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ABSTRACT

Stage 1 to Stage 5 chick embryos were examined usiﬁg"
a transmission electron microscope. Coated iits (CP*s) én&’ 
coated vesicles (CV's) were observed in epiblgat, noaodor-;
and endoderm cells. Cationised fcrriti; (CP) was employed
as a marker for visualization of the distribution of
negatively charged collfaurfaco mojieties. ’Binding of the
marker was observed predominantly on the entire dorsal
surface of the epiblast, with the exception of the deepest
portion of the primitive groove in gastrulating embryos.
Other cell Burfaces, although accessible to the marker,
bound relatively insignificant amounts of CP. However,
when individual tissues were dissected from the embryo and
cultured, all cell typo; bound CF to their surfaces in a
in a manner similar to that segn on the dorsal surface of
the epiblast in situ. ‘ o :

Eibryos exposed to CP at 37°C prior to fixation
bound the 1abelNid a clumped, or patchy distribution.
This distribution was not apparently due to.a post-binding
f;arranétncnt'of,lignnd, as & similar binding pattern was
observed oﬁ glutaralﬁohydq fixéd embryos and embryos at low
temperature (4°C). \

Pollowing binding to éolla in situ and cells in vitro
at 37’c,§tho CP was cndocytoaod via 0P5s and CV's and subse-
quently transferred to dncoatoe, irregularly-shaped membrane
bound vesicles and multivesicular bodies. This proconi was

_ iv



also obaorvod‘to occur in the presence of the cytoskeletal
inhibitors cytochalasfn B, colchicine and vinblastine.

| Native ferritin and horseradish peroxidase did not
bind to any cell surface of whole embryos or tissue cultures,
nor were they intermalized by any of these cells, nggoéting
that bulk, fluid-phase endocytosis is very limited in
these colls at this time in development.

The location of CP's on the dorsal surface ;f the
epiblast in situ was, in some cases, apparentiy related to
the presende of ‘extracellular yolk granules bound to the . 9
cell surface. The yolk phoaphoprotein phosvitin was coval-
ontl?. crosslinked to the ultmtructuni marker ferritin,
and both embryos and.cul were immersed in}tne conjugate.
Binding of the confugate was observed on exposed cell
surfaces in both coated and uncoated regions at 4°C, and
almost exclusively in coated membrane areas at 37°c,
suggvstihg a degree of post-binding redistribution.
Internalization via CV's ensued at 37°C, until after 10
minutes the conjngatg was proaent.in irregularly-shaped
vesicular structures ‘and nuitivosféulsr‘b;diqg._ The |
binding and endocytosis of the conjugate wds not ihhibitcd
by.thc presence of a‘fhiify—ﬁqid excess of bévtne\soru-
albumin, but was inhibited by sa equivalent excess of
free phosvitin, suggesting that intornglisation of phosvitin

occurs via receptor-mediated endocytosis. |

v
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INTRCDUCTION

During the course of gastrulation, the cells Qf
the developing embr;o undergo extensive changes in
morphology, motility and molécular expr;ssion at the
Vcell surface., (Observing the spatial and temporal relation-
ships of these dynamic characteristics rrovides a basis
for hyrotheses concerning their interdependence and
respective fuﬁctional réles in the development of the
three-layered embryo. Such is the focus of the rresent
study. By investigating charaéteristica of the early chick
embryo, such as cell surface charge distribution and
processes of nutritive urtake via endocytosis, an attempt
has been made to further the understanding of some of the
molecular processes underlying development. |

The cell surfaces of the eafly chick émbryo possess
.a net negarive charge whicﬁ is progressively reduced as A
developﬁent proceeds from Stage 1 through St#ge,ﬁ (zalik
et al, 1972). ‘The foaultsfgf the present study suggest
‘that this is due to the conversion of an increafing
proportion of the glectronegative epiblast cells to
mesoderm and endoderm, which apreared to bear practically
no negative sites on their cell Surfﬁcos, as visualized
in. the trﬁnamisaion electron microscope byicationized_
ferritin (CP) binding. This change in cell surface
éharge occurred concurrently with respect to the develop-

mental stage and sﬁatial location of cellular passage

¢ 1



through the primitive streak.

Another interesting result of the rresent study was
that the negatively charged Qell surface moieties displayed
a clumped distribution, which was arrarently not due to‘a
post-binding rearrangement of ligand, as has been shown
to be true of certain ligands investigated in other systems
(Schlessinger et al, 1978; Willingham et al, 1979).
However, the functional significance of this natively
clumped distribution of anionic cell surface charge
remains obscure,

Previous investigations concerning the ezg yolk of
the chicken have partially characterized the yolk biochem-
ically (Clark, 1977; 6hr§stmann, 1977) in conjunction with
morphology (Bellairs and Backhouse, 1972). The
receptor-mediated transport of nutrients such as rhosvitin
into the developing oocyte is now well documented (Cutting
arid Roth, 1973; Woods and Roth, 1979; Woods anc Roth, 1981),
and the uptake of yolk by the embryo via the newly developed
extraembryonic circulation has been.studied recently (Mobbs
‘and Macﬁ&llan, 1981). Progress has been maae concerning
tne:suggeatid role of phosvitin in normal cellular events
such as iron transport (Osaki et al, 1975; Hegenauer et al,
1§79; Greengard et al, 1964) and oxidative phosrhorylation
’(Grtnf‘and Taborsky, 1966). However, it was evident that
the sequence of'morpholbgical events by which phosvitin -is
proéesaed once it enters fhe cell; and indeed it if is in

A ]

fact internalized by the early embryonic cells is at present
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" unknown. By tracing the pathway of internalization Dby
ultrastructural labeling, it is hoped that this study can
contribute to the understanding of this process.

. The binding &f phosvitin to the cell surfaces of the
early chick embryo wag rendered observable by conjugation
of phosvitin to native ferritin. This conjugate was
observed bound to exposed cell surfaces preferentially in
areas overlying coated pits (CP's)Iat 37°C. This distinctive
distribution was not evident following exposure to the
conjugate at’4'C, indicating that at 37°C a post-binding
rearrangement of ligand hed taken place. Incubation of
embryonic cells at 37°C in the presence of the conjugate ’
‘resulted in internalization’ via coated vesicles (cv's) to
intracellular vesicular compartments, including multivesicular
bodies, Phosvitin, therefore, appeared to dbe internaligzed via
the same pathway as the negative cell surface charge label CPF.
The endocytosis of CP was found, in the present~étudy, to
be independant of microfilament and microtubule function,

as the rrocess was not inhibited by colchicine, vinblastine

or cytochalaein B,



LITERATURE REVIEW

Morphogenesis of the Early Chick Embryo-

At the time of laying, the unincubatod-or Stage 1
(Hamburger and Hamilton, 1951) chick embryo is a disc of
cells consisting of two layers, the epiblast and the
hypoblast. The dorsal cell layer (epiblast) is separated
from the underlying cell layer (hypoblast) by a cavity
termed the blastocoele, and likewise the ventral surface
of the hypoblast is seperated from the yolk by the sub-
germinal cavity.

The subgerminal cavity does not underlie the entire
blastoderm, but only the central portion. The most ventral
cells of the blastoderm periphery are in contact with the
yolk. PFor this reason, the central area of the blastoderm
appears more transparent than peripheral regions, and has
been termed the "area pellucida", as opposed to the less
transparent circumferential area which is referred to as
the "“area opaca”,

Approximately five hours after the start of incuba-
tion (37°C), cells begin to accumulate in the posterior
portion of the blastoderm. This thickening is called
the “"embryonic shield” which is soon transformed into a
short, cone-shaped structure, known as the "initial Qtreak',
at the posterior edge of the area pellucida. This “initial

streak™ is the distinguishing feature of the Stage 2



chick embryo (six to seven hours incubated). At this
roint the streak exhibits a bipolarity of determination:
the anterior half will give rise to embryonic mesoderm
and ondobl,st, while the posterior half will contribute
only to extraenbryonic/neaodorn (for review see Nicolet,
1971).

At tn;g point the cells of the epiblast are rapidly
moving toward the embryonic midline, as defined by the
initial streak, and inward from the surface to further
thicken and elongate the initial streak, until at twelve
or thirteen hours of iﬁCubation it extends about hal fway
across the area pellucida; This is known as the "inter-
mediate streak" of the Stage 3 embryo.

The streak continues to increase in length, mainly
due to the movemeént of more anteriorly situated epiblast
cells toward the midline. However, eloﬁ&ation is also
thought to occur in a posterior direction (Vakaet, 1962),
such that as the elongation progregses, the area pellucida
loses its circular form and becomes pear-shared, narrow
at the posterior and broad at the anteridér end. A groove
becomes evid;nt where the cells are in!hrdly migrating:
the primitivg\groove. The primitive groove terminates
anteriorly iﬁ what is referred to as the rrimitive pit.
The primitive streak extends slightly anteriorly from
the primitive pit in a clump of cells known as Hensen's
node.

That the endoderm and mesoderm originate from epi-



blast cells which migrate through the primitive streak
has been well established (Vakaet, 1970). VNore recently,
scanning electron microscbpy (SEM) studies on developing
" chick embryos have contributed greatly to the documentation
of morphogenetié movements (Ebendal, 1976, Solursh and
Revel, 1978, England and wWakely, 1977). Prom these
studies the migration of cells through the primitive
etreék is apparently a result of a ventral extension of
the flask-shaped cells in the deepest portion of the
primitive streak, anchoring of these cells to subjacent
celis by lamellipodia and filopodia, then directional
cell shortening which pulls the cells down into the embryo's
interior. A number of other changes have been shown to
occur in cells passing through the primitive streak.

As well as loeing their epitholial'morphoiogy at this
time, the electrophoretic mobility of the cells decreases
at the primitive streak stage, as does their ability to
bind Mg'" and Ca’’ ions (Zalik et al, 1972, Harris and
Zalik, 1914). As the absence of Ca' ' and Mg** ions is
commonly ﬁsed as a method of cell disiociation, these
authors suggested that this was the means by which the
cells bcéame less tightly bound to one another during
passage through the primitive streak. A decreased amount
of goll surface fibronectin has also been suggested to
contribute to this decrease in mutual affinity (Sanders,
1980). These cells subsequently contributi to the form-

ation of both mesoderm and endoderm, the former of which



will first be considered.

The mesoderm migrates through the primitive streak,
then forward and laterally into the cell-free space between
the two cell layers, possibly dge to a simple lack of
contact-inhibition of moveggnt in that direction,

- although the evor—preégﬁt possibility of a diffusibdble
chemical gradient has not been ruled out. Ebendgl (1976)
found no SEM evidence fox bhe existence of structural
fibrils of extracellular matrix which.could direct the
migration by contact guidance. More recently hswever,
evidence derived from a combination of SEN, histochemical
and immunofluorescence fechniquqe has emefged in favog

of a contact guidance system for primordial germ ccllg"
(Wakely and England, 1979).

The secretion of basal l#mina on the ventral surface
of the epiblast precedes the arrival of laterally migrating
mesoderm cells, This evidence is in agreement with the
conclusion of Trelstad et al (1976) that laterally
migrating mesodern‘uscd the ventral surface of the epiblast
and the dorsal surface of the endoderm as substrates for
locomotion, (for review see Bellairs 1982). The migrating
mesoderm cells ar# naaociatid with each pthor by lamellipodia
and filopodia, a#d with endoblast and epiblast cells by
filopodia. A large volume of cell-free space (between all
mesoderm eolla)‘is present throughout the mesodermal
migration. Al hya1uronato is the major component of the
;xtrtcollular/latrf& synthesised at this time, and can
have a hydrated volume 10° times larger than that of the

~



unhydrated state, it has been suggested that this glyco-
saminoglycan may be responsible for the appearance and
majintenance of the cell-free spaces (Solursh, 1976).v
This claim has been augmented by a demonstration of
decreased cell-frec space in hyaluronidase-treated
embryos zrisher and Solursh, 1977). Moreover, it has
recently been shown by autoradiography fnat hyaluronate
synthesis begins within migrating cells during passage
through the primitive streak (Vanroelen et al, 1980).

The subsequent migration of each mesodermal cell has been
suggested to occur via transitory attachments to endoderm
and epiblast as well as other mesodermal cells. These
n%tach-ont-.hav‘ been attributed to the dinding of
surface glycosylprnn-fora-oo of one cell to oligosac-
charides on the exposed surfaces of neighbouring colls.‘
(Shur, 1977), and attachment of cells to extracellular
fibronectin (Sanders, 1980).

As mentioned previously, the endoblast also
originates from epiblast cells which migrate through the
Primitive streak, although it is as yet unknown whether
this occurs at the ssme time as migretion of presumptive
lo-odirlnl cells through the primitive streak (for review
see Bellairs, 1982). Recent SEM studies (Wakely and
Bngland, 1976, 1978) have confirmed earlier -u“cotioﬂ-
that a population of cndoblnlt cells are already pftcont.
slong with hypeblast cells, in the lower cell layer prior
to gastrulation (Vakset, 1962). This early endoblast

»
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4
formation is a .result of individual cells delaminating

from the epiblast and positioning themselves among the
cells of the hypoblast. As gastrulation proceeds more
cells are added to the developing endoblast via the
primitive streak. The constant addition of endoderm
cells directly under the primitive streak has been
suggested to push existing endoderm and hypoblast cells
toward the periphery, such that endoderm there prior to
gagtrﬁlation becomes a part of the area opaca (see also
Rosenquist, 1972). The exact mecﬁ;nism by which the
endgblast formed during gastrulation invades the pre-
viously existing lower layer and inserts itself as a
constantly expanding tissue patch is as yet unknown.
However, in the Stage 5 (Hamburger and Hamilton, 1951)
embryo the definitive end;blast is a wgll-eetablished
tissue layer underlying Qost of thear;; pellucida.

