CHAPTER I

INTRODUCTION

Golden hamster (Cricetus auwratus) is a small rodent which
has been widely adopted as a 1aborat9ry animal. It has a regular
4-day estrous cycle, and the gestat1on’per1od is only 16 days
(Bruce & Hindle, 1934), Which s quite short comparing to the 21-day
period of gestation in m]ce and wats Therefore, the hahéfer is the
most ideal animal fpf’ggsearch o% problems of reproduction. Several
workers have studie pe estrous ch]e of the hamster. It has a 4-day
duration similar to tﬁat‘qbserved &n the mouse and rat. Deanesly
(1938) reported that tﬁe cyc11c changés were difficult to trace by
means of vaginal smearSrbgﬁgqse of §i§9pstant process of growth,
corification and s]oUghiAé in the'éﬁqzhelium of the lower vaginal
wall. Yet she stﬁted that an external exam1n§t1on of the daily
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vaginal d1scharge‘%f female hamster made every'morn1ng can reveal a

cyclic, opaque and sticky discharge, referred to as the post-estrus
discharge, which could be squeeZéd“out of the) vagina by gentle
pressure around the vulva every 4 days. This discharge coincides
with the ‘ruptured follicular stage in the‘ovary.

The receptive stage has been found to last 4 or 5 hours after
sunset (Hamilton & Samuel, 1956). If a female is placed with a male
during this receptive stage, copulation occurs within a few minutes.
The approximate ovulation time is between 0100 to 0200 hr of the day
posf-estrus discharge is found (Grave, 1945; Ward, 1946). After

ovulation, the eggs pass through the bursa and infundibulum and enter

!



the ampulla of the oviduct where fertilization takes place. Embryos
remain in the oviduct for approximately 2% days during which undergo

a few cleavage divisions. They enter the uterus between the 4- and
8- cell stages. at some time in the afternoon of the third day after
ovulation (Graves, 1945; Venable, 1946; Ward, 1948). Development

in the uterine environment results in embryos reaching the blastocyst
stage. * Subsequently the embryos shed their zonae during the fourth
day, and implantation take place in ‘thesMorning of the fifth day after

-
ovulation (Grave, 1945; Wards, 1948; Hamilton & Samuel, 1956) (Table
1.1).

:

Table 1.1 Development schedule of “hamster embryo in vivo

A

J-::‘.-

Day of pregnancy Stage ‘of éﬁ?ﬁyo. Location

1 (0900-1800) 1=cgd] Tﬂ oviduct
(1900~ ) 4 2-cell ov_'*‘?c_luct

2 ':i 2-cell odfauct

3 -1000) . 4-cell oviduct
(1000~1300) 45, c8=¢el aviduet/uterus
(1300-1800) 4-, 8-cell uterus
(1800-1200) 84cel1q moputa uterus

early blastocyst
4 ( -0900) blastocyst* uterus

* Beginning of attachment after 0900 on Day 4
Data from Austin (1955); Orsini (1964); Sato and Yanagimachi
(1972); and Yodyingyuad (1982).



Hamster eggs are widely employed for the assessment of
fertilizing capability of human spermatozoa (Yanagimachi, Yanagimachi
& Rogers, 1976; Binor, Sokoloski &. Wolf, 1980). These eggs were
routinely obtained from superovulated females. Superovulation in
hamsters can be achieved by injection of 20-30 i.u. pregnant mare's
serum gonadotrophin (PMSG) followed by the injection of 20-30 i.u.
human chorionic gonadotrophin (hCG) 46-72 hrs after the PMSG
administration (Sato, 1962; Yanagimacﬁﬁ'& Chang, 1964; Ahuja &
Tzartos, 1981). Hamster embryo: resulted from superovulated eggs
have been shown to.dévelop normalfy to term (Greenwald, 1976;
Fleming & Yanag1mach1, UL

Unlike severa] other mamm311an species such as mouse and
rabbit, a study on .the cont1nuou5fdeve1opment of hamster embryos
in vitro has not yet/been achieved éoadate This 1is probably due
to the lack of 1nformat1onuoqisu1tq§1§¢cu1ture medium condition.

- -

1.1 General u]tras%rue%ura%—appe&raﬂee—eﬁ—%he:egg

During the pre1mp1antat1on period the fert111zed egg progresses

by a series of cleavages to blastocyst stage. There is no net increase
in mass during this period, while synthetic processes are activated.
A process termed compaction which occurs.during the &-cell stage is
marked'by flattening/as well as .increasing adhesion hetween apposed

b]astomeres. The b1astocyst itself consists of a spherical outer

epithelial layer of trophectoderm cells encompassing the fluid-filled
blastocoel cavity and a group of internal cells, the inner cell mass
(ICM), which is localized at one end of the blastocyst (Johnson &
Calarco, 1980a).



Scanning electron microscopic investigations have revealed
that the egg and cleavage stage embryo have microvilli on external
surface (Calarco, 1975; Calarco & Epstein, 1973). In mouse ovum,
the microvilli are present on about 96% of the egg surface, and
this region of the egg is referred to as the microvillus area, while
the remaining surface is referred to as microvillus-free area (Longo
& Chen, 1984 a, b). Phillips and Spa]gi (1980) have indicated that
morphology of the microvillus-free Bu;ge‘overlying the second meiotic
apparatus varied among-individual mouse ova. By contrast, the
surface of the hamster €gg  is characterized by numerous microvilli;

a bulge typical of mdt?re mouse éva is not ‘present (Phillips &
Shalgi, 1980; Longos1975). iﬂiéipvilli have been proposed as sites
of initial contact and fusiéh,witﬁ sperm (Austin, 1968; Barres &
Herrera, 1977; Kochlep, Be“Cu;tisZ&“Stenchever 1982). with
advancing developmental stage the ;;rfgce of the rat embryo during
preimplantation period revea1s an 1n;rease in the surface area and
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an increase in the comp]ex1ty of projections (Burgos Segal &

Passantino, 19767 By contrast, the surfacenof the preimplantation
mouse embryo shows a decrease in both number gnd length of microvilli
during its develdpment™\(Bergstrom & Nilssons 19744 Shalgi & Sherman,
1979). Therié has not yet been complete reports on the surface changes
of préeimplantation‘hamsteriembryo ‘firom Tcell (to ‘blastocyst stages.

