdffer). The embrvos

were Kkept cold by either rinsing with cold buffer or by
placing Ehe watchglass on ice. After rinsing, the
embryos were fixed with 2.5% glutaraldehyde (from 70%
stock of Ladd’Research Chemicals) and in the buffer fof

2 hours at 4°cC. The embryos were rinsed again with

the buffer three times for 10 minutes each. Embryos

were then post-fixed with 13 0sO4 1in the buffer for 1

“hour at 4°c. This was followed by three rinses for 10

minutes with the buffer or an overnight rinse with the

[N]
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buffer at 4oC, The embryos were then dehydrated in a
graded series of ethanol (12 minute rinses in 50%, 7d%,
8d%, 95% and two—rinses in absolute ethanol). After
dehydration, the embryos were immersed in propylene
oxide .for 30 minutes at room temperature. Then the
embryos were transferred into new yials containing 1:1
propylene oxide:-araldite (Luft, 1961). ° Aafter being
allowed to stand overnight, the mixture was drained off
and fresh afaldite (about 1 ml/embryo) was layered on
top of the embryo. The vials were then placed on a

multi~purpose rotor (Scientific Industries Inc.) and

rotated for 6 to 8 .hours at room temperature.

The embryos were then scooped out of the vials
and placed on a half-block of araldite, labélled and
covered with frésh araldite. The rubber mold was then
transferred to the oven (temperature SGOF or 15OC) and
polymerized for about 60 hours. The blocks were then

rem: < from, the mold and trimmed.

S

(-
.Thin sections of a light gold or silver re-

e} .
flection pattern (about 600 A thick) were cut with a



glass knife. The sectlions were picked up on formvar-

coated 200 mesh copper grids.

When required, the sections were stained with
2% aqueous uranyl acetate for 8 minutes, followed by
Reynold's lead citrate (Reynolds, 1962) for 6@ seconds.
This staining method greatly increaéed the contrast of
the specimen but was not desirable when the experiment-
al conditions were employed. It was apparent that if
the staining was intense, the experimental results

tended to be obscured.

All grids were obgerved ir. the Philips 3d¢
electron microscope at an accelé}ating voltage of 68
—Kv. Negatives were taken at one-guarter second
exposure time on Eastman Fine Grain Release Positive
film and prints developed on Kodabromide paper of

either 4 or 5 grade.

3. PREPARATION OF CONJUGATES

A. Wheat Germ Agglutinin-Horseradish Peroxidase

" (WGA-HRP)

o
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This coupling pfocedure employed the one-step
conjugation by glutaraldehyde (Avrameas, 1969) and

followed the methods of Huet and Gaprido (1972).

Tﬁe lectin WGA (from Sigma or Miles.Yeda) was
used without any furtﬂer purification; To a solution
contailning x mg of WGA, 2x mg HRP (Sigma Chemical Co.)
were added in a fixed volume of 1 ml of 2.1 M phosphagi///“\
buffer, pH 6.8.- To cross-link these two molecﬁfgs,
glutaraldehyde was added to a final concentration kof

0.02%. The reagents were gently swirled and allowed

to react for 3 hours at room temperature.

Fcllowing the conjugation reaction, the WGA-
HRP reaction mixture was placed in a small dialysis bag
(prepared by boiling in 4 sz for 4 houfs) and dialyzed
againét a large volume of buffer containing 2 mg/ml
glyciﬁe overnight. Dialysis Qas performed tb

(N

allow ~ the . exces

n

glutaraldehyde to be removed from the reactior medium.
' N
The glycine was employed to inactivate the glutar-

aldenvde cross-linking within the reaction volume and
also Lo inactivate the glutaraldehyde which would

diffuse into the dialysate volume.



The dialysis was then continued with two

changes of the buffer. This was the standard coupling
reéction procedure, and when it was altered, the

changes will be indicated.

The concentration of WGA-HRP ‘applied to the
embryos wgs'found-to be critical. Experiments tested
25 pg/ml, 50 Pg/ml and lﬂﬂ'pg/ml of the conjugate.
Thé’?ésults at 25 jpg/ml were inconsistent, but at 5g
Mg/ml the results were repeatéble, SO 50 pg/ml of WGA-
HRP was employved in all the experiments. - In the
controls, the conjugate was incubated for at - least 2
hours with 9.5 M N-acetyl-glucosamine (GlcNAc, Sigma

Chemical%Co.) before being used.

The conjugate of WGA-HRP was localized  on the
cell surface by utilizing the'technique of Graham and
Karnovsky (1966) which makes the HRP electron dense by

goupliﬁé it to 3'3' diaminobenzidine tetrahydrochloride

' (DAB) . To a solution of 9.85 M Tris HC1 buffer, ph

7.6, was added 2 mg/ml DAB (J.T. Baker) . The solution
was swirled with H202;(56% Fisher Scilentific “o0.) at a
final concentration of 0.01%. The oxidsa of the

>

DAB was allowed to Proceed for about. 2 hours before it

L



was used as a stain. The activated DAB was al’ ~4d to
react with the glutaraldehyde-fixed embryos for 3¢
minutgs before post-fixation. The émbryos were then
rinsed three times for 18 minutes in the buffer and
then post-fixed. The post-fixation with'OsO4 made the
bAB deposit electron dense- so that the moleculeg of
WGA-HRP-DAB appeared as a dark deposit on the éell

surface.

B. Wheat Germ Agglutinin-Ferritin (WGA-Fe)

‘The conjugation of this electron dense marker
was a combination of Ewe previous methods (Nicolgon et
al, 197s5; Shimizu and vamada, 1976). To a solution
containing 5 mg ferritin (Sigma Chemical Co.) 2 mg WGA
(Miles Yeda) and 1 mg GlcNAc in 1 ml 9.1 M phosphate
buffer, pH 7.2, glutaraidéhyde was added to a final
cbncentratibn of 8}035% (W/V). Thé mixture was

swirled and allowed to react for 3 hours at room temp-

erature. Ethanolamine (Sigma Chemical Co.) pH 8, was

added- to a final concentration of 8.1 M and allowed to
inhibit the crosslinking of glutaraldehyde for 2148
minutes, The solution was then placed into a small

‘dialysis bag (preboiled for 4 hours in 4 H, 0) and



dialyzed égainst .1 M phosphate buffer, PH 7.8 over-

night.
Purification of the conjugate was performed by

gel chroma%ography. The columr preparation was as’

follows: 3 g CNBr-Sepharosse (Pharmacia._Finém

Chemicals) was weighed'out and washed, and swollen on a
scintered glass.filter with 608 ml of 1 mM HC1. Ovo-
mucoid (Sigma Chemical Co.), 90 mg, was mixed with the

gel in 8.1 M NaHCOB, PH 8, plus 4.5 M NaCl for 2 hours

at-room temperature or overnioht at 4°c. The excess:

ovomucoid was washed away with @¢.1 M phosphate buffer,
pH 7.2, and the remaining active groups of the CNBr—
Sep?arose were blocked with 1 M glyc1ne, pPH 9.¢, for 2
‘hours at room temperature. The excess glycine was
rinsed away with .1 M NaHCO ' pH 8.3, .plus 4.5 u
NacCl, foilowed by acetate buffer (9.1 M, pH 4) and
finally NaHCO; buffer. The gel w&s then stored at 4°c

with sodium azide until use.

The ovomucoid-Sepharose was packed in a 4.9 x
15 cm column and equilibrated with @.1 M KCl, 8.01 M
Tris buffer, opH 7.4. The corn-ugate was absorbed to

the column and then eluted with .45 M 31cNAc in d B0



or 8.1 M acetic acid, pH 2. The absorbance at 288 nm
was monitored with a Beckman Model 26 spectrophotometer
and Eﬁggijér. The fraction containing the conjugate
was collected and ultracentrifuged at 100,000 g for 2
hours. The Sbecipitate pellet was then dissolved in a

small volume of phdsphate buffer and dialyzed overnight

against - phosphate buffer. Finally, to remove aggre-
gates; the sample was fractionated on a small column of
Sepharose 4B and the absorbance monitored at 284 nm.
The first fraction which caused a peak at 280 nm was
within the void volume of the column and was considered
to be aggregates of the conjugate. Tﬂe second peak
~was collected and utilized in the experiment. A Lowry
protein determination was executed to calculate the

final concentration of the conjugate.

4. NATIVE WGA VISUALIZATION -

To study the distribution of native WGA, the
technique of Francois et al ¢1972) was attempted.
Native WGA, theﬁ purified lectin without any chemical
modifications (1449 pag/ml) "in the buffer, was incubated

with the embryos for 1 hour. In the <control



Ssituation, 100 Fg/ml WGA plus @.5 M GlcNAC was in-
cubated with the gl%taraldehyde—fixed embryos for 1
hour at roém, temperature. \This incubation was
followed by two rinses with the buffer for 15 minutes
each. The embryos.were then incubated with 1 mg/mi
HRP for 1 hour at room temperature. Then they were\
rinsed four times with the buffer for 15 minutes each
and allowed to react with DAB for 34 minutes at room
temperature. Finally, the embryos were rinsed three

times for 1/ minutes each with the buffer and post-

fixed.
‘‘‘‘‘‘ This experiment was to test the distributtion
of WGA on Z;z\gﬁiface of the embryo. The WGA was not

modified by conjugation in this case, so that it could
be:called native wGa binding. The rationale was that
if the conjugation reacﬁidn‘was altering the binding
site of the WGA, the distribution of the native WKGA®

binding wodld be different than the-cbnjugated WGA.

In addition, native WGA was visualized on the
cell surface with the method of Francois and Mongiat
(1977) . WGA (50 Pg/ml) in the buffer was incubated

with the embryos for 3¢ minutes at room temperature.

i~
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As a control, WGA élus 9.5 M GlcNAc was incubated with
the embryos for 30 minutes st room temperature. This
was followed by three rinses -for 19 minutes with the
befer. Then the embryos were incubated with 1 mg/ml
'glucose oxidase (Sigma Chemical Co.). for 15 minutes at
room temperature, followed by two rinses for 1g@ minutes
with‘the buffer. The glucose oxidase was revealed
histochemical'y via the method of Kuhlmann and Avrameas
(1971), which uses 15 mg glucose, 0.5 mg DAB and 1 mg
HRP per ml of 4.1 M-phospha&g buffer, pH 6.8. This
reaction mixture was incubated with the embryos
following glutaraldehyde fixation and tﬁree thorough
rinées (2d. minutes ~each) with the buffer. The
inéubation was at 37°C and lasted for at least 39
minutes (for increased reaction product, the incubation
~was allowéd to proceed up to 1 hour) The resulting

deposit was electron dense.

5. ENZYME PRETREATMENT OF THE CELL SURFACE

(STAGE 1 EMBRYOS)

The cell surface was Dretreated with

neuraminidase (Nanase, Schwartz-Mann) prior to the

A6
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binding of the WGAHRP. conjugate. This enzyme, from
Vibrio cholerae, has oDt imum activity at pH 5.7. It
requi{es the presence of Ca+s+ for 1its hydrolysis

activity at o-2,6 links between the terminal N-

acetylneuraminic acig and 2 acetamido-2-deoxy-D-

gaiactose. ‘However, with prolonged incubation, this
enzyme.will cleave all the sialic acid from terminal
positions’on a variety of substrates without preference
for linkage type.  The embryos were incubéted in PCS
containing 2¢ units/ml Nanase for up to 1 hour at 37°%.
Then they were rinsed with colgd buffer | twice for 19

7minutes each and fixed with 2.5% glutaraldehyde.

The cell surface was also Pretreated with
crude bovine testis hyaluronidase (HAse, Sigma Chemical
Co., Grade 111). This enzyme prepara;ion is very
crude and contains other enzymes as well as HAse.
Howevér, it will degrade hyaluronic acid, chondroitin
and the chonaroitin sulfates with 5 pH dptimLm of 5.49.
The embryos were Pretreated with crude HAse (508 Ag/ml
6r 22.5 units/ml) r 39 minUtes at pH 5.3 and 37%.,

The embrvos wers then rinsed ang fixed with 2.5z

glutaraldehyde.

~4



To study the amount of . WGA-HRP binding to
hyaluronic aéid (HA) only, HAse from Streptomyces
(Calbiochem) was used to eliminate this glyco-
saminoglycan (GAG). This enzyme degrades only HA and
liberates GlcNac and glucuronic acid with breakdown
products of these two carbohydrates (Ohya and Kaneko,
197@). Tt has a pH optimum of 5.8 and an optimum
temperature of! GGSC. > Approximately 12.5 or 16.6
TRU/ml (turbidity reducing units) of HAse in 0.081 M
sodium acetate, PH 5.0, plus 6.1 M NaCl was incuba;ed
with'the unfixed embryo for 60 minutes at 37OC.v As.a
control experiment, the unfixed embryo was incubated in
the same medium but without the HAse for 68\minutes at
37%%. Following the incubation, the embryos were
gently rinsed two times for 18 minutes each with cbid
buffer énd fixed with 2.53% glutaraldehyde. In thoée
experiments‘ﬁhat employed pretreatment wiﬁh HAsef the
embryos were rinsed once before incubation with a
buffer solution that was identical to tbé vehicle
carrying the enzyme. |

In aédiﬁion, the effect of trypsin and p;onase
upon the binding of WGAQHRP to chick embryos was

studied. These two enzymes act only upcn the proteins

-~

i~
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extending from the cell surface. Pronase has a broad
range of activity and cleaves proteins randomly. On the
other hand, trypsin will cleave only at 1lysine and
-arginine amino acids. ~ However, both of these enzymes
should decrease the amount of carﬁohyarate upon the
cell surface. Spécifically, 0.1% trypsin (1:300,
Becton, Dickinson & Co.) in g.1 M phosphate buffer, pH
7.4, was incubaged with the embryos for '15 or 30
minutes at 37°%. Other embryos were incubated with
8.1% pronase (Calbiochem, B gradeé) in @.1 M phosphate
buffer, pH 7.4, for 15 or 38 minutes at 37°%. The
embryos were then rinsed briefly with phosbhate puffer
and fixed with 2.5% glutaraldehyde. .