At the same time the mesoderm and endoderm are
developing, thc periphery of the epiblast is rapidly
migrating away from the area pelludida, contributing to
an overall expansion of the area opaca. These extra-
embryoﬂic dﬁiblﬁat migratingwedge cells are}%he only
epiblast cells which adhere to the:fibroﬁp, proteinaceous
inner vitelline membrane (Bellairs et al, 1963) such
that as qibansion of the area opaca continues, the diameter
of the ring of cell-substrate adhesion increases, The
reason for the limited cell-substrate contact between

the tissue and vitelline mﬁibrane has been purported to

!
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be advantageous in the co-ordination of movement (Downie
and Pegrum 1971). This idea i® based on the assumption
that an epithelial edge only one or two cells wide

should be better able to make a co-ordinated directional
movement than an epithelial'edge many cells wide, simply

because there are less cells to organize.

Labeling of Cell Surfaces with Cationized Perritin

A polycationic derivative of ferritin, cationized
ferritin (CP) is an electron-dense iron containing
protein, usod‘for labeling of negative charges on cell
surfaces and was first synthesized in 1972 by Danon et al.
This was accomplished by carbodiinié’ activation of horse
spleen ferritin (average charge per molecule = -92)
carboxyl groups followed by coupling to NL N dime%hjl-l,B'
propanediamine at pH‘6.5. This imparted a charge of: 2
to each carboxyl groug; and average of 65 goaitive charges
to each ferritin molecule,

. Colloidal ferric oxide had been used as a label of"
cell surface negative charge previously (Gasic et al,
1968) but non-uniform particlé size, low pH required for
tissue treatment and the necééaity for prefixation were
drawbacks to this method. All of these difficulties wire
circumvented through the use of CPF.

Danon et al (1972) eetablishedAthe usefulpeas of CF
as an indicator of the negativity of cell surfaéqs through

4
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an experiment involving rabbit red blood cells (RBC's).
Yohng, old and neuraminidase-treated cells were compared
with respect to electrophoretic mobility and CF binding
capatity. The electrophoresis data and the CF binding
data agreed that young RBC's were most negatively charged,
followed by old RBC's and finally the neuraminidase-
treated RBC's.

Since then, numerous studies have been conducted on
various cell types to determine what kinds ;} cell surface
anions are available fof labeling by CF. Most often,
these studies involve treatment of the cells with enzymes
specific for a particular cell surface component, followed
by exposure to CPF, preparatioﬂﬁfor transmission electron
microscopy, then comparison of CF binding distribution
and density with controls. 1In one such study of the inner
mitdbhondriallmembrane of rat liver cells, (Hackenbrock
and Miller, 1975) it was found that proteins, glycoproteins
and glycdlipids'(especially sialoglycolipids) were all
suscept}ble to CF labeling. Also_it has been reported
that about 50% of the anionic groups on the luminal front
of the blood vessel endothelium of theléuined pig were
sialic, acid moieties and were removed by exposure to
neu;aminidaae. Another study (Burry and Wood, 1979)
attributed the capacity fof CF binding on the cell surface
of cultured rat cérebellum neuronal processes to the
gialic ac1d moiety of glycoproteins and ganglloS1des,

tna-carboxyl groups of proteins and the phosphate groups
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of phOSPhOiipidS.b Nearly all of the CP binding-capacity

of sheep RBC's has been shown to be remoyed by\neuramini-
dase (Marikoveky and Veinstein, 1981). The anionic sites
located in coated pits on the luminal surface of mouse
capilléry endothelium are contributed only by proteoglycans
and/or glycoproteins, whereas negative sites on the
plasmalemma proper are of a more mixed chemical nature
(Simionescu et al, 1981 b).

‘To summarize, it appears that a CF detectable negative
cell surface charge.;ay be due to the presence of a number
of different types of anjons. 1In most cells studied by
théée methods a large propor%ion of the net negative
surface charge appears to be contributed by sialic acid,
although it may vary tremendouéiy bétween cell tyres.

This variation has been exemplified uéing electrophoresis
of chick embfyo cells, the negative charge of which was
shown not to be sensitive to neuraminidase (Zalik et al,
197&). Also, in a given cell tyﬁe the negative surface
charge in particular microdomains may be due to a propor-
tionally different set of surface molecules than the
remainder of the plasmalemma,

The pattern or distribution of CF to cell surface
binding has been studied in a wide vafiety of cell types
under many differént experimental conditiqns. Exposure
of glutaraldehyde-fixed cells to CF gives various results
according to the type of cell studied. For example, CPF .

binds in a random distribution to fixed baby hamster



kidney cells (Grinrell et al, 1675), the luminal surface
of guinea pig blood vessel endothelium (Skutelsky and
Danon, 1976) and\fat liver mitochondrial membranes
(Hackenbrock and Miller, 1975). CP binds preferentially
to certain miﬁrodomaina of the fixed lﬁninal plasmalemma
of mouse capillary epdothelium (Simionescu et al, 1981 a.),
isolated thyroid follicles (Denef and Ekholm, 1980) and
to microvilli on fixed Erlich ascites tumour cells (Subjeck
and Weiée, 1974). Also, CF binds in ; rather uniform and
continuous layer on the cell surface of fixecd cultured
embryonal cardiomyocytes (Lehner and Stevenson, 1981) and
sheep erythrocytes (Marikovsky and Weinstein, i981).

The CP binding distribution on the surfaces of
unfiiéd cells at physiological temperatures also varies
according to the cell tyre end the duration of exposure.
However,)generally there is a rost-binding rearrangement
of CF particles tending towards a greater degrée of patching
or clumping of the bound ligand with time (Borygenko and
Woods, 1979, Subjeck and Weiss, 1974, Hackenbrock and
FMiller, 1975, Grinnell et al, 1975, Marikovsky and Weinstein,
1981, Lehner and Stevenson, 1981). One}notable exceptioh
to thie is the obseryation by Simionescu et al, (19871 a)
that the preferential binding of CF tb certain microdomains
was observed in both fixed and unfixed cells. Skutelsky
and Danon (1976) suggested the lateral migration or clumping
observed in unfixed cells is a result of thg cross-linking

/
of the CF particles by negatively charged molecules.



Lenner dnc Stevenson (19€1) have reyorted trat CPF
arrested contractile #&ctivity in cultured cardiomyocytes
according to the cdncentration of the CF dose. The
arrest was suggested to be a result of a nearly comrlete
occupation of cell surface ca*” binding sites by CPF
molecules, as»microfilament disruption couléd te surpressed

* concentration. Also, the arrest of

by increased Ca”
contractile activity was correlated with an absence of
gars in the CP layer bound to the cell surface.

CP surface labeling techniques have been employed
in attempts to elucidate the importance of the nature of
cell surface charge. One example is the finding that
Bl6 melanoma variants with differing lung colonizing
poteﬂtial had differing negative surface charge distribu-
tions (Rgz et al, 1980). The fixed Bl6 melanoma.cells
which possessed a high lung colonizing potential showed
large clusters of CPF bound to the ce}l surfaces, while
the low lung colonizing potential variants by and large
showed a continuous layer where each CF molecule was
separated from the adjacent molecule by about 100 A. a
second example is the report that the cell surface charge
density decreased as slime mould cells approached agglutin-
ation (Lee, 1974). Differences in the distribution and
mobility of cell surface anions on cultured secondary
BALB/c embryonic fibroblasts and their SV-40 virus
- transformed counterpartschave‘been'foﬁnd (Borysenko and

Woods, 1679). Each cell type was suﬁjected to a_10
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second pulse label with CF, then fixed and obser'ved.‘ In
the normal fiﬁroblaets the label was clump‘ed with large
bare aress in between, the transformed cells exhibited a
rﬁndom distribution with very few =small bare areas. \If
the cells were incubated for 20 minutes, following‘CF
exposure, in CP-free saline the distribution of CF on
the normal cells was not altered. PFollowing the same—
treatment, CF was bdﬁnd to transformed cells in very large
clusters. Thus, it seems fhe anionic sites on the
surfaces of the transformed cells have a more random
innerent distribution‘and are more capable of long
range mobility than their ndrmal counterparts.

CF has also been used to investigate the rrocess
of membrane turnover in living mouse peritoneal macro-
phéges (Skutelsky and Hardy, 1976). After these cells
we;e exrosed to CP in vitro most anionic sites disappear
from the cell surface. These authors found that this
disappearance was due fo two processes, the éongentration
of CP-bound molecules to a part of the plasma membrane
which is subsequently internalized, ana detachment of
CP-bound moieties from the cell surface. The capacity
to bind CF was regenerated during incubation in CP-free
tissue culture mgdium. This regeneration was shown to
be regional at first, and not dispersed over the entire
cell surface. This led the authors to suggest a mechanism
for membrane turmover implicating insertion of whole

patéhes of membrane by fusion of vesicles, rather than
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dispersed insertion of membrane molecules.
In summary, CF binding is an established techniaue

for examination of surface charge distribution. In the

. present work this label has been used in this way to

determine surface charge density and distribution in

various chick embryo tissues, in situ and in vitro.

Coated Pits, Coated Vesicles and Receptor-Mediated

® .

Endoqltosis

- Coated pits (CP's) and coated vesicles (CV's) are
characterized by the proteinaceous latticework which
surrounds them on the cytorlasmic surface of the plasma
membrane. In a thin crobséeect}on near the middle of the

CV, the protein coat appears as tiny projections which

. are roughly perrendicular to the vesicle membrane. The

relatively modern term "coated ves1|l‘:! dates back, in

a definitive sense, to a study done py Rosenbluth and
Wissig in 1964. The "coated pit" refers to the plasma
membraﬁe invagination which gives rise to the coateé '
vesicle, In fhis paper they described the endocytosis of
ferritin in the perikarya of toad neurons, which occurs
via transport in CV's. More recently, CV's have been

isolgtod from a variety of tissues (Fearse, 1975, 1976)

by sucrose gradient centrifugation. In 1975, Fearse had

VwSubjected a‘partially purified aliquot of CV's derived

L\ R

from pig brain to sodium dodec sulfate polyacrylamide

16
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gel electrophoresis, and found a major protein band of
approximately 180,000 molecular weight. The protein was
digested at the cytoplasmic surface of the vesicle by
trypsin and pronase, and Pearse named it "clathrin®.

This molecule gppears to have been highly conserved in
structure between different tissues and different phylo-
genetic classes (Woods et al, 1978, Whyte and Ockleford,
1980) . ‘ ,

It also has been shown that the protein lattice
characteristic of CV's can be solubilized and thereby
dissociated from the membrane by high concentrations o}
urea (Blitz et al, 1977), rrimary amines (Keen et al, 1979)
or high pH (Woodward and Roth, 1978). This solubilized
protein can be reassembled into paaket-like structures
which are morphologically similar to those seen on the
original, intact CV's, that is a basket-like lattice of
pentagons and hexagons. Electron microgra?hs of the
solubilized prote}n have been obtained and from these
the basic aséembly unit of the cage appears to be a
pinwheei-like structure with three-fold symmetry
(Ungew;ckell and Branton, 198l1). This assembly unit -
‘consists of three heavy rrotein chains of 180,000
molecular weight and three light chains (at least two
species of which have been identified, with'molecular
weights of 33,000 and 36,00C). Each heavy chain is bound

to one light chain, and the complete unit is a trimer of
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these pairs, thus the three-fold symmetry. These pinwheel-
like trimers aprear to be the building blocks of the protein
coats of CV's (Kirchhausen and Farrison, 1981).

Fearse (1975, 1976) also performed an analysis of
the lipid composition of the CV membrane. In these
studies it was discovered that the cholesterol to phospho~
lipid molar ratio of CV membrane was significantly lower
than that found in plasma memdbranes, and more closely
approximated the ratio commonly found in internal membranes.
The same is true of lipids isolated from chicken oocyte
CV membranes (Whyte and Ocklefore, 1980). Therefore, it
seems that coated endocytic vesicles may selectively
internalize lipids from the plasma membrane, such that
cholesterol-rich areas are excluded, leaving the cholesterol
rto(phospholipid molar ratio of the target organelle/s
undisturbed.

The distribution of CF's on the surfaces of cells
ranges from a seemingly random distribution in mouse
fibroblasts (Bretscher et al, 1980) to a distinct regionai
confinement (Pféiffer et al, 1980) in mouse macrorhages.

.The most extensive research pertaining to CV function
has been concentrated in the area of their involvement in
the receptor-mediated endocytosis of proteins, although
they are also known to part;cipate in secretory processes
(Kartenbeck, 1980), membrane recycling (Steinman et al 1976,
. Schneider et al 1979) anl intracellular transport (Friend

and Farquhar, 1967). Such molecules as immunoglobulin G



and vitellogenin in developing chick oocytes (Roth et al,
1976), epidermal growth factor, or EGF (Haigler et al,
1979),low density lipoprotein, or LDL (Anderson et al,
1977) and « ,-macroglobulin (Willingham et al, 1979) in
human fibroblasts, have been obser%ed to enter the cells
via CP's and CV's. 1In some of these studies, éonjugation
of the protein being studied to an ultrastructural marker
such as ferritin or horseradish peroxidase (HRF) allowed
direct electron microscopic visualiz:tion of different
stages in the endocytotic process.

