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ABSTRACT . . 

The"embryonic cell surface of the mud snail, Ilyanassa 

obsoleta, ~as examined witn a monoclonal antihody (IVelO). 

The antibody was prepared against an embryonic membrane 

protein spectrum. Immunocytochemical studies have 

revealed that the IVelO antigen first appears"d~ring 

oocyte maturat.i»n (artificially induced) an(l remains in 

the embryo throughout larval development. In the oocyte, 

egg, and early<embryo it is located at the cell surface 

~nd within the cytoplasm. By the veliger stage the 

IVelO antigen i5 fo~nd within the larvae at di~crete 

locations.". InunuT)oblot analysis has shown that the IVelO 

monoclonal antioody reactes with three prominant bands 
1 

desfgnated IEA-l, IEA-2, and IEA-3. The IEA-3 antigen 

i5 proMinent in mature .oocytes and is diluted out or 

degraded as development proceeds. IEA-l and-IEA-2 both 

appear during oocyte maturation and remain throughout 
./ 

ernbryogenesis. The IVelO antigens'are not polar lobe 

specifie nor are they affected by polar lobe removal. 

This work has established the techniques necessary for 

future attempts at examining the Ilyanassa cell surface 

and is part ,of a br~ader search for surface antigens 

that are affected by delobing embryos • 
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RESUHE 

~a surface des cellules embryonnaires de 1 t escargot,!: 
.. 1\ 

I1yanassa obsoleta, a ~té étudiée avec l'aide d'un anticorps 
1 

monoclonal (IVelO) • L'anticorps:l' ~té préparé en utilisant 

l'ensemble des protéines membranaires. Les études 

imrnunocytochimiq~ ont démontr~ que l'antig~ne IVelO 

apparatt d'abord pendant la maturation de l'ovocyte 

(artificiellement induit) et se maintient dans l'embryon 

pendant le developpement larval. Dans l'ovocyte, l'oeuf, 

et le jeune embryon l'antigéne IVelO est localisé h la 

surface cellulaire ainsi qu'h l'intérieure du cytoplasme. 

Une fois hl' ~tape "vi1ager" l' antig6ne !VelO est precisément 

localis~ h l'intérieur de la larve. Des analyses 

immuno1ogiques (inununoblot) ont dtSmontré que l'anticorps 

monoclonal r~agit avec trois bandes importantes d~signées 

lEA-I, IEA-2, et IEA-3. L'ant~corps*TEA-3 est pro~minent 

dans les ovocytes matures et se dilue ou se désint~gre lors 
" 

de la poursuite du développement. IEA-l et IEA-2 tous deux 

apparaissent pendant la maturation de l'ovoéyte et se 
, 1 

\ 

maintiennent pendant l'embryog~nése. L'anticorps IVe1p n'est 4 

pas spécifique aux lobes polaires et n'est pas affecté par 
1 

l'ablation de ces derniers. Ce travail a démontr6 les 

techniques necessaires pour l'étude des surfaces celLulaires 

de l'llyanassa et fait partie d'une plus grande recherche 

d'anti9~nes de surface qui sont'affectés par l'ablation 

des lobes e~bryonnairc 
Translation by: Prancis Que1lettc 
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INTRODUCTION 

"'" The egg contains information which guides the events 

of early embryogenesis. This information Is produced and 

stored during oogenesis and inhomogeneously distributed to 

cells during the early cleavage divisions. The r"esult is 
, 

thé establishment of blastomereG with different developmental 

potentials. 
, ..".. t 

Little lS known about t~e molecular nature or 
-~ 

mode of action of this maternaI information. Tt i5, however,.. 
o ~ 

believed to be involved in establishing differential gene 

expression among cel! lineages and in directing the early 

morphogenetic events of the embryo. 

The embryo of t1le mud sna il, l Iyana'ssa ,obsoleta, 

'provides an elegant "system for examinlng the nature of this 

maternal'information. At first cleavage it forms an 

anucleate cytoplasmic protrusion, the polar lobe, resulting 

in a trip~.rtite embryo. If the polar lobe is removed at this 

stage a d,isorgani zed embyro develops indicating that i t 

contains information, likely provided ouring oogenesis, which 

is required for proper ~mbryonic organization. This 

~nformation could reside in the cEtll surface, chromatin, or 

other cellular locations. This thesis is concerned with the 

cell surface. 

Histor ically t~e cell surface has been viewed as an 

organelle possessing information to '<Jirect embryonic 

organization. Dissociation experiments of Wilson ( 1907 

,and Holtf-t-eter ( 1944 ) , on sponges and amphibians 
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resp~ctively, revealed that cell types have selective 
~ 

affinities for one another. Numerous other investigations 

probing the nature of the cell surface have been undertaken ( 

réviewed by Frazier and Glaser, 1979 ). The cells of embryos • 
\ 

have been shown ta express a variety of cel1 surface 

components which change q~alitatively and quantitatively 
" 

during development ( Frazier and Glaser, 1979 ). These 

compo~.ents 'are likely necessary for "recogni tion phenomona. 

It has been proposed' that ear1y morphogenetic events 

are timed by an inter-relationship between the cell surface 

.and new gene expression ( Mangiarotti et al, 1982, 1983: 

Blumberg et al, 1982 ). Cell surface differentiation would 

thus result from differentia1 gene expression producIng new 

cell surface phenotypes. These phenotypes wou1d enable cel1s 

of specifIc types to associate and change again, thus 

allowing morphogenesis to proceed in a step-wise manner. 

In Ilyanassa it is possible that there is 

sequestered within the polar lobe maternaI information ( i.e. 

produced and stored during oogenesis ) which Influences the 

composition of the embryo ce11 surface. This stored 

information could be cell surface constituents or information 

which directs or controis the synthesis of surface 

componen ts. If this is the case, the morphological 

disorganization observed in delobed embryos cou1d be due to 

th~ 10ss of surface components. 

In the expe'~iments presented in this thesis the 

Ilyanassa cell surface has been examined with a monoclonal 

antib,ody ( IVe10 ) prepared against an embryonic membrane 

,- ..... _ ............... ""-~ ... __ rt_ ........... 3 .-""sc;""=_-........... " .,.....-_____ ..... '*'''''' ........ _ .. "' ___ /W~kW''fl~~ ..... ot!IIi'''''._. _u _'\_ ....... ____ ..... "''f' 
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antigen. This is part of a broader search for surface 

antigens affected by delobing. IVe10' first appears during 
1 

oocyte maturation and re~ains present in the embryo 

throughout larval development. It is located in the oocyte, 

eg9, and early embryo on or~he cell surface, as weIl as 

in an intraeellular location. It i~1 not found on freshly 

deposi ted unfert i 1 i'zed eggs ( in reali ty immature oocytes ). 

Polar lobe removal has no affect on the appearanee of the 

IVe10 antigens(s) as it is present before first cleavage. 

This biochemical and microscopie study represents an initial 
. 

study of the Ilyanassa cell surface. It provides the 

groundwork for future studies of this kind in Ilyanassa 

.' 
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LITERATURE RFVIEW 

The Effects of Polar Lobe Removal on Ilyanassa Development 

The mud sna il, Ilyanassa obsoleta , is one of a 

number of annelids and molluscs which form a protrusion known 

as the polar lobe durinq first cleavage. Within this 

anucleate protrusion is information, commonly referred to as 

mo~hological determinants, which is essential for normal 

development. This is envisioned by the removal of the polar 

lobe. When this is done an aberrant "embryo develops. It is 

important ta determine what in the polar lobe ~s necessary ta 

development ( reviewed by Dohmen, 1983; Collier, 1983a ). 