In the control experiments, there was no
enzymé in the medium in which the embryos were
incubated. Howevei, the medium containing the émbryo
was the same as the vehicle carrying the enzyme.
following these pretreatments, Stage 1 embryos were v;\ \
allowed to react with 5@ Mg/ml of the‘WGA—HRP conjugate
(0.83% glutaraldehyde) for 38 minutes at room temper-

ature. ‘The embryos were then rinsed with buffer,



-

post-fixed and prepared for observation in the

microscope.

.(“

electron



RESULTS

The general morphology of the_ chick embryo
when it leaves the uteruo of\the hen has been examined
and staged by Eyal-Giladi and Kochav (1976) . They
suggést. that when the egg is expelled, the actual
deyélopment, uhd hence morphology, of the embryo will
differ from one individual to another. It appears
that the major variable within these few critical hours
is the relative development' of the hypoblast. The
epiblast appears throughout these early stages as a
columnar sheet of epithelial- llke cells that are about
9-12 M in diameter and have tight apical junctions
(Figure 5). A Stage X embryo has isolated groups of
hypoblast cells that may be about 108-19 H in diameter,
contain large amounts of yolk granules and haue a round
vhorphology without any apparent junctional complexes
(Figure 1). : However, once -the "sickle of Koeller", or
crescent cf hypoblast célls, forms at the posterior end
of the embryo, the hypoblast cells have altered their
morpholog?. The Stage XII embryo has hypoblast cells
that are thin and extended, like a Squamous layer of

cells (Figure 6). Their relative amount of



Fig.

Fig.

Fig.

Light micrograph of a cross~-section through

the center of a Stage 1 chick .embryo

{Hamburger & Hamilton, 1951) stained with

Tbludine blue (x 4¢0). E—ebiblast cells,
H-hypoblast cells. Note within the hypoblast
there are two types of cells: large round.
cells and flat extended cells (indicated with

arrows) .

" Light michgraph of a cross-section through
the primitive streak of a Stage 5 chick embrvo

(Hamburger & Hamilton, 1951) stained with

)

Toludine blue (x380). E - epiblast cells, M -

mesenchyme cells, N - endoblast cells, 'PS -

primitive streak.
J

Higher magnification of a cross-section

through the primitive streak stained with

Toludine blue' (x756). E - epiblast cells, M
. ,

- mesenéhyme cells, N - endoblast cells, pPs -
t
/

prim?}}be streak.

Higher magnification of a cross~section
through an area lateral to the primitive
streak stained with Toludine blue (x758). E

epiblast cells, M - mesenchyme cells, N -
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Fig.

Fig.

Electran micrograph of the epiblast cells in a
Stage 1 chick vembryo (Hamburger §& Hamilton,
1951) ~stained with wuranyl acetate and lead
citnaté (x7,600) . N - nucleus.
[

Electron micrograph of 3 Cross-section thfough'
the hypoblast cells in the "sickle of Koeller™
of the Stage 1 embryo (Hamburéer & Hami&ton,

1951). Strined with uranyl acetate ang lead

citrate (x7,6a0).

Note: the é%lls have a flattened‘morphology.
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yolk granules appears to have diminished and they‘seem
to have formed more specialized cellular contacts

between adjacent cells.
5

+

o LAk

differences en individual unincubated ralrvos, for
. ‘W%g,:ﬁ

the purpose of cell surface changes assoc2?ated with

Al -hong:  there appeared to be mor@hd%&gical
i g

development, all of the unincubated embryos will be S
classed as Stage 1 (Hamburge: & Hamilton, 1951). Thé-Q;WiTﬁﬁp
) . _'_J b '\“&.
classification into Stage 1 is possible because none of .Q%S‘
PR

‘
BY

the results showed any differences betweeﬁ these early
‘stages (according to Eyal-Giladi and Kochav) with
reg%%d to the cell surface. However, after Eﬁé embryo{
hasiéeveloped to Stage 4 or 5 (Hamburger &_Hamil;on,9

y .

. \ e
1951), the cell surface and the morphology havé' changed

(Figures 2, 3, and 4).

Throughout the ekﬁ%riments,‘the embryos were
sectioned in two areas. The ,centét‘ Qf‘ the area
pellucida of Stace 1 and Stageié embryos was examined
first. . Then the lateral areas of the area pellucida
were exaﬁined. It was assumed that»ceiis from these

two areas would show the greatest variance in surface

Structure as réflected by WGA binding. The results



indicate that the Stage 1 embryo had ho difference in
the 'surface distribution of wWga binding sites from
these two areas. Therefore, representative micro-
graphs are only from the central regibn. However,
once the embryb had progressed to Stage 5, there‘was an
apparent difference in the surface distribution of the
WGA binding sites according to the region examined.
»

A variety of methods was employed to localize
the WGA binding sites upon the cell surfaces. The two
most successful methods of tagging 6he ‘WGA' were the
direct method of a one-step conjugatio; bﬁ‘WGA to HRP
using glutaraldehyde, and. the indirect ‘ﬁéﬁﬁod of
binding glucose oxidase to WGA previously bound to ﬁge
cell surféce. When the WGA and its marker are reacted
with the tissue, toéether or as ffunit, this is called
the "direct method". However, whﬁﬁ%the WGA 1s allowed
to react with the tissue ang after a rinse period the
marker is allowed ~to react with the WGA that hnas
remained on the tissue, this is called the "indirec:

metﬁod".‘ Both procedures should produce the sanme

result, with the presence of WGA being revealed upon

the cell surface of the tissue by the activity of the-

marker ‘enzyme. With few exceptions, all controls were .

[N

‘o
>

wn
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carried out uéing N—acetylfglucosamine (GlcMAc) as the
hapten inhibitor. Where no binding of WGA was seen in
these. controls, it was assumed that the cell surfaces
binding WGA in experimental samples possessed exposed
GlcNAc residues. In several cuses, the hapten
inhibitor failed to prevent WGA binding in the
controls. In these latter cases, the specificity of
the experimental binding was questioned and examined

PP AA ‘:-\‘!

further. - T

.

1. Unincubated Chick Embryos (Stage 1)

In these experiments, the embryos were either
prefixed with 2.5% glutaraldehyde for 2 hours at 4°%¢

and then manipulated, or they were manipulated as live

,tissue and then fixed following the same procedure.

Neither procedure seemed to alter the distrjbution of
the WGA binding sites in general, although the
bPrefixation retained the Structure of thet embryo

ElSiuL

~

. WGA-HRP conjugated with 4.g¢3s glutaraldehyde

-

(fixed and unfixed tissue)

-



The distribufion of WGA binding sites 1is
reflected by an electron dense deposit iocated’along
the extracellular side of the plasma membrane. ‘>This
electron dense deposit is the reaction product formed
by the deposition of diaminobenzidine wherever the HRP
occurs. Naturally, since the WGA is conjugated to the
HRP, the deposit reflects the wGa binding sites. In
the control experiment, the WGA—HRP‘éonjugate is
allowed to react with its appropriaté hapten inhibitor,
GlcNAc. Although the conjugate and the hapten reacted
for at least 2 hours,-there was a éonsistent, fesidual(
non-specific binding to the dorsal surface éf the
epiblast (DE Fig. 7) and the ventral surface of the
hypoblast (VH Fig. 11). The other surfaces had their

reaction product remoygd by the hapten in the control
LR R, .

w

»

experiments (Figs. 8,

Af%nd I9). This indicates that
the WGA binding sites bn the lateral su;fécés of the
epibla?t (LE), ventral surfaces of tﬁe,epiblést (VE) ,
and dorsal surfaces of ﬁhe hypoblast (DH)., are
specifically due to the §resence of GlcNAc (Figs..13,

14 and 15 respectively). Due to the WGA binding in

the controls, little can be deduced from the binding' g

~

the DE (Fig(fYé) and VH (Fig. 16) in these experiments. .

4
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Fig. 7

to 11

Fig. 7

Fig. 8

Electron micrographs of the cell surfaces of

the prefixed Stége 1 chick embryo treated with
50 pnpg/ml WGA-HRP (conjhgated with 0.03%
glutaral :hyde) + 8.5 M GlcNAc for 36 minutes

at room temperature and then rinsed.

The dorsal surface of the epiblast, unstained

(x 37,100). MV-microvilli.

The lateral 'surfaces of the epiblast,

unstained * (x 37,108). M-mitochondrion.

”Eig. 9\\/¥he ventral surface of the epiblast, unstained

Fig.‘lﬁ

(x 37,5pd) .

The dorsal surface of the hypoblast, unstained

(x 37,100).

Fig. 11 The ventral surface of the hypoblést,

unstained (x 37,108). M-mitochondrion.
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Figs.

to 16

Fig.

Fig.

Fig.

Fig.

Fig.

12 Electron micrographs of the cell surfaces of

12

13

14

15

16

the prefixed Stage 1 chick embryo treated with
50 pg/ml  WGA-HRP (conjugated with 0.03%
glutaraldehyde) for 30 minutes at room

temperature and then rinsed.

The dorsal surface of the epiblast, unstained

(x 37,100).

AN

The lateral surfaces of the epiblast,
unstained (x 37,100). Arrows indicate WGA

binding sites. .

The ventral surface of the epible unstained
(x 37,1088)." ER-endoplasmic reticulum; arrows

indicate wGa binding sites. i

The dorsal surface of the hypoblast} unstained

(x 37,100). Arrows indicate WGA binding

iy

e

Sites.

The ventral surface of the hypoblast,

unstained (x:37,109) .

<

-
o4

£

45



1




b

A

The failure of the control experiments with

regard to DE and VH prompted further study to explain

the

L}

non-specificity of the WGA-HRP conjugate. The

following procedures were adopted:

(1)

(11)

Altering the final concentration: The final
concentration of the conjugate was adjusteé between
25 pg/ml  and 106 pg/ml. At the lowest
concentration, the binding pattern of WGA was
erratic and the controls inconsistent. hen the
final concentration was ‘109 pg/ml, there was an

&,

L8 over a series of

)

associated incrias in the non fic binding to

the DE and VH (Figs. 17 to 29).
experiments, the desired consistency of results in
the experimental situation and the least non-

specific binding occurred when the final concen-

tration of ;the WGA-HRP conjugate was 5¢ Pg/ml.

Activated HRP: Whether the non-specificity of the

conjugate was due to the HRP moiety was tessted by
reacting the HRP with glutaraldehyde in the absence
of WGA, then dialyzing and reacting the activated

\

HRP with the chick embryo. There was no binding
: O

'of HRP to the surfaces non-specifically. In



Figs. 17 Electron micrographs of the cell surfaqes of

to 20 the unfixed Stage 1 chick embryo treated with
180 ug/ml WGA-HRP (conjugated with @.¢3%
glutaraldehyde) for 38 minutes at room

temperature,

Fig. 17 The do}Sal surface of the epliblast,

experimental, unstained, (x 37,190).

Fig. 18 The dorsal surface of th: epi _-t, control
experiment (treatme:. was with 188 ug/ml
WG;A—E“IRP Preincubated .~ ‘th #.. M GlcNac),
unstained (x 37,12 .

Fig. 19 The wventral surface of the hypoblast,
experimental, ‘unstained (x 37,100) ..
Fig. 280 The ventral surface of the hypoblast, control

experiment, unstained -(x 37,100) .
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addition; due to the absence of reaction product,
it may be inferred that the subsec vt'intensifi—
cation reactions with diaminobenzi. "2 not stain
the cell surfaces non-specifically. Thése last
two findings suggested that the. non-specific
adsorption of pe conjugate was due to the lectin,

WGA, and not the ehzyme'marker‘systems.