The first stage of receptor-mediated endocytosis
involves the binding of an external ligand to a cell-
surface receptor. This binding is a specific interaction
and has been studied from the point of view of receptor
distribution before and after bincing of the ligand.

The receptor-mediated endocytosis of LDL by human
fibroblasts is one of the most thoroughly investigated of
these systems (Anderson et al, 1977). The unbound LDL
receptors on the fibroblast cell surfaces were found to
be widely but unevenly distributed in the plane of the
plasma membrane. \They observed that 60 to 704 of the
ferritin labeled LDL that bound to the cells, at 4°C
(where lateral movement of bound ligand is retarded) and
on fixed cells, was localized in CP's which make up no
more than 2% of the total surface area. Wall and Hubbard
(19€81) obtained similar results tnroﬁgh observation of
asialoglycoprotein receptors on the cell surfaces of rat

hepatocytes. When cells exrosed to labeled ligand at 4°C

19
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were subsequently warmed to 37 C, within 10 minutes
nearly all the bound ligand was present in CV's, which
presumably had formed from the "pinéhing off™ of Cl's. /
However, evidence has since been presented indicating
that the coated pits of fibroblasts do not pinch off at
all, but simply Cuncentréte the bound ligand @(2—macro—
globulin) and transfer it to an uncoated vesicle. This
uncoated vesicle, called a "receptosome", forms immediately
adjacent to the CF and is purported to be responsible for
the internalization of the ligand previously concentrated
in the CF (Willingham and Fastan, 1980). In other words,
what may in some thin sections appear to be a fully enclosed
CV, is observed in serial sections to be continuous with
the rlasma membrane via a long, narrow "neck", and there-
fore still open to the extermal milieu.

Anderson et al (1977) have additionally identified
a mutant with an impaired ability to localize LDL receptors
in CP's. The LDL receptor is believed to be a transmem-
brane protein and this mutant is thought to synthesize
receptors defective in thenregion of the molecule which
normally associates with clathrin on the cytorlasmic
membrane surface. This defect manifests itself in the
pathological condition known as.familial hypercholesterol-
emia, as does the inherited lack of the entire LDL receptor.
In this study they also obtained evidence that in normal
human fibroblasts the LDL receptors were recycled following

internalization in CV's, as internalization and replenishing

2
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of surface recertors continued for at least six hours when
protein synthesis was eftectively inhibited with cyclohexi-
mide. Other evidence for the occurrence of a cell surface
component recycling phenomenon has been obtained using CF
and HRF as ultrastructural markers (Thyberg et al, 1881).
Following a pulse label with HRP and a subsequent chase
with normal medium, HRF was observed to accumulate in
lysosomes via adventitious incorporation into endocytic
vesicles. At this point no HRP was present on the cell
surfaces. Then the cells were exposed to CF which bound

to the plasma membranes, and was internalized in endocytic
vesicles and transferred to lysosomes. Subsequently, CF-
HRY complexes were observed in Gqlgi cisternae, cytoplasmic
vesicles and bound to the cell surface.

Although these ultrastructural markers have proven
to be valuable in many studies, their use as labels
conjugated to ligands whose endocytosis it is desired to
follow may be responsible for the specificity of binding,
and therefore characteristics of internalization, in some
cases (Wild, 1980). Therefore, the apnfOpriate experiments
must be done to eliminate these rossibilities when a study
of this kind is undertaken.

As previously mentioned, the LDL receptors of human
fibroblasts are preferentially located in CF's prior to
ligand binding, however this premise can not be expanded
to encompass recopfor-lediatod endocytosia in general.

Por example, ferritin-conjugltod-tz—-acroglobulin binds

!
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to fixed fibroblasts in culture with an epmirely ditrfuse
d;g%ribution (Willingham et al, 197¢). Vihen this
conjugate was exposed to unfixed cells for 5 minutes at
4°C, a diffuse pattern of labeling was again observed,
only some clustering of bound ligand into CF's was evident,
indicating that mobility of molecules in the rlane of this
membrane is not completely retarded at this tenperature.;
Furthermore, when the conjugate was exposed to cells at
37°C for 1 minute prior to fixation, the receptor-ligand
complexes were rapidly redistributed ;nto coated membrane
areas.

FPurther varjations of the mechanism of recéptor—
méaiated endocytosis in fibroblasts have been elucidated
in studies involving fluorescent derivatives of epidermal
growth factor (EGP) and insulin (Schlessinger et al, 1978).
In this study it was found that both EGP and insulin
receptors are natively diffusely distributed in the plane
of the plasma membrane. However, this is not to say that
they are randomly distributed, as about 254 of bound
ferritin-EGP conjugate was located in groups of 5 molecules
or more (Haigler et al, 1979), and unoccuﬁied.i;;ulin
receptors appear in groups of two to six molecules
(Anderson et al, 1977). 7There is no post-binding rearrange-
ment of these receptors at 4°C, however, the hormone-
recertor complexes bccnt,,aggrogatod into patches, \
immobilized and intornali;od within a f;w minutes at 37°C.

These observations were attributed to either hormone to



hormone cross-linking or increased affiFity of receptors
for one another, caused by a conformafional change in
the receptor follﬁwing binding of ligand (Schlesginger
et al, 1978).

It has been found that CF's and CV's not only act
Qs sites of concentration and intermalization of specific
ligends, but additionally may preferentially exclude
certain membrane proteins from their confines (Bretscher

et al, 1980). This evidence agrees very nicely with the

jdea that CV's mediate the transfer of specific molecules

between intracellular organelles, without transrorting
membrane proteins srecific to a particular organelle.

Up %o this point no mention has been made, in this
review, of the eventual fate of the endocytotic CV's and
their contents. This area has been extensively studied
and overall; has been found to be extremely variable
between cell tyres. Although a complete compilation of
the destinations of endocytic CV's in all cell types
studied and the suggested reasons behind them is beyond
the scope of the present work, & rough idea of the extent
of this diversity will be given here. For examrle,
endocytic CV's have ﬁecn shown to travel through the
cytoplasm and fuse with other CV's,.IVE's, primary or
secondary lysosomes, Golgi elements or the plasma membrane
depending on the cell type and the nﬁturo of the ultra-
structural marker used to trace their fate (for review
see Nevorotin, 1980). In some cases, several of tn::o

pathways may be traced by the same label, in the same
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type of cell (Van Deurs et al, 1981). The clathrin
iattice may or may not be completely lost prior to the N,
fusion initiation. In still other instances, as previousay
mentioned, it appears that the CP's on the cell surface

do not morphologically separate from the plasma membrane,
but transfer their contents to a developing receptosome
which subsequently pinches off leaving the cﬁated pit
still attached to the cell surface (Willingham et al,
1981). The recertosome then moves through the cytoplasm
to a position near the Golgi apparatus, and then delivers
its contents into newly-formed lysosomes (Willingham and
Pastan, 1980).

In summary, CP's and CV's appear to mediate the
transport of certain molecules to specific sites in the
cells of a wide varietj of tiasuea. The presence of the
clathrin coat has been suggested to mediate thig specific-
ity, preventing transfer of the vesicular contents to
inappropriate sites and/or facilitating recognition and

subsequent fusion with the target membrane (see Ockleford

and Munn, 1980). o

Avian Egg Yolk: Deposition and Utilisation

In many instances, yolk derosition involves selective
protein transport from the maternal ciréulgtion to the
interior of the developing oocyte (Roth et al, 1976,
Wallace and Dumont, 1968, Jared et al, 1973). This
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selective protein transyport is mediated by CF's and CV's
and has been demonstrated to be the pathway of internali-
zation into the oocyte for the maternal serum protein
>vitellogenin, as well as immunoglobulins, very low density
lipoprotein and low density l;pOprotein in the chicken
oocyte (Cutting and Roth, 1973, Roth et al, 1980). This
sequestration of proteins is known as vitellogenesis, ,
and from chicken oocyte membranes a receptor, specific

for vitellogenin, has been solubilized and characterized
(Woods and Roth, 1979). The chicken vitellogenin molecule
is thought to consist of tﬁo phosvitin subunits and one
lipovitellin subunit (Christmann et al, 1977). It has
recently been demonstrated, through competitive binding
studies, that the binding of vitellogenin to its receptor
on the oocyte membrane, is mediated by its phosvitin
moiety (woods and Roth, 1981). Following endocytosis

of the ligand-receptor complex, the clathrin coat is

lost from the cytoplasmic surface of the vesicles which
then undergo fusion with larger protein-containing vesicles.
The vifellogenin is broken down in the oocyte to yield the
lipovitellin and phosvitin, which remain associated with
vach other in the discrete particles which constitute the
“granule fraction" of avian egg yolk (Bellairs et al,
1972). The role of phosvitin in chick development
is believed to be that of a rich source of if;n and phos-~
phorous for the developing embryo (Clark, 1977, Hegenaur
et al, 1979). |
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The uptake of yolk proteins by the developing chick
embryo has long been annactive field of study (for review
‘'see Schechtman, 1956). On the basis of these studies it
has been generally accepted that the cells of the area
opaca actively phagocytose extracellular yolk, however
there is little evidence to indicate that this also
occurs within the area pellucida (Bellairs, 1958, Bellai{s
and New, 1962). What has been established through tracing
of ferritin and HRP erndocytosis is that the endoderm of
the yolk»sac may take up yoik through sequestration in
CP's and CV's which retained their clathrin coats until
fusion with apical vacuoles (Mobbs and McMillan, 1981).
The srecificity of the uptake of yolk qgnetituents in
this manner has not been established, although these
authors note that CP's in the yolk sac endoderm are assoc-
iated consistently with dense extracellular yolk granules
and, "...although there may be no srecific selection of
an individual protein, endodermal cells may endocytqse
a certain yolk fraction compoﬁed of more than one protein”.

The apical vacuoles have been suggested to contain
lysosomal enzymes which play a role in the digestion of
endocytosed extracellular materials (Lanbson, 1970, Mobbs
and McMillan, 1981). Follbwing incorporation into arical
vacuoles, the tracers HRP and ferritin were observed in
pleomorphic yolk drops deeper within the cytoplasm and
subsequently in the vitelline circulation. The exact

mechénism of this tnansfer could not be determined in
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this study but it was proposed that deposition of molecules
into the intercellular space below the areas of junctional
contact between cells could account for this, as ferritin
particles were observed in these spaces.

The intracellular breakdown of yolk in the early
chick blastodefm has been examined by transmission electron
microscopy (Bellairs, 19%58). In this study it was concluded
that the area pelXlucida of the early chick embryo (unincu-
bated through 10 pairs of somites) contains 3 main types
of yolk drop. These 3 types were termed "complex yolk
drop", "type A yolk drop™ and "type B yolk drop". Complex
yolk drops were purported to be early stages in yolk
conversion and contained both type A and type B yolk
.drops. In time, the membranes around the camplex yolk
drops break down, releasing tyre A and type B/yolk drops
into the cytoplasm. The type A yolk drops then arpear
"‘to be converted into MVB's, the limiting membranes of
which eventually break down releasing the circular, or
possibly tubular bodies or microparticles into the cytoplasm
-yhere they may contribute to endoplasmic reticulum or
cytoplasmic microparticles. The type B yolk drops,
believed to be primarily lipid gradually become smaller
and fewef in number but their eventual fate was not
ascertainable.

It is therefore apparent that while some aspects of
yolk deposition and utilization have teen elucidated,

much remains to be discovered in this field. Fart of
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the present study is therefore directed toward a further
understanding of yolk utilization via endocytosis in the

area pellucida of the early chick embryo.

The Cytoskeleton, Receptor Distribution and Endocytosis

Microfilaments (MF's) and microtubules (MT's) have
been implicated in numerous cellular processes, including
the motility of cells as a whole and of their constituent
organelles and particles., Evidence for the involvement
of MF's and, to a lesser extent MT's in the histribution
of cell surface components has largely been.obtained
through studies of "capping”™ phenomena (for review see
Koch, 1980). Capping refers to the "ligand induced
polar redistribution of cell surface receptors" (Taylor
et al, 1971). A primary requirement of capping is the
use of a multivalent ligand capable of cross-linking
cell surface receptors. This cross-linking appears as
patches of clustered receptor-ligand complexes, and follow-
ing this, these patches are translocated to one pole of
the cell in a process rgquiring metabolic energy.

One example of the capping phenomenon is the response
of fibroblasts to the lectin concanavalin A. The involve-
ment of microfilaments in this process has been supported
by electron microscopic demonstrations of close morpho-
logical proximity between concanavalin A caps and large

amounts of actin (the MF protein) in the cortical cytoplasm . °
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directly underlying the cap (see Condeelis, 1980). Also,
the relationships between MF's, MT's and cell surface
receptor capping have been extensively investigated

using drugs which are known to disrupt cytoskeletal
elements. Colchicine, which disrupts MT's and cytochaiésin
B, which disrupts MP's are two such widely used agents.

The effects of colchicine on capping are extremely
variable between experimental systems, as it may have no
effect, an inhibitory effect or an enhancing effect,
however the latter case appears to be the most éfevalent.
Cytochalasin B, however, always exerts some degree of an
inhibitory effect on capping.