The Ilyanassa egg is approximate1y 170 um in 

diameter. Fertilization occurs prlor to oocyte maturation ( 

1- oocyte stage ). In fact, several polar lobes form during 
, 

cleavage. During the first and second meiotic dIvisions a 

polar lobe appears at the vegetal pole of the egg. The third 

polar lobe, the one of concern here, appears as a swelling at 

the vegetal pole of the embryo during first cleavage. As the 

lobe enlarges and attains full size ( 1/3 of the embryos 

total vOlume) cleavage commences with the cleavage furrow 

first appearing at the animal pole. As the cleavage furrow 

develops the polar lobe remains attached to one of the two 

blastomeres resulting in a tripartite structure referred to 

as a trefoil. Upon completion of the first cleavage division 

the polar lobe becomes reabsorbep into the blastomere it 

---,,.. .... _ .... ___ ~--___________ .... ""'*;,..,.~e.,j;r' ....... _____ '"' ...... _, ____________ «_..-... ~ .. "_ .... W' __ "'a- __ '. 
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, 
remains attached to, now termed the CD b~astomere. As 8 

r~sult two cells of unequal size are formed. There is no 

evidence that one of the initial two blastomeres is 
o 

predetermined to receive the polar lobe. A fourth polar lobe 

appears at the second cleavage which gets reabsorbed in the D 

cell, making it larger that the'other three blastomeres ( A, 

B, and C). Subsequently in the following cleavage divisions 

the contents of the polar lobe become distributed among the 
" -

-
c~lls of the D cell lineage ( Clement, 1952 ). 

Crampton ( 1896 ) removed the polar lobe from trefoil 

stage embryos. Lopeless embryos developed which were viable' 

and which developed fhr several days. However the spiral 

c1eavage pattern was altered and the embryo failed to,produce 

mesenchyme. Later studies showed that there was also a loss 

of bi1ateral syrnmetry ( Clement, 1952). Thus the embryo 

becomes radialized. That is, the differences in cell sizes, 

which exist in normal embryos between corresponding cells 

from different quadrants, is abolished and radial symmetry 
\ 
results. In normal development the cells in the D quadrant 

of the embryo cleave at a faster rate ( Clement, 1952 ). 

Polar lobe removal also results in cleavage becoming 
, 

synchronous in the four quadrants. 

The thorough work of Clement ( 1952, 1956 ) and 

Atkins~n ( 1971 7 revea1'ed a more cORlplex lobeless 

phenomenon. Remdval of the polar lobe results in gross1y 

abnormal larvae, lacking most mesoderma11y derived and 

induced structures such as eyes, velum, foot, apical- tuf t, 

intestine, tentacles, and heart. Atkinson's detai1ed study 

! 
l' 
1 

\ 
r. -
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of Ilyanassa org8Qogenesis and histogenesis showed that 

although these structures were lacking, most of the cell 

types for these organs were, in fact, present. The 

possibility that abnormal development is simply due t~ 

remoJing a large part of the mass of embryos of Ilyanassa 
j 

embryos was illiminated by allowing AB and CD cells to 

develop seperately. The CD blastomere is capable of 

developing into a normal veliger, although smaller than 

normal, whereas the AB blastomere resembles a lobeless larva 

Clement, 1956 ). 

To gain furthur information on the role of the polar 

lobe in the determination ofol1Jval organs, Clement ( 1962 

removed the D macromere, which receives the polar lobe 

material, at successive stages of development and compared 

development of the se altered embryos. Removal of the D 

~acromere at the four cell stage produced larvae similar to 

lobeless embryos. Removal of the 0 macromere after the 

formation of the third micromere quartet deleted only those 

structures whic~ arise from the mesentoblast celle After the 

forma~ion of the fourth micromere quartet, removal resulted 

in no qualitative effect other than the embryo being smaller 

than nor~al. Clement concluded that the morphogenetic 

influence of the polar lobe is exerted during the period of 

formation of the first four quartets of micromeres and that 

not aIl lobe dependant larval features were determined at the 

same time. Similar results were obtained in Dentalium 

Cather and Verdonk, 1979 ). The intestine and heart have 

been shown to originate from the 0 quadrant, and thus are 

[" 

. , 
j 

t 
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directly depen~a~t on polar lobe materia1. The eyes and 

tentacles, however~ ar1se from other quadrants whose cells 

ar'e dependant dn an inductive influence from cells of the D 

quadrant ( Cather and Verdonk, 1979 ). Cather ( 1967 

revea1ed the inductive nature of the polar lobe in regards to 

shell gland for~ation and a1so r~veale~ a possible inhibitory 

role for the polar lobe. Thus the A and B quadrants are 

capable of forming shel1 gland material in the absence of the 

polar lobe where ,normally they do note Cather ( 1971 ) has 
1 

suggested that the D quadrant, with its polar lobe material, 

acts as a primary organizer during early molluscan 
1 
1 

development. 

Local ization of the Morpholog ical Informa>tion in '. the Polar 
t 

Lobe - \ 

\ 
Morphologic~l determinants are lOèalized in the egg 

such that there is\regiOnalized information. The polar. lobe 

ia an ex ample of s1Ch regionalization. An approach to 

examining localiza~ion has been to subject egga to low speed 

centrifugation. T~is results in the stratification of 
1 

cytoplasmic compon4nts such as yolk granules, mitochondria, 
" and 1 ipid droPlets.

1 

Centr i fuga t ion of Ilyanassa eggs has 

no effect on subsequent development implying no displaceab1e 

.regionalization, prior to first cleavage. Since the cortex 

is not redistribute by this treatment the relevan~ factors 

may weIl be cortica • 

, 

-, 

" 

.' 

, \ 
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Clenlent 1968 ) was able to separate the properties 

of the vegetal cortex and soluble cytoplasm. He obtained 

nucleated ani~l and nucleated vegetal halves by 

centrifugation under appr\priate conditions. Allowing t~ese 

fragments to develop he found that the animal halves never 

formed polar lobes or lobe dépendent structures~hereas othe 

~ vegetal halves did. C~ntlifugation thus did not displace the 

polar lobe information from the vegetal ha~f of the egg. 

This ~ork a1so suggested that the determinants of the 
() 

~ Ilyanassa polar lobe are localized in the egg cortex and not 
Il; D 

the soluble cytoplasm. In contrast, a structure termed the 

vegetal body has been identified in Bithynia which is 

believed to contain morphogenetic information. It is 

d~'Placed by heavy centrifugation and ha. been .~oJn 
yery rich in RNA ( von Dam et al, 1982 ). 

Molecul~r Characterization of Polar Lobe Localized 

Morpho1ogical Information 

Investigators have tried to detect molecular 
, 

to be 

differences between normal and delobed embryos in the hope o~ 

identifying the nature of the pqlar lobe determinants 

reviewed by Collier 1983a ) . Nucleic acid syn,thesis ( RNA 

synthesis in particular ) has been extensive1y exami~ed in 

normal and de10bed embryos by Collier and coworkers ( 1975, 

1976, 1971 ) . 
In normal ll~anassa- embryos ribosomal RNA ( rRNA ) 

1 

l 
l ' 
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synthesis occurs until the veliger stage Collier, 1976 ). 

When rRNA synthesis commences in the embryo is not clear. 

Collier ( 1976 ) deteeted uridine incorporation into rRNA as 

early as the four cell ~tage of development. Others have 

detected tRNA synthesis only by late cleavage ( NewrocK and 

Raf!, 1975; Naus and Kidder, 1976 ). It is clear, however , 

that the first major inerease in total RNA accumulation that 

is attributable to rRNA synthesis accurs at day four of 

development ( Collier, 1975). This indicates that the 

Ilyanassa egg provides sufficient numbers of ribosomes ta 

suppor t developmen,t for the fi rst three days. 