Hapten concentration and combiﬁationsf Another
ipten ~oncen = riAvinations

Possible explanation for the non-specific binding

in the controls: was that the relatively hign

. concentrations of the hapten' (0.5 M) were inducing

the two surfaces (DE and VH) to absorb the con-

- Jugate non-specifically, by alterihg the surface

harge oy by a sugar transporting mechanism. at

these sites. The high concentration of the hapten

. . 5

may also induce the WGA  to increase any. non-
speéific adsofption. slso, %lcNac by itself may
not’ be a. potént -enough inkibitor, but with the
presence of another :hapteh, the” th may” inhibit

- N 3 ' .
binding. The Other wmugar molety that was chosen

was N—acetyl—galadtésamine (GalNAc) due to' its

Similarity of structure. EXperiments were

conducted with %he following cémbinations: 3.5 M



)

GLeNAS; 0.1 M GloNac; 8.5 M GleNac +8ls M

G2INAc; 8.1 M GlcNAc + 6.1 M GalNAc.  All results
appeared 1identical to the control experiment. with

the hapten GlcNAc at a concentration of 6.5 M
' e
CE v [

(Figs. 7 to 16). : oy

ol .
{*> VGiygine rinse: The probiem..QitH the glutara-
/o ldéhyde fixation ié' that unreacted free aldehvde
K‘.‘ groups within the mombrane remain active for some

o

time following fixation. - To eliminate. possible

non—specific reactivity of qlutara’dehyde with WGA,

o

the tlSSU° was washed after fixation with phosphate

buffer containing 2;w : ‘lyqine twice, anmd t
~rinsed °with' buffér a A1though the ac
aldéhydé ’Q:odﬁs Of- thé gluta dehyde wohld‘ Have:‘
been;eliminated;by thg rgacti_kﬂulth‘“he gl?c1net

BARN

'during.wa§hing, the&experlments had 1dentlcaL

res@@ts to the 1n1t1a1 attempts (Figs 7, to 16) . e
WGA é%urce: . The ccmmercial procduct WGA was tested

. i .
and compared between Lo companies. There was.

2vidence that gz variety of DUElLlcathn proccdur@s
nad ozeen employed so thct the end product could

concelivably havz an alteréd specificity. There-
‘ : =



.
@ . o
Ay o

fore, WGA was purchased from Sigma to compare with =~

the results of the previous binding studies with

.y Ehe WG2  from Miles. Both lectins were used

‘similarly and conjugated to” HRP with 0.03%
R Jlutgraldehyde. However, ther~ appeared to be no
oo

gp difference in the binding patterns of one lectin

compared to 'the other . ¢~Essentiaily the results

were similar to previous findings (Figs. 7 to 16).

)

’ L]

) - Live tiesue: %khe effect of WGA blndlng and the

N .
dlstrlbutlon of; wd§~b1md1ng 51tes upon live tlSSu%f

were examined.. In mLs experlment, the WGA
@ .

(Slgma)—HRP wyonjugate was allowed "to react ‘with
llve Stager?; embrVOS\fbr 15 minutes at room

0o 7

temperature before a 68 mlnate rinsing period and

. B s
Ce 'subsequent flxgtlon with glutaraldenvde The

results 1ndl€§%ed that the non- epehlflc blndlng to
o % \.3: .
G the DE anﬁxﬁﬁlwas stlli present - (Figs. 21 to 25).

S

S

_Also there Jappeared t2, be some non-specific

LI
L

“binding to the VE _ (Fig. 22). The cellular

response to the non-specific binding is the same asz /-

‘the’ response . to the binding without the hapten

>

present (Figs. 26 to 53 The reaction produci

can be visualized as being tlumped or patcned and

Y
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,. , . P : A S . » .
& (x 37,100). : A

ﬁiqs. 21 Electron micrographs of the cell sutffaces of

to 25 the unfixed Stage 1 chick embryo tredted with

5¢ xmg/ml  WGA-HRP (f“on]ug ted with 4. 831

glutaraldehyde) - % 0.5 M GlcNAc for 15 minutes

@)

A

at room temperature, rinsed three times at &
R , “
C and then fixed. )

i

&

Fig. ;21 The dorsal surfacq of the epiblast, unstained’

(x 3?)1@0y;f Arrows lndlcate patchlng of the
"~*" non- SpelelC WuA blwdlng 51tes,

L B o

Fig. 24 The ventral surfacﬂ of ;he epiblast, un%calned

. -’:’o-‘ )’ (N
o (x 37 140). Ev- endocytoflc VGSlCleb contalnlwg
,"‘\";A | . O{;U v L .
non-specifi% WGA, brhdlng sites.
C s .‘; . } . (:::,. ' \,> . @?

. &

- ‘2 ‘

Fig. 23 “The lateraJ surface ofWGHe eplblast unstained
4 Com .

S 37,180),. e W

-

W

i

T\,

o ’ ] v?
» s

€

3

. . a_ '&‘3 L . T B
Fig.. 24 The.dorsal s§ .'e”of_thg hypoblast, unstained

B 8

Rl -
a v N

»

"Fig. 25 The ventral surface of the h?ﬁbblast,
. unstaiged‘ (x 37,1@2).' Arrows indiqate

‘non-specific WGA binding sites.

.
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1s :seen within vacuoles in the _eytoplasﬁ;
apparently the WGA-HRP has been endocytosed and
removed from the cell surface (DE Fig. 26) . In
subeeduent éxperiments, the time of expoBure of the
tissue to the wga conjugate was increased and the
rinsing time decreased. . Here the redistribution
oflthe binding was .enhanced and more surfaces had

A . ‘(

active endocytosis (i.e. DE, VE and VH) .

o
Y

(vii) Protegﬁfng the active site: In this set of

experiments, WGA (Miles) was allowed to. reack& with
8.75 M GlcNAc before reacting with HRP and 2.03%

: P . — 1
glutaraldehyde S This modlflcatlon wa incor-
. g . o
pora t@‘_see if the HRRL was blndlng to Wive. t

& Poratgg Y

site of the WGA molecule and. dlsturb S blndlng

—

g patterns. - The hapten was subsequently .removed

&

from the lectin-,qonjggate ”by extensive dialysis
against large"‘volumeQ of low ionic strength buffer.

The protectlon of the binding site had no effect
~upon the retatlve dlstrlbutlon of WGA blnding
sites,’ a?J revealiﬁ with this 'conjugate. The
. e

3
¢ -3
4 1
14

results of the binding of the Site-protected
.conjugate are essentially the - same as 'tpéseﬁgfnf

{
N\ A

Figs. 7 to 16.



Figs. 26 Electron micrographs of thé cell surfaces of

to 30

the unfixed Stage 1 chick embryo treated with
50 mg/ml WGA-HRP (conjugated with 0.03%

glutaraldehyde) .- for 15 minutes at room.

. ; . @ oL
temperature, rinsed three times at 4 C and . 3§%

thedf fixed.

Fig. 26 The dorsal surface of the e{iblagt, unstained® “’

Fig. 27 ~The waﬂzaL-{iucfécegqf the’épi

Fig.

Fig.

7
3

29

39

" w0 : o
(x 37,100) EV-endocytotic vesicles. o
- ! \ , ’ et

.o

blasti unstained&

-

) N

(x 3@,1@0)2: Arrows {hdﬂcate.WGA bihding
o - . )

. F4

sites. ¥

. L o
surface of the -epiblast, unstained

4]
—~ .
-« =
b ads i

. v .
;) %

- .o N
4 3

The dorsal =_.rface of the hypoblast, unstained
(x 237,199, . Arrows indicate WGA binding

K
Sites.

The ventral surface ofJ the hypoblast,

unstained (x 37,148, . Arrcus:/f.patching Qt

- . Y

. clumping‘of thd WGAibinding\sites.

—
“»

!
¢ .

D ' ' -
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(viii) Temperature: Experlmen;s were conducted to examine

the effect of binding at different teméeratures

®.

upon live tissue. Essentially, the relative

amounts of specific and non-specific binding
(S
N ) . .
remained constmﬁ; However, the major effect of
' temperature was upon the distribution of the

~

‘binding Sites When the embryos were lncubated
for 30 mlnutes at room temperature in the presence
\ | Pf WGA-HRP, the electron dense deposit was actively
r endocytozed by the DE. However, when the binding B

occurred 35 4 °c the endocytosls had been reduced

but the Patching response remalned,h S4h .even Mmore’ -

e

of WGA binding Sites in 1live tiéue Qas
obtalned by incubating embryos .atu 37°¢ {or 10
minutes in the presence of~tne WGA-HRP conjd@éte or "t
the conjugate and its hapten. e’The controls nad a

" similar non-specific distribution of deposit upon
. | 8
the DE and SMH, with' slight clumping upon both

surfaces. The exoerlmentals (Flgs 31 to 33) had \

- greater upra}e oﬁ“ conjugate by he VE +than tni\

controils %ﬁié. 33)% The results for the temper- 3\\\

A' - N " » . . - . '. -
ature efféct upon redistribution consistently

produced results ‘that were comparable ‘to the



Figs.

to 33

Fig.

Fig.

Fig.

31

31

32°

(P%)
(%]

Electron micrographs of the cell surfaces of

the unfixed Stage 1 chick embryo treated with

586 mg/ml WGA-HRP (conjugated with ¢.033
o

glutaraldehyde) for 19 minutes at 37_.C,

ringéd three times at 40 C and then fixed.

N,
Y
‘@ -

- \

The‘dorsal‘ﬁurface of the epiblast, unstained
(x 37,108). Arrows show patching or, ¢lumping

of the WGA binding sites. o
. " N '\)

The lateral surface of the epiblast, unstained
(x 37,180). .

)

h;
The ventral surface of the epiblast, unstained

(x 37,188). EV-endocytotic vesicles.

v
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initial experiments with the WGA-HRP conjugate,
i.e. non-specific binding to the DE and VH (Figs. 7

to 16).

Enzyme pretreatment: The apparent non-specific

binding. i; the control experiments was consilstent
in the sense that it occurr®d always on the DE and
VH. These results promptea further inve;tigation
of the’ nature of the b%éaing of the WGA-HRP con-

jugate "to DE and VB, Live embryos were pre-

incubated with a se?ié& of enzymes:

ZR

Hrniniaase (ke a0 amiees
(a) ramlnldase»; N }dﬁ era) 28 units/ml

for 30 to 60 minute m't 37 8;

U

(b)‘ testicular hyalutonidase”*type III, 422.5
units/ml for 3¢ mlnuteéggiﬁ‘S, at 37OC7
, </ ) . s ,
U

xgj testicular hyaluronldase type VI, 49

units/ml for gﬁémlnu%ns,/éH 5,.at 37°C;
) ' .

(d) hyaluronidase, Fungal, 58 jig/ml for ‘38 to

64, minutes, pH 5, at 37°¢C;



(e) hyaluronidase, Fungal, 50 pg/ml for, 120

Yy 1]
minutes, pH 7.4 at 37°C;
\
P
(£) trypsin, @.1% (1 mg/ml), 15 and 30
minutes, pH 7.4, at 37OC; e
(g) pronase, @.1% (1 mg/ml), 15 and 30
minutes, pPH 7.4, at 37°C.
The resuits are listed in Table 1. It was foundrthat only

crude testicular hyalutowidase removed the non-specific
binding. All the other enzymes seemed to have very llttle,

if any, effect upon the hon spec1F1c blndlng of the WGA-HRP

< . . . .
conlugate. Neuramlnldase was used because of the known$

;v!?’.; © & : .

non-specific blndlng of sialic - ac1d by WGA (Gieenawa§ and

LeVine, 1973); hyaluronldase was used ‘because of the

presence of GlcNAc w1th1n the carbohydrate portions of ths

’ ~ v

glycosamlnoglycan, hyalurbnic acid‘ .and trypsin and

pronase were used to remove 1arge portlons of the snrface

proteins and glycoprotelns ' Neuram1w1dase, tryp51n ané

-

¢
prona§e decreased'the amount of blndlng of WGA- HRP to’ all
~

'~ surfaces, but all falled tc remode the non- spec1ffc blndlnc-
+

q
sites. The latter two enzymes had. a greater effect when

h-J

they were ,allowed to react with the tissue for 3¢

.



50 W@

A

TABLE 1, mﬁmmynﬁ OF ENZYME PRETREATMENT UPON zn>lzxm BINDING
. _ — .
. WGA~ + 0.5 M G I <Y A-HIRP >
. Treatment (units/m!) WGA-HRP . o. 5 WA. Hoz>n:o: the Sf.v HRP on v.rm.
~ Enzyme at 37°C __DE | VH ~ DE’ Vi
Control 4 none + > 4+ o ++ L
_ - .
20 at 2.* 7.4 " + — —+
for 30 minutes .
Nanase - - _ e R
for 60 minutes + 5 + + & 7 ++
HAse (II1) Ww.bumn Pt 5.0 0 0 4 +
T - _ = —
> at p . -
H \Y * + - -
v Ase (VD) " for 30 minutes ‘ * I.(,
50 wg/ml at pH 5.0 s ] i :
+ & + : s ++
HAse fungal for 30 minutes o .
(Ttreptomyces) Yi{or 60 minutes + + F +H+ . - 4+
HAse fungal 50 wg/ml at pH 7.4 - _ ) . .
Ow?d:w@i@&%mv for 120vminutes L .ir o ++. ; i I+H )
1% at E.* 7.4 T RN i o+
X for 15 minutes N . .
Trypsin = - : 0
for 30 minutes no¢ done not. ao:m. + - +.
1% mm vm 7.4 oy b g 4 RN
for 15 minutes . s
Pronase o =T B -
F for 30 Sw:‘aw net done not done - ’ + A+
—_—— 1 N -
C, - _ +
.- . . :
. ° . - T @ .
Explanation of the symbols: ‘0 = no electron denseideposit, e.g. FIG. 9~
+ = light amount of deposit, e.g. FIG. 11 .. D
++ = heavy amount of deposit, e.gt Fi1G,12
" Table 1 £ .
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minutes. .interestingly, broad spectrum hyaluronidase
effectively removed the non-specific binding, while enzymes
with greater specificity for hyaluronidate residues failed
to produce any effect. ?he incubation at 37°C in a medium
of pH 5 drastically affected the embryos,‘but the membrane@
were intact and WGA- HRP was visualized on the gurface in the
experlmental situatioh ofvlncubatlon at pH 5- w1thout any

"
enzyme treatment. The. fallure of _the enzyme pretreatment

Y

eyggested that the binding of the WGA -~ HRP in the control

exp%riments was non- SPElelC However, only the DE and VE

»
¢ vy

gzﬁthe non- spec1f1¢ attraction for the con]ugate

5.
. .
‘ : ’ , - ' ' : . ﬁ\
(5 B. . WGA-HRP conjugated.with 9.81% glutaraldehyde_ Lo
- ‘ o : S o T ey
(fixed tissue) - . i | '»ﬁ

-
t

To limit the effects of ‘the cross—llnklng of

glutaraldehyde upon’the spec1f1c1ty of the WQA molecule, the
amount of glutaraldehyde uséd durin~ tﬁe conjugatlon

procedure was decreased to . a ﬁdnal concentration of G Ols.