5 At'presenf, the most widely accepted model to account
for these observations is known as tHe "anchorage model",
which envisages receptors to be "held in place" by MF's

to create an energy barrier to receptor clustering known
as the nucleation threshold (for review see Rees et al,
i980); When the ¥MF's are disrupted fnis threshold is
‘theoretically lowered, allowing co-operative binding of
ligand and resultant patch formation; however, cap
formation is inhibited. The role of MT's in cap formation
;s generally not well defined due to the variébility of
the effects of colchicine,

Other lines of evidence also indicate an association
between cytoskeletal elements and cell surface components.
For examp;e, both cell surface H antigen and cell surface

immunoglobulin have been shown to co-purify with MF's in

-
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some cells (see Condeelis, 1980). Aalso, p{oteoly51s
confined to the external cell surtface results in
disaggregation of intracelﬁy(ar MF bundles (see Rees et
al,‘1980). In summﬁfyLJl})has been ;ell established
that cellular MF'éxand ¥MT's are capable of influencing
cell surface recéptor distribution, however, the nature
of the interactions on a molecular level are not well
understood. ’

The eftects of cytoskeletal disrurtion on endocytosis
are extremely variable derending on the tyvre of endocytosis
and the particular example studied (for review see
Silverstein et al, 1977). 1t argears that the only ‘
consistent generaliiation to be drawn from the 1i§eratufe
is that cytoskeletal disruption does not enhance endocy-
tosis i1in any system,

To elaborate on the variability of the{eqfﬁfts of
both colchicine and cytochalasin B on endocytésiéjseveral
examples will be considered. Colcnicihe inhibits fluid-
phase endocytosis of YRP and adsorptive endocytosis of
cationized HRP in mouse peritoneal macrophages (Thyberg

‘%Pnd Stenseth, 1981) and the abaorptive uptake of colloidal
gold by rat peritoneal macrophages. However, the
fluid-phase uptake of polyvinylpyrrolidoﬁg in rat
peritoneal macrophages was inhibited only'at concentrations
where the specificity of the inhibitor was in doubt,
{Pratten and Lloyd, 1979) as at high concentrations

A

‘colchicine inhibits transmembrane nucleotide transport
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and has a hypocalcemic action (Allison and Davies, 1974).
Cytochalasin B has no effect on the fluid-rhase endocytosis
of HRT or the adsorptive endocytosis of cationized HRF by '
mouse peritoneal macrophages (Thyberg and Stenseth, 1981)
or on the adsorrtive pin%cytos1s of ferritin or colloidal
€0ld by mouse macrophages (see Sjilverstein et al, 1977).
However, cytochalasin B inhibits the adsorptive pinocytosais
of lysosomal hydrolases and sulfated glycosaminoglycans by
skin fibroblasts (von Pigura et al, 1978) and the adsorp-
tive uptake of coclloidal gold and fluid-rhase endocyvtosis
of polyvinylpyrrolidone by rat peritoneal macrophages
(Fratten and Lloyd, 1979). |

With particular reference to plpocytoals involving
Cr's and CV's, it has been found that cytochalasin B
interferes with this process. For example, investigators
have found that in human lymphoblastoid cells, cytochalasin
B inhibits the conversion of CI's to CV's (Salisbury et al, )
1980). This would infer a functional role of microfila-
ments in coated vesicle formation. However, cytochalasin
B has been found to have no effect on the uptake via CF's
and CV's of I“i labeled asialoglycoprotein by rat hepato-
cytes (Kolset et al, 1979).

‘In iu.-nry, the effects of cytoskeletal innibitor!
on various endocytic systems have bocq shown to be
variable between cell tyres and different endocytic
markers in a given cell type. The present study will

therefore attempt to ascertain the degree of involveament

of the cytoskeletal elements in the endocytic processes



{ tne early chick embtryo.



NATERTALS AND METHCDS

1) Ireparation of Embryos

The fertilizec eggs of ¥hite Leghorn chickens
were purchased Irom the rfoultry Parm, (niversity of
Alberta. The embryos were dissected -ut of tne ezggs
anc ‘reed >f adhering yolk and vitelline memtrane 1in
c.1¥ phosphate buffered saline (IBS) pE 7.4 at room
temperature. In some embryos the endoblast was removed
from one half of the embryo, to allow access of chemicals
10 the mesoderm ard ventral surface of the epiblast.

The C.1¥ FBS was prepared by mixing 7.2g NaCl,
1.48¢ lazﬁPO‘ and 0.43g KHZPO‘ in one liter of dAistilled
water. The pH was adjusted to 7.4 with NaOH and <the
buffer was stored at room temperature.-

Pollowing dlssectlon,.tne embryos Qere thoroughly
rinsed in PBS and were deployed in various ways according

to the regquirements of each experiment.

2) Transmission Electron Microscopy, (TEM)

Pollowing exposure to a particular set of experi-
mental condit:ons, embryos and cultures were rinsed
three times for five minutes each with FBS, then fixeé
in 2.5% glutaraldehyde (Ladd Research Industries,
3urlington, Vt.) in O0.1M FBS for 4 hours at the

temperature required by the experiment. Then they were
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rinsed again, as above, and post-fixed in 1% OsC4 in
C.1¥ IBS pE 7.4 for 1 hour at room temperature. Rinsing
was repeated and followed by dehydration in a graaced
series of ethanol (10 minutes 1n each of 50%, 70%, 85%,
95; and twice 1in absolute ethanol). The specimens were
then i1mmersed in rropylene oxide for 20 minutes before
being rlaced i1n a 1l:1 mixture of propylene oxide and
Araldite embedding resin (Luft, 19¢l1). The srecimens
remained 1n this mixture overnight at room temrerature,
then the mixture was drained of! and rerlaced by rure
araldite for 6 to 8 hours. Embryos were then rlaced in
a rubber embedding mould, covered with nure Araldite
and 1ncubated at 60°C for 48 hours. In the case of
cell cultures, these were covered with pure Araldite

in the culture dish and incubated at 60°C for 48 hours.
The rlastic aish was then removed and the areas of the
block containing cells were cut out. These blocks

were then :nverted such that the side which formerly
contacted the Eiastic dish was dorsal, placed in rubber
moulds and covered with pure Araldite. After a further
polymerization at SO'C for 48 hours the blocks were
trimmed with a razor blade.

Thin sections enoﬁing a silver interference pattern
(approximately 000 A) were cut using glass knives on
either a Sorvall Forter-Blum ¥Mt-2 ultramicrotome or a
Reichert OmU2 ultramicrotome. Sections were picked up

on formvar coated 200 mesh copper grids.
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Unless the nature of the exreriment reauired
unstained sections, sections were stained with 5%
uranyl acetate in absolute methanol for 10 minutes,
‘r1nsed in 4 changes of absolute methanol até counter-
stained with Reynolds lead citrate (Reynolds, 1963)
for ¢0 seconds. Grids were examined with a Fhillirs
EF 300 electron microscore at 60 KV,

®or light microscory, the same procedure as for
TEN was followed up to and including block trimm:ng.
Pollowing this, thick sections of approximately 1
thickness iere cut on a Reichert OmU2 ultramicrotome
usi1ng glass knives. Thick sections were rlaced on
glass microscope slides, dried, then stained with
Richardeon's stain for 60 minutes on a hotplate rreheated
to 115°C. Stained sections were examined and photo-
grarhed using a Leitz Orthoplan light microscope

mounted with a Leitz Orthomat camera.

3) Scanning Electron Ficroscopy (SEW)

Embryos were prerared for SEM examination in the
same manner as described for TEM preparation up to and
including ethanol dehydration. They were then transferred
to vials containing 100% acetone, which was changed twice
at 10 migite intervals, stoppered and stored at 4°C
overnight. Critical point drying from CO, was carried

,out, followed by coating tﬁe samplés with gold and

examination with a Fhilips 505 microscgpad.
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4) Tissue Culture

All tissue samples were taken from Stage 5 (Hamburger,
and Hamilton, 1951) chick embryos using sterile technigue.
Aprroximately 0.25 mm squares of either endodblast, meso-
blast or epiblast were dissected out of the embryo using
Tungsten needles in O.1M PBS pH 7.4. The separate tissue
samples were explanted via silicon-coated narrow mouth
Pasteur pipette into Earle's 199 medium. containing 10%
fetal calf serum (PCS, GIBCO, Grand Island, New York)
and 5% Penicillin (500 units) Streptomycin (5Q0 mcg/ml)
GIBCO in drops in Permanox plastic dishes (LUX Scientific
Corporation, Newbury Park, Calif.). Sterile FBS drops
were placed around the inside periphery of the dish to
suppress evaporation of the culture medium. The dishes
containing the explants were tﬁon placed into a 4% CO,
environment and incubated at 37°C for 24 hours.%All
explants were then examined under a Leitz inverted
phase-contrast microscope and those which had not attached
to and spread on the substratum were discarded.

5 Preparation of Fhosvitin-Perritin Conjugate

The method for synthesi,ing this electron-dense

marker (Avrameas, 1969) consisted of mixing 12.5 mg of
phosvitin (PV), having a molecular weight of about
34,000, and 162.5 mg of ferritin (mol. wt. 450,000) in
5 ml of O.1m PBS (phosvitin and ferritin from Sigma
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dehyde is added dropwise and further mixed for 1 hour
at room temperature,

After the conjugation reaction the solution was
transferred to a dialysis bag (pre-boiled in distilled
H,0 for 2 hours) and dialyzed against a large volume of
buffer for 2 hours with constant mixing. Then the buffer
was drained and replaced with fresh buffer and dialyzed
overnight, té remove any remaining free glutaraldehyde
drom the dialysate.

The’aolution was then applied to a Sephadex G-75
gel exclusion cloumn equilibrated with O.1M FBS pH 7.4.
The conjugate-containing fraction was collected immediately
after the void volume. The fraction corresponding to
free FV peak was collectgd and a protein concentration
 determination was conducted, according to the method of

Bradford (1976) using the dye Coomassie Brilliant Blue
G-250 purchased from Bio-Rad Laboratories, Richmond
Calif. USA. The concentration in the FV peak was found
to be less than 5 g/ml. The total protein-containing
volume after the conjugate peak was 180 ml, as determined
by monitoring the absorbance at 280 mm with an I;co type
6 optical unit, model 328 fraction collector and VA-5
absorbance monitor. This gave the maximum amount of FV
outside the conjugate peak to be 10;5 than 0.9 mg. Sub-
traction of this value from the original amount of PV
used to synthesige the conjugate gives a minimum of 11.4
mg of FV pfhsont in the conjugate fraction of 40 ml.

Therefore, the concentration of PV-ferritin complex ‘aa \\
. %

w
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was not less than 0.25 mg/ml.

6) Experimental Frocedures

Cationized Perritin (CP) Experiments

Sterile cationiied ferritin (1lmg/mi) in 0.15M
NaCl was purchased from Miles Laboratories Inc., Elkhart,
Ind. In one experiment, CP was diluted to 0.12 mg/ml
with FBS, in all others 0.25 mg/ml was the concentration
employed. Embryos were transferred to vials containing
about 2 ml 6 CP solution via wide-mouth pipette.

Immediately prior to, and following CP exposure
all embryos (Stages 1, 3 and 5 according to ahmburger
and Hamilton, 1951) and cultures were rinsed thoroughly
with buffer. Exposure conditions varied with regard to
temperature (4°C or 37°C) and time of exposure (1 min.
to 60 min.) accordir:g to the aim of the particular
experiment. In some experiments, when fixation of embryos
in 2.5% glutaraldehyde in PBS pH 7.4 preceded CF exposure,
embryos were rinsed in 5% glycine in FBS to neutralize ’
residual free aldehydes prior to CF exposure.

To be sure of a homogenous solution of free CF
pqrticles, rather than aggregates, a drop of the CF
soiﬁtion was placea on a coated grid and allowéd to dry.
Subsequent electron microscopic examination revealed a
ecarc?ty of aggregates and a vast majority of free CF

molecules,



Ferritin Experiments

‘Sterile Type 1 horse srleen ferritin (100 mg/ml)
in-0.15% NaCl was purchased from Sigma Chemical Co., St.
Louis, 'Mo. The ferritin was diluted to 0.25 mg/ml or
5-mg/ml with O.1M PBS, pH 7.4. Stage 5 embryo(s and
cultures were exposed to the ferritin solution at one
of the above concentrations for times ranging from 5 to
30 minutes at 37°C or 4°C and then rinsed with buffer

and processed for TEM,

Horseradish Peroxidase (HRP) Experiments

Type V1 Horseradish feroxidase was purchased from
Sigma Chemical Co., and was dissolved in O.1M }FBS éH T.4
at a concentration of 2 mg/ml. Stage 5 embryos were
exposed to the HRF solution for 10 min. or 30 min. at
37°C or 4°C and subsequently rinsed in buffer and fixed
with 2.5% glutaraldehyde at 4°C overnight. They were
then rinsed thorougnly with FBS and exposed to 3, 3'-
diaminobenzidine (DAB, J.T. Baker Chemical Co., fhillips-
burg; N.J.) at a concentration of 0.5 mg/ml in FBS for
1 hour at room temperature. PFollowing another thoroughf’6
rinse i? FBS, embryos were further processed for EM in

the usual manner.