Synthesis of transfer RNA ( tRNA ) has also been 

detected as early as the four cell stage of normal Ilyanassa 

development ( Collier, 1976). Collier found the molar 

ration of tRNA to rRNA to change from 20:1 in the egg to 10:1 

in the post-gastrul~-ernbryo. The ,ratio changes after the 

~rst major incr~as~ in total RNA ( day 4 ) and remains 

constant for the duration of embryogenesis. 

Messenger RNA ( rnRNA ) synthesis begins during the 

early eleavage stages in normal Ilyanassa embryos, 

somewhere between the four to sixteen cell stages, as shown 
, 

by autoradiographie determination of radioactivity in pulse 

labelled embryos ( Collier, 1976; Koser and Collier, 1976 L. 

The best evidence for mRNA synthesis at the se early stages is 

from po1yadeny1ation studies of naseent RNA from the 

Ilyanassa embryo ( Collier, 1975 ). These studies showed 
, 

that 40% of newly synthesized RNA 'during early cleavage was 

polyadeny}ated as eornpared to 10% at later stages of 

; 441 
lM 1~" i( 

~;;; 4 • p ; 
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development ( values are per cent of total nascent RNA that 

was polyadenylated ). 

In the delobed embryo the first,major increase in 
, 

total RNA synthesis is delayed until day 6 of as 

opposed to day 4 in the normal embryo. After day 6 he rate 

of accumulation of total RNA is the same as in the normal 
1 

embryo. Measuring the absolute rates of ~N~ synthesis, 

Collier ( 1976 ) demonstrated that at the 25 cell and 

gastrula stages the synthesis of total RNA was less in the 

delobed embryo. However, the proportion of polyadenylated 

RNA synthesized was not affected. He detec~ed no significant 

differences in RNA synthesis between the normal and delobed 

embryo during ear1y c1eavage. A more detai1ed study, "in 

which RNA extracted from normal and delobed embryos was 

1abelled with 3H-uridine for 24 hours and examined 

electrophore~icallYi revealed simi1ar patterns of RNA 

synthesis pri~r to gastrulation ( Koser and COllier, 1976'). 

After gastru1ation, however, there was an increase in 12-16S 

RNA and a decrease in 34S RNA in de10bed embryos. The 

increase in 12-16 S RNA was attributed to an increase in 

untrans1ated message and the decrease in 34S RNA synthesis to 

a transcriptional defect ( Koser and Collier, 1976 ). 

The unferti1ized egg of Ilyanassa contains pOlysomes 

active in protein synthesis ( Mirkes, 1970 ). within fif,teen 

minutes fo11owing fertilization the uptake and incorporation 

of labe1led amine acids increases. By the 8 cell stage the 

number of active polysomes has increased by 80% and by the 
, 

veliger stage there is a five-fo1d increase in protein 

, 
l 
( 

l , 
1 . 
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synthesis. protein synthesis in the normal Ilyanassa 

embryo, thus, steadily increases for the first three days ot 

development, levels off during organogenesis, and decreases 

daring the later stages Collier and Schwartz, 1969 ). 

Stage specifie changes in protein synthesis between the early. 

cleavage and mesentoblast stage of development have been 

demonstrated by two dimensional electrophoresis ( Brandhorst 

and Newrock, 1981; Collier and McCarthy, 1981 ). Changes 

involve the disappearance_and appearance of particular 

proteins and changes in the relative rate o( accumulation of 

proteins. 

Since Collier ( 1961 ) demonstrated that the delobed 

~embryo had a reduced level of amine acid incorporation into 

proteins, extensive investigations have been undertaken 

examining protein synthesis in normal and delobed embryos. 

Isolated polar lobes can also be examined since they are 

capable of ineorporating amine aelds into protein ( Clement 

and Tyler, 1967). InItial studies used one dimensional 

electrophoresis to examine the proteins of the normal and 

delobed embryo; the affects of aetinomycin 0 treatment on 

these two types of embryo; and the-proteins of isolated AB 

and CO blastomeres Tietelman, 1973; Newroek and Raff, 1973; 

Donahoo and Kafatos, 1973 ). Eaeh study deteeted differences 

in protein synthesis between the normal and delobed embryo. 

How~ver these cone 1 us i ons are \somewha t l im i ted due to the 

poor resolving power of one dimensional gels. Experimen,ts 

using two dimensional gel eleetrophoresis ( isolelectric 

focusing-SoS ), on the other hand, have revealed in normal 

.., 

. 
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1 and delobed embryos, and isolated polar lobes, identieal sets 

~f~-labelled proteins during early cleavage Brandhorst and 
, 

Newroek, 1981; Collier and McCarthy, 1981 ). However it may 
,;>'1 

weIl be that the ~wo dimensional systems reso1ve different 

~sets of pr6teins. ~ In fact it has been shown by F1enniken and 

Newroek
o 

( manuseript in ,preparation ) using 'one dimensional 

gels tha~ the eo~plernent of ~1 histones in normal and delobed 
, 

ernbryos of early stages of developrnent are not identieal. 

There rnay be other differenees invo1ving proteins reso1ved by 

SOS polyae~ylamide gel eleetrophoresis which are not 

detectable when used with isoelectricfocusing. 

As rnentioned, two dirnensional gel electrophoresis has 

shown that at the mesentob1ast stage ( 24 hours of 

developrnent ) stage specifie changes in proteins occur in 

normal embryos. In delobed embryos there are quantitative 
o 

but no qualitative differences in the protein~profilesl when 

cornpared to the normal. At 24 hours isolated polar lobes 

synthesized a subset of those proteins detected in normal and 
\ 

delob,ed embryos. These resul ts ind icated that the polar lobe 

does not con~ain a unique set of lpcalized mRNAs. Brandhorst 

and Newrock ( 19B1 ) suggest that the selective activation 

and inactivation of rnRNAs resulted in the stage specific 

disappearance of sorne proteins in the mesentoblast ernbryo and 

24 hour iso1ated polar lobe. They furthur suggest that there 

are cytop1asmic'factors in the isolated polar lobe that are 
~ 

capable of activating and deactivating mRNAs ~hich are 

present as ribonucleic protein particles ( mRNPs ). This in 

turn is evidence for translational control of mRNAs by sorne 

:~ 

l 
J 
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"" . maternaI components, SInce the polar lobe unde~90es a subset 

ot the changes found ip the normal embryo. Of the 350 

polypeptides detected by Collier and McCar~hy ( 1981 ), 98% 
J 0 ~ 

~ere insensitive to actinomycin D ( AMD ) and AMD did not 

qualitatively change the mesentoblast stage specifie 

proteins. These data reveal that early- protein synthesis in 

Ilyanassa embryos is from maternaI RNA. It m?y e~ist as 

mRNP~ which bec~~_preferentially activated and deactivated. 

This is furthur substantiated. At AMD concentrations which 

block RNA synthesis Ilyanassa embryos develop normally 

until gastrulation ( Newrock and Raff, 1975 ). Tubulin 

synthesis is normal even in the pre~ence of AMD indicating it 

was being synthesized on maternaI templates Raff, Newrock, 

and Secrist, 1975 ). 