The feature of preimplantation embryo development is mostly

studied in mouse. Polar organization of cells develops first early

in embryogenes1s with the formation of the primary epithelial germ
layers and the delamination of extraembryonic epithelia (Maro et al.,
1985).  The earliest evidence of this process in the mouse embryo

has been detected at the 8-cell stage, during which elements of the
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cell surface (Handyside, 1980) and endocytotic processing pathways
(Reeve, 1981; Fleming & Pickering, 1985) undergo a radial
reorganization to convert a non-polar cell to a highly polarized
cell over a period of 8-10hrs (Ziomek & Johnson, 1980), and the
polarity is elaborated and stabilized at the 16- and 32-cell stages
to generate the formation of polar outside and apolar inside cell
populations (Johnson & Ziomek, 19815 Reeve, 1981). The polar and
apolar phenotypes thus derived tend toadjvide to yield trophectoderm
and ICM cell types respectively At the blastocyst stage (Ziomek &
Johnson, 1982; Ziomeks*Jchfison &\ Handyside, 1982).

By contrast, fhere have béén limited studies on hamster
embryo. In transm;@s;on e]eé;rog:m1croscop1c (TEM), investigation
the most striking orQSﬁeﬂ]e“ﬁin h;hs%er egg is the presence of
lamellar structures (Lés) These Tame]]ae first described by Enders
and Schlafke (1965) as f1brous materia} have also been referred to
as paracrystalline 1att1ggs (Szo]]oéié 1965) fibrillar ribosome

aggregated (Mazapék, 1965), cytoplasmic whorlsi (Hadek 1966),

cytoplasmic ]ame]Tae (Weakley, 1967, 1968; King and Tibbitts, 1977),
yolk-plates (Szollosi, 1972), and plaques (Schiafke & Enders, 1967;
Tachi, Tachi=& Lihdner,) 1970).] 0/ 1t-hds | béén postulated that the
fibrous material is largely proteins (Enders & Schlafke, 1965; Weakley,
1967) ;. 1igoprateins(SzoTTos1), | 19723 Nilsson, 11980) % G BNA within a
crystalline lattice (Zamboni, 1970 ; Burkholder, Coming, Okada, 1971;

Bachvarova, De Leon & Spiegelman, 1981). In addition, Enders and

Schlafke, (1965) reported that LSs disappeared in implanting blastocyst.
Hitherto, there is no conclusion on what LSs really are and what
role they perform in preimplantation hamster embryos. Another

organelle, mitochondria, also have unique appearance. They appear
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as oval or round shape with a few cristae (Parkening, 1976).

During cleavage stages, there are changes in cell shape
possibly related to increasing cell migration and adhesion (Calarco
& Epstein, 1973; Ducibella, Ukena & Karnovsky, 1977). Information
concerning intercellular junctions which is related to the above
phenomena is available in mouse embryo but not in hamster. The
formation of intercellular junctions!during mouse development has
been described by several 1nvestigato;§fusing the techniques of
TEM and freeze fracture~(Enders & Schlafke; 1965; Calarco & Brown,
1969; Enders, 1971: Ducibe]]a & Anderson, 1975; Ducibella, Albertini &
Anderson, 1975; Magpugon, Demsey'k Stackpole, 1977; Magnuson, Jacobson
& Stackpole, 1978):frtaa'gunctlon§:are present between blastomeres
beginning at the 8-cel /stage and-&aﬁ be found between all cells of
morulae and b]astocysts but zonu]dw’0cc1udens do not begin to form
between presumptive trqphectoderma] ;e}ls until the morula stage,

probably establishing the permeab1TTﬁy barr1er required for blastocoel

formation. The ﬁo1nt in deve]opment at wh1chith1s barrier is

completed may be " as<ear1y as the morula stage Cﬂagnuson et al., 1978)
or as late as the mid to late blastocyst stage (McLaren & Smith,1977).
Becauselof (1imited information 'an>themorphology of hamster
embryos during preimplantation, TEM has been employed td ihvestigate
the general ultrastructural features of ‘hamster embryds'. during the
whole preimplantation period, and the SEM to investigate in detail

the surface changes.

1.2 The cytoskeletons

It is 1ikely that the basic cytoskeletal elements in the egg
cell are similar to those found in other somatic cells. The

differences should be concerned with the relative organization of



each component.

A11 eucaryotic cells have distinct shapes and high degree of
internal organization. Moreover, they are capable of changing
their shapes, repositioning their internal organelles, and in many
cases,migrating from one place to another. These properties depend
on complex networks of protein filaments in the cytoplasm that serve
as the "bone and muscle" of the eugaryotic cell, called cell's
cytoskeleton (Fawcett, 1986). Thetre are four types of the
cytoskeleton : microtubules, micﬁofi]aments, intermediate filaments

and a microtrabecular lattice.

|
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1.2.1 Microtubules /# — =%
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Microtdbules {MTs) ?re thought to maintain cell shape,
by their orientation and distributf@nﬁin the cytoplasm. They are

also capable of s]idiﬁg re]afive téfbne another, thus generating the

qu-'ﬂ
motive force for c111ary, f]age11ar——sperm tail movement, and

chromosome movement dur1ng m1tos1s (McIntoch Hep]er & Van Wie, 1969).

Y

In addition, MTs seem to be involved in certa1n.k1nds of intercellular

transport phenomena‘e.g., cyclosis and exonalitransport. Finally,
astral rays of. MIs, apparently.stimulate .the cell.cortex to begin
cytokinesis 4n animal cells (Rappaport, 1974)." "The drug colchicine

has served.as.a.useful. tool.to explore.MIi-dependent processes because

it disrupts intact MTs (Bryan, 1974). In electron microscope, MTs
appeér as cylindrical pipe-like structures with average 240 to 250 R
in diameter (Fawcett, 1986). Biochemically, MTs consist of molecules
of tubulin, a globular polypeptide of 50,000 daltons. They are
dimer composed of two polypeptides, o - tubulin and B - tubulin,
which have closely related amino acid sequence (Alberts, Bray, Lewis,

Raff, Roberts & Watson, 1983).