Phosvitin and Fhosvitin-Ferritin Conjugate Experiments

To assess any morphologically detectable response

to the presence of extracellular PV, Sfage 5 embryos and

39
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tissue cultures from each of the three germ layers,
were exposed to either 0.05 mg/ml FV or 0.5 mg/ml FV
in 0.1M FBS, pH7.4, for 15 min. at 37°C. Controls
were incubated in PBS only. Following this treatment
the cells were rinsed tnorougnly in PBS and rrocessed
for EM.

To i1nvestigate the possibility of FV binding to
the plasma membranes and then being endocytosed, a FPV-
ferritin conjugate was employed. Both whole embryos
and ﬁ;pq@é cultures were exposed to the conjugate solution

& FR

fof&¥8,min. at 37°C or for 10 min. at 4°C. Controls \
underwent the same incubations in pure PBS. Following
these treatments all specimens were rinseﬁ thoroughly
with FBS and proéessed for =M.

To test the specificity of the conjugate-membrane
interaction, not less than a thirty-fold excess of free
PV was dissolved in the conjugate solution and the
experiment was repeated as above, In controls, not less

than a thirty-fold excess of BSA was dissolved in the

conjugate solution in substitution for free FV.

Cytoskeletal Inhibitor Experiments

~ The significance of microtubules and microfilaments’
in the binding and endocytosis of CF was investigatgd'
using cytocnalasian (CB), colchicine and vinblastine
(all from Sigha Chemical Co.). CB was dissolved in 0.1%

v/v dimethylsulphoxide in FPBS, pH 7.4, to a concentration
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of 2x10°7 M. Stase 5 embryos were immersed in vials
containing about 2 ml of CB solution for 2 hours at
room temperature. The embryos were then warmed to 37°C
and CPF was added to the CB solution to a concentration
of 0.25 mg/ml. Incubations 1in this mixture was of 9,
15 or 30 min. duration, followed by processing for EM.
Control embryos received i1dentical treatment in the
absence of CB.

ﬂ\\ Colchicine and vinblastine exreriments were per-
formed in the same manner as the CB experiments, again

5

at a concentration of 2x10°° M in O.1M FBS, pH 7.4, the

only difference being the absence of dimethylsulphoxide.



" RESULTS

1) VYorphology of the Stage 5 Chick Embryo

In low magnification Scanning electron micrographs
of the Stage 5 chick embryo the primitive streak is
observed to extend about three-auarters of the anterio-

posterior length of the area pellucida (Pig. 1), termin-

i

ating anteriorly in tné\primitive pit. .The "entire area
pellucida was élongated in the ﬁnterioposterior direétion
and toﬁographicall& distinguishable from the area opaca.
In fractured specimens, the irregularly shaped
mesoderm cells were observed séndW1cﬁéd between the
columnar epiblast and flat endoﬁi@st (F}g. 2).
Observation of the dorsal sutggceiof the epiblast
at higher magnification (600X) reveéied the presence of
a great many spherical structures of éxtremégy variaéle
size (Fig. 3). These spheres were ih greatesy abundance
within the primitive groove, although the entire dorsal
surface of the epiblast apreared littered with them.

These spheres were certainly yolk granules since upon

4

\
examination of the yolky ventral surface of the area -’

opaca;\yolk spheres of similar sizes and appearance
were observed (Fig. 4).
For light microscopy, thick transverse sections

were taken approximately from tpelgnteriopoeteriof .
: . LA A

1

A

. ; s ' . \
mid-point of the primitive streak. The light micrographs

\ i

’ .k
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Pig.

Fig.

Pige.

Fig.

§ +

Scanning electpon micrograph (SEM) of whole
Stage 5 chick embryo dorsal view illustrating
the primitive streak (PS), area pellucida (ap),
area opaca (ao) and primitive pit (pp).
Anterior (Ant.) end of embryo is specified

X 29. .

TEM near the middle of fractured Stage 5 chick

embryo illustrating the spatial relationship

between the three germ layers: epiblast (EFI),
mesoderm (¥ESO) and endoderm (ENDO) X 600.

SEM of primitive streak of Stage 5 chick embryo
showing -many yolk spheres of variable size,
bound to the dorsal surface of the epiblast

in the primitive streak (PS) area. X 600.

SEM of yolk spheres adhering to the ventral

surface of the area opaca, X 600.






(Fi1g. ©) taken of thesme sectione show the celils 0of tnhe
migrating mesoderm and large cell-free spaceg tetween
the columnar eriblast and flat endotlast cel’ layers.
Cells about toc undergo migration through the praimitive
streak are evident as "bottle-shaped™ cells, that 1is,

the arical side 1s narrow and the basal side wider.

2) Occurrence o0f Coated tite and Coated Vesicles

In the chick embryo, coated rite (CI's) and
coated vesicles (CV's) are 1dentifiatle i1n the trans-
mission electron microscope by the rresence of the
clathrin coat which arrpears as an array of bristie-
like projections on the cytoplasmic surface c?{ the 11t
or vesicle membtrane (Pigs. 6 and 7'. Theee CI's and
CV's were observed in cells from alil areas and tissuee
of the area pellucida 1n‘all stages of embryonic develop-
ment examined in this study (Stages 1, : and 5. C}'e
were observed on the dorsal and ventral surface cf tpe
endoblast, on mesoderx cell surfaces and on the doresal
and lateral surfaces of the epiblast cells (Fig. 7,
including those in the primitive streak area. Prequertly,
Ci}'s were observed in immediately ad)acent locations orn
the lateral surfaces of two neighboring eritlast cells
(Pig. 8). “Also. in many i1nstances where a auant:ty of
the granule fraction of the yolk was seen closely apposed
to the plasma membrane of the epidblast, a CI or CV was

observed in the pbrtion of the memtrane moet closely

associated with 1t
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s
Light micrograph of thick, transverse section
(1 ) taken from near the antero-posterior
mid-point of the primitive streak illustrating
the epiblast (cpi§ mesoderm (meso), endoderm
(ondo§ "bottle—shaped™ cells (marked by arrow-
head) and cell-free spaces (some exanplea
indicated by arrows). X 50.

Transmission electron micrograph (TEWM) of thin
section through Stage 5 chick embryo epidblast
showing a coated vesicle (CV) with its array
of bristle-like projections (arrowheads).
Stained in uranyl acetate and lead citrate.

X 76,800.

TEM of thin section through Stage 5 chick
embryo epiblast illustrating CV's in close
proximity to Golgi bodies (G). Note the
presence 0f a coated pit (arrow) on the lateral
surface of the cell. Stained i1n uranyl acetate
and lead citrate., X 37,100.

TEM of thin section through Stage 5 chick
embryo epiblast cell. WNote the presaence of
immediately adjacent coated pits on the
lateral surfaces of two neighboring cells
(arrows). Stained in uranyl acetate and
lead citrate. X 42,900.

TER of sphere 0f "gramule fraction®™ yolk (y)
overlying CF (arrow) on the dorsal surface
of the epidblast of Stage 5 chick embryo.
Stained 1n uranyl acetate and lead citrate.
X 42,900.

TEN showing coated regions of membrane (arrows)
in close association Golg: associated membdbranes
(G) 1n Stage © chick embryo epiblast. Stained
in uranyl acetate and lead caitrate. X 74,250.
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(Fig. 9). CV's were also frequently observed in close
proximity to Golgil associated membranes (Fig 10 and
Fig. 7).

Transmission electron microscopy (TEM) of cultured
explants from eriblast, mesoderm and endoblast of the
Stage 5 chick embryo, revealed the presence of CF's

and CV's under these conditions as well.

3) Cationized Ferritin Experiments with 3Stage 5 Smbryos

kIn an effort to characterize the surface charge
of cell membranes of the Stage 5 chick emtryo and :in
prarticular the CF's, the positively charged ultrastruc-
tural marker cationized ferritin (CF) was emrloyed. TEWM
examination of the CP solution (diluted to 0.0025 mg/ml
in }BS) dried on a grid, confirmed that the solution
consisted of a majority (64%) of individual or p;ired
CP molecules (71g. 11), and agpregates of 2 molecules
or #reater comprised a minority of the CP sample (3o%).

Ahen livaing Staéi 5 embryos were immersed 1n 0.25
ag/ml CF for 1 minute at room temperature, then rinsed
and fixed, subsecquent TEV examination of thin sections
showed an abundance of CP bound to the dorsal surface
of the eriblast (Pig. 12 and relatively little dbound
to the ventral surface of the endoblast (Fig. 13). Yo
CP was seen 1n the tissue space between the eritlast
and endotlast, presumably due to a failure to penetrate

ints these areas., CTontrols treated with aative territin

p T



did not bind this label to any surface, even when the
concentration was increased to five times the concen-
tration of CF used in the experiment. Therefore, the
binding properties of CF aprear to be solely due to its
cationic character.

The vast majority of CF bound to cell membranes
apreared in clumps and although CF clumps were present
within CF's, they were not preferentially bound there.
CF molecules were also observed bound to extracellular
globules of granule-fraction yolk (Fig. 14).

No consistent variations in the density or pattern
of CF binding was detected with regard to the particular
area of the dorsal eriblast surface sectioned, with the
notable excertion of the primitive streak. No CF was
observed bound to the cell membranes in the deepest
portions of the rrimitive streak, even though no physical
barrier to penetration of the label into this area was
evident, and bound CF was abundant in other areas of
the same epiblast.

To investigate the rossibility of a post-binding

rearrangement of CP (1.e. initial diffuse binding followed

by clumping of bound ligand), Stage 5 embrycs were
immersed 1n C.25 mg/ml CP 1n FBS for 1 minute at 4°C,
followed by a rinse and “ixation in glutaraldehyde at
4°C. TEM examination of these embrvos (Pig. 1%, yielded
essentiaily the same results as the experiment conductea

at rooms temperature (1.e. the CP was ciumped);. A second

49
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approach undertaken in this directiop was fixation of

the embryos in glutaraldehyde, followed by a five

minu?e rinse in 5% glycine to neutralize residual free
aldehydes, then exposure to 0.25 mg/ml CF for 1 minute

at room temperature. Again the CF binding character-
istics in this experiment (Fig. 16) were essentially the
same as for living Stage 5 embryos. Therefore, in living

embryos, the CF does not initially bind diffusely to the

cell membranes but rather in clumps.

4. Comparative CF Labeling of Stage 1, 3 and 5 Embryos

Looking for possible developmental changes in CF
binding characteristics, Stages 1, 3, and 5 chick embryos
were utilized. The concentration of CF in which embryos
were immersed was reduced to 0.12 mg/ml in FBS for these
experiments, and in one half of the emfryos in each
experimental group of six, the endoblast or hypoblast
was removed prior to arny chemical treatments. These
modifications were instituted to ascertain whether a
concenfration—dependent variation in CF binding character-
istics was .observable at these concentrations (0.25 mg/ml
ve. 0.12 mg/ml), and to expose the ventral surface of the
epiblast, with its developing basal lamina, and migrating
mesoderm cells to CP.

No differences in CP binding characteristice were
observed tetween the deveiopmental stages of embryos

studied. Also, the reduced CP concentretion did not
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TEM illustrating CP solution diluted to 2.5

X 10-4 mg/ml and dried on a formvar coated

grid. Note the majority of individual particles.
X 111, 300.

TEM depicting the dorsal surface of an epiblast
cell in a Stage 5 chick embryo treated with 0.25
mg/ml CF for 1 minute at room temperature.

Note the abundance of clumped CP particles.

X 29,700.

TEM showing the ventral surface of an endo-
blast cell in a Stage 5 chick embryo treated
with 0.25 mg/ml CP for 1 minute at room
temperature. Note the few CP particles present
within the CP (arrow). X 55,700.

TEM illustrating a sphere of "granule fraction”
yolk (Y) overlying the dorsal surface of an
epiblast cell in a Stage 5 chick embryo treated
with 0.25 mg/ml CP for 1 minute at room
temperature. Note the CP particles bound to

the periphery of the yolk sphere. Stained

with uranyl acetate and lead citrate. X 55,700.

TEM depicting the dorsal surface of an epiblast
cell in a Stage 5 chick embryo treated with 0,25
mg/ml CP for 1 minute at 4°C. Note the clumped
distribution of CP particles. X 55,700.

TEM of the dorsal surface of an epiblast cell
from a Stage 5 chick embryo, which was fixed
in glutaraldehyde prior to exposure to 0.25
mg/ml CP for 1 minute at room temperature.

X 55?700.

TEM of the dorsal surface of an epiblast cell
from a Stage 5 chick embryo treated with 0.12
mng/ml CP for 10 minutes at 37°C following
g€lutaraldehyde fixation. X 55,700.

TEM showing the dorsal surface of an epiblast
cell from a Stage 3 chick embryo treated with
0.12 mg/ml CP for 10 minutes at 37°C prior to
glutaraldehyde fixation. Note the clumped
distribution of CF particles bound to the
plasmsa memdbrane and the "granule fraction®
Yolk spheres (Y), as well as the membrane
indentations suggestive of developing CP's
(arrows). X 55,700. ,

N
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appear to affect the binding density or distribution of
CF on Stage 5 emtryos (Fig. 17). The majority of CF
bound to cells fixed prior to CF exposure, after a 10
minute incubation in CF at 37°C, was patched (i.e.
clumped) on the dorsal surface of the epiblast, sometimes
in CP's and other inveginations. The Qery small arount .
which wae bound to other cell surfaces was negligible
in comparison, but when seen was also patched.