'The remalmlng procedures were the samq'aa in’ the. prev1ous '

- s

, experlments. The non= spec1f1c blndlng 1n the controls did
not occur ‘with’ thls conjuqatof Wben:ﬁ;s_M,GlcNAc was used
as the_ hapten 1nh1b1tor in the controlé, there was no

oL T. . - . ‘o.‘“
», . . R L . b



apparent reaction product on any surface of the unincubated
chick embryo (Figs. 34 to 38), i.e. all the binding in the
experimental procedures was considered specific for terminal

Gl1cNAc residuss.

Therefore, as :1coflected by the distvibutiun of the
electron dense réactioun products on Figs. 39 to 43, all
surfaces of the unincubated chick embryo possessed  WGA
binding sites that are specific fpr terminal ClcNAc
residues.

i

It was concluded that because of the apparent

Np

specificity of tﬁe WGA-HRP conjugated with 0.¢13% glutar-
aldehyde, the non—specificvbinding consistently seen in rh-
previous experiments was, due to alteration of the WGA
molecule by @.@3% glutaraldehyde in the coupling reaction.
The non-specific binding seen earliér may have been either
from non-specific adsorption of the éonjugate to the DE and
VH or from binding of the conjugate to a site that hag a
%igher affinity for the 4.g32 conjugated lectin than the

hapten (GicNAc).



Fig.

Fig.

Fig.

Fig.

Fig.

s

HOELectron micrographs of the coll surfaces of

34

35

° 8

the prefixed Stage 1 chick embryvo treated with

50 Mg ‘ml WGA-HRP (conjugated with @.012

glutaraldehyde), + 0.5 M GloNAe for 3¢ minutecs

at room temverature and then rinsed.

The dorsal surface of the epiblast, unutained

(x 27,100).

The lateral surface of *j. unstained

o]
n
-+

-~

(x 37,190).

The ventral surface of the epiblast, unstained

(x 37,100).

The dorsal surface of the hypoblast, unstained

(x 37,199) .

'
o

[o¥]

Trne —entral surface of th hypoblast,

unstained {x 37,100).
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Figs. 239 Eléctron micrographé of the cell surfaces of

to 43 prefixed Stage 1 chick embryo treated with 50

Mg ml W3 -HRP (conjugated with 6.01¢

‘glutarz-“chvyde) for 20 minutes at room

temperature and then rincad.’

s

Fig. 39 The dorsal surfzce of the epiblast,‘fnstainéd

(x 37,18a)

Fig. 40 The lateral sufface of th epiblast, unstained
(x 37,100). ‘
Fin I The ventral surface of the epiblast,3unstained
(x 37,100).
Fig. 42 Th- dorsal surface of the hypoblast, unstainead
T{x 37,108).

+r)

€. 43 The ventral surface of the% hypoblast,

unstained (x 37,160).

7
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C. WGA conjugated tgmeEEigigwiflxeg_tisgue)

The preparation of WGA conjugated to rerritin

resulted in a great 1loss of 1€ctin conjugate. The

'concentration.during the initial conjugation reaction was 2

mg,/ml. The concentration after the final purification
reaction was 25°ug/ml (as estimated by the Lowry. protein
determination method) . The results of the reaction of 25

pg/ml WGA-Fe with the tissue are inconsistent (Figs. 44 and

-45) . Although there appeared to be binding to only the DE

and VH, the concentration of the WGA-Fe was so low that
conclusions are difficult to draw. | Furthermore, the
failure of the hapten Lo remove the blndlng from the DE andy
VH would again suggest that there is non- spec1f1c blndlng
resulting from the con]ugatlon procedure In conclusion
this technlque needed an improvement during the preparation
of the WGA-Fe conjugate in order to 1ncrease the yield, so
that the dlstrlbutlon of binding sites could be analyzed.

[N

D. WGA localized by incubation with HRP .

4

(unfixed tissue) e

»

According to Francois et al (1972), WwWea is

locallzaolp at the coll surface by the indiréct.labelling.of
‘ I . T

~



Fig. 44 The dorsal surface of the epiblast. of the
prefixed Stage 1 chick embryo treated with
_approximately 25 U3.ml WGA-Fe for 20 minutes

at room temperature, unstained, (x 55,658 .

Arrows indicate Fe marker.,

Fagy!

The ventral surface of the epiblast of the

n

Fig. 4

brefixed Stage 1 chick *émbryo treated with

'approximately 25 ﬁg/ml WGA-Fe for 30 minutes

‘at  room icm;érature, unstained (x - 55,650) . .
Arrows indicate Fe marker.

Fig.'46 Electron micrograph of gge ventral cell

surface of the epiblast treated with 58 ug/ml

WGA + 0.5 M GlcNAc, rinsed twice, .then

incubated with 1 mg/ml HRP (to reveal the WGA

on the'cell surface) and finally rinsegd and

fixed. Unstained (x 37,109) . - EV-endocytotic

vesicles,
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e

horseraﬁish bero dase without any prior conjugation
Procedure using glutara]?epyde. If the surface-~bound
Iectin could be labelleg . this way, alteration ip the
binding Specificity Dy gluteraldehyde would not be 3 factor.
This means that the natural or ;itjive lectin birding siteg

could be localizeqd, However, the ro sults of thig method

o

were inconsistent. When the Teaction product was present,
it was very dense (Fig. 4¢), but thers Was appar-nt non-
Specific adsorptioh to 'the e} surfaces, tesulting jp
electron dense depesits that were along the E and the VE.
Another major interpretive problem with this m2thod was that
the exposure of WGA to unfixed embryos at room temperature

resulted in the redistribution of the Surfacé sites, The

of the lectinp receptors gas reflected by the electron dense
deposits within the‘cytgélasm (Fig. 4¢) Near the vyEg.
Therefore, although Some of the Surfaces would appear to
have very little binding, in actuality the bound.lectin may
have been endocytosed and would not show up in that partjic-
ular region. For €xample, the vyg frequently appeared to
have the -WG% binding removed specifically by the .hapten.
However, with continued Sectioning, the Feaction produyct was

i

f seen being-endocytosed.



In conclusion, this technigue had a deqree of non-
specificity; that 15, either the non-s_o~cific binding of

WGA or HRP produced the reaction rroduct in the con*rols.

The incorporation of very high dosau.s of YRP and the

’
[

reactivity of live tissue enhance-thi

-

%Spérent non-specific

J

4
binding. The techniquée was cbnsfdgN§

o

W unsatisfactory due

to the presence oif’ feactldn'rproduct in the control

experiments. SNy q;

E. WGA localized by incubation with glucose

oxidase (fixed and unfixed tissue)

The distribution of WGA binding sites may be
revealed indirectly with glucose oxidase (“O);‘ that 1is,
when the WGA is ;nhibitcd;from binding, as in the presence
of its hapten inhibitor, GO activity is not revealed at the
cell surface (Figs. '47 to 51). The presence of an electron -
dense deposit would reveal WGA binding sites indirectly by
the GO activity (Figs. 52 to 36). The reéults indicated
that alil the surfaces of the Stage 1 embryo posseés WGA
binding sites. f The DE and‘VH apgea:éd to have the highest

density of WGA binding sites, as shown by their denser

reaction product (Figs. 52 and 54). " There 1is also an



Filgs. 47 Electron micrographs of the cell surfaces of

to 51

Figf 47
Fig. 48
Fig; 49
Pig. 50
Fig.51

B \

the unfixed Stage 1 chick embryo treated with
SQ AQg/ml WGSA + 0.5 M GléNAc, rinsed and then
incub#ted with 1 mg 'ml GO (to reveal WGA upon
the cell »surfaces). The  embrvos were then
rinsed and fixed. See Materials and Methods
for complete det;ils.
\ ,
The dorsal surface of the epiblast, unstained

-

(x 37,100).

The."teral surface of the epiblast, unstained

(x 37,100).

The ventral surface of the epiblast, unstained

(x 37,18@0) .

The dorsal surfz.e of the hypoblast, unstainéd

(x 37,100). ~

The ventral sbrface of the hypoblast,
U L ined

f1d) .
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Fig.

Fig.

Fig.

Fig.

Fig.

(sl
]

54

55

56

Slectron iy o Sehe o the ce oarrfaces of

the unf ixed Page oo et vy treated wes b
S0 g omd WGA : : minu' . e t oo
temperature, 1 inced Aan Chiem i cabated warth )
ma/ml GO (o eve. s WA PO the  celd
surfaces) . The ombg{‘u woere thoer :iqu«d‘”wqgn

and lixed, oo Materi., . oo and - Methods. por

'

comploete details., Arrows: - indicate

product "of GO revealing WeA _banding s

The dorsual surface of the epiblast,

(x 37,1600) . ' S

The lateral surface of the cpi..last,

(x 37,180).

The ventral surface of the epiblast,

(x 37,100).

Con

The dorsal surface of‘the hypoblast,

(x 37,1008).

reaction

Ttes o .

unstiaihed

unstained”

(X

unstained

“ “

g - -~

uﬁsta&nedln”_

The ventral surface of the hypoblast, -

unstained (x 37,100).
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apparcent redistribution of WGA binding sites as revealed by
the patching orv clumping of thn reaction product on the DE
and VH (Figs. 52 and 56). The patching of WGA receptons
produces localized concentrations of GO and increascd
reaction product in these régions. In addition, the
density of the reaction produce "could possibly be enhanced
by using a GO enzyme that has a higher specific activity

than the one used here.

In an effort to study the natural state of the WGA

féceptor sites, the mnethod was modified as follows: The

- embryos were bfief]y fixed with 2.5% glutaraldehyde for 1¢
minutes. This prefixation stabilized not only the surface
glycoproteins but most of the cellular organelles as well.
Furthermore, cell shapé is retained, so that positive
identification of ce.]l type 1is enhanced. - All these
characteristics are valuable when the in situ state is being
examined. This brief fixation only 1inhibited -the
redistibution of the wga binding sites and not the apparent
density of the reaction product. In the controls, the
specific hapten G1cNAC inhibited all binding of WGA so that
no electron dense deposit was visualized on any cell
/// surface. When WGA was allowed to react with the embryo in

the absence of the hapten, followed by GO, the distribution

~
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of the WwWGA binding sites was revealed (Figs. 57 to 61).

Once again, the wWGa binding sites arq\located upon all the
. N

surfaces, indicating that all surfades possess exposed

GlcNAc residues.

) i ‘
In conclyéqin, this is a specific method of

localizing WGA binding sites upon unincubated chick embryos.
Furthermore, the diétribution of GlcNAc residues as reveazed
by the GO labelling is the same és that determined by the
WGA-HKP conjugation meg%od with 0.a31% glutaraldehyde; that
is, all surfaces of the‘ Stage 1 embryo possess terminal
GlcNAc residues, with the DE and VH having a higher density

than the other surfaces.



Figs. 574E1ectron microdraphs of the cell surfaces of

to 61 " the profixéd Stage 1 chick embryo treated with
50 pé/ml WGa, rinsed and then incubated with 1
mg/ml GO (to reveél the WGA bindiﬁg sitos).
See Mdterials and Methoés for comb]ete
procedure. Arrows ‘indicaté Gb reaction

product revealing ' wGa binding sites.

Fig. %7 The dvrsal surface of the epiblast, unstained

(x 37,100).

Fig. 58 Thé lateral surface of the epiblast, unstained

(x 37,100) .

Fig. 59 The ventral surface of the epiblasf, Qnstainéd
(x 37,108).
N
Fig. 68 The dorsal surface of the hypoblast, unstained

(x 37,109).

Fig. 61 The ventral surface of the hypoblast,

* unstained (x 37,100).
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2. Stage 5 Embryos

Due to the previous work, only two methods were

-used to determine the_éistribution of the WGA binding sites
‘ .

upon the Stage 5 embfyb. WGA was conjugated to HRP with

0.01% glutaraldehYdelto direc%}y 1ébel the binding site and

the indirect method of exposing the distribution of WGA

binding sites by the activity of GO.