Electron and immunofluorescence microscopy revealed the
existence of MTs in both fertilized (Longo & Anderson, 1969; Yanagimachi
& Noda, 1970; Gondos, Bhiralons & Conner, 1972) and unfertilized

oocytes during oogenesis (Wassarman & Fujiwara, 1978). MTs are
ubiquitous structures in trophoblast and ICM (Paulin, Babinet, Weber &
Osborn,1980). In addition, immunofluorescence methods also help to
localize MTs in unfertilized oocytes 2zygote (Schatten, Simerly &

Schatten,1985) and all stages of preifiplantation embryos (Paulin, et al.

-
1980).
1.2.2 Microfilaments

Microfidaments (Mﬁ§) are also ubiquitous organelles in
all vetebrate ce]]s; They appeat'ﬁn the electron microscope as
filamentous structures avéragiag ;@-¢o 60 A in diameter. They are
circumferentially arranged in the Eortex of the cleavage plane in
animal cells undergoing cytoknnes1sf£5chroeder, 1968, 1972, 1973) and
in bundles associated with the cytog}a§m1c streaming of the endoplasm

in plant cells (Hep]er ] Pa1ev1tz 1974) Ln addition, they are

present as 11near,arrays and as networks in thg cytop]asm of cells
that are changing shapes and moving(Spooner, Yamada & Wessels, 1971;
Wessels, Spooner, Ash;“Bradley, Luduena, Tayler & Wrenn, 1971;

Spooner, 1974, 1975). MFs' are thoUght'to. generaté changes in cell

shape and to_participate.incell locomotion. by.virtue of their

contractile activity (Baker and Schroeder, 1967; Wessells et al.,
1971) via a sliding interaction with myosin (Huxley, 1973; Polland
& Weihing, 1974), another major protein present among bundles

of MFs. Cytochalasin B presumably interferes with a number of

MF-mediated cellular activity. Such interference often

correlates with disappearance or morphological alteration of MFs



(Cloney 1972; Schroeder 1970; Spooner, 1974; Wessells et al., 1971).
In sea urchin, it was reported that the surface of unfertilized
egg was adorned with short microvilli lacking MFs (Ito, 1969; Eddy,
and Shapiro, 1976; Spiegel & Spiegel, 1977; Longo, 1980). At
fertilization, microvilli were several folds longer than those of
the unfertilized egg (Harris, 1968; Burgess & Schroder, 1977;
Begg g Rebhun, 1979; Tilney & Jaffe, 1980). Miérovi]]ar
elongation was accompanied by Epe appeé;ance of MF bundles within
the newly elongate microviili, presumably te support and mediate their
elongation (Harris, 1968; Burge§§ & Schroeder, 1977; Begg &
Rebhun, 1979; Tty 2/ Jaffe, 1980). . Furthermore, Moon, Nicosia,
Olson, Hille & Jeffery (]983) repgrted that there was a correlation
between the act1vat10n ofi prote1n Synthes1s and the association of
polyribosomes with MFs in sgg"urchln*gggs. In mouse, it has been
demonstrated that MF énd MT‘tomponéﬁEEQOf the cytoskeleton become

localized asymetr1ca11y dur1ng ce]prcTar1zat1on (Ducibella et al.

19773 Johnson and“Naro 1984), and that d1srun@jon of MFs (Ducibella
& Anderson, 19755 Sutherland & Ca]arco-Gij]am, 1983; Johnson
& Maro, 1984), but not of MTs (Ducibella & Anderson, 1975;
Ducibella, 1982;¢Maro ¢& Pickering, 1984), inhibits the intercellar
flattening that occurs at compaction. #Antibodies ta@.actin show.

that MFs ‘are ubiquitous Structures in both ‘mouse trophoblast and ICM

(Lehtonen & Badley, 1980).

1.2.3 Intermediate filaments

Early studies of the filamentous components of the
cytoplasm were concentrated on MTs and MFs as these were previously

considered to be principal components of the cytoskeleton. Later

/
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it became apparent that there was another major category of
filament, 70-110 K in diameter, present in the cytoplasm of most
eukaryotic cells. Because their cross-sectioned dimension fell
between that of MTs and MFs, they came to be called intermediate
filaments (IFs). Immunological and biochemical techniques allow
the different classes of IFs to be distinguished by their specific
polypeptides subunits,which are expressed in relation to programs
of cell differentiation. At least foé compositionally different
classes are classified=(Bennett, Fellinis Lroop, Otto, Ryan &
Holtzer, 1978; Franke, Weber, Osborn, Schmid & Freudenstein, 1978;
Schonid, Tapscott, Renhets Croop,iFe]]ini, Holtzer & Franke, 1979):
(i) "Cytokeratins" (o~ kératfﬁé &rﬁprekeratin) are often expressed

during the formation fof desmosome; at the epithelial cell

Jd

surface, i.e., 1nterce]1ular Junct1ons to which these cytokeration
filaments are spec1f1ca}1y atﬁached (Franke et al., 1978; Campbell
and Campbell, 1971; Staehe11n, 1974::Dkochmans, Freudenstein,

-
Wanson, Laurent, Keanan, Stad]er, Leloup & Franke 1978);

(i) "V1ment1n":Ts often distributed in non- ep%the11a1 cells, in
particular cells of"embryonic mesenchyme and their derivatives.