Recently~ollier ( 1983b ) labelled proteins during 

late and early organogenesis of Ilyanassa embryos and 

showed by two dimensional electrophoresis that lobeless and 

normal embryos produce t?e same sets of proteins. There were 

quantitative differences however and the greatest differences 

were among the most abundant proteins. He suggested that the 

differences in the abundant proteins were significant and 

that the polar lobe had b~th a negatiye and positive effect, 

since sorne of the proteins were more abundant in the delobed 

embryo whilè others were more abundant in the normal. 
j 

Studies on acid soluble precursors, have provided 

iQteresting results and speculations. The polar lobe 

contains a higher concentration of acid solubl'e precur.sots, 
\ 

especially ATP, than other parts of the embryo ( Collier and 

i 

1 
1 
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Garone, 1975 ). Whether this is mo~phologically significant 

is debatable since delobed embryos are capable of simllar 

rates 0f nucleic acid and protein synthesis as are normal 

embryos. Nonetheless, Collier ( 1975, 198~a ) has proposed a 

stem cell hypothesis. He suggests that ATP from the polar 
" 

lobe is transfered ta specifie micromeres via gap junctions 
'; 

which provides. them with sufficient energy ta increase their 

'rates of cleavage. This increased rate of cleavage would 

facilita~e the productioh of sufficient nu~bers of stem éells 

"f.ot the differëntiation of lobe specifie organs. In the 

delobed embryo this en&rgy requirement is not fullfilled and 

not enough stém cells a're produceç 'for~normal differentiation 
\ -

to proceep. Although this model is feasible, it has not been 
1 \i9 

substantiated~ Much has been learned J~lregard to prptein 

and nucleic acid synthesis in Ilyanassa embryos, yet 

nothlng concrete has been revealed in terrns of the nature of 

the deterrninants which reside in the polar lobe. Differences 

obser."Ved between normal and loheless 'embryos havEf been 

interpreted as bei'ng the resul t of abnormal development 

rather than the cause. 

'-, 
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Immuno1ogical Approaches towards examining the Cell 

Surfasre 

o , 
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The cel~ surface is involved in cell recognition, 

aàhesion, communication, and rnotllity. It mediates the 

rnorphogenetic events of embryos, in whfch cell recogniton and 

adhesion are integral aspects. The examinàtion of 'the nature 

of the embryonic ce!'l surface is thus important for an 
. 

u dersta~ding of early development. One aspeçt of 

m rphogenesis is selective cell-cell adhesion. ' This was • c,.. 

f r.st demod\strated in sponges and amphibians wlth cell 
\ 

s rting experirnents ( wilson, 1~07~ Townes and Holtfreter, 

1 55 ). Wil.son ( 1907,,) showed that a mixture of dissociated 
/; 

songe cells of two species was capable of sorting.out, in ~ 

s ecies specifie manner, to form discrete organisms. 

E bryonic cell suspensions of ~ixed cell types also sort out 

i a tissue specifie manner ( Moscona, ~967 ,) ~ 

• This sorting behaviour suggests that cell surfaces 

h ve'the means to recog~ize ~nd bind0 to other cell surfaces. 
\ . \) 

Il is believed that cell surface=maeromolecules function as 

i tercellular lig~nds. The specifieity of cellular 

i ,teractions is thus dictated by the speci+jciEy among 
1 

'comple~ rnolecules. 

Il ;\ , . surface component, 

Since glycoproteins are a majDr cell 

protein-car~ohydrate interacti?ns may be 

" 

~ 

7,' one o~ the 'mechimisrns involved in cell adhesion (. rev~ewed by 
" . 
-~ . 

. Har,~i'Son and Chesterton, 1980 ). 
. ---. 

Numeroùs cell and tissue specifie, membrane ant~gens 

have been identified see Ffazier and Glaser, 1979 ). Cell 

*,umr"" vz ij~!1ft~ ... !~~~~ ... 
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adhesion ,has been studi~d by cHssociating embryonH: ceJ:ls, and 

allowing them to reaggregate ( McClay, 1971 ). Purified 

plasma ~embranès have been shown to enhance reaggregation of 

dissociated cells ( Gottlieb 'et al, 1974 ). The cell surface , 

has been altered,with enzymes to'provide information 

concerning the chemical nature of the cell surface ( 

Marchase, 1977 ).,Lectins have been extensively used to 
~ 

identify cell surface molecules, specifically glycoprqteins, 
o 0 

which may be involved in cellular adhesion Monsigny-et al, 

1979 ). 

Cultured cell supernatents contain 9ggregating 

promoting factors which have been isolated ~nd u~ed in 
, 

adh~sion expe~iments. This approach has provided a wealth of 

information with regard to cell surface molecules involved in 
"-

cell-cell interactions. In particular w~rk with embryonic 

neuronal retinal celis has identified a glycoprotein referred 

to as N- CAM ( neuronal cell adhesion molecule ). It is one 

of the more characterized cell su~face molecules implicated 

in cellular adhesion ( revie:wed by Edelman 1983, '1984 ). Of 

paricular importance,is the identification of embryonic and 
- ' 

• 
adult forms of this molecule which correspond with changes in 

adhesive behaviour during development ( Rutishauser et al, 

1976~ Thiery et al, 1977; Rothbard et al, 1982 ). 

One of the most power fuI approaches for examining the 

cell surface, and the aprroach taken in this work, is 

immuno1ogical; the use of antibodies directed ~gainst cell 

surface constituents. In combination with other techniques 
• 

antibodies provide a means by wfiich the roles ~f cell surface 

" , 
{'; 
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antigens in cellular Adhesion can be examined. In review we 

will examine the range of applications of antibodies in three 

~tems; the slime mold, the sea urchin, and in mouse 

teratoc~rcinoma cells. 

, . 
1 

Cellular Adhesion in the Slime Mold 

The slime mold, usually Dictyostelium discoideum , 

has been a model system for addressing questions regarding 

the cell surface and its involvement in intercellular 

Adhesion. In addition, many of the immunological techniques 

developed and used on D. discoideum have been applied to 

other developmental systems. 

The feature that makes D. discoideum such an ideal 

system is that during its life cycle vegetative single cell 

amoebae aggregate when starved and form a multicellular slug. 

Changes in cell Adhesion are part of the aggregatio~ process. 

,Cells, attracted into streams by pulses of cAMP, assemble 

~,into aggregates in which cells eventually form stable EDTA 

resistant contacts. Both processes ( streaming and 

aggregation ) require the elaboration, during the 

preaggregation phase, of cell surfac~ molecules. Once 

àg9regated the amoebae differentiate giving rise to two 

distinct cell types; spore and stalk cells. 

D • discoideum has a dual adhesion system utilizing 

two classes of Adhesion sites. One is intitially present on 

growth phase cells and is responsible for irregular cell 
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assembly. The initial adhesion of cells is side by side and 

EDTA senSItive ( Gerisch, 1961 )l The other class appears at 

the cell surface when cells acquire aggregation competancy, 

resulting in the formation of EDTA resistant end to end 

contacts. EDTA resistant contacts are species specific, 

indlcating that selective cell recognitIon Occurs (Springer 

and Barondes, 1978; Gerisch, 1980 ). 

The first evidence of changes in membrane ~ntigenicity 

was provided by the agglutination studies of Gregg and 

Trygstad ( 1958 ) who showed that certain" antisera raîsed 

against aggregating cells increased the agglutinabiIity of 

celIs from the growth to the aggregatJon stage. ~ Gerisch and 

coworkers ( Beug et al, 1973a ) have described a set of cell 

surface antigens unique to aggregation compete nt. cells by 

using Fab fragments of different specificlties to block 

adhesion. Monovalent antibody fragments made from antlsera 

against growth phase or vegetative cell membranes completely 

inhibit adhesion of growth phase cells. In aggregating cells 

the same Fab fragments inhibit side by side adheslon but not 

the EDTA resistant end to end adhesion. These Fabs are 

thought to bind to cell surface molecuIes termed Contact 

'sites B ( Muller and Gerisch, 1978 ). 