A. WGA-HRP conjugated with 0.91% glutaraldehyde

(fixea tissue)

In Stage 1 embryoé, conjugation of HRP to WGA with
6.01% glutaraldehyde resulted in a molecule £hat bound
specifically to GlcNAc residues on the cell surface; that
is, control experiments using GlcNAc as the hapten inhibitor
showed no conjugate biﬁding. By cohtrast, in the Stage 5
embryos, contr&ls. performed in exactly the same. manner
always showed conjugate binding, i.e. the WGA bound to the
DE, the ventral surfaces of‘the mesenchyme (VM) and dorsal

and ventral endoblast (DN and VN) in the presence of GlcNAc

(Figs. 62 to 64). Furthermore, it is shown that the

R
(RN

binding of the conjugate had afsimilé%/distribption with or

without the hapten. It may be concluded from this that the



Figs.

to 64

Fig.

Fig.

©

62 Electron microgréphs of the cell surfaces of

62

64

the prefixed Stagéns chick embfyo treated with
58 ug/ml WGA-HRP (conjugated with ¢.@1%
glut$raldehyde) + 0.5 M GlcNAc for 30 minutes
at room temperature and then rinsed. .Arrows

indicate WGA-HRP reaction product.

The dorsal surface of the epiblast (lateral to
the primitive streak), unstained (x 18,159) .

3

The‘ventral surface of the epiblast (lateral

3

to the primitive streak) and mesenchyme cellss,

unstained (x'.4,62®) M-mesenchyme cells,

VE-ventral surface of epiblast.

The surfaces of mesenchyﬁe‘cells close to the
endoblaSt celis, lateral to the streak,
unstained {x 8,085) M-mesenchyme cell,
N—enaoblast cell, DN-dorsal surface of

endoblast.
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i

hapten is ' not bipnding wGa Wlth as great an affrnkty/a°'

i

discussed later.

:

The binding of the WGA—HﬁP Conjug5te to the
cell surfaces of the Stage_°5 gmbfyo had an apparent
consistent distribﬁtion, although not hapten removable.
The DE had WGA binding sites lateral to Ehe primitive
streak and within t@e streak (Figs. 65 gnd 69 respect-
ively). However.lhe‘mesenchyme cells showed a
definite paﬁtern %Q their distribution of WGA binding
Sites. The mesenchyme cells that were near to the
primitive streak or the VE, had a very loy'density of

thelconjugate, while the mesenchyme cells that were

further away from the pPrimitive streak or closer to the

endoblast had a higher density of the conjugate (Figs.
66 to 68f. It appeared that as the mesenchyme cells
migrated away from the streak, the dorsal surfaces of

the mesenchyme {DM) poésessed fewer binding sites than

the ventral surfaces of the mesenchyme cells (VM)’

(Figs. 71 and 72). Also,.the dorsal surface of the
endoblast (DN) had a greater density of WGA-HRP binding
Sites than the ventral surfaces of the endoblast (VN)
(Figs. 68 and 73). Finally,.only the LE and VE failed
tp bind any conjugate, while al}l other cell surfaces
had a definite reaction product upon them (Figs. 69 to

73).

./'the WGA is binding to the cell surface . This will be
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Figé.

65 Electron micrographs of the prefixed Stage 5

to 66‘

Fig.

Fig.

65

66

chick embryo treated with 50 Fg/ml WGA-HRP

(conjugated with g.g1% glutaraldehyde) for 39
. N s

minutes at room temperature then rinsed.

Arrows indicate WGA-HRP realtion product.

The dorsal surface of the epiblast, lateral to

the primitive streak, unstained (x 4,062).

-The ventral surface of the epiblast and

’

mesenchyme \Cells, lateral to the primitive
streak, unstained (x 4,0662) M-mesenchyme

cell=s, E-epiblast cell. Arrows indicate

WGA-HRP reaction product.
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Figs.

67 Electron micrographs of the prefixed Stage 5§

and 68

Fig.

Fig.

67

68

chick embryo treated with 5¢ Mg/ml  WGA-HRP
(conjugated with #.01¢ glutaraldehyde) for 34

minutes and then rinsed. Arrows indicate

WGA-HRP reaction product.
{
!

The ventral surface of the epiblast, lateral
to the primitive streak, unstained (x 8,085).
E-epiblast cell, BL-basal lamina, M-mesenchyme

cell.

The endoblast cel] lateral to the primitive
sStreak, unstained (x 8,0885) M-mesenchyme

cell, DN-dorsal endoblast, N-endoblast cell.

;
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Figs.

to 73

Fig.

Fig.

Fig.

Fig.

69

69

70

71

73

Electron micrographs of the coll surdaces of

the prefixed Stagess chick embryo treated. with

50 pa/ml WGA-HRP (conjuqated with f.012

glutaraldehyde) for 30 minutes at 1room

temperature and then rinsed.

The dorsal surface of the epiblast withia e

primitive strecak, unstained (x 37,100M).

3

The lateral surface of ithe epiblast, unstainoed

(x 37,1080).

The dorsal surface of the mesenchyme cells

away from the primitive streak, unstainced (~

27,140).

The ventral surface of the mesenchyme cells
away from the primitive streak, unstained (x

37,100)

A hypoblast cell away from the primitive
streak, unstained, (x 18,150)? M-mesenchyme
cell, DN-dorsal sur face of endoblast,

N-endoblast cell.
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In conclusion, although tnis binding 1is not
entirely removeable by GlcNAc alone, this method still
appears to be reflecting a binding site with a very high
atUactﬂm for éhe lectin conjugate. .Purely non-specific
binding might be expected to occur on various cell surfaces
at random instead of consistently on the DE, VM, DN and VN.
nHowever, due to the failure of the hapten to remove the
lectin conjugate, 1little may be concluded about the

structure of the binding site.

B. WGA localized by incubation with glucose

oxidase (fixed tissue)

'The finaf ten figures have been arranged so ‘that
the'dist;ibution of WGA binding sites on Stage 5 embryos wéy
be examined. This method of indirectly 1labelling the
lectin has proven to be the most specific and reliable.
The hapten controls show that all binding has been abolished
(Figé. 74 to 78). " It should be noted that the DE, VM and
DN show’no binéing in the presence of the hapten GlcNAc.
Also, the VE with its prominent extrace’'' 'lar material
(basement membrane) does not non-specifically adsorb or bind

*

the WGA molecule (Fig. 77).



Figs. 74 Electron micrographs of the cell surfaces of

to 76

. Fig.

Fig.

Fig.

74

75

76

the prefixed Stage 5 chick embryo trcated with
58 pg/ml WGA plus 0.5 M GlcNAc for 30 minutes,
then rinsed and incubated with 1 mg/ml GO (to
reveal the WGA) See Materials.and Methods for

complete details.

The dorsal surface of epiblast, unstained

(x 9,900).

The ventral surface of the epiblast and
mesenchyme <c¢ells, unc -ined (x 9.9700) .

E-epiblast cell, M-mesenchyme cell, arrows

indicate basal lamina.

The endoblast ' and ventral surface of
mesenchyme cells, unstained {x 9,900).

M-mesenchyme cell, N-endoblast cell, DN-dorsal

. surface of endoblast.
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Figs.
and 78

Fig. 7

77 Electron micrographs of the cel] surfaces of
the prefixed Stage 5 chick embryo treated with
58 ug/ml WGA plus 2.5 M GlcNAc for 34 minutes
at room temperature, rinsed, and then 1 mg/ml
GO (to reveal wWGa binding). See Materials and

Methods for complete details. -

7 The ventral epiblast, unstained {(x 37,100)
Bl-basal lamina, E-epiblast cell, M-mesenchyme

cell.

Fig. 78 The endoblast,'unstained (x 9,900) DN-dorsal

surface of the endoblast. .

il
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Sections were taken from two areas: through the
streak and lateral to the streak. The results will show .
that the surfaces on which the mesenchyme migrates,
especially the DN, have a greater density of exposed GlcNAc

residues.

r 3y

v

Through the primitive streak, WGA binding sites
were located upon thev DE, £he ventral surfaées of the
mesenchyme cells which are in close proximity with the
endoblast and the DN (Figs. 79 to 82). Just lateral to the-
streak, the binding is enhanced upon the VM and DN (Figs. 81
and 82), with the-appeérance of slight reaction product on
the VE (Fig. 88).' The DE appears to havevan affinity for
the WGA whether it is near the streak or ‘lateral to it
(Figs. 83 and 84 respecti&ely), and the LE.has no affiﬁity
for WGA (Fig. 87).

It appears that as cells pass through the streak
they losetheir WGA binding sites. This is reflgcted by the
failure of the GO to reveal any WGA bound to the sur faces of
cells within the streak (Figs. 88, 85 and 86); However, as
fhe mesenchyme migrates downwards and laterally from the
streak, thevbindingvSites for WGA reappear (Figs. 81, 82 and

89) . Also, WGA has an affinity for the°VE only lateral to
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Figs. 79 Electron micrographs‘of the cell surfaces of
to 94 the prefixed Stage 5 embfyo treated with 5;\\\
Pg/ml WGA for 3¢ hinutes at room temperature,
then rinsed ang incubated -with j mg/ml GO (to
reveal the .wGa binding sites) . Complete

details‘in the Materials 4pq Methods.

Fig, 79 rthe dorsal surface of the epiblast in the
pPrimitive streak, unstained (x 9,999). Arrows

indicate WGA-GO reaction product;

Fig. 80 The ventral surface of the epiblast in the
Primitive sfreak, also the dorsal surface of
the mesenchyme, unstained (x 9,900) .

L epiblast cell, M-mesenchyme cell.
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Fig, 81 Mesenchyme cel] away from the pPrimitive
streak, unstained, h 9,900). Arrows indicate
WGA-~GO reaction éroduct (Note the polarity).

Fig. 82 Mesenchyme cell in contact with thé endoblast
.cell, unstained (x 9,900). ‘M—mesenchyme cell,
N-endoblast cell. Arrows indicate WGA~--GO
reaction product (Note little binding on VN)j

VN-ventral surface of the endoblast. .
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Fig.

Fig.

83

Dorsal

unstained (x 37,100).

epiblast

in the primitive Streak,

CM-~cilium, BB-basal

body and T-tubules.

Dorsal

Streak,

epiblast

unstained

lateral to the primitive

(x 37,100).

&,
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Fig. 85

Fig. 86

Fig. 87

Fig. 88

vFig. 89

The latgral Surfaéos of the cells invaginating
through the primitive streak, micrbqrnph
closer to the dorsal surface of the opiblas,
unstained (x 37,100). Note: no wvigible

WGA--GO reaction product.

The latéra] surface of a cell inyn§inating
through the primitive strecak, micrograph fgom
the ventral portion of the cell, uhétajned (X
37,109) .
Arrow indicates slight WGA--GO reaction
product.

The lateral surface of the epiblast, unstained

(x 37,100).

fhe ventral surface of the epiblast, unstained
(x 37,1080). Arrows indicage WGA--GO Treaction
product on basal lamina. ~

The ventral surface of the meseﬁéhyme which is
in close proximity to the endoblast, unstained
(x 37,180). Arrows indicate slight WGA--GO
reaction product on basement membrane-like

material (amorphous deposit).
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the pr&mitive s£reak (Fig. 88) and not witl'in the streak
(Fig. 80). Finally, the endoblast apg-1i s to  have a
relatively consistent distribution of WGA binding sites,
these always being present dorsally aﬁd not wventrally.
Beneath » streak, the DN binds WGA while the VN does not
(Figs. 90 ahd 91). Lateral to the streak, the DN has a

greater number of WGA binding sites than the VN (Fig. 92).

The thick basement membrane of the VE (Fig. 77) has
a slight affinity for WGA (Fig. 88), indicating some exposed
GlcNAc residues. . The appearance of a thick extracelluléf
‘substancé on the mesenchyme near the endoblast cells was
unexpected since it is not visualized in the absence of the
lectin and yet appears similar to the basement membrane
associated with ~the VE, (Fig. 89). 'The reaction product
upon these surfaces, the VE, the VM agd'the DN, all appear
as a fluffy, patchy, electron dense deposit. Furthermore,
the density of the reaction‘product increases upon the VE
and DN further away from the primitive streak., It is
possible that the surface carbohydrate groups are arranged
so that the glycoproteins lining the cavity where the
mesoderm is activgly migrating possess exposed GlcNAc
residues. A¥so, these glycoproteins appear to extend some

. [
distance from the cell surfaces, perhaps as a network upon’



Fig.

Fig.

91

92

The dorsal surface of the endoblast directly
beneath the primitive Streak, unstained (x
37,100). Arrows indicate WGA--GO reaction
product. |
e

The ventral surface of the endoblast directly
beneath the primitive streak, unétained {x°
37,100) . Note: this surfagf‘ does not bind

WGA .

The endoblast cells lateral to the primitive
streak, unstained (x 37,100). Arrows indicate
WGA-GO reaction product. Note: the polarity

in the distribution DN-dorsal endoblast.






which the mesenchyme can migrate. The mesenchyme
cells appear to be actively producing a meshwork of
extracellular substances, like the VE, which appears to
be greatest as the cells approach the endoblast.
Perhaps the mesenchyme cells are ac%ively producing a

substrate for their migration.