Embryos exposed to CPF prior to fixation were
treated in one of two ways. One group xas immersed in
CF for 10 minutes at 37°C, then fixed in glutaraldehyde.
TEM examinatiog of.these embryos revealed CF bound
predominantly in patches, almost exclusively to the
dorsal surface of the epiblast and overlying yolk gfanules
(Pig. 18). That CF was being endocytosed in CV's was \
also arparent after this incubation, as CF was observed
in CP's, CV's and uncoated irregularly-shaped, membrane-
bound vesicles (Pigs. 19 and 20). Also, CF was frequently
observed to be sandwiched betweeﬁ :ells of the epiblast
(Pigs. 21 and 22).

A second grour of embryos was immersed in CP for
10 minutes at 37°C, then rinsed with FBS at 27°C for a
further 30 minutes before fixation. This experiment
was desisned to detect any rarid clearance of CFP from
the cell surface, and to trace the fate of endocytored

CF on a longer term tasis thar previously attemrted.

Again the majority of CP bound to the emtryos was otserved
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on the dorsal surface of the epiblast and between epiblast
cells. Therefore, CF is not rapidly cleared from the cell
surface. CPF was also observed in CV's, uncoated, irreg-
ularly-shaped membrane-bound vesicles and multivesicular
bodies (MVB's), as shown in Fig. 23. Some of the

membrane enclosed areas in which CF was seen also con-

tained yolk granules (Fig. 24).

5) CF-Treated Tissue Cultures

Epiblast, mesoderm and endoblast tissue culture
explants were flooded with 0.25 mg/ml CF at 4°C for 10
minutes prior to glutaraldehyde fixation. CF molecules
were clustered on the cell surfaces of all three tyres
of tissue culture with bare expanses of memtrane in
between (Pigs. 25 and 26), except when seen between,
two cells where stretches of monolayer o; bilayers of
CP particles were commonly observed (Pigs. 27 and 28).

No consistent differences between tissue tyres, with
regard to CP binding, were noted. CF was obtserved withig
CF's but not noticeably concentrated there, |

When all three tissue tyres in culture were exrosed
for 10 minutes to 0.25 mg/ml CP at 37°C, CF particles
were present in clumps on the medium-facing plasma
memprangs and in spaces between cells in all cases. CF
~ was internalized by all three tissue tyres Yia endocytosis
involving CF's and CV's, CP was also observed in uncoated,

arregularly-shared vesicular structures near the cell
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TEM depicting the dorsal surface of an epiblast
cell in a Stage 5 chick embryo treated with 0,12
mg/ml CP for 10 minutes at 37°C prior to
glutaraldehyde fixation. Note the clumps of

CF particles in and overlying the CF (arrow).

£ 55,700.

TEM illustrating the presence of CF in an
uncoated, irregularly-shaped vesicle in an
epiblast cell of a Stage 1 chick embryo treated
with 0.12 mg/ml CP for 10 minutes at 37°C prior
to glutaraldehyde fixation. X 55,700.

TEM showing CPFP particles sandwiched between
the lateral surfaces of two epiblast cells in
a Stage 5 chick embryo treated with 0.12 mg/ml
CP for 10 minutes at 37°C prior to glutaralde-
hyde fixation. X 55,700.

TEM showing CP particles sandwiched between
the lateral surfaces of two epiblast cells in
a Stage 5 chick embryo, treated with 0.12 mg/
ml CP for 10 minutes at 37°C prior to glutar-
aldehyde fixation. £55,700.

TEM depicting CF particles present within a
multivesicular body (MVB) in an epiblast cell
of a Stage 3 chick embryo, treated with OJlZ
mg/ml CP for 10 minutes at 37°C, followed by
incubation in CP-free FBS for 30 minutes at
37°C and glutaraldehyde fixation. I 55,700.

TEM of an uncoated, irregularly-shapsd membrane-
enclosed area, containing both CP particles

and granule fraction yolk (Y), in an epiblast
cell of a Stage 5 chick embryo. The embryo

was treated with 0.12 mg/ml CP for 10 minutes

at 37°C, followed by 1ncubatlon in CP-free

PBS for 30 minutes at 37°C and glutaraldehyde
f1xat10n. X 55,700.

TEM illustrating a mesoderm tissue culture
treated with 0.25 mg/ml CP at 4°C for 10 min-
utes prior to glutaraldehyde fixation. Note
the clumps of CF bound to the plasma membrane
both within and outside the CF (arrow). Post-
stained with uranyl acetate and lead citrate.
X 55,700. ,

TEM illustrating an epiblast tissue culture
treated with 0.25 mg/ml CP at 4°C for 10 minutes
prior to glutaraldehyde fixation. Note the
di;gr;;g clumps of membrane-bound CF (arrows)
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surfaces (?1g. 29). After one hour of CF exposure at

:7°cC,

CF was sti1ll found 1in these same tyres of locations,
as well as further from the cell surtace 1in large MVB's
(?1g. 30).

Serum free medium (SF¥) was substituted for the
normal medium 1n 24 hours old tissue cultures, followed
by further J4 hour incubation. Culture dishes were then
flooded with 0.25 mg/ml CF for 10 minutes at 37°C. This
exreriment was carried out to determine whether serum
components were binding to the surfaces of cells in
culture and imparting a negative charge to them, thereby
inf_uencing the atove results. The 1nitial 24 hours
incubation in serum-containing medium (SCM) facilitated
attacrment and spreading of the tissue explants on the
substratum prior to incubation in SFW.

Very little difference in the overall morpnolog&
of the cultures was observed when comparing individual
cultures béfore and after SFﬁ. The only noticeable
difference was that after SFM more small gaps were
evident in the sheets of spread cells, ji.e. more
internal cells were not contacting neighboring cells on
all sides 1n the plane of the sheet. No difference
with regard to CP binding and endocytosis, following a
1¢ minute incubation ingCF at 37°C, were evident between
the three tissue tyres, or cultures grown in either SFM |

or SCK were noted (Pig. 31).

(o]



Pig. 27 TEM of endoblast tissue culture treated with
0.25 mg/ml CP at 4°C for 10 minutes prior to
glutaraldehyde fixation. Note the patchy
distribution of CP particles on the medium
facing membrane surface (arrow) and the more
uniform monolayer of CP between cells (arrow-
head). Stained with uranyl acetate. X 55,700.

Pig. 28 TEM of mesoderm tissue culture treated with
0.25 mg/ml CP at 4°€ for 10 minutes prior to
glutaraldehyde fixation. Note the patchy

istribution of CP particles on the medium-
facing membrane surface (arrow) and the inter-
\ rupted bilayer of CF between cells (arrowhead).
Stained with uranyl acetate. X 55,700.

0.25 m CP for 10 minutes at 37°C prior to
glutaraldehyde fixation. Note CF inm uncoated
structure near cell surface (arrow). X 55,700.

Fig. 29 TEM of&oblaat tissue culture treated with

Pig. 50 TEM of epiblast tissue culture treated with
0.25 mg/ml CF for 1 bour at 37°C. CP is
present in NVB and is apparently transported
there via endocytic vesicles fusing with the
MVB (arrow). Stained with uranyl acetate.

X 55,700.

.
°

Pig. 31 TEM of serum-free endoblast tissue culture
treated with 0.25 mg/ml CP for 10 minutes at
37°C. Note the presence of CP particles
clumped on the cell surface, within a CV
(arrow) and within uncoated irregularly-
shaped structure (arrowhead). X 55,700.

Pig. 32 TEM of cell on the dorsal surface of the epi-
blast of a Stage 5 chick embryo, after treat-
ment with cytochalasin B and 0.25 mg/ml CPF
for 5 minutes at 37°C followed by glutaraldehyde
fixation. Note the CP clumps in CP's (arrows).
X 55,700.
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Pog. TEY dericting the dorsal surface of the
eritiast . a Stage S crhick embryo after
treatment with cytocha.asin % and C.c$ mg ml
TP for S minutes at 7°C, f-llowed by gliutar-
aldehyde fixation. Note ~P apparently endo-
cytosed and present within an uncoated vesicle
(arrow}) . X %% 70C. ‘

P.g. -4 T:M ili.ustrating the Zorsal surface of the
eriblast in a Stage 5 chick embryo after
treataent wi1th cytochalasin B and 0.25 mg/ml
for 1% minutes at :”°C, followed by glutar-
aldehyde fixation. NKote CP apparently under-
going endocytosis in ClF's (arrowe) and CP
rresent deeper in the cytoplase within
uncoated, irregularly-shaped vesicular struc-
tures (arrowhead). X 5% 70C.

P.&. :% TEN srowing a CP-containing, i1rregularly-
shaped vesjicular structure (arrow) within an
eriblast ce.l of s Stage 5 chick esmbryo after
treataent with cytochsa.asin 2 and C.25 ag/ml
CF for 195 minutes at 7°Cy followed by glutar-
aldenyde fixation. X <5,70C.

Prg. b TEN o5f area withir eritiast® ceil 1n a Stage ©
chick embryoc after trestment with cytocha.asin
* and C.2% mg/ml CP for iC minutes at 7°C,

foiiowed by g.utara.dehyde ‘ixation.

r.g. 7 TEN depicting ares within evpiblast ce.i 1in a
Stage ¢ chick embryo after treatment with
cytocha.asin B and C.Z2¢ mg/ml CP for 3C minutes
at X7°C, foliowed by glutaraldehyde fixation.
Note the CP particles rresent within uncoated, g
irregularly-shaped structures (arrowheads) and
e CV (arrow) very cliose to a j0lg1 complex (5.

X §¢,70C.

Pig. 8 TEN i1llustrating area witnir an epiblast cell
b & Stage S5 chick embryc after trestmsent with
cytochalaein F and C.2% mg/mal CP for 30 minutes
foliowed by glutarsaldenyde fixation. Note the
sass1ve accusulation of CP particles witnin a
seabdbrane-bount comypartesent (arrow) anc adjacent
structure (arrowhead.. I S5 ,70C.
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;  ¥Ylcrotutules anc zZndocviceis of OF ,

To ascertain whether or not micro%tutu.es (¥7's, are
involved 1n the endocytosis 2f CFP in the Stage © crick
embryo, the NT disrurting agents colchicine and vin-
blastine were employed. Embryos in the experimental

5

grours were i1mmersed in either 2 x 10 M vinblastine or
colchicine at room temperature for 2 hours immediately
prior to CFP exposure. Control emtryos were immersed

in FBS for the same length of time. NCF was then added
to each embryo-containing solution to a final concentra-
tion of 0.25 mg/ml, and the embryos were incubated at
é?'C for 5, 15 and 30 minutes respectively prior to
fixation.

No differences with regard to CP binding and
endocytosis were observed between experimental and control
embryos of identical incubation times. In all cases after
5 minutes incubation time CF was bound mainly to the
dorsal surface of the eriblast in clumps both within
and outside CP's, and inside CV's close to the cell
surface (Fig. 39 and Fig. 40). After 15 minutes incuba-
tion in CF-containing solution, CF was observed as at 5
minutes, as well as in uncoated, irregularly-shared
vesjicular structuree and in CV's deeper within the cell
(Pig. 41). By 30 minutes exposure time CF was observed

in all previously mentioned sites, as well as in MNVB's

(Pig. 42), and CV's deep within the cytoplasm, occasion-



vesicles (Pig=, 44, C and £ .

%) Horseradist reroxidasge (iR}, EZxreriments

R} was considered as a posseitle altermative °°
TF as an endocytic pathway tracer 1in *he Stage © cnick
emtryo. HRY (< =g/zl) was di1ssolved 1n FRS and extrvos
were 1mmersed 1in thie sclutisn at 3°7 for 10 minutes
prior to fixation. Pollowing JAZ treatment anc further
TEM prerarationr, no reaction rroduct was ctservec tc e
bound anywhere on the ce.l surfaces or wi1thin the ce..s
of any embryo. o

The possibility that =HF could be endocytosed
without binding to the cell surface (1.¢: bulk fluid-
rhase endocytosis) vaavznvest1gated as follows., Emtryos
were i1mmersed in HRF (2 mg/ml) solution at "°C for either
10 minutes or :C manutes prior to fixation. After DAB
exyosure and routine TEM rreparation, again no reaction

product was observed on the cell surfaces or intracell-

ularly.

Q) Yfhosvitin (FV) Bxreriments

The nresence of rV- containing yclk gZranules
immediately aprosed to the cell membranes >f the Stage

5 chick embryo arreared to “ear a relatiocnsrir to the

~4



Pig.

Prig.

Pig.

Pig.

Pig.

Pig.

39

40

41

42

43

44

TEM of the dorsal surface of an epiblast cell
in a Stage 5 chick emdbryo after treatment with
vinblastine and 0.25 mg/ml CP for 5 minutes at
37°C, followed by glutaraldehyde fixation.

Note the clumped distribution of CP on the cell
surface, and presence of CP particles in
uncoated, irregularly-shaped compartments
(arrowhead) and in CV (arrow). X 55,700.

TEN showing the dorsal surface of an eriblast
cell in a Stage 5 chick emdbryo after treatment
with colchicine snd 0.25 ml CP for S5 minutes
at 37°C, followed by glutaraldenyde fixation.
Note the clumped distridbution of CP particles
bound to the cell surface and the presence of
CP within an irregularly-shared compartaent
(arrow). X 55,700.