Fab fragments prepared from antisera made against 

membranes of aggregation competant cells on the other hand, 

block adhesion at both stages completely. If these Fabs are 

preabsorbed with growth phase ceIIs, only the end to end 

adhesion in aggregation competant cells lS blocked ( Beug et 

al, 1973b; Muller and Gerlsch, 1978 ). These preabsorbed Fab 

--_ ......... ~_ ...... ~ .. -'-.fi.'" ~ .... .,... _._~ 
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fragments are thus specifie for the EDTA sensitIve sites 

which are referred to as Contact sites A. Similar 
\ 

immunological approaches have revealed two such contact sites 

in another spec'ies of sllme mold, P. pallidum Bozzaro 

and Gerisch, 1978 ). The adhesion blocking ability of 
"' 

Contact site A specifie Fabs 1s species specifIc, whereas 

Contact B specifie Fabs are not ( Jaffe and Garrod, 1977; 

Bozzaro and Gerisch, 1978 ). 

Contact sites A are believed to be responsible for 

EDTA res i stant cel1 adhe$ ion in D. d l'sco ideum. Along 
1 

with the evidence provided by the work with Fab fragments, 

immunofluorescent studies on mutant D. discoideum cel1s 

incapable of forming EDTA resistant cell contacts have shown 

that Contact sites A are absent ( Beug et al, 1973a). In 

revertants they are again detectab1e. Co~tact sites A are 

developmenta11y regulated in that they appear when cells 

.require them and disappear at later stages ( Gerisch, 1980 ). 

Once aggregates are formed there is no furthur synthesis of 

th~se contact sites ( Parish et al, 1977). Contact sites B, 

on the other hand, are present'~from the growth to the 

aggregation competant stage (' Gerisch, 1980 ). 

When Contact A specifie Fabs are preabsorbed with 

detergent or n-butanol extracts of aggregation competent cell 

membranes, the ability of these fragments to block adhesion 

is removed ( Muller and Gerisch, 1978 ). This allowed for 

the purification of this material frôm the ex tracts via DEAE 

cellulose chromatog~ap~y followed by sucrose gradient 
r~ \ 

c~ntrifu9atjon. When run on SDS polyacrylamide gels a single 
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glycoprotei n, which bi nds concana va 1 in A,' i s detected wi th a 

m01ecula r we ight of 81}, 000 ( gp80 ). Gp80 i s g1 ycosy1ated 

and phosphoty1ated and has been shown to be an integral 

membrane protein ( Muller et al, 1979: Coffman et al, 1981; 
, 

,Stadler~et al, 1982 J. It is believed to be the g1ycoprotein 

of Contact site A responsib1e for adhesion. It is the most 
,35 , 

-predomlnantly (S-met)- labe11ed proteln of the plasma 

membrane. The label incorporated into the carbohydrate 

portion of the molecule ( Stadler et al, 1982). PurTfied 
. 

gp80 when incubated with Contact site A specifie F~bs 

neutralized their ability to block the contact sites. 

Furthur support that gp80 i5 important in EDTA 

resistant cohesion has come from the work of Finhey aqd 

coworkers ( 1983 ). By causing amo.ebae to dedifferentiate 
\ \ 

and then stimulating them to redifferentiate, they . 

demonstrated a corresponding loss and resynthesis of gpS0. 

By monitoring the presence of gp80 by irnmunostaining, they 

showed that 1055 and reaquisition of gp80 corresponded with 

the 1055 and requisition of EDTA resistant cohesion. 

Monoclonal antibodies have been'produced against 9p80 

to fu!thur. analyze' the developmental control of and role of 

gp80 protein ( Ochai et al, 1982; Murray et al, 1983 ). 

These antibodies cou1d not detect gp80 on growth phase cells 

but did detect it on the cell surface simultaneous1y with the 

ability of the cells to form EDTA resistant contacts. Both 

groups, independantly raising their monoclonal antibodies, 

found cross reac~ivity between 9PB0 and other proteins with 

their antibodies. Jn aIl ~ases gpB0 *as the predominant 

"-----_ ----....,.., --:: ......... -~· .. _-~,...,II'> ... + .... ut .... l4I11"!lIee;aa_""''' ..... ..,." ---____ ....... "",_ ..... , ... __ "''''''''~_.NI_D_. tu_' .. , _. ___ ...... ~..-~~ ..... ~--.<;..-.. ... ~~;~~~""',....,...".:-_ 
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~pecies and they onc1uded that the other reactive proteins 

must share the sa e antigenic site. Murray and coworkers ( 

1983 ) have sugge ted that the antigenic determinant 
, , 

recognized by thetr antibody is associated with a 

post-trans1ationa, modificati?n since it is present on a 

number of proteins with different developmental expressions. 

The monoclonal antibodies produced in both 

1aboratories failed to prevent adhesion. Yet when these 

~ antibodies were used to purify gp80, the purified protein 

neutralized the abi1ity of the rabbit serum against gp80 to 

block adhesion. The failure of monoclonal antibodies made 

against gp80 to prevent adhesion and the observation that 

other prote'ins may share the same antigenic site makes it 

difficult to ru1e out the possibillity that gp80 may not be 

an adhesion molecule but may simply share the antigenic site 

of the actual physiological molecule. However it seems more 

like1y that the monoclonal antibodies are directed against a 

different antigenic site than that of the rabbit serum, one 

which does.not iDterfere with cellular adhesion. Recent work 

by Murray and coworkers ( 1984 ) has shown, in fact, that the 

dèterminant on gp80 recognized by their monoclonal antibody 

is not necessary for adhesion, since,mutants o~ this 

determinant exhibit Contact site A mediated ce11 adhesion • 
.. 

A number of other proteins have been iden'tified and 

imp1icated in cellular adhesion in the slime mold. Ge1tosky 

and coworkers ( 1976 used concanavilin A as a probe to 

examine ce11 surface glycoproteins and found 15 Con A binding 
J 

protelns associ~ted with the cell surface. One of these ~as 
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a developmentally regulated g1ycoprotein with a molecu1ar 

weight of 150,000 termed gp150. It is expressed at low 

levels in growth phase cells and increases in concentration 

during .periods of cellular adhesiveness. Immunoelectron 

microscopy demonstrated that in i6 hour aggregates the 

concentration of gpl50 was highest in regions of cell-cell 

contact, suggest~ng it may be involved in cellular adhesion. 

Furthur evidence 'to support th~ role for gpl50 was 

provided when Fab fragments from antisera directed against 
.a. 

partially purified gp150 prevented aggregation of aggregation 

competant cells ( Geltosky et al, 1979 ). The specificity of 
"-., 

~he adhesion blocking antibody ta gp150, however, wa~ nat 

analyzed in this study with purified proteins ( suc~ as gp150 

or gpB0). Thus the possibility that it reacted with gp80 

was not eliminated. It was recently shown, however, that the 

gpl50 antiserum contained antibodies ta both gpl50 and gp80 

and that the antiserum's ability to block aggregation was 
\ 

\ 

neutralized by purified gp80 alone ( Loomis et al, 1983 ). 

This indicated that the blocking activity of the antiserum 

was due to the presence of anti-gpB0-activity. The 

antibodies specifie for gpl50 were not neutralized by 

purlfied gp80 and were eoncluded to be extraneous to the 

bloeking activity of the serum. It is possible that gpl50 

and gp80 share antigenic determinants which a~e recognized by 

the adhesion blocking antibody. 