“

A schematic representation of the distribution
of WGA binding sites, as revealed with glucose oxidase
on Stage 1 and Stage 5 embryos, is presented in Figures
93 and 94. There has been a change in the distribu-
tion of the lectin receptor sites, which suggests a
polarity of the termiﬁai.N—acetyl—glucosamine residues
in the Stage 5 embryo. It also appears that only the
indirect label;ing technique of WGA by glucose oxidase
is effective{qn defining the in_situ distribution of

WGA binding sites on the chick embryo cell surface.
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Fig. 93 A schematic representation of a Stage 1 chick

embryo showing the distribution of WGA binding

sites. E-epiblast, H-hypoblast.
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Fig. 94 A schematic representation of a State 5 chick
embryo showing the distribution of WGA binding
sites. E-epiblast, - M-mesenchyme and

N-endoblast.

#
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DISCUSSION

The J;ell surface has been implicated as the
mediator of cellular évents’such as adhesion, recognition,
communication, locomotion and growth regulatiOn (Cook and
Stoddart, 1973; Moscona, 1974; Poste and Nicolson, 1976b).
Upon the discovery that cellé had a coating of complex
oligosaccharides (reviewed by Martinez-Palomo, 1978), the
molecular basis for the éell surface involvement in cellular

behavior was established (Roseman, 1975) . In studying the

”V&nvolVement of the cell surface carbohydrates in

~ gastrulation, the distribution of WGA ybinding sites was

examined on Stage 1 and Stage 5 chick embryos.

The.gastrulg%ing chick embryo provides an excellent
model for the involvement of the cell surface in altered
cellular behavior. This early development -results in the
appearance of three cell types from thé original two cell
types. The first cells (endoblast) to invaginate through
the primitive streak are invasive, the second cell type that
passes through the streak is migratory (mesodermj and the

k)

cells that do not invaginate are sedéntary (epiblast). In

132
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addition, the chick embryo is very easy to obtain and

prepare for ultrastructural visualization in the electron

microscope.

The morphogenetic movements that occur within the
initial 2¢ hours of development may be reflected by altered
cell surface characteristics. It was demonstrated that
there was a redistribution of WGA binding sites on the cel:
surfaces during this edarly development. This suggests that
the distributioné of the cell surface glyéoproteins,
glycolipids or glycosaminoglycans, which are specifically
labelled with WGA, may be involved in the morphogenetic
movements‘that éccur during gastrulation of the chick

embryo. S

\

" The lectin WGA was exposed upon the surface of ‘the
chick embryo by av variety of techniques. However, the
indirect labeiling technique with ﬁhe enzyme ﬁarker glucose
oxidase (GO) resulted in‘_a consistent, hapten removeable
tagging of GléNAc residues (Francois and Mongiat, 1977).
The only other technique that. may be correlated to these
results was the direct labelling technique of cross-linking
WGA to the enzyme marker horseradish péroxidase {BRP) with

8.01% glutaraldehyde (Huet and Garrido, 1972). Unfortun-

.



' 134

ately, two other. promising techniques have recently been
reportea but were not employed in the present study: the
indirect 1labelling techﬁique of WGA with an ovomucoid-
colloidal gold marker (Geoghegan and Ackerman, 1977) and the
tagging of WGA with glycosylated HRP or glycosylated

ferritin (Kieda et al, 1977).

The éﬁzyme HRP spontaneously combines with WGA and
the complex 1is stabilized by covalent bénds with glutar-
aldehyde (Huet and Garrido, 1972). This conjugate will
bind, via the WGA, to exposeé GlcNAc residues and ‘still
catalyze, via Eﬁé HRP molecuie, the pxidative polymerization
of DAB[by hydrogen peroxide. The oxidation of DAB forms
indamine polymers folio&ed by further guinoid addition to
the prima;y amine resulting in oxidative cyclization to a
Phenazine polymer ( -e following page, Seligman et al,
1968). The final polymer is a brown précipitate and 1is

osmiophilic so it becomes electron dense.

The enzyme GO has exposed GlcNAc residues so it
will bind specifically to WGA molec&les upon the cell
surface. - This specific. binding- is then stabilized with
covalent bonds byv glutaraldehyde fixation (Francois and
Mongiat, 1977). The enzyme action of Go‘is to cleave
glucose into hydrogen peroxide and glﬁconic'acid. The free'

hydrogen peroxide oxidizes DAB. The HRP in the reaction
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mixture catalyzes the oxidative polymerization at the site

of hydrogen peroxide production, which is . he GO
molecule. Thereforc the brown precipitate or the electron
dense osmium-black reaction product 11 occur only in

conjunction with the GO moleculo.

One of the major concerns of ultrasctructural
visualization of lectin binding sites is the accessibility
of the electron dense marker to all possible sites (Temmink
et al, 1975). The relative size of the lectin, the marker
employed, or Ehe conjugated lectin marker, will determine
the ability of these molecules to penetrate efficiently to
all the possible binding sites. For examplg,‘ the
ovomucoid—colloidal gpld marker could not penetrate through
junctional complexes, so this technique may only be useful
for dissociated cell systems. The present study employed
twévtechniques that refiected binding on all cell uirfaces
‘on Stage 1 embryos and excellent penetration to the ventral
surface of the epiblasf on the Stage 5 embryos. It is
assumed that both the WGA-HRP and WGA-GO binding patterns

reflect the distribution of all the possible WGA binding

sites on both Stage 1 and Stage 5 embryos.



Another cornrcern is to ensure that the binding
patterns of WGA reflected by the electron dense deposit are
in their natural state. It 1s essential that the distri-
bution of terminal GleNAc residues has not been altered by
the methods employed in preparing the tissue for observation
in the electron microscope. For this reason; the embryos
were sometimes briefly fixed/ with glutaraldehyde before
experimental manipulation. The action of the glutaraldehyde
is belieQed to be the cross-linking of the protéins in the
membranes by forming methylene bridges between available
amino groups (Gersch, 1959; sSabatini et al, 1962: Ppeasec,
" 1964) and the stabilizing of the protein distribution. The
_brief exposure of tissue to glutaraldehyde causés membranes
to become stronger ;nd more rigid but also allows for some
degree of continued enzyme function. This was the method
employed in the fractionation of Golgi bodies and subsequent
analysis of purity by the marker enzyme acid phésphatase
(Fleischer et al, 1969). Thereforé, it may be assumed that
the gjutaralde;yde fixation is not altering.the nqture of
the distribution of the wWcA binding site. Evidence
suéporting the validity of this assumption is that the
comparison betweén binding patterns of unfixed versus fixed

tissues resulted in relatively similar overall distri-

butions.
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The failure gf Ithe simple hapten to inhibit the -
binding of the WGA-HRP conjugate was a major source of
difficulty in the interpretation of the results,.
Experiments were employed to determine what the substrate
was for the non-specific binding.of the lectin conjugate.
The enzyme pretreatment was not conclusive in demonstrating
that this non-specific binding was to glycoproteins or
glycosaminoglycans.‘~ However, by lowering the final
concentration of glutaraldehyde (6.03% to ﬁ.ﬂl%) in the
cross-linking reaction mixture, the reaction of the WGA-HRP
conjugate in the Stage 1 embryo apglared to be specifié.

Unfortunately, the binding of “fle similar conjugate to the 

o

Stage 5 embryo was not GlcNAc-speéific. This raised serigﬁsv
doubts about the technique of coupling WGA to HRP witH glut-
araldehyde. Whitaker (1976) ‘tested the effect. of glut-
araldehyde cross-linking upon the antigenicity of bovine
myelin encephalitogenic protein. He térmi;ed that the
two-step coupling method was better at retaining the
antigenicity of the conjugate than the oné—step method
(Avrameas, 1969). Basically, the. two-step method differs
" from the one-step method (which is employed in this study)

in that the marker enzyme is activated with

before the reaction. with the “antibody (in

lectin, wGa). However, he also ‘found i conjugatgds
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prepared by both techniques did not hav- altered

immunogenicity.

The inconsistency in the results of the binding of
WGA-HRP (0.01% glutaraldehyde) from the Stage 1 to the Stage
5 em?ryo may also be the result of the appearance of a
substrate with a highera'ttl’aCt“iOn for the conjugate than the
simple hapten GlcNAc. It has been demonstrated that the

binding site of the WGA has a higher atffinity for oligo-

saccharides ,like (GlcNAc) or (GlcNAc) than the mono-
2 3

saccharide GleNAc (Allen et al, 1973; Privat et al, 1974, °

Goldstein et al, 1975; Privat and Monsigny, 1975). There-
fore, the appearance of a certain oligosaccharide at Stage 5
may have influenced the binding pattern of the WGA-HRP. A
possible candidate for the appearance of a new substrate may
be hyaluronic acig (HA) " Manasek (1975) and Solursh (1976)
showed that the gastrulating chick embryo produces copious
quantities of HA. This glycosaminoglycan has the repeating
oligosaccharide component GlcNAc-glucuronic acid. The
binding of WGA to this substrate may be stronger than to the
monosaccharlde GlcNAc, used as a hapten.

B

The binding site of wWga may be inferred to have "a
\

terminal GlcNAc residue, when binding. is hapten removeable.

e
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Therefore, almost certainly one type of binding site may be
HA, -although glycoproteins and glycolipids containing
terminal GlcNAc residues would be labelled teo. In an
“effort to determine the amount of'binding occurring with HA,
Stage 5 embryos were-" Pretreated with hyaluronidase
(testicular, Grade VI). However, the pretreatment caused
the cells of the Stage § embryo to lose their dlstlngu1sh1ng
morphology so that orientation was impossible. It would be
worthwhile to treat prefixed embryos with hyaluronldase Y]
that the enzyme: s effect upon the natural WGA binding sites

could be interpreted.

It is 1nterest1ng that the relative distribution of
blndlng of the WGA-HRP conjugate on both Stage 5 and Stage~3
embryos is similar to the distribution of the waa binding
sites as'revealed with GO. The binding of the WGA-~GO 1is
inhibited by the hapten GlcNac, so information ° concerning
the distribution of e€xposed GlcNAc residues may be
collected. With WGA-GO labelling, th Stage 1 embryo has an
apparent distribution of GlcNAc residues upon all sutfaces
of the ebiblast and hypoblast. Although there appears to be
more GlcNAc re31dues upon the dorsa u- "ace of the epiblast

(DE) and ventral surface of the hyoobi-st (VH) , this may ‘be

due to an amplification of uthe L= .on product by the
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enzyme. With WGA-GO labelling, the Stage 5 embfyo has
terminal GlcNAc residues on the. DE andvventral surface of
the epiblast (VE), ventral surface of the mesenchyme (VM),
and dorsal surface of the endoblast (DN) . Tehre are few
exposed GlcNAc residues upon cells. that are invaginating
through the streak, upon the dorsal surface of the mesen-
~chyme (DM) "and the ventral surface of the endoblast (VN) .
Finally, the lateral surfaces of the epiblast in the Stage 5
embryo do not have any exposed QGA binding sites. | These
results indicate that the distribution of exposed, terminal
GlcNAc residues is altered within these early‘ stages of
development. " In addition, the cellular differentiation
within the Stage 5 embryo éppears to be reflected by the

cell surface.

The WGA»binding site, terminal GlcNAc residues, may
be located upoﬁ a variety of structures. As was mentioned
previously, GlcNAc is a component of HA. This sugar
residue may be added to the;terminal end of glycoproteins or
glycolipids by giycosyltransferases. Since glycolipids are
not a common membrane componePt it may be assumed that the
terminal GlcNac »is being located principally upon
glycoproteins.  Zzalik and Cook;(1976) partially purified
the WGA receptor. from 12-day liver cells and found it to be
-glycoprotein in nature, although the WGA binding site from

less differentiated cells has not been isolated.
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The intriguing result Qas that there was revealed
in the Stage 5 embryo an amorphous basement membrane-like
material 'upon the DN and VM. This material is presuméd to
be‘ HA. Manasek (1975) showed with pulse labelling
experiments of radiocactive GlcNAc thatvthe GlcNAc was
incorporated on to all surfaces of éhe Stage 5 embryo. He
also reported the deposition of GlcNAc into HA in the cavity
between the epiblast and the endoblast. Fischer 'and
Solursh (1977) confirmed the distributuion of HA in Stage 8
embryos.’ They found HA associated with the basement
membrane of the ectoderm and in association with the mesen-
chyme. It is interesting to find thatvthere 1s some WGA
binding to the basement mémbrane of the epiblast on the
Stage 5 emﬁryo. The basement membrane, (Low, 1967) also
stains hon—specifically with Ruthenium red for mucopoly-
saccharides'(Martinez—Palomo; 1978) . " This suggests that HA
may also be associated with the glycosaminoglycan$ of the
basal lamina of the Stage 5 embryo.