This proteinzisgcharacterized by a polypeptide .with molecular weight
of approximately 57,000 in mammals (Bennett et al., 1978; Franke

et alL) 19785 Hyhes) & Destree; 19785 Fazaridess 11980); 4 (iii) "Desmin®
or "skeletin" has been found in muscle cells, i.e., cross-striated
myocardia1'and various smooth muscle cell types (Bennett et al.,

1978; Lazarioles and Balzer, 1978; Schmid et al., 1979; Lazarides,
1980; Renner, Franke, Schmid, Geisler, Weber & Mandelkow, 1981), and
certain vascular smooth muscle cells (Gabbiani, Schmid, Winter,

Chaponnier, De Chastonay, Van de Kerckhove, Weber & Franke, 1981;
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Frank and Warren, 1981); (iv) "Neurofilaments" seem to be

confined to neural cells (Bennett et al., 1978; Schachner, Smith &
Schoonmaker, 1978; Liem, Yen, Solomon & Shelanski, 1978; Schmid et al.,
1979; Franke et al., 1980; Yen & Field, 1981), although it is not
clear whether all neuronal cells express these filament proteins;

(v) "Glialfilaments" contain only one major, probably exclusive,
protein of an apparent molecular weight in the 50,000 - 55,000 range
which has been described in astrocytesTWhere it is often expressed
relatively late in embryogenesisJ(Yen and Field, 1981; Liem et al,
1978; Rueger, Hustons Dab] & B1gnam1, 1979). = The biological

function of IFs found 1n ep1the1%a1 cells.is not known. It is
suggested that thesz'f]ﬂaments_max,prOV1de a mechanical framework
contributing to 1ntraceJ1u1ar staé111ty and intercellular adhesion
within the specific gp1the11um and may also serve in the stabilization
of the orientated arrangemenfs of cgngract11e elements present in

_-i

specific cells (Jacksonzigrynd, Schm]d, Burk1, Franke & Illmensee,

e

1980; Franke et.al 1980; Lazarides, 1980).

-

It has been suggested that the ear11e$t pre1mp1antat1on
stage embryos 1acE‘IFs, and that IFs, reactive with antibodies to
bovine hooflkeratin! would) dppéar ‘concomitantly) with cellular
differentiation in the outer cells of late morulae, or in the
tropHedtoderm €118 0f “blastocysts| ~|(Jackson etal,,1980). In

add1t1on the synthes1s of two extraembryonic endoderma] cytoske]eton

proteins (Endo B, Mr = 50,000, Endo A, Mr = 55,000) is detected by
immunoprecipitation at the 4- to 8-cellstages of preimplantation
mouse development. It is confirmed that Endo B is an authentic IF
protein. Endo B antibodies have also been shown to decorate

trophob]asﬁ cytoskeleton (Oshima, Howe, Klier & Adamson, 1983). By
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using indirect immunofluorescence microscopy, it was found that
antibodies against prekeratin interacted with the outer trophoblastic
cells but not the ICM in mouse blastocysts. Interestingly, vimentin
filaments typical of mesenchymal cells as well as of cell growing in
culture seem to be absent in both cell types of the blastocyst. In
contrast to Lehtonen, Lehto, Vartio, Badley and Virtanen (1983), it
is reported, by using immunob]otting_qnd fluorescent techniques, that
cytokeratin-like polypeptides are pre;ébtﬂjn mouse oocytes and
preimplantation embryos... Electron’ microscopy observations show that
these early stages embﬁyos also contain detergent-resistant 100-110 R
filaments (Lehtonen apd’Béd]ey, 19&0 ; Lehtonen et al., 1983).
Cytokeratins shaye alsérbééﬁ identified in epithelial cells of
amphibian (Franke ef al. ;-1979) th addition, vitellogenic oocytes and
eggs of the frog (Xenapué £aQV4A) eonta1n intermediate-size filaments
that are resistant to extractions 1d*h1gh-sa]t buffers and Triton X-100
and are specifically sta1ned W1th aHthod1es to cytokerat1ns (Franz,

Gall, Williams, P1;hera1 & Franke, 1983) Godsave Anderson,

Heasman & Wylie 61984) have reported that oocy;es of Xenopus Laevis

contain IF from early previtellogenic stages to the fully grown state.

1.2.4," Microtrabecular Tattice (M:)

+here aredifferent opinions about ML-(Sheeler &
Bianchi,' 1987), the cytoplasm or ground substance of eukaryotic cell
divided into the microtrabecular lattice (ML) and the intercellular
spaces as observed in high-voltage EM. The lattice is not apparent
in conventional thin sections because the sections lack the depth
necessary to reveal the network. The microtrabécu]ae are rich in

protein, whereas the intertrabecular space is aqueous and serves to
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dissolve or suspend the great variety of small molecules involved in
cellular metabolism. Among the specific proteins that are thought
to be present are actin, myosin and tubulin. These proteins are
also major constituents of MFs and MTs. A basic difference in the
composition of microtrabeculae and the cytoskeletal elements is
revealed when both are treated with organic detergents such as Triton
X-100. . Cells treated with Triton X-100 lose the ML along with
membranous structures, but they retafﬁ‘thgir-cytoskeleton. This
behavior suggests that microtrabeculae have certain physical properties
that are similar to those-Gi‘membranes but unlike those of the
cytoskeletal e]ementé, In/the b}esent study, ML is grouped in the

cytoskeletal componenzs as destribéﬂ by Fawcett (1986).

When thinly spread ¥e11s in tissue culture are fixed,
dried by the critical point: method -mnd examined with the high-voltage

electron microscope, a- three-d1mensf0ha1 lattice of slender strands
20

(100 -~ 120 A) is seen throughout thé*ground substance of the cytoplasm.

.,..

This provocat1ve observat1on has led to the suggest1on that the

cytoplasmic matrfx is not a homogeneous prote1nh$olut1on but a gel
with a highly structured "microtrabecular lattice" (ML) forming its
solid phase,~and 1inking together, the othen filamentous components
and organelles; into a single structural and functional unit called
the "oytoplast"<y  Theymoleculan structure andccomposition of the ML
have not been worked out in any detail and its existence in the
Tiving cell has not yet been accorded general acceptance (Fawcett,
1980). It is now clear that the microtrabeculae correspond

well to the thin interconnecting strands in the freez fractured,

and that all cells contain them (Kondo, 1985). Those who
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accept its existence attribute the control of cell shape and cell
movement to the integrated functioning of the cytoskeletal elements
and the ML, and speculated that enzymes incorporated in ML may be
spatially coordinated in such a way as to favor fheir sequential
interactions with their substrates rather than relying on diffusion
and random collision (Fawcett, 1986). So far there is no report
about ML in mammalian oocytes or embryos.