A 95k ~lyeoprote~n, identified bi antibodies made from 

slug plasma membranes, is beIieved to take over the function 

of celi adhesion from gp80, which disappears from the cell 
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surface at later stages. The synthesis of ,gp95 commences at 

the tip stage of deve1opment'and it remains throughout the 

rest of development ( Steinemann and Parish, 1980 ). When 

slug cells are disaggregated, Fabs prepared from gp95 

,antiserum prevent EDTA reslstant' rea9gregation whereas gp8~ 

Fabs do note The gp95 Fabi have no blocking affects on cells 

from ear1ier stages. 

Carbohydrate binding proteins or 1ectins have aiso 

been implicated in the invoivement of amoeboid aggregation 

into multiceIIular masses ( Rasen et al, 1974; 1979; Simpson 

et al, 1974 ). In 0 discoideum they' have been termed 

the discoidins. They are developmenta11y regulated soluable 
~ 

cytoplasmiç proteins and are antigenica11y different than 

Contact si tes A ( Frazier et al, 1975 ) c Cell-cell contact 

has been shown to be the developmental signal to deactivate 

discoidin 1 gene expression ( Berger and Clark, 1983 ). 

Evidence implicating these lectins as being cell adhesion 

molecules was provided by cell surface labelling and 

immunoprecipitation on aggregation competant cells ( Chang et 

al, 1975; Siu et al, 1976 ). Genetic evidence regarding 

their role in cellular adhesion was provided by a mutant 

which was deficient in lectins and noncohesive ( Raje et al, 

1975 ). Revertants recovered their aggregation competance 

presumably as a result of discoidin 1 activity. However 

these results have been thrown into doubt. 

Recent evidence shows that the D • discoideum 

lectins are not involved in cellular adhesion. Antibodies 
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( Bozzaro and Gerisch, 1978; Barondes et al, 1983). Erdos 

and coworkers ( 198~ ) performed a thorough investigation 

using indirect immunoferritin labe11ing and direct 

immunolabe11ing and detected no discoidin on the surfaces of 
. 

cells whatsoever. They suggested that the role of the 

discoidins be reexamined since they are not present on the 

cell surface and that previous results 50 indicating were 

artifactua1 due to the presence of lysed cells. Two mutants 
l) 

have also been recently isolated which are capable of 

agg~ega~ion yet do not express the 1ectin genes ( Alexander 

et al, 1983). Recent results thus suggest that the 

discoidins are not involved in cellular adhesion. 

The Cell Surface of Early Sea arehin Embryos 

. Echinoderm embryos, specifically those of the sea 

urchin, provide a good system for examining cellular 

interactions. E~bryos can be dissociated into single cells 

by removing divalent cations from the sea water. When the 

celis are returned to normal sea water they readhere, 
, , 

resulting in the formation of morula-like structures which 

are capable of developin9 until the pluteus stage ( Giudice, 

1962; spiegel and Spiegel, 1975 ). The recognition pattern 

in reaggregates is species specifie and the reaggregates of 

dissociated gastrula cells sort out into the three germ 

layers ( McClay and Hausman, 1975; Noii et al, 1981 ). 

Reaggregation requires the presence of cell surface proteins 
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inasmuch as the ability to reaggregate is abolished if the se 

proteins are removed from the cell surface with n-butanol or 

if they are blocked wi th Fab fragments ('Noll e't al, 1981 ). 

Of course, sorting out of sea urchin cells from a mixture has 

lead workers to conclude that differences exist at the cell 

surface. 

Along with the ability of dissociated sea urchin c~lls 

to reaggregate, gastrulation in the sea urchin allows for 

furthur examination of the cell surface during development. 

It provides a chance to look at what occurs in intact embryos 

undergo ing development. Dur i ng gast,ruIat, ion 'three pr imary 

, germ layers are established from a singÙ~ layer of cells at 

blastula. Gustafson and Wolpert 1967 ) 'suggested that 

specific cell movements and 'specifIc cellular interactions 

are responsible for gastrulation. It is be~ieved that 

molecular changes·occur at the cell surface ~hlCh alter 
( 

ceil-celi interactions and allow for gastrulation to proceed. 
t 

McCIay and coworkers ( 1977 ) used aggregation 

collection methods on normal and hybrid ( Lltechinus 

variegatus X Tripneustes escuientus ) sea urchin embryos 
i 

to examine ~ell surface changes at gastrulation. They showed 

that prior to gastrulation hybrid cells. recognized cells of 

the maternaI phenotype odly, whereas at gastrulation they 

recognized cells with both maternaI and paternal phenotypes. 

The appearace of new cell surface antigens of paternal 

specificity correlated temporally to changes in adhesiveness 
. 

at gastrulation and lead McClay to suggest that these new 

cell surface antigens may be involved in adhesion. This was 
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substantiated by indirect irnrnunfluorescence on hybrid ernbryos 

with antibodies made from membranes of the paternal species 
\ 

at mid-gastrula McClay and Chambers, 1978 ). The paternal \ 

specifie antibody did not react with embryos from the 

maternaI species and in hybrids the antigen was detectab~e 
, 

only at gastrulation and not prior to this stage. These data, 

provided evidence that there were cell surface changes at 

gastrulation which influenced cellular recognition. A1so 

agglutination titres and immunofluorescen~e revealed that 

there were antigenic differepces between ectoder~ and' 

endoderm cells ( McClay and Marchase, 1979 ). 
5 

Irnrnunof1uorescence showed that there were qualitative 

diffgrences in the antigens of the two germ layers. 

The relationship between new cell surface an~igens ~nd 

the changes in adhesion at gastrulation was shown furthur by 

the use of Fab fragments McClay et al, 1977 ). Fab 

~t fragments from paternal mid-gastrula antibodies prevented 
01J 

adhesion of paternal cells but not maternaI cells, indicating 
i 

a species specificity. Tne blocking effect of Fabs could 

only be removed if they were preabsorbed with paternal 

gastrula ce11s. 

Noii and coworkers ( 1979; 1981 ) showed that 

reaggregation competence of dissociated sea urchin ( 

Paracentrotus lividus cells could be abolished if cell 

surface proteins were removed from the celi with 2.5% 

butanol •. If the se extracted proteins were ~eadded" 
jJ 

, ' 
reaggregation and ernbryonic development could be restored. 

These protein ex tracts were not species specifie in inducing 

f 
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reaggregation. Fab fragments'made from antibodies against 

t~ese purif.ied membrane preparations from blastula cells 

prevented ~ggregation and acted in a species speci~ic manner. 

This effect could be removed by absorbing the Fabs to soluble 

protein extrac~s of purified membra~es or ~ith intact ceils. 

Another example of changes at the cell surface of sea 

urchin cells at gastrulation is provided by cellular 

interaction with the hyaline lay'er. The hyaline layer is an 

extraembryonic layer which appear5-' shortly after 

~ertilization. It provides a substrate to which cells remain 

attached ( Spiegel and Spiegel, 1975 ). Removal of the 

hyaline layer results in cellular dissociation • The major 
\ 

constituent of thlS layer is the protein hyalin and by 
\ 

producing an antibody against this antigen McClay and Fink 

1982 ) were able to examine its distribution throughout 
1 

, 
development and its role as a substrate. They found that as 

the embryo developed it became less dependant on the hyaline 

layer for its integrity. There were also germ layer 

affinities which changed with time. Prior'to gastrulation 

aIl three germ layer types ha~ affinities for hyalin, but at 

gastrula the primary mesenchyme cells lost their affinity. 