) ,
The electron dense reaction product found on the VM

and DN appears as a fluffy, amorphous deposit. The reaction
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product extends some distance from the cell surface and has
an appearance similar to the deposit of the basal lamina,
although it is not continuous. This specific binding,'
possibly due to the HA residues, may be ideﬁtifying the
substrate for the migration of the mesenchyme. It has been
suggested that the mesenchyme cells use the VE, DN and each
other as.an aid for their migration (Ebendal, 1976; England
and Wakély, 1977) in the Stage 5 embryo. Dodson and Hay
(1973) éuggested that in the case of mesenchyme migration
during formation ¢of the <corneal endothélium, the substrate
is ﬁhe basement membrane deposited . by the <corneal
epithelium. AlterAatively, it may be that the mesenchyme
aepogit their own substrate to aid locomotion and

migration.,

In relation to some recent studies conducted - upon
chick embryos, the results of the present i study are
indicative of an alternation of the c- surface with the
onset of gastrulation. Dissociated chick' em?}yos up to
Stage 5 will aggregate and sort out into two distinét cell
‘populations (Zalik and Sanders, 1974; Sanders and Zalik,l
1976) . Despite the fact that dissociated Stage 5 embryos
are promptly agglutinated with WGA (Zalik and Cook, 1976),

the present study has demonstrated that within the embryo
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there is a segregation of WGA binding sites onto specific
surfaces. The forces responsible for this redistribution
may involve the cytoskeleton of the cells, but any definite
mechanism‘cannot be deduced from the present study. The
function of the polarity in the WGA binding sites of .the
Stage 5 embryo may be due to the appearance of new cell

types or may be the'response of altered cellular behavior. -

The differentiation of the cell surface in relation
to development has been demonstrated previously. The DE has
been shown to have an altered topology from areas within the
primitive streak as compared to areas lateral to the streak.
Specifically, the cells that are about to invaginate lose
theif surface microvilli (Bancroft and Bellairs, 1974);
Sanders and-éalik (1972) found that anionic sites on the
cells that are invaginating were 1increased. This was
revealed with increased lanthanum binding ‘in the primitive
streak, and suggested that the cell sbrface was altered as
cells invaginate. Hook angd Sanéers (1977) found that the
patterns of binding of Concanavalin A (Con A) were altered
from Stage 1 to Stage 5 embryos. They reportedvan increased
density of Con A bi- ing sites on the DE ana the loss of
binding on the VE and endoblast. It QaS'thought that the DE

had differentiated in preparation for invagination, although
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there was no associated change of Con A binding to the cell

surface of cells that were invaginating.

The epiblast celfg’ that invaginate through the
primitive streak initially haveﬂthe property of inserting
into the sheet of hypoblast cells and displacing them.
Rosenquist (1972) called these invasive cells the definitive
endoblast and outlined how they form the lower layer of the
embry&. s Bellairs et al, (1977) wused tissue culture
experiments and time lapse cinematography to show the
behavior of endoblast explants in relation ta hypoblast
explants. The endoblast cells are very active and invasive;
they move as a 1loose net of cells and eventually /ére
- surrounded by the hypoblast. These\resulté suggest that'the
endobiast have an altered or differentiated_behavidr which
is probably reflected at the cell surface. The endoblaét of
the Stage 5 embryo ha&e a greater majority of WGA binding
sites upon their dorsal surface. Also associated with these

cells may be extracellular glycosaminoglycans as revealed

only through WGA binding and GO deposition.

The second type of cells that passes through the
streak are the mesenchyme. They are migratory and spread

laterally betweed the epiblast and the endoblast. As the
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mesenchyme invaginate they constrict dorsally and bulge
ventrally, forming a flask-shaped cell (Balinsky and
Walther, 1961). The WGA binding sites upén cells that are
actively invaginating are Very sparse but reappear as the
mesenchyme begins its lateral migration. The VM has an
increased density of WGA binding sites which has the
appearance of an extracellular matrix in, places. The
extracellular materiai may be seen Spanning two cells -
mesenchyme and endoblast - much like the.basement membranc

-~

of the epiblast.

The presence of the HaA within the cavity between
the epiblast and the endoblast, as possibly visualized with
WGA-GO, may be associated with ja number of functions. The

i

HA may be necessary to maintain the water balance and, in
” .
eséence, the press;re within the cavity (Fischer and
Solursh,' 1977). It may also be related to the inactivation
of adenylate cyclaée as suggested by Kelley gﬁ_gl,'(1977).
This latter studybmay Suggest that the HA is inhibiting the
levels of cAMP within the mesenchyme cells resulting in
.their altered cellular behavior. 1In addition, the HaA may be
a substrate that is necessary for the migration of . the

mesenchyme, which follow the endoblast though the streak but

do not invade the endoblast.
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The discovery of membrane-bound hemagglutinins from
various cellular systems (Rogen et al, 1973; Dysart and
Edwards, 1977) haé led many investigators to study the
possibility of hemagglutinins (lectins) associated with a
variety of recognition and variable‘adhesion systems. Zalik
and co-workers (1978, unpublished) have isolated, from the
chick embryo, a multivalent protein that caused hapten-specific

agglutgs Of prefixed erythrocytes. This divalent
. / . kY

appears to be membrane-bound and may be
" # N :

4

. S . N . g .
associdte the' variable adhesiveness of the cells from

S ‘
hick cembryo. These ligands may not only be

R

HE
o

involved

in™ @mbryonic systems but may form the basis for
tissue-specific adhesion properties. It 1is thought that
plant lectins function in - recognition process between the

plant and certain specific beneficial bacteria (Mérx, 1977).
/

The actual function of the noted distribution
;ltepation . of terminal GlcNAc. residues is open to
speculation. To determine the significance, monovalent WGA
may be allbwed to interact wifh the chick embryo during
gastrulation, and the development ﬁbnitored. Another line
of experimentation may follow the pretreatment of the
embryos with specific glycosidases to remove specific cell

e

surface carbohydrates, and the determination of their effe. .
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upon gastrulation. To inhibit the‘replacement of surface
glycosylated proteins, tunicamycin could be incorporated
into these experiments (Duksin and Bornstein, 1977) . In
addition, experiments should be conducted to determine the
purpose of the HA upon the dastrulating chick embryo and its

involvement with the migrating mesenchyme.

The role of the cell surface in tﬁe development‘of
birds and, for that matter,‘all‘other organisms is being
thoroughly investigated. The compiex cellular interactions
in morphogenesis and differentiation are being clarified.
Within time the information cémpiled may be applied to
specific -pathological conditions -and have a pratical

application.



BIBLIOGRAPHY

Abercrombie, M. (1967) Nat. Cancer Inst. Mondgr. 26: 249-277

Allen, A. K., Neuberger, A. and Sharon, N. (1973) Bioch. J.

131: 155-162

Arndt-Jovin, D. J. and Berg, P. (1971) J. virol. 8: 716

Aub, J. C., Tieslau, C. and Lankester, A. (1963) Proc. Nat.

Acad. Sci. U.S.A. 50: 613

Aubery, M. and Bourillon, R. (1976) Cell Diff. 5: 27-25

Avrameas, S. (1969) Immunochemistry 6: 43-52
. P 5

PN

Bales, B. L., Lesin, E. S. and Oppenheimer, S. B. (1977)

Biochim, Biophys. Acta 465: 4p6-4g7

Balinsky, B. I. and Walther H. H. (1961) Acta. Embryol.

Morphol Exp. 4: 261-783

149



150

® Bancroft, M. and Bellairs R. (1974) Cell Tiss.‘Res. 155:

399-418
Bellairs, R. (1963) J. Embryol. exp. Morph. 11: 201-225

Bellairs, R. (1971) Developmental Processes in Higher

———————— e e ———— L

Vertebrates, Logos Press Ltd., London

Bellairs, R., Portch, P. A. and Sanders, E. J. (1977) J.

-

Anat. 124: 223

Bennett, G., Leblond, C. P. and Haddad, A. (1974) J. Cell

Biol. 68 : 130-138

2

]

Bermiﬁk, J. G., Tertoolen, L. G. T., Vervegaert, P. H.

o>
K=
(V]

|

and Verklerj, A. J. (1976) Biochim, 'Biophys. Acta

- 143-155

_Brgnﬁon; D. (1971) Phil. Trans. Royal Society London B 261:

&l

133-138

Bretscher, M. S. (1971a) Nature, New Biol, 231: 229-232



Bretscher, M. Ss. (1971b) J 1. Biol. 58: 778-781

Buck, C. A. and Warren, L. (1976)™J. Cell physiol. 89:

187-200

-

#

. o
Burger, M. M. (1969) DProc. Nat. Acad. Sci. U!S.A. 62:

994-10601

Clark, H. F. and Sheppard, C. C. (1963) Virology 2¢: 642-644

Cook, G. M. W. and Stoddart, R. W. (1973)Surface

Carbgbzgfgggg‘of the Fukarvotic Cells.

Academic Press London and New York
Cunningham, B. A. (1977) Sci. . 237 (4): 96-107

DeKruyff, B., Nandijck, P. W. M. Goldback, 53 W., Demel,‘'R.

A..and vVan peenen, L. L. M. 11973) Biochim. Biophys. Acta

30: 269-282 - ' »

Deppert, W., Werchau, H. and Walter, G (1974) Proc. Nat.

Acad. Sci. U.S.A. 71: 3868-3872



Dodson, J. W. and Hay, E. D. (1974) J. Exp. Zo. 9: 51-72

Dunn, G. A. (1971) J. Comp. Neurol. 14: 491-508

™

152

Duksin, D. and Borstein, P. (1977) Proc. Nat. Acad. Sci. 74:

3433-3437

Dysart, L. and Edwards, J. G. (1977) FEBS Letters 75: 96-99

3 w 3
o : .
Ebhéndal, T. (1976) Zoon 4: 101-11p8
. “‘(’j\‘ '

Lo
R -

Edelmhn, G: M., Yahara, I. and wWang J. L. (1978) Proc. Nat.

Agad. Sci. U.S,A. 74: 1442-1446
Edelman, G. M. (1976) Jap. J. Bioch. 79: 1p-12p

‘Bdelman, G. M. (1976) ‘Science 192: 218-22¢

o ) B

England, M . and Wakely, J. (1977) Anat. Embryol. 15

291-3040

Eyal-Giladi, H. (1970) J. Embryol. exp. Morph. 23: 739-749

. <



153 -

Eyal-Giladi, H., Kochav, S. and Yerushalmi, S., (1975) Diff.
&

4: 57-60

Byal-Giladi, H. and Kochav, S. (1976) Develop. Biol. 49:

321-337

Fischer, M. and Solursh, M. (1977) J. Embryol. exp. Morph.

42: 195-207
R
Fleischer, B., Fi....cher, S. and Ozawa, H., (lﬁaq#iJ. Cell
N
Biol. 43: 59-79
. 2D

. &
Francois, D., vu van Tuyen, F.H. and Haguenau, F. (1972) R

V) ' _({}v
C.R. Acad. Sci. Ser. D. 274: 1981-1984 : ) %

Francois, D. and Mongiat, F. (1977) J. UltrastfuctL Res.

/
-

L
. f

Fritsch, P., Wolff, K. and Honigsmann, H. (1975) J. Invert.

ég: 1193@?5

%

Derm. 64: 30-~37

N m;.
Frye, L.D. and Edidin, M. (1978) J. Cell. Sci. 7: 319-335

S

Fuller, G.M., and Brinkley, B.R. (1§7B) J. Supra. Struct. 5:

497 (349)-514 (366)



Gaffney, B. J. (1975) Proc. Nat. Acad. Sci. U.S.A. 72:

664-668

Garrido, J., Burglen, N.J., Samolyk, D., Wickler, R. and

Bernhard, W. (1974) Canc. Res. 34: 230-243
Garrido, J. (1975) Exp. Cell. Res. 94: 159-175

Geoghegan, W. D. and Ackerman, G. A. (1977) J. Histochem.

N
EA]

Cytochem. 25: 1187-120¢

Gersch, 1. (1959) in'Fixation and Staining In: The Cell vol.
1 p. 21, Edited by J. Brachet and A. E. Mirgkey; Academic

Press Inc., New York

»

Goldstein, 1. J., Hammarstrom, S. and Sanblad, G. (1975)

N

Biochim Biophys. Acta 405: 53-61

RO

Gonatas, N. K. and Avrameas, S. (1973)iﬁ? Cell. Biol. 59:

436-443

-

Graham, R. C. and Karnovsky, M. J. (1966) J. Histochem,

Cytochem. 14: 291-32



Greenaway, P. J. and Levine, D. (1973) Nature, New Biol.
241: 191-192

o
Gunther, G. R., Wang, J. L., Yahara, 1I., Cunningham, B.. A.
and Edelmdn, G. M. (1973) Proc. Nat. Acad. Sci. U.S.A. 70:

1812-1016
Hamburger, V. and Hamilton, J. L. (1951) J. Morph. 88: 49-92

Hausman, R. E. and Moscona, a. A. (1976) Proc. Nat. Acad.

. TGRS Sy
Sci. U.S.A. 73: 3594 £f%50F
Holtfreter, J. (1929) Arch. Exp. Zellforsch 23: 169-209
Holtfreter, J. (1943) J. Exp. Zool. 93: 251-323

Hook, S. C. and Sanders, E. J. (1977) J. cCell Physiol 93:
57-68

Sf -

Huet, C. H. and Garrido, J. (1972) Exp.‘ Cell Res. 75:

523-527

Inbar, M., Huet, C., Oseroff, a. R., Ben Basset, H. and

Sachs, L. (1973) Biochim. Biophys. Acta 311: 594-599
: - s



156

Ito, S. (1974) phil. Trans. R. Soc. Lond. B. 268: 55-5¢6

James, R. and Branton, D. (1973) Biochim. Biophys. Acta 323:

378-390

Karnovsky, M. J., Unanue, F. R. and Laventral, M. (1972) J.

Exp. Med. 136: 9¢7-93¢ ‘ , y

Keenan, T. W. and Moire, D. J. (1975) FEBS Letters 55: 9-13

Kelly, R.O. Palmer, G. C., Crissman, H. A. and Nilson, J. H.