From these previous reports about the cytoskeletons, it is
shown that the knowledge of cyto5ke1etoﬁ$ﬁ1n hamster embryos is
still lacking. Therefpre the present studyis carried out to
investigate the organj#diion of qytoske1etons in these embryos by
using selective ext;éefian with'nbnhionic detergent, Triton X-100,

as described for somat1c,ce1ls bytSma]] and Langanger (1981), and

[ <
the organization of the res1dua1 cytoske]eton examined by TEM. &~‘{ Z
e 1\‘ "/‘ % ;‘

1.3 Cell surface or surface coats‘r T

-v‘.'

The cell surface;lﬁlknown ggfgggticipate directly in several

developmental pndéesses, including cell recogn§tion, adhesion,

communication, a3ﬁ~moti11ty (Moscona, 1974; Poste & Nicolson, 1976).
Reactions at the cell surface also affect deiglopment indirectly by
inducing intracellular chandes “in metabolism, the“cell cycle, and
gene expression (Johnson & Calarco, 1980a); These intracellular
changes, in tunn,‘can alter the composition and/or organization of
surface' components. Sequences of such reciprocal interactions
mediated by the cell surface probably function to guide embryonic
cells along specific pathways of differentiation and development
(Johnson & Calarco, 1980a).

Previous sfudies of the surface coats of the mouse blastocyst

using either whole mounts or extraction techniques. Holmes
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and Dickson (1973) used Prussian Blue staining whole mounts of mouse
blastocysts in an attempt to demonstrate surface coats. Since the
blastocyst did not stain heavily with this method until after the
estrogen surge, they concluded that there was a change in the amount
or functional activity of the surface glycoproteins of the blastocyst
at this stage. Pinsker and Mintz (1973) exposed preimplantation
mouse embryos .in vitro to trypsin-af;er previous incubation with
radioactive glucosamine.  Since the-eaeayage embryos and blastocysts
were still viable after-exposure to trypsiny they concluded that
anything removed by the~trybsin was from the surface. The trypsinate
thus removed showed af incCrease i% incorporation of glucosamine and
its derivatives, and»é]so an fncreege in molecular weight of the
polysaccharide units /n morula and;ear1y blastocysts as compare to

2- to 4-cell stages. A]though these authors suggest that this
change may be related to the ab111t§“bf trophoblast cells to attach
to the uterine wall and become 1nvas1ve many other interpretations

J _|_. =

are possible. Surface prote1ns of pre1mp]antdt1on mouse embryos

labelled by 1actdperox1dase-cata1yzed 1od1nat1oﬁ and analyzed by
SDS-polyacrylamide gel electrophoresis do not-show this enrichment

in higher moléculap weight/forms (Johnson:& Calarce, 1980b). The
greatest qualitative changes in surface protein pattern, in fact,
occur ‘Subseqiently. ko~ fertili zatioh fand Concomitant ith blastulation.
The ele€trophoretic patterns of surface proteins of 2-cell to morula
stages are very similar (Johnson & Calarco, 1980b).

In addition, charged surface groups on preimplantation
mammalian embryos have been examined histochemically in several species.
Cooper and Bedford (1971) have shown an increase in negatively-chargea
residues on the rabbit egg surface following fertilization. Analysis

following neuraminidase treatment and KOH saponification suggest thet

014232
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the negative surface charges are due to carboxyl residues of sialic
acid.  However, the hamster plasma membrane shows no apparent change
in the density or distribution of negatively-charged residues
following fertilization (Yanagimachi, Nicolson, Noda & Fujimoto,
1973). A decrease in surface negative charge was reported at the
blastocyst stage in the mouse, associated with implantation (Jenkinson
& Sear1e, 19775 Nilsson, Lindquist, & Ronquist, 1973, 1975). The
surface charge may be due to proteianOund sialic acid residues,
since the charge can be reduced by treat%ent with neuraminidase,
pronase, or trypsin«(HoTmes & Dickson, 19735 Jenkinson & Searle, 1977).
In contrast, Enders aqgfsshlafkeug1974) have shown an increase in

w-i‘

negative charges on'the mouse b]asxbcyst and uterine epithelium on day

4 and 5 of normal pregnancy, and op day 7 of delayed implantaticn.
Consistent with the resu]ts 1n m1ce, the rat blastocyst behaves as a

negatively-charged component on e1ecmrophore31s (Clemetson, Kim,

,u

Mallikerjuneswara & W11ds, 1920) :54.

g =
i "

G-

Of the curgent hypothesis regarding cell-to-cell interactions,

many 1nvestigatoﬁs?¢onsider that the complex cé;ﬂohydrate moieties

of the glycoproteins, glycolipids and glycosaminoglycans located on
the cell surface, may be- involved, in-cell; recognition and adhesion.

It would be of interest to examine some of the carbohydrates which are
normally, eomposed, of. cell-surfaceefythe embryo; prior~taoy implantation.
Since carbohydrate groups on the cell surface 'can be revealed by means
of some well-known substances-lectins, investigations were made
in the present study to find out the changes in surface carbohydrates
of preimplantation hamster embryo in concurrent with uterine
epithelium during preimplantation period by TEM, using three types

of lectins as probes (Con A, WGA, RCA]).
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1.4 Lectins

Lectins are proteins or glycoproteins that can bind
noncovalently to specific carbohydrate groups without modifying them
chemically. Binding is reversible and all lectins have more than
one specific carbohydrate-binding site. The presence of more
than one carbohydrate binding site allows individual lectin
molecules to serve as cross-linking . agents (Brown and Hunt, 1978).
The classical use of lectins is in ¢eil.agglutination; and
agglutinability has been found tosvary with different antigenic types,
states of infection, growth, cell cycle, embryonic development,
and oncogenic transformation, etc;, (Makela, 1957; Lis &