TEM depicting the dorsal surface of an eriblast
cell in a Stage 5 chick embryo after treatment
with colchicine and 0.25 mg/ml CP for 15 min-
utes at 37°C, followed by glutaraldehyde
fixation. loto the sbundance of CFP particles
in uncoated, irregularly-shaped structures
within the cytoplasa (arrows). X 55,700.

TEM illustrating area within epiblast cell in .
a Stage 5 chick embryo after treatment with
colch}cino and 0.2%5 mg/ml CP for 30 minutes

at C, followed by glutaraldehyde fixation.
loto tno presence of numerous CP particles
within MNVB. X 55,700.

TEN of area within epidblast cell in a Stage 5
chick embryo after treatment with colchicine
and 0.25 mg/ml CP for 30 minutes at 37°C,
followed by glutaraldshyde fixation. Note
the presence of CP particles in uncoated,
irregularly -oh.pod structures (srrounoad.)
and CV (arrow). X 55,700.

TEN showing the dorsal surface of an epidlast
cell in a Stage 5 chick embryo after treatment
with colchicine and 0.25 ml CP for 30
minutes at 37°C, followed by glutaraldehyde
fixation. Note the presence of CP particles
in the VVB and in an endocytic vesicle (arrow)
;pg;r;g;ly undergoing fusion with the NVB.

" *
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ocation ¢ Tf's ar.: T¥'s in tnese ce..s, Therefore,
the rossibility that a renerail ;ncrease in extrace..ular
PV concentration could cause a concomitant increase .n
the ‘requency of occurrence of CF¥'s and CV's i1n exposed
cells was investigated.

Both embryos and 24 n-ur old cultures of each
tissue tyre were immersed i1n either C.05 =mg/ml IV or
C.5 mg/ml FV for 15 minutes at 37 C. Control cells
were incubated in FBS for 15 minutes at 7°C. Pollowing
these treatments fixation and further TEM preparation
~ere carried out as usual. An 1n;reased abundance of
Ct's or CV's was not observed in conjunction wit

increased extracellular :rV concentration i1n ei1ther

embryos or tissue culture,

10) FV-Perritin Conjugate Experiments

Whole stage 5 embryos and 24 hour old tissue cultures
were immersed in FV-ferritin conjugate for 10 minutes at
either 37°C or 4°C. In the embryos, the electron-dense
ferritin label was observed Bound to the dorsal surface
of the epib}ast (Fig"45).and tne‘ventgal surface of the
endoblast (Yig. 46) ak a'c. Epibiast, mesoblast and
endoblast cells in culture (24 hgurs)®alse® bound FV-
ferritin 4 their cell surfaces at 4°C (Fig. 47 and Pig.

48). On all mentioned cell surfaces, the conjugate was

-
I3 .

bound to'unéoated mbrane as well as CP's. No endocy-

tosis of thpAconjﬁgate was qvidG,t at 4°C.

t



Pig.

Pig.-

Pig.

Pig.

Pig.

Pig.

46

47

48

49

50

Pig. 51

TEM dericting the dorsal surface of an eri-
blast cell in a Stage 5 chick embryo after
treatment with FV-ferritin conjugate for 10
minutes at 4 C, followed by glutaraldehyde
fixation. Note the clumps of ferritin label
bound to the plasma membtrane in a CF (arrow)
and on microvillus (arrowhead). X 55,700.

TEF of the ventral surface of an endoblast
cell in a Stage 5 chick embryo after treat-
ment with FV-ferritin conjugate for 10 minutes
at 4°C, followed by glutaraldehyde fixation.
Note the four particles of ferritin label
inside the CF (arrows). X 55,700.

TEX illustrating epiblast tissue culture
treated with FV-ferritin conjugate for 10
minutes at 4°C, followed by glutaraldehyde
fixation. Note the clumps of ferritin label
(arrows) on the medium-facing surface of the
cell. X 55,700. :

TEM showing mesoderm tissue culture treated
with FV-ferritin conjugate for 10 minutes at
4°C, followed by glutaraldehyde fixation.
Note the clump of ferritin label (arrow) on
the medium-facing surface of the cell.

X 55, 700. )

TEM of the dorsal surface of an epiblast cell
in a Stage 5 chick embryo after treatment
with PV-ferritin conjugate for 10 minutes at
37°C, followed by glutaraldehyde fixation.
Note the presence of ferritin label on the
cell surface exclusively overlying CI's
(arrows). Stained with uranyl acetate.

X 55'7000 ’

TEM of the dorsal surface of an epiblast cell
in a Stage 5 chick embryo after treatment
with IV-ferritin conjugate for 10 minutes at
37°C, followed by glutaraldehyde fixation.

- Note the presence of ferritin label on the

cell surface exclusively overlying CP's
(arrows), and within the cell contained in an
irregularly-shared structure along with what
appears to be "granule-fraction” yolk (arrow-
heads). Stained with uranyl acetate. X 55,700.

TEM depicting the ventral surface of an endoblast
cell in a Stage 5 chick embryo after treatment
with PV-ferritin conjugate for 10 minutes at

30 minutes at 37°C, followed by glutaraldehyde
fixation. Note ferritin label in CF's (arrow).

X 55,700. ) .
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At 7 T, conlugate undersoing snlocytosi. was
c2vserved an TF's, CV's (®i1gs, 46 tnru - ) and (nsile
uncoated, 1rregularly-snared vesicu.ar siructures,
some 0of wnich were ¥Y2'a wrnich alsc contained yolk
granules (Pi1g. 54-and P1g. 35:. On the cell surface,
E;—ferrlt;n was bound aimos*®t exclusi:ve.y in CF's, bu-"
sccasionally %0 extracellu.lar yolK franuies as well

-
-

(Pr1g. 5b). ontrols exposed to nat:ive ferritin a

similar concentraticne (C.25-5 mng,/ml, reveal no tinding

\

or endocytosis of tne label.

11) Specificity of FV-Ferritin Concugate 2inding

An attempf to determ:ne the srec1f1c£ty of. the
interaction between cell surface binding sites and PV
portion :f{ iV-Ferritin cbn;uzate was made. In the
rresence of ncot less than A thirty fold excess of "{ree”

] .

rV, the conjurfate d1d not tind to any surface of the

Stage 5 chick embryoe, nor wasgs 1t endocytosed during a

1C minute incubation at 37 C. However, when the same
experiment was performed with not less than a thirty
fold excess 52f bovine serum altumin (tyre V),‘the con-
jugate was visualized by TEF to te bound to the cell
surfaces of the dorsal epiblast and ventral epdoblast.
In these embryos the conjugate w~as observed on the cell

surface 2lmost exclusively 1in C?'s (Pig. 57), and around

the tage of microvilli, #here CF's often form (see Figs.



Pig. 52 TEM illustrating epiblast tissue culture
“treated with PV-ferritin conjugate for 10
minutes at 37°C, followed by glutaraldehyde
fixation. Note the rresence of conjugate
label inside CV (arrow). X 55,700. :

[}

Pig. 53 TEM of the dorsal surface of an epiblast cell
in a Stage 5 chick embryo after treatment with
PV-ferritin conjugate for 10 minutes at 37°C,
forbowed by glutaraldehyde fixation. Conjugate
label is present in CV (arrow) located within
cellular extension. X ?5,700.

rFig. 54 TEM showing the dorsal surface of an epiblast
cell in a Stagé 5 chick embryo after treatment
with PV-ferritin conjugate for 10 minutes at
37°C, followed by glutaraldehyde fixation.
Note the presence of the conjugate label in ‘
vesicular structure closely associated with
- "granule fraction" yolk (arrows) gnd in
irregularly-shaped vesicular structures
(arrowheads). X 55,700. o

Pig. 55 TEM depicting an area of an endoblast’cell in
a Stage 5 chick embryo after treatment with
FV-ferritin cqnjugate for 10 minutes at 37°C,
followed by glutaraldehyde fixation. Note
the rresence of the conjugate label closely
associated with ule fraction™ yolk (arrows)
inside vesicular ructure. X 55,700

Figgido TEM of the dorsal surface of an epiblast crll
e in a Stage 5 chick embryo after treatment
with PV-ferritin conjugate for 10 minutes at.
37°C, followed by glutaraldehyde fixation.
Note the ferritin particles visible only in
the immediate area of the "granule fraction"
yolk (arrow). X 55,700.

Pig. 57 TEM of the dorsal surface of an eriblast cell
in a Stage 5 chick embryo after treatment with
PV-ferritin conjugate in the presence of a 30X
excess of bovine serum albumin (BSA) for 10
minutes at 37°C, followed by glutaraldehyde
fixation. Note the ferritin particles bound
to a CT (arrow) and around the base of the
microvillus (mv), shown by arrowhead. X 55,700.°

Pig. 58 TEM of the ventral surface of an endoblast cell
in a Stage 5 chick embryo after treatment with
PV-ferritin conjugate in the presence of a 30X
excess of BSA for 10 minutes at 37°C, followed



Pig.

59

'

by glutaraldehyde fixation. Note the ferritin
rarticles visible only in the CV (arrow).
X 55,700.

TEM illustrating the dorsal surface of an
epiblast gell in a*Stage 5 chick embryo aftes
treatment with FV-ferritin conjugate in the «
presence of a 30-fold excess of BSA for 10 min-—
utes at 37°C, followed by glutaraldehyde
fixation. Note the ferritin label present
inside uncoated vesicular structure (arrow).
X 55,700.
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JISCTSLIO0ON

The ceil surface 1# known tc be a critical
determinant of the nature and occurrence of phenomena
such as cell-to-cell and cell-to-substrate acdhesiorn,
cell locomotion and intercellular recognition. For
these reasons, attemrts have been made to characterire
and correlate various properties of the cell surface
and observable cellular behavior. The early chick
embryo provides a good system for such experimentation,
as it i8 readily available, easy to process for scanning
and transmissionrelectron microscopy, and its pattern
of morphogenesis is reasonably well documented.

That the cells of the early chick embryo possess
a net negative charge has previously been established
by cell electrophoresis (Zalik et al, 1972). This
study also showed that there is a progressive reduction
in negative cell surface cha;ge from Stage 1 through
Stage 5 embryos, and that only a very minor, if any,
centribution is made by sialic acid to the negative cell
surface charge. PFurthermore, exposure to high concen-
trations of Ca** ions has been shown to be capable of
effecting a charge reversal in these cells (Harris and
Zalik, 1974).

In the present study, it has been found that
changes in the cell surface charge, as detected by

o 74 <
. ¢



cationized ferriti:p . ¥ Dbinding, ajypear c re re_sated
t¢c mcryhogenetic evente, .. PArticu.ar tre sigrat..n of
epitlast ce.ils down through the rrimitive streak. The
doresal surface of the epitiast was found - be the only
celil surface 1in the Stage . tnrough Stage © chick embtryo
which bound CP tc any significant degree. Also, the
anionic cell turface moleties visualized by CP binding
are present 1n a clumped or patched distribution at 37 C
except when CP was observed bound between cells in
regions of close intercellular apposition where a more
ordered distribution was prevalent.

It is likely that this distribution was not due to
a post-binding rearrangement of the ligand-cell surface
component complexes, as is true in the majority of
multivalent ligand-receptor complexes studied (for
review, see Nicolson et al, 1977), but rather reflects
their native distribution in the plane of the membrane.
This is suggested by the fact that identical results
were obtained using cells with reduced membrane
mobilities du;\vo glutaraldehyde fixation and/or low
tempera?ure. Glutaraldehyde is known to stabilize the
existing protein distribution at the time of fixation
through cross-linking of amino groups, and low temﬁer-
ature (4°C) has been foundfto prevent thgtpoet-bihding
rearrangement of receptor-bound LDL and 2 macroglobulin

in humaf@®fibroblasts (Anderson et al, 1977; Maxfield et



? P

al, 197G . Althougb the evidence .n favor of a natively
ratched distribution of negative charge is substantial,

the ‘unctional significance of this arrangement remains

obscure.

Frecise quantification of CP binding was not
attempted in the rresent study, but by visual insyection,
no progressive dec.ine or increase 1n negativity of the
surface charge of the dorsal surface of the eriblast,
from Stage 1 through Stage 5, was evident. However, the
decrease in average cell surface charge in dissociated
embryos of increasing developmentil stages, as reported
in the rreviously mentioned cell electrophoresis study,
could be due to the increasing proportion’of cells
which are undergoing or have undergone the transformation

~from epiblast to mesoderm or endoblast. As previously
. stated, this transformation is dccompanied by a redﬁction
| in negative cell surface charge.

When the newly formed endoblast and mesoderm were
removed from the embryo, explanted and cultured individ-
ually, they regained a degreQ of negative cell surface
charge comfarable to that of the dorsal surface of.the
peripheral epiblast in situ. Apparently this was due to
change in the molecular composition of the membrane in
response to an altefed environment. That the éhange was
not attributable to the binding of negativély-charged‘
serum components to the external surfaces of the membranes

-+ 1is indicated by the binding studies performed in serum-



free medium. The cells cultured in serum-free medium
exhibited a density and distribution of CF binding 1in-
distinguishable from that of cultures which included
serum.