(1977) J. Cell Sci 28: 237-258

‘Kieda, C., Delmotte, F. and Monsigny, M. (1977) FEBS Letters

76: 257-261

Kleinschuster, S. J. and Moscona, A. A. (1972) Exp. Cell.

. (5 ).,
Res. 780: 397-4190 é{é‘x} )
=

Kornfeld, R. and Kornfeld, S. (1976) Ann. Rev. Bioch. 45

{

217-237 l .

Krach, S. W., Green, H., Nicholson, G. L. and Oppenheimer,

S. B. (1974) Exp. Cell. Res. 84: 191-198

o

'./“"‘"



1

Kuhimann, W. D. and Avrameas, S. (1971) J. Histochen.

Cytochem 19: 361-368

Kutchai, H., and Ross, T.. F. (1975) Fed. Proc. 34: 1049

d s

Kutchai, H., Bartenholz, Y., Ross, T. F. and Werner, D. E.

(1976) Biochim Biophys. Acta 436: 141-112

Law, J. H. and Snyder, W. R. (1972) in Membrane Molecular

o

Biology, Edited by C. F. Fox and A. D. Kieth, Sineaur
riology

Assoc., Conn. p 3-26

Leblond, C. P., and Bennett, M. (1977) International Cell

/) Biology, Edited by B. R. Brinkley and K. R. Porter,

Rockefeller U. Press, p 326-336

Levine, D., Kaplan, M. J. and Greenaway, P. J. (197?) Bioch.

J. 129: 847-856

Lis, H., and Sharon, N. (1973) Ann. Rev. Bochem. 43: 541-574
‘Lloyd, C. W. (1975) Biol. Rev. 50: 325-359¢

o

Loor, F. (1973) Europ. J. Immunol. 3: 112-116

S



3

158

Low, F. (1967) Anat. Rec. 159: 231-238
Luft, J. H. (1961) J. Biophys. Biochem. Cytol. 9: 409-414

Lyles, D. S. and Landsberger, F. R. (1976) Proc. Nat. Acad.

Sci. U.S.A. 73: 3407-3501
Manasek, F. J. (1975) Cur. Top. Develop. Biol; 10: 35-104
Mannino, R. J. and Burger, M. M. (1975) Nature 256: 19-22

Marchesi, v. T., Tillack, T. W., JackéonT R. L., Segrest,"J.

P and Scott, R. F. (1972) Proc. Nat. Acad. Sci. U.S.A. 69:

1445-1449 °
Marchesi, V. T. (1973) Hosp. Prac. 8(6): 76-84

Marchesi, V. T., Furthmayr, H. and Tomita, M. (1976) Ann.

L
,.‘;‘)_ :

Rev. Bioch. 45: 667-698

Cytol. 29: 29-75

Martinez-Palomo, H. (1978) Int.-

Martinozzi, M.Vand Moscona, [A. A. (1975) Exp. Cell. Res. 94:

v

253-266



159

Marx, J. L. (1977) Sciencc 196: 1429-143¢
Moscona, A. A. (1952) Exp. Cell Res. 3: 535-539
Moscona, A. A. (1961) Exp. Cell Res. 22: 455-475

Moscona, A. A. (1974) 1in The Cell Surface in Development

Edited by A A. Moscona, J. Wiley and Sons, New York, p 67-99

Nagata, Y. and Burger, M. M. (1972) J. Biol. Chem. 247:

2248-2250

Nérahara, H. T. (1972) Handbook of Physiology Sec. 7 Vol. 1:

333-345, American Physiological Society, Washincton

Neri, A.; Roberson, M.; Connolly, D. T. and Oppenheimer, S.

B. (1975) Nature 258: 342-344

Nicolson, G. L. and Singer, S. J. (1971) Proc. Nat. Acad.

Sci. U.S.A. 68: 942-945 ‘ o

o
.

Nicolson, G. L. (1972) Nature, New Biol. 2 193-197

218-229

W

|

Niéolson, G. Eg\(1973) Nature, New Biol. 24



- 160

Nicolson, G. L. (1974a) Int. Rey. Cytol. 39: 89-19p

Nicolson,'G. L.; Yanagimachi, R. (1974b) Science 184:

1294-129¢

¢

Nicolson, G. 1I,. and Yanagimachi, R. ‘and Yanagimachi, H.

(1975) J. Cell. Biol. 66: 263-274

Nicolson, G. L. (1976a) Biochim, Biophys. Acta 457- 57-108

Nicolson, G. L. (1976b) Biochim, Biophys. Acta 8: 1-72

Noonan, K. D. and Burger, M. M. (1973) J. Cell Biol. 59:
134-142
Ohya, T., and Kaneko, Y (1979) Biochim, Bioph¥s. Acta. 19

607-609

O'Dell, D. s.: Tencer, R.; Monroy A. and Brachet, J. (1974)

Cell Diff. 3: 193-198

Ozanne, B. and Séﬁbfook,.J. (1971) Nature, New Biol. 233:

156

Pannett, C. A. and Compton, A. (1324) Lancet. 381-384



161l

.
(%nw:' ~ji5

v
pardoe, G. I., Bjrd, G. W. B. and Uhlenbruck, G. (1969) Z.

A

Immunita. s. forsch. Allerg, Klin, Immunol. 137: 442-457

parsons, D. F. and Subjeck, R. (1972) Biochim, Biophys.
|

Acta 265: 85-113

Pasteels, J. J. (1945) Anat. Rec. 93: 5-22

Pease, D. C. (1969) Histological Techniques For Electron

-

Microscopy, Acadia Press, New .York, p 50-63

Peter, K. (1938) Z. mikrosk anat. Forsch 43: 362-415

Pinto‘Qa Silva, P. and Branton, @ . (1978) J.

598-605

Poste, G. and Nicholson, G. L.'(1976a) Biochim. Biophys.

Acta 426: 148-~155

Poste, G. and Nicholson, G.. L. (1976b) eds. Cell Surface

Reviews, vol I. Elsevier—-North Holland, Masterdam



W

Pouyssequr, J. M. and Pastan, J. (1976) Proc.

Sci. U.S.A. 73: 544-548

Pratt, L. M. and Grimes, W. J. (1974) J.

4157-4165

Privat, J. P., Delmotte, F and Monsigny,

Letters 4@: 224-227

Privat, J. P. and Mosigny, M. (1975) Sci.

555-567

Raff, M. C. (1976) Sci. Am. 234: 3¢ :0

Rz in, A. M. C. and Burger, M. M. (1974) Adv.

1-91

‘

Biol.

M.

J.

Canc. Res.

Nat.

Chem

(1974)

Bioch.

162

Acad.

249:

FEBS

, Revel, J. P. (1974) in The Cell Surface in Development,

Edited by A. A. Moscona, J. Wiley énd Sons, New York, p

51~65

Reynolds, E. S. (1963) J. Cell Biol. 17: 2¢8-212

. Rice, R. H. (1976) Biochim Biophys. Acta 444: 175-180

P



163

“//,;;Berson, M., Neri, A and Oppenheimer, S. B. &1975) Séience

189: 639-640

Roguet, R., Aubery, M. and Bourrillon (1976) Diff. 5.

187-113

-

Roseman, S. (1976) Chen. Phys. Lipids 5. .70-297

Roseman, S. (1975) Hosp. Proc. 18(1): 61-70

~

Rosen, S., Kafka, J. A., Simpson, D. L., and Barondes, 5. H.

(1973) Proc. Nat. Acad. Sci. U.S.A. 78: 2554-2557

Rosenberg, S. A. and Einstein, a. B. Jr. (1872) J. cCell

Biol. 53: 466-473
Rosenouist, M. C. (1971) Develop. Binl. 26: 323-335

Rosenquist, M. C. (1972) J. Exp. Zool. 189: 954104

Roth, $. (1973) Quart. Rev. Biol. 48: 541-583

Sabatini, D. D., Bensch, K. G. nd Barrnett, R. J. (1963)

J. Cell., Boil. 17: 19-58



164

Sanders, E.J. and Zalik, S.E. (1972) J. Cell. Physiol. 79:

235-248
Sanders, E.J. (1973) 2. Zellforsch 141: 459-468

Sanders, E.J. and Zalik, S.E., (1976) Diff. 6: 1-11

- i

Seligman, A.M., Karnovsky, IM.J., Wasserkrug, H.L., Hanker,

J.S. (1¢68) J. Cell,‘Biol. 38: 1-14

Schachter, H. (1974) Bioch. Soc., Symp. 46: 57-71
Sharon, N. and.Lis, H. (1972) Science 1977: 949—959

AN

Sharon, N. and Lis, H.” (1975) Methods in Membrane Biology,

é

‘Edited by E.D. Korn, Vol. III Chp. 4
BRI 4

aron, N. (1977) Sci. Am. 236: 168119 ‘ \
i S -
Shimizu, S. and Yamada, JK. (1976) . Cell. Res. 97: 322- .

328

Singer, S.J. and Nicolson, G.L. (1972). Seience 175: 72@-731

s

Singet, S.J. (1973) Hosp. Prac. 8 (5): 81-90



165

Smith, C. W. and Hollers, J. C. (1978) J. Reticuloendothel. . &
Soc. 8: 458-464 B :
Smith, S.. B. and Revel, J. P. (1972) Develop. Biol. 27: .
431-434 .
solursh, M. (1976) Develop. Biol. 50: 525-530 B e
£l ),
Spratt, N. T. and Haas, H. (196@) J. Exp. Zool 145: 97-137
Spratt, N. T. and Haas, H. (1960) J. Exp. Zool 144: 257-275
- Bl -
Spratt, N. T. (1963) Devel-p Biol. 7: 51-63
Steck, T. C. (1974) J. Cell. Biol. 62: 1-19
: o w
-’x_\g‘sﬁteinberg, M. S. (1??64)- Cellular Mk. sms_ in Devel‘opment_,‘

Edited by M. Locke, Academic¢ Press New York . 231 ) “

3 - T Lok i . ‘.JE,:‘-. b v . ,. .’
Sundquist, K. and Ehmjst’”,”A.' (1976) "Nature 264: 226-231"
Taylor, R. B. , Duffay, b. H., Raff, M. C. and Petrus, S

233: 225-229 .

. (1971) Nature, Ne¥ Biol.
R B ¥



166

v

AW “
Temmink, J. h.‘h., Collard, J. G., Spitz, H and Roos, E.
P : ] .

. @»

(1975) Exp. Ccll Res 92: 307-322

Turner, R. H. ‘4nd Liener, I. E. (1975) Anat. Bioch. 68:

651-653 .

e

W
N

Ukena, ‘Bs E. and Karnovsky,, M. J. (1977) Exp. Cell. es. 106:

¥

Vakaet, L. (1978) Arch. Bijol. (liege). .81 387-426
4 R ' - !
/ '\;c» . i S

Waddington, C. H. (1933)‘wifhélm Roux Arch., Entwickl mech.

Org. 131:,583-521 . e . IR | )
e ' } by L P
; _ y e s . \ -
.‘“‘ ’ ING ' . - ‘ . ' v.c DA ‘ ‘ ' -~
Waddington, C."H." (1956) Principl@s“@gytmuryology, George
) . Y TR ‘
Allen and Uniwin Ltd. - g7 b
. ‘ T R
- o = ; iy
' Waechter, C. and Lennaéz,aw;?J. (1976), AﬁﬁivRev._Bioch 45:
; : - _ ‘ 4

4 95-112

Kt

“* Warfen, LY &nd Glick, 'J. Cell Biol. 37: 729-746

3 .
J . pa

~ . ~
4 . . . [

&,

Wafren, L. (1969) Cur. Top. Develop. Biol. 4: 1977-222



167

Whitaker, J. N. (1976) J. Histochem Cytochem 24: 652-658

l

Williams, D. A., Boxer, L. A., Oliver, J. M. and Baehner, R.

C. (1977) Nature 267: 255-257

3

Winzler, R;.J. (1978) Int. Rev. Cytol. 29: 77-125

. , : fﬂ& Zr
Wolpert, L. (1977) Internatlonal Cell Bloloqz Edited by B.

R. Brinkley an K R. Porter, Rockefeller U Press p 31-35
v .

A

Wong, R.;“Qev1er, E:‘Dz& David, M. s. and ,Reisfeld, R. A. .

(1975) J. Chrom. 114: ;éﬁﬁ -2 u,; -
i, ( ) - (,334_ w E | -

,

. N A ‘ r. i . }2}‘ ‘ |
Yahara, I. and Edelman, G. Mi (1972y<Pr0c: Nat. Acad. Sci.
T S dR vy . o ‘
"ULS.A. 69: 608 R g » L v
A A s ¢ .,
= | . / ’ o : v  x ’ ‘ ‘ . BN -;‘{‘
zalik, sS. E,“ Sanders, E. J., and T&Tiey,.c. (1972) J.7 Cell . T
' s i PO ceoet
s Physicl. 5'799225 -234 R .
N » ¥ s ’ ri;f’; -
v . al & : Ko e
o Loy
~Zalik, S. E. and Sanders, giges] .. (1974) lef 2 ©25-28"°
. R . ‘ ; - _

zalik, 'S. E.-and Cook, G. M. W. (1976) Biochim Biophys Aéta
o | " , o v o B .
419: 119-136 - - | | B o