Sharon, 1973; Nicolsond 1974)." = " Quantitative lectin binding using

_—

isotopic labelling has/ been succes%fuﬂ]y used to measure the number of
lectin receptors. “Injaddition, ffﬁprgscent Tectins have been

utilized for low-resolution lectin %égeptor Tocalization at the
st 44
level of light microscopy. =

te) =

Many lectins poséegs‘fmportéhtﬁbgo1ogiqa1 properties. Lectins

can affect cell tréﬁsport system (Isse]bacher,:i§72; Czech & Lynn,
1973), mimic hormone' action (Cuatrecasas & Tell, 1973; Czech & . Lynn,
1973), stimulate mitosis" (Moller,.1970;, Powell _& Leon, 1970; Janossy
& . Greaves, 1971; Anderson, Sjoberg, & Moller, 1972) as well as other
processes (Nicolson,, 1974.). They.have-been found to dinhibit cell
growth (Pent, 1971; Inbar, Huet, Oseroff, Ben-Bassat & Sach, 1973;
Ralph & Nakoinz, 1973),movement (Friberg, Golub, Lilliehook &
Cochran, 1972), phagocytosis (Berlin, 1972) delayed hypersensitivity
(Leon & Schwartz, 1969) and allograft rejection (Markowitz, Person,
Gitnick & Ritto, 1969). '

The most suitable Tectins that can be used as labels for

electron microscopy are listed in Table 1.2. (Brown & Hunt, 1978).
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Table 1.2 Some lectins suitable for use in electron microscopy
Common name or Carbohydrate
Source abbreviation specificities
1. Canavalia ensiformis Concanavalin A a-D-Mannose,

. Glycine max

(Jack bean)

. DoLichos biglorus

(horse gram)

. Arachis hypogaea

. Phaseolus vulg

(soy bean)

. Lens culinarnis

(lentil)

Ricinus communis
(castor bean)

(Con,A)

F . o
Dolichos bifiorus.

(DBA) 2

“Peantut agglutinin

Tent) 7/ / |

_Phaseglusivulgaris
(PHAE, PHASL)

/
/}é]utmmB(SBA)

” llens cu11nar1§

agglutining QLCA

RiCings co' un
agg]ut1n1n 70
RCAT - T
RCAy

A
;"

Trniticum vuﬂgaﬂ&b
(wheat germ)

. ULex euwropaews

Wheat germ
agglutinin (WGA)

Ulex europaeus
agglutinin (UEA})

o~D-Glucose

a-D-N-Acetyl-
galactosamine

g-D-Galactose-D-
N-Acetylgalactosamine

D-N-Acetylgalactosamine
a-D-N-Acetyl-
galactosamine

a-D-Mannose,
o~D-Glucose

_B-D-Galactose
+.D-Galactose,

 D-N-Acetylgalactosamine
:; B-D-N-Acetylglucosamine,

sialic acid

L<Fucose
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Concanavalin A (Con A) from jack bean, has been most widely
used in cell surface labelling studies. It has an approximate
Mr of 102,000 dalton and specific binding for a-D-glucopyranose
and a-D-mannopyranose sugars (Poretz & Goldstein, 1970). Binding
of Con A to cell surfaces is effectively inhibited or reversed by
addition of a-methyl mannoside in the concentration range of 0.01 -
0.1 M. :

Wheat germ agglutinin (WGA) iSeldted from wheat germ lipase
(Burger, 1969; Le Viney-Kaplan &-Ereenaway, 1972) has a Mr of
34,000 dalton and*contains twoacarbohydrate binding sites specific
for N-acetyl glucosamine’ and sjalibJpcid (Burger & Goldberg, 1967;
Uhlenbruck, Pardoe & Bird 19687

Ricinus communis agg]ut1n1ns (RCA) derived from castor beans
have been used as probes for Fhe study of galactose-containing
glycoproteins on cell surfaces Two:ge]actose—spec1f1c proteins
have been isolated by Nicolson, B1austein—& Etz]er (1974). The major
agglutinin des1gnated—as—RGATZU—(RGAT}—is—a—tetPamer of Mr of 120,000
dalton consisting of_two sets of d1fferent g]ycopo]ypept1des of
approximate Mr of 25,000 and 36,000 dalton (Nigolson, Laborbier &
Hunter, 1975a). |.It has strong agglutinating activity against human
erythrocytes. The second agglutinin designated as RCA60 (RCA2) has
a Mr 0of\ 60,000 dalton. | (This/lectin species only weakly agglutinates
erythrocytes (Nicolson & Blaustein, 1972).

In addition to their mitogenic and agglutinating properties,
some lectins are found to be extremely toxic to animal cells. For
example, it has long been known that seeds of the caster bean plant,
Ricinus communis,are poisonous. This toxicity results from a lectin

called ricin, and there has been considerable debate concerning
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whether this toxin is RCA2, which is isolated from castor beans by
affinity chromatography (Nicolson & Blaustein, 1972; Kornfeld,
Eiden & Gregory, 1974). Both ricin and RCAp bind to cell surface
carbohydrates and to Sepharose (Tomita, Kurokawa, Onozaki, Ichiki,
Osawa & Ukita, 1972; Kornfeld et al., 1974). Like ricin, RCA, is
extreme]y.toxic, and the toxicity of both RCA, and ricin is blocked
by lactose. Ricin and a similar toxic protein called abrin, which
can be isolated from the seeds of AbﬁﬂiipegaznniuA (OTsnes, Saltvedt
& Pih1, 1974), inhibit.prot&in biosynthesis (Kornfeld et al., 1974;
Onozaki, Tomita, Sakurai.& Ukita, 1972).

Various ultrasgrugtural md?kers have been used to identify
lectins bound to the1r'target sites.  Some of these markers are
covalently linked to 1ectins wrlnle") others are bound to target-attached
lectins by virtue of the fact.that they possess the appropriate
carbohydrate sequences for 1ect1n bfﬁh&ng Examples of the electron

markers: attached to 1ect1ns are hemeqyan1n, ferritin and horseradish

‘o
e o 'ﬁ.l-
'.--‘: ‘.',-4—

peroxidase (HRP).