Previous investigators have reported a nu’bor of
other cell surface alterations which occur during the
gastrulation process. Stage 1 tnrough Stage 5 chick
eibryoa show an increasing affinity for the lectin
concanavalin A (con A) with age, on the d;raal surface
gt the epiblﬁat. Howcvof, the ventral surface of*;ne .
Stage 1 hypoblast bound con A, whereas the ventral
surface of the definitive endoblast in the Stage 5
embryo did not (Hook and Sanders, 1977). The authors
concluded that since the definitive endoblast was derived
from the epiblast, which had a high affinity for con A,
the lectin binding sites were either masked or removed
from the cell surface after imvagination. Although no
difference 1g con A binding affinity was observed bepween

invaginating and more peripheral epiblast cells, lanthanym

which does not possess a pafticglar glycoprotein specs
doe& exhibit a differential binding~af§inity (Sandexs 5
Zalik, 1972). In this study, it was found that lanthanum
deposited more heavily oﬁ‘éhe epiblast cells deep within
the primitive groove of Stage Sichick embryos than on the
n&h—invaginating; more perjpheral cells. Although the )
specificity of the 1anthanuq'biﬁding is in doubt, it -

nevertheless reflects a dofinite‘alteration in the cell



surface properties at the time of invagination, 1in
preparation for the extensive morphogenetic movements of
gastrulation. Another example of cell surface alteration
during gastrulation is a change in distribution of wheat
germ agglutinin (WGA) binding sites on early chick embryo
cells (Sanders and Anderson, 1978). The present study
has determined that an effect of a change in molecular
expression on the cell surface of gastrulating chick )
embryo epiblast cells is to reduce the amount of negative
cell surface charge as the cell invaginates, and this
reduced negativity is maintained as lateral migration
proceeds. This alteration occurs at about, the same time
as the changes described by previous authors, and may be
related to thg same underlying process of masking of cell
surface receptors or deletion of molecules from the
"plasma membrane. ‘

At this point, it is worth noting\that electrical
fields have been shown to exist in the gastrulating
chick embryo (Jaffe and Stern, 1979), with the primitive
streak area and especially Hensen's node 5eing strongly
electropositive, présumably due to the leakage of elgctr{E ’
qurrent through disrupted intefcellular_jdnctions 1n.f;gse
‘areas, These authors suggested that the curredt'is driven
- by & sodium pump in the epiblast which 'results in the
'acéumulatioh of ions in the cavity underiying the epiblast.
The results of the present study are éonsistent with this

hypothesis in that the cell surfaces exposed to the

L



suggested electropositive environment did not bind CP,
whereas the dorsal surface of the epiblast readily bound
CP. This could be the result of the occupation of ‘anionic
aites{on the cell surface through electroastatic attraction
for the abundant cations in the primitive streak area and
the cell-free spaces between the epiblaat'and endoblast.
Also, further speculation along these lines is fueled by
evidence that certain cells in vitro respond to their
position in an electric field by actively migrating

toward the positive pole, utilizing the normal locomotor .
processes of the cells (for review, see Trinkaus, 1982).
This notion is further supported by experiments with

early chick embryos in culture (Stern and Goodwin, 1977).
Using a technique for culture of whole embryos (New, 1955),
it was demonstrated that the direction of epiblast migratiofi
‘ during gastrulation .could be distorted by an applied
~electrical field. It is therefore possible that the

) elcct;ical fields within the chick embryo play a role in
the medisl migration of epiblast cells, whij! results in

invigination of cells thfdugh the primitive streak.

Endocytosis. in the'EieriChick Embryo

[

éhe present study has determined tha% !ﬁ}lowing
the binding of CP to living chick embryo'eeilﬁ, in situ
or in yitro, CF is internalized in CP's and CV's. It
is suggested that‘the CVv's contqining CcFr then\fuse with.

v&riouc membraﬂous structures, including MVB's and

<
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Golgi elements, thereby transferring the enclosed ligand
into these structures. In the whole eﬁbryo, this process
occurred only in the epiblast cells, althougthP'a and
CV's were observed in all tiasun—typen'of the .Stage 1
through Stage 5 chick embryo. This result implies that
binding of an extracellular molecule to cell surface
components is a necessary prerequisite for intermalization
via endocytosis in these cells. This idea is further
substantiated by the finding that neither native ferritin
nor norseradiehlperoxidaae are bound by the‘éell surface
or endocytosed by anj cells e;amined in this study. It
therefore aoeﬁs a roasohable deduction that bulk, fluid-
phase endocytosis does not occur in eaflyAcnick enbr&o

cells of the area pellucida under these conditions. The

~same principle appears to be true concerning these cells
in vitro, the only apparent difference being that cultured
ondgblast and mesodernm cell;, having rogained'the capacity
to bind CF to their surfaces, endocytosed CF in a manner
indiscernible from that of epiblaﬁt cells in situ and in

. Due to the absence of fluid-phase endocytosis of
HRP in these cells, the pgsailbility“ tfx cell sirface
coqponents are recycled back to the plasma membrane
rather than degraded and synthesized anew was not amenable
to elucidation:usin; the double-labelling technigue of
Thyberg et al (198i).' As the nature of the‘CF-binding |

cell surface compoPent(s) is unknown, future experiments

S
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along these lines should concentrate on this problem,
then perhaps the appropriate synthesis inhibitors could
be applied in conjunction with ligand exposure to deter-
mine whether or not these components are recycled. For
example, if tryptic digestion aboliahed CP binding to
the cell surface, and binding and endocytosis of CP
continuedgfor a prolonged period of time in the presence
of cycloheximide, it ;ould be reasonable to assume that
the proteinacecus CF-binding moieties were being either
recycled or replenieQed via an intracellular storage
pool. However, at présent this is an area of mere
speculation. \ \

The question of whether patches of feceptor—ligand
complexes position thempelves over existing regioms of
_clatnrin-coéted membrane, or sequester clathrin coats
to underly their position haafbeen infeetigated in huffan
lymphoblastiod cells (Salisbury et al, 1980). These
authors concluded that clathrin was récruifed to the
clusters of antielgﬁ—cellréurface igﬁ complexes,
because the amduﬁt of-plasma membrane that was coated:
increased three-fold in résponse to antibody challenge
and the increase in C?'s could be-accounted for by
recepto;-ligand clusters which had acguired coats. - fhis i
conclusion may be applicable to the mechanism of;endocy-
rtosis via CP's and CV's in the chick embryo, as suggeeted

by the results of the present study. Although the

proportion of plasma membrane which was clathrin-ceated



di1d not arre:r to increase dramatically with exvrosure

to and binding of ligands, 1t was observed with a

.

‘relatively high frequency that CF's formed directly

orposite one another, in ad)acent areas on the lateral
surfaces of neighboring cells. Tﬂls observation suggests
that the location of clathrin coats on the membrane.is
determined, at least in some cases, by an extracellular'
s1gnal of some sort. Purthermore, CP's were often

observed on the dorsal surface of the ebiblus:: in a
poéitlon directly underlying sgpreres of’ "granule fraction"
<yolkf It is likely that these yolk spheres are bound to
cell surface components, rossibly including receptors in
CF's, as they pérsisted tnro&éh the various preparative
washes . ' h

"Granule fraction" yolk consists of a crystalline
Array of lipovitellins and phosvitins (Bellairs and -
Backhouse, 1972),-wnicn are proteolytic cleavage products

of the maternal serum protein vitellogenin (Bergink and

" Wallace, 19#4). During oogenesis, vitellogenin.is‘.
sequestered by the developing oocyte via receptof-medigted
endocytosis in CP's and CV's, and the binding of vitello-
genin to its receptor on the oocyte plasma membrane is
specifically mediated by its phosvitin’ moiety (Woodskand
Roth, 1979). Thus, there is a distinct possibility thatt -
‘phésvitin is recognizedvpy an embryenic cell surface
receptor and_receptor—mediated endocytosiS‘is-involved
in yolk gtilization.

Although exposure of the embryonic cells to Aigh



o

extracellular concentrations of rhoswvitin did not

arrear to alter the frequency of occurrence ot Ci's

and CV's on the exposed plasma membranes, this does

not rule out the possibility that localized concentra-
tions of pnoevitin: near the cell aurfﬁce, coula have

an influence on the distribution of CP's and CV's.

Other lines of evidence detailed in tnis study establish
a definite relgtionanip between extracellular phosvitin
and receptor-mediated enéocytoais via CF's and CV's,

More specifically, following incubation at 37°C, the FV-,
ferritin conjugate was observed bound to the cell éurfacq,
almost exclusively to areas of membrane possessing clathrin
coats on their cytoplasmic surfaces, and was subsequently
endocytoeed in CV's. The finding that at 4°C éhe
conjugate was more frequently bound to uncoated membrane
than at 37°C implies that some degree of post-binding
rearrangemgnt occurred at 37°C, resulting in the localiza-

tion of the conjugate over coated membrane areas.

‘Alterﬁatively, or perhaps in addition to the post-binding

rearrangement, the binding of conjugate to.the cell

surface induced thevfofmation of a CF and subsequent CV
from the underlyieg membrane, end this process did not
readily occur at 4°C. .

The eventual fate of the endocytosed PV remains

unknown, except for the observed incorporation into

. irregularly-shaped'Vesiculaf stfuctures,.ihcluding

‘MVB's. Previous investigators have shown that PV is the

\
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maj}or storage molecule for the 1ron necessary for
develoyrment of the fert;lized oocyte (Osaki et ai, 1975
Hegenaur et al, 1979; Greengard et al, 1964) and may be
involved ﬁn oxidative phosphorylation (Grant and Taborsky,
19b6;KY96n1muré et al, 19861 as a substrate of the
,;oup<;#g Frocess invoived in conversion of ADF} to ATF.
This a;cribed role for rhosvitin wddld sSeem %o require
the transfer of PV from the plasma membrane to the
m1tochondrial membrane without-undergoing lyaoeémal
degradation. This task could tﬁeoretically be accom-
plished by properties of tne'CQ which recognize the
target organelle and selectively allow fusion of the e
vesicle with it. However, considering the observation
of FV-ferritin conjugate inside MVB's in the present - i
study, and the fact that many MVB's are lysosomal in
nature (Pasteels, 1973), it is also possible that IV is
simply degraded to provide iron, phoaphorous and amino
acids needed for development.

A role fYr Q}crofilaments and/or microtubules in
cell surface receptor distribution and translocatlon
of CV's to destinations within the cyt;!!nﬂz/hds been
suggested (Kolset ;t al, 1979; Salisbury et al, 1980;
Mesland et al, 1981). This suggestion has ariéen from
both mqrpholog1ca1 observatjon of eytoskeletal elements
in close proximity to 1nvag1nating CP's, and from studies
employing chemical inhibitors of cytoskeletal fuﬁctlon.

For example, the microtubule-disrupting agent, colchicine,

.



inhibited t'e uptake and degradation :of asialo-glyco-
s “ .
proteins by rat hepatocytes by interfering with the

[ & L]

binding of ligand to the cell surface and intr¥éellular
transport of CV's to lysosomal comparfments (Kolset et

al, 1979). In the same study, it was revealed that.

!

cytochalasin B, which interferes with microfilament

function, inhibited degradation of ligand by decreasing
Q

the efficiency of CV transport to the lysosomes.

In the preeent study, no evidence was obtained {5
2,

- -
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indicate that microtubules or microfilaments were involved

in the disigibutlon of CP binding sites onrvhe cell
surface, or the translocatlon of CV' s.&hrough the
cytoplasm and delivery of contents to a-larger vesicular
compartﬁent. In cells treated with colchicine or c&to-
chalasin B, endocytosis of CF in CV's did not appear -
different in any way from the process as it occurred in

control'embryoa. Previous investigatorsg ‘obtained

i écrophages

]

similar results concerning rinocytosis
treated with cyfochalasin B (Wilis et al, 1972; Silver-
stein et al, 1977% Thyberg, 1980). Q}so, pinocytosis of -
polyvinyl pyrrolidonevby‘;at peritoneal macrophages has
, been shown to be unaffected by the presence of colchicin;
- (Pratten and Lloyd, 1979). |

'Inigenerél, therg is conflicting'evidence concerning
a possaible role~for';ytosge1etal elements in fhe trans-
location of CV's thrq‘rh the cytoplasm. ﬁﬁe to tpé

LI

variation of results obtained from different systems, it
| 3 -

14
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is ndt possible at this time to make a’éeneralfzation
conperning the role, or absence of éuch, of microfilaments
and microtubules in pinocytosia\via CP's and CV's. It
is apparent from the present study, nd;ever, that this
process is not arrested by cytoskeletal inhibitors in
the early chick embryo. Perhaps studies designed to
measure the rate of p!nocytoaie of an externally applied
ligand in the presence and absence of cytoskeletal
inhibitors could provide useful*information on the
mechanism as it operates in this system. Rates of
vesicle translocation through the cytoplasm may also be
useful, in that they could be_co-p;red to the rat;
expected by simple diffusion of the CV in the cytoplasm
(for review, see Ockleford and Munn, 1980).

) In conclusion; it would be of interest to perform
furth;r experiments, possibly utilizing enszymes specific
for cleaving certain cell .surface molecules, to determine
the chemical nature of the anionic moieties observed by
CP binding in this study. Also, further experiments
utilising longer incubation times and lysosomal ensyme
loﬁali:ation would be useful in dotor-ining whether the
MVB's shown to contain conjugated phosvitin perform a
higootivo funetion on the internalised yolk protein,
and the long ﬁorn fate of phosvitin within the cell in
‘relation to its suggested roles as an iron carrier

protein (Osaki ‘st.al, 1975; Hegenaur et al, 1979;
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3

Greengard et al, 1964), and as a substrafp for oxidative

phosphorylation (Grént and Taborsky, 1966; Yoashimura et

/(

al, 1980).
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