This correlated to the time at which these ,cells begin their 
1 

\ 
movement into the blastocoel. The ectoderm and endoderm . 

cells maintained their affinity for hyalin. 

A number of other antibodies have been produced using 

membrane preparations and the extracellular matrix of 

gastrula stage embryos as immunogens ( for review ~ee McClay, 
/ 

1983\). After screening the monoclonal antibodies for germ 

, 
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layer speci flei ty by El isa and immunofl uorescence, McClay 

1983 ) looked for patterns of expression of antigens -during, 

sea urchin development. He has identif ied ant-igens wh'ich are 

germ layer specifie and appear at the time of germ layer 

delineation, antigens which appe~r initially on the egg cel~_ 

surface and become compartrnentalized with development, and 

antigens which are highly localized spatially and temporally 

in gevelopment. What re~ains to be do ne is to determine if 

any of these antigens are involved in cellular interactions 

during sea urchin development. 

-
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The Cell SUl"face of f.1ouse preimplantation Em'br~oE 

Immunological approaches have been uSeà eitensi vely to 
, 
study mouse preimplanta tion developinenL Ant'isera have been 

pr~;pareà using a wide variety of immunogens s~ch, ii1"'s fetai 

germ cells, eggs, blastocysts, sperm, spleen cells, ?nd 
, , 

teratocarcinomas. The re~ult has been the development of a 

, number of(antibodies which define cell surface ~gens. 

Investigations at the cèIlular level in early stages 

of mammalian embryonic aevelop~ent have beeQ facilitated by 

using the mouse teratocarcinoma as a model system ( Jacob, 

1975, 1978; Graham, l,977 ). 'ln particular the use of this 

system has made pos.le the s,tudy of cell surface properties 

during the early stages of embryonic development Artzt et 

al, 1973; Stern ~~ al, 1~75 }. Teratocarcinomas contain • 

embryOnal carcinoma cells ( EC cells ) which share many 

characteristiés with the cells of the early embryo. EC celis 

can be maintained in culture and certain cell lines are 

~apable of differentia~o~. 
1 

There is extensive evidence that 

'EC cells are very similar to plu,ripo-tent cells, of early 

.émbryos (Artzt et al, 1973; Mintz and IllmeFsee, 1975 ) 

Antisera obtained by using EC cells as immunogen~ have 
, t 

made it possible" to identify and study cell surface antig~ns , 

of ea'rly embryos. Edidin aod coworkers ( 1971 ) made 

.lèenogeic antiserum against a 129 strafn murine 

teratocarcinoma 402~X which reacted w~th the inner cell mass 
1 

ICM of mouse blastocysts. Futhur studies demonstrated 
Q' 
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that the antiserum detected at least three specificities, 

termed antigens l, 2, and 3. Antigen 1 was shown to be 
'tJ 

30 ' 

physically associated with the H2 antigen at the cell surface 

of rnouse L cell fibroblasts ( Gooding a~d Edldin, 1974 ). It 

i s present on fert i 1 i zed eggs throu-gh blastula, the ICM 'o,f 

hatched bfastocysts, the adult ovary, Dnd numerous cell lines 

including human teratocarcinoma lines ( Edidin et al, 1978 ). 

Ant'igen 2 reacted with trophoblast cells prior to 

implantation and after implantation was located on the lCM. 
,1 

Antigen 3 was absent from aIl embryonic cell surfaces. 

The most highly characterized mouse cell surface 

antigen is the F9 antigen. It is defined by a syngeneic 

'e..tiserum which was raised against the. EC cell line F9 ( Artzt 

et al, 1973, 1974 ). By complement mediated cytotoxicity 

tests and indirect immunofiuorescence it has been found on 

aIl EC cell lines but is absent from the differentiated 

derivatives of these cell lines. It is not found on any 

somatic cells from the adult rnouse but is exp~essed on ,sperm 

~nd during' spermatogenesis ( ~acheliri et al, 1976). In the 

embryo F9 antigen is petected shortly after fertilization and 

increases in arnount until morula, ~~sappearing at about nine 

days post fertization ( Buc-Ca~on et al, 1918 ). 
1 

Lmmunofluorscent localization studies on sectioned 

b1astocysts indicate it is expressed on the ICM and 

trophectoderm ( Babinet et al, 1975 ) 4 Not only is F9 found 

on aIl mice tested, its antiserum reacts with the rnorulae and 

sper~ of aIl animaIs tested ( Buc-Caron et al, 1974). 
, 

'Tp examine the effect F9 antiserum h~s on in. vi tro 
1 
l 
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development of preimp1antation mouse embryos, Fab fragments 

from rabbit anti-F9 IgG were added to embryos in culture ( 

Kemler et al, 1977; Babinet et al, 1977 ).' The conventiona1 

syngeneic anti-F9 serum was not us~d because.lt does not 

inhibit mouse preimplantation deve1upment ( Jacob, 1977 ). 

In the presence of Fab fragments cleavage pr~edes normal1y 

until morula when the blastomeres fail to compact. As a 

~esult b1astocysts do not form and the cel1s eventually die. " 

The fragments have simi1ar effects if embryos are treated at 
\ 

morula, however once the b1astocoe1 starts forming treatment" 

with monovalent antibodies has no affect. 

The inhibition of morula compaction with Fab fragments 

, is identica1 to the effect obtained if the calcium 

concentration is ·decreased in the culture medium of mouse 

embryos ( Kemler et al, 1977'). This ion is involved in 

intrace11ular adheSlon by complexing glycoproteins of 

opposing cell surfaces with a dlvalent cation intermediate 

for review see Takeichi et al, 1982 ). Since a decrease in 

calClum concentration and treatment of early embryos with "Fab 
-

fragments have similar effects, It 15 possible that the 

interaction between calcium and the surface structure . 

recognized by the antl-F9 serum lS required for blastomere 

adhesion. 

, . 

In attempts to determine the molecu1ar nature of the F9 ~; 

antigens, anti-F9 serum was used to immunopreclpitate 

radiolabelled antlgens from detergent solubilized F9 celt 

lysates ( viletta et al, 1975; Muramatsu et al, 1979 ). 

Routinely two protelns with molecular welghts of 22K and 44K 

, 
" 



\ i 
1 

32 

were precipitated. The conventional' syngeneic F9 antiserum 

contains ,two components, an IgG and IgM. It is the IgG 

component which is responsible for precipitating the 22K and' 

44K antigens. 

Both of the components of the conventional serum are 

responsible for the observed immunofluorescence in embryos,o 

however the IgM component is the only one responsible for the 

cytotoxic effect ( Morello et al, 1980; Damonneville et al, 

1979). Attempts at characterizing the IgM antigen has met 

with conflicting results, although there is a concensus that 

the antigenic determinant is a carbohydrate. McCormick and 
~ 

associa tes ( 1982 ) were able to isolate Molecules which 

inhibit the anti-F9 cytotoxicity from the culture medium of 

undifferentiated teratocarcinoma cells. They were very 

similar to the moleèules isolated recently by performing 
, \ 

immunoprecipitations on NP40 cell lysates with the IgM 

component of the conventional F9 antiserum and with an F9 

monocfonal antibody deslgnated ECMA-3 ( Iwakura et al, 1983 

). In both cases a class of hlgh molecular welght 

polysaccharIdes were precipitate? WhlCh were strongly 

- labelled with radioactive galactose and fucose. After 

extensive pronase qigestions they stIll maintained molecular 

weights gre~ter than 80k and we~e still capable of Inhibiting 

the cytotOXIC effect of F9 antibodles. Buc-Caron ( 1980 

reported on the other hand that a glycopeptide of 2-3K 

obtalned after extensive papaln digestion of F9 cell surfacQ 
''tr 

antigens contained the target structure recognized by the F9 

IgM. 
.. 
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A number of monoclonal antibodies have been made 

against F9 cells~ one of them being IIC3 whose antigenic 

specificity lS different from that of the conventional F9 

33 

antisera and other F9 monoclonals ( Marticorena et al, 1983 

Indirect immunofluorescence with this antibody revealed a 

temporally variable antigenic expression on trophoblast 

cells. The antigen lS initially detected on compacted 

morulae and early blastula stage cefls. It is strongly 

expressed on the primary endoderm and the trophoblast of 

expanded blastocysts. Immunoprecipitation results in the 

detection of a 70K molecule which is composed mainly of 

polysaccharides. ~inding of IIC3 is enhanced when cells are 

treated with neuraminidase, which removes siliac acid. T~e 

authors have su1gested that neuraminidase masks the antigenic 

site of the antigen and provides a means by which cell 

adhesion can be regulated. 