Concanavaiii_A has two active sites botﬁ;Bf which can react
with sugars or glyceproteins which contain non=reducing residues at
the terminal branch (Goldstein,, So, .Young & Callies,. 1969). However,
Con A is fixed,to the sugar on"a cell surface only at one of its two
active sitesy (see~diagram-on-page21).~ .The free active.site can then
operate as an acceptor of another sugar secondarily added to the
system. HRP which is a glycoprotein containing 18%
carbohydrates can be used for this purpose. The catalytic activity
of the peroxidase molecule can finally be revealed by the
diaminobenzidine (DAB) method of Graham and Karnovsky (1966). The

reaction can be inhibited by addition an excess of a sugar (e.g.
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Diagram Mechanism*6f the Con A-peroxidase reaction.1 = Cell with
carbohydrat€ group: 2 = Con A; .3 = Peroxidase; 4 =
Electron-dense react19n product after DAB; 5 = competitive
sugar fqr‘control :

4 2
= r e

a-methyl-D-mannoside 0”1 tb’O;é M) 5h%£h competes with the enzyme and
the sugar present in the cell for thg ‘reactive group of Con A. However,
this technique is limited s1nce HRP c¢nlreact only with Con A, but not
with other Tectins such asgyﬁArand R?ﬁyu;-

b |

1.4.1 Inféﬁgction of lectins with egg;z%ﬁd embryos

Eggs;énd embryonic cells of sevqral organisms resemble
erythrocytes and trans§fermed cells in.that they are strongly
agglutinated by lectins.” 'Fertilized eggsiare frequently more
agglutinable, than unfertilized 'eggs but, @s the embryo develops, it
generally becomes’' 1ess' agglutinable. ' The molecular mechanism by
which agglutinability is gained and lost during development has yet
to be elucidated . It is. reasonable to suppose that these changes
may resemble those that take place after neoplastic transformation of
normal cells. Since, transformed and embryonic cells have many
properties in common, including a high rate of growth, the ability to

migrate 4n vivo, and ability to invade surrounding tissues (Brown



22

Hunt, 1978).

Studies on the agglutination of chick embryonic cells in
response to various lectins change significantly during embryonic
development. At very early stages after fertilization, both Con A and
WGA agglutinate chick embryonic cells. WGA agglutination is then lost
rapidly,however, and 8-days after culture, chick embryonic liver or neural
retina cells are agglutinated only by .Con A or RCA4 (Brow & Hunt, 1978).

Similar to chick. embryonic ce]is. rodent embryos also
exhibit changes in lectin agg]utfﬁabi]ity during development. After
fertilization the eggs are; strong]y agglutinated (Pienkowski, 1974).

The difference in agglutlmab111ty of the fertilized and unfertilized
eggs may result from.a d1fference ;p receptor distribution. With the
use of fluorescent Con A, it'has bsen'demonstrated that lectin binds
to both fertilized and unfert111zed MOuSe eggs, but that the pattern
of fluorescence is d1fferent The ie¢t1n bound only to some parts

of the unfertilized egg surface wh1Tq in fertilized eggs, it bound

-.1‘

uniformly over thg_who]e surface (Johnson, Eaggt,& Muggleton-Harris,

1976). As in chfék embryos, agglutination is reduced as the embryo
develops, so that by the blastocyst stage, high concentrations of Con A
fail to agglutinatefmouSe ‘efmbiyo’cel st (Rewinski,) Sa1ter & Koprowski,
1976). '

In hamsten £ggs) “thé change in" 1ectin lagdlutinability after
fertilization is not.as pronounced as in the mouse. Fertilized zona
pellucida-free eggs are only slightly more agg]ufinated by Con A,
lentil (Lens culinanis) lectin, and WGA than unfertilized eggs. RCA,
and D biflorus agglutinin (DBA) agglutinate the zona pellucida of
both fertilized and uﬁferti]ized eggs, and binding of fluorescent

lectins to the zona pellucida does not change during development.
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In zona-free eggs the bindings of fluorescent Con A, RCA] and WGA
decreases as the eggs develops(Yanagimachi & Nicolson, 1976).
Electron microscope analysis of unfertilized hamster, ratand
mouse eggs after incubation with ferritin-labelled lectins has shown
that there are receptors of RCA1, Con A and WGA in the zona pellucida
and the underlying plasma membrane. RCA] and WGA receptors are
distribqﬁed asymmetrically throughout the zona pellucida, with the
highest concentrations at the surfages o Con A receptors are located
sparsely throughout this layer (ﬁicolsoﬁ;VYanagimachi & Yanagimachi,
1975b).  Receptors ofiwthe three lectins™in ihe plasma membrané are
randomly distributed™in_#fixed ce1ﬁf or in cells that have been incubated

with the lectin at4°C 4 However, qu A and WGA receptors form clusters

at 25° (Nicolson ets@l. 4 1876b)% 7 .
’ ’ :‘ ’

-

1.4.2 Interaction 6f:Tectip§‘Qith endometria

A common’ feafure in ;Eé@éeve1opment of all eutherian
mammals is the attachment"ofliropheé%&ﬁérm of the blastocyst to the
Tuminal epithe]1U@%;f—utETUST———The—acqu%s%t%eﬂéq? adhesion between
the two cell types-i§ presumed to be an intriné;; property of the
trophectoderm cells because they readily adher; to extrauterine sites
(Kirby, 1965). | The uterus is not always receptive to preimp]éntation
stage embryos (McLaren & Michie, 1956; .Finn, 1977; Psychoyos &
Casimiri, 1980),,and it/ has been.assumed that there are Specific
properties of a gravid uterus that make it hospitable to the presence
of an implantation-stage blastocyst, and receptive to the adhering
trophectoderm. Receptivity of the uterus to preimplantation embryos
seems to be cyclically modulated by steroid hormones; receptivity is
followed by a period of nonreceptivity. Cellular and molecular

mechanisms that underlie the trophectoderm-epithelial interaction remain;
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to be elucidated. Possible interactions between the surface coats

of the trophoblast and uterine Tuminal epithelium have been speculated as
there is discernable glycocalyx present on the luminal surface of the
uterine epithelium (Enders & Schlafke, 1974; Schlafke & Enders,

1975) and on the trophectoderm (Pinsker & Mintz, 1973; Enders &

Schlafke, 1974) of the mouse at the time of implanation.
Enders and Schlafke (1974) noted that the surface coat of the uterine

{ -u-’
epithelium became much thinner at e time of blastocyst adhesion in
the mouse. Quantitative-and qualitative changes have also been
noted to occur in thggrabpit during pregnancy (Anderson,1982; Anderson

& Hoffman, 1984; Anderson. 01503 & Hoffman, 1986). In this regard,

Wu, Wan and Damjano%f(fgg3) report_g that the surface coats of uterine
epithelium in pregnagﬁ and hon- preénaht female mice were different in
Bandeiraea szmplwzfolia (BSA 1I') 1étt1n binding and strong BSA-I

reactivity was noted in Jum1naT epwfﬁei}um of pregnant uterus while

'y .-_-_‘,

in non-pregnant uterus the react1v1ty‘was not observed. In addition,

- T

in human endometr1um, Yen, Lee Salzmann and Dahganov (1986) reported

that there were recébtors for succinyl ConA(s CQh‘A), WGA, RCA,, RCAZ,PNA,
PHA-E and PHA-L. Lee, Wu, Wan and Damjanov(1983) treated various
portions of the pregnant)and non&pregnant murine oviducts and uteri with
20 fluoresceinllisothiocyanate (FITC) - labelled lectins. They found
that five ‘Tectins (RCAT, WGA; UEA4IL0MacTura povriifer_(MPA) and
Banhinia“purpurea (BPA) reacted differentially with the epithelium of
pregnant as compared with the non-pregnant uterus. The reactivity of
the remaining 15 lectins did not distinguish the pregnant and non-
pregnant oviducts and uteri. In addition, Lee and Damjanov (1985)

have studied the binding of 22 FITC-conjugated Tectins to human
proliferative phase and pregnant endometrium. They found that only

the BPA lectin reacts exclusively with the epithelial cells. All
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the others react to a certain extent with glandular and/or stromal
cells. It is shown that FITC labelled lectins define specific
carbohydrate moieties selectively expressed on either proliferative
phase or pregnant endometrium. However, studies that correlate the
concurrent changes in glycocalyx and lectin binding activities on the
surface of uterine epithelium and fertilized eggs and embryo moving to

adhere to that surface are still lacking.

F
F ,-’, p

o
1.4.3 The effect of lectin on_amplantation

It has been propo§£d that the contact between the
blastocyst and endometripm‘requir s specific change and specific
glycoprotein compo nts (C1emetsdn et al., 1972; Schlafke & Enders,
1975), If g]ycopr9££1ns are eha d removed or bound,it may prevent
implantation (P1nskep’&,- M1ntz, nS;3) An important characteristic
of lectins is the ability to blnd w?}h the specific carbohydrates on
the glycoprotein, therefbrg ;dﬁe 1ect1n§ may be used to inhibit
implantation. Indeed, it has been reggrted that1ntrauter1ne injection
of Con A during pre1mp1antatlgn_ln_mlge_iﬂlgxs_ & Guzman-Gonzalez,
1979; Wu & Gu, 1978) and rats (Wu & Gu, 1981) caused the reduction
in implantation. Despite these reports, the ﬁechanism to which

implantation s preVented is st1l1 Tacking-and the effect of lectins

on implantation needed to be studied further.

1.4.4 Embryo Transfer

Embryo transfer was first successfully performed in the
last century (Heape; 1891) but the technique attracted relatively Tittle
attention prior to 1950. However, during the last decade, progress
in embryo transfer has become increasinﬁ]y dependent upon technical
advances in a variety of ancillary fields. Nowadays, this technical

know-how has been improved to a large extent. The first embryo
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transfer was performed in rabbit (Heape, 1891) and it was later on
applied to farm animals (Dziuk, 1969; Betteridge,1977; Murray, 1978),
primates (Kraemer, Moore & Kramen, 1976; Marston, Penn & Sivelle,
1977) and human (Steptoe & Edwards, 1978; Edward, Steptoe & Purdy,
1980).

Many exciting opportunities have been created by the
development of techniques associated Yith embryo transfer for example,
storage of embryos for a prolong peri;aiﬁy freezing and the production
of identical offsprings-and chimderas. The possibility of obtaining
increasing number of offsprrngs from selected farm animals has attracted
many breeders, and thg p0551b111tﬂ of being able to specify the sex of
the offspring has eff;féd attent10n even further. Embryo transfer
technique has been emp1o¥eq to §01Qe a wide variety of problems in
the Titerature. ¥, .n-;i if, “

Previous stud1es on émSPyo tﬁﬁhsfer in hamsters was designed to
investigate various aspeéf% of rgproduct1on physiology. These

include the effects of ag1ng 'of donors and redﬁp1ents on the

development of traﬁﬁferred embryos (Blaha, 1964}; the role of ovarian
hormones in implantation (Orsini & Psychoyos, 1965), the effect of
synchronous transplantation(Satos& Yanagimachi, -1972), the developmental

potential of embryos derived from eggs fertilized in vitro and in vive

(Whittingham &|Bavisteér, “1974)  and ‘testing the @biTity)of cultured
embryos to continue normal development (Yodyingyuad, 1982; Bavister,
Leibfried & Lieberman, 1983).

In the present study, embryo transfer technique was employed
to study the effect of lectins on embryos prior to transfer to
pseudopregnant recipients in comparison with the .n utero injection

of lectins into the uterine cavity of pregnant hamsters.
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1.5 Objectives

The purposes of this thesis consists of 2 aspects :

1. The investigation of ultrastructure of preimplantation

hamster embryos which are composed of 4 aspects, namely :

1.1 The characterization of the surface of embryo by SEM.

1.2 The characterization of ultrastructure of embryo by

/
TEM. ' Z ’

-

1.3 The characterizgkion of cytoskeleton organization in

-

embryo by TEM using;fijzgptﬁonal ?ethod and selective extraction with

Triton X-100.
1.4 I%sﬂ{:€}
J

tion"and localization of some specific
surface carbohydrate res dues on the”surfaces of hamster embryos and

4

uterine epithelium duning pre#mplaﬁ%&tﬁon period by using lectin probes

that consist of Con A,

2. The 1nvest1gat¢0n of thefef?écts of lectins on implantation.

The effects of Coqjk—and—WGA‘were—studTed—Ey‘fdﬁjow1ng methods (whereas

RCA] was not emp]oxgd because of its tox1c1ty_to cells):

2.1 Thewrate of implantation was determined following

intraluminal administration of lectins.

2.2 The success of jmp]antation was determined following
incubation of embryos with lectins and transferring the 'treated embryos
to surrogate mothers.

2.3 The effects of lectins on uterine morphology was

observed.
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