Sol ter and Knowles ( 1978 ) detected a stage specifie 

embryonic antigen ( SSEA-l ) defined by a monoclonal antibody 

made against F9 teratocarClnoma cells. The antigen lS 

initially expressed at the elght cell stage and persists on 

leM cells through the blastocyst stage. Upon developmen~ to 
"1 

the egg cyllnder stag~, its expressIon becomes restricted ta 

the embryonic ectoderm and vlsceral endoderm ( Fox et al, 

1981 ). Maxlmal blnding as deterrnined by the radio-immune 

assay ( RIA ) occurs at morula and decreases on blastocysts. 

Indirect irnmunofluorescence, cy~oxlcity, and RIA aIl reveal 

that the antibody reacts with antlgens from aIl mouse and 

human teratocarcinoma cell lines and sperme 

" . ;; 
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SSEA-l can be extracted with chloroform-methanol and 

immunoprecipitates run ln front of the tracking dye on SDS 

pDlyaerylamide gels indicating that it is a glycolipid. 

Inhibition studles 'vJith oligosaccharides revealeà that the 

antigenic determlnant resldes with 'a branched 

laeto-N-glycosyl type 2 carbohydrate chain, very similar if 

not identical to that of the human blood group antigen 1 

Gooi et al, 1981; Know1es et al, 1982 ). 

'Another stage specifie antigen, SSEA-2, is found cd 

murine preimplantation embryos and is maximally expressed at 

the four and eight cell stages ( Shevinsky-Hamburger, 1981). It is 

found in reduced quatitities at morula and on blastocysts. 

The antlgen, whose molecular weight lS unknown, is expressed on 

teratocarClnoma ce11s, sperm, and sorne Sv40 transformed cell 

lines. A third stage specIfie antigen, SSEA-3, is defined by 

monoclonal antibodles produced against whole mouse embryos 

Hamburger et al, 1982 ). The antigen is found on 
/ 

unfertilized eggs and mouse e~bryos up until the blastocyst 
"1 

stage. During early post implantation it is ~estricted to 

the endoderm and in the adult It is localized to the kidney. 

Much of the work with monoclonal antibodles ln this 

mouse system has been descrIptive ln natur~. ~peçlfic roles 

in cell adhesion for the above mentioned antigens are yet ta 

be established. 

. ' 
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MATERIAL AND METHODS 

\ 

Maintaining 'Snails and Obtaining and Handling Embryos 

Mud ~nails, Ilyanassa obsoleta , were obtained from 

the Marine Bio10gica1 Laboratories, Woods Hole, 

Massachusetts. Hibernating snails were maintai~ed at 4°C in 

tanks containing Instant Ocean Salt ( Aquarium Systems Inc. ) 

made to a density of 1.~24 in deionized water, or in natural 

s~~ water obtained from the Marine Biological Laboratories. 
\ 

To induce breeding hibernating snai1s were periodica11y 

placed into 10"ga110n aIl glass tanks in a 14°C incubator and 

exposed to a 14-10 hour 1ight-dark cycle. Breeding tanks 

were fi1tered with an over-the-side filter contalning glass 

wool, activated charcoal and a grave1 layer to remove 

nitrogenous wàstes. The bottom of the tanks had a 

substantial gravel layer. I1yanassa ernbryos are layed 

ferti1ized in jelly filled capsules èontaining 50-200 

" synchronous embryos. Strings of capsules are deposited on 

the side walls of the breeding tanks. 

To facilitate cu1turing, ernbryos were re1eased from 

capsules into petri dishes containing Millipore filtered sea 

water ( MPFSW ) and antibiotics ( 1~0ug/l each of penicillin 

and streptomycin (Sigma) ) at roorn temperature •. , Rel~ase of 

embryos from the capsules was achieved by cut~ing the capsule 

open at one end with corneal scissors and gently forcing the 

emb.ryos out; Once released from the capsules embryos were 
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transferred by gravit y transfer from a wide mouthed pipette. 
\ 

This has the advantage of exchanging the sea water. 

Abnormal, asynchronou~, and unfertilized eggs were removed 

with a hand drawn breath operated micropipette. Embryos were 

cultured in a l6°C incubator with dàily changes of MPFSW. 

Synchronization of Embryos 

When synchronous embryos were required egg capsules 

were allowed to develop in indi~idual petri dishes ( Corning 

) at room temperature in capsules until' they reached the 

2-cell stage. They were then opened and placed at 6°C to 

retard development. In this manner embryos from a large 

number of capsules can be synchronized. After 

synchronization embryos were placed at 16°C and alfowed to 

develop to the desired age. 

When a full developmental spectrum of embryos was 

required laying snails were allowed to deposit capsules over 

a fifteen day period on the sides of tanks. Capsules were 

then harvested and opened at random. When such a preparation 

was made care was taken to e~sure that uncleaved eggs were 

represented. 

Removal of the Polar Lobe 

Oelobed embryos were obtaineà by releasing fertilized 

eg98 from a single capsule into MPFSW, allowing them to 

develop to the trefoil stage, and removing the polar lobe by 

. 
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rotary agitation ( 150 rpm ) on a New Brunswick rotary shaker 
\ 

( Newrock and Raff, 1975). Delobed embryos were collected 
>, 

irnrnediately with a breath operated micropipette fashioned 
( 

from a pasteur pipette and transferred to fresh MPFSW at 6°C. 

After delobing was completed the embryos were placed at 16°C 

until the desired age was attained. 

Obtaining Oocytes and the Induction of Maturation 

Snails which have not mated after hibernation will lay ~ 

unfertilized eggs ( Mirkes, 1972 ). In Ilya'nassa, as in// 
/ 

rnany invertebrates, maturation occurs after fertilizatio~~ 

T~us, unfertilized eggs are equivalent in Many ways ta 

oocytes. To get such oocytes, snails, freshly removed frqm 

hibernation, were placed in "isolation vials" fashioned from 

scintillation vials gluep by their caps to the sides of a 19 

gallon breeding tank. The vials had 5 mm holes in their 

sides to allow for the passage of water and were placed far 

enough apart so that the snails could not mate through the 

holes. Capsules layed inside th~ vials contained 

unfertilized eggs. 

We have found that maturation, as visualized by polar 

lobe formation, is induced when oocytes obtained as described 

above are released from the capsules into sea water. Oocytes 

stimulated in this manner will form polar lobes at both 

r~duction divisions. Not aIl oocytes from a capsule will 

successfully be induced. Oocytes which showed such 

/ 
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cultured at 16°C until the desired time point was reached. 

Membrane Isolation 

Embryos were homogenized by 20 strokes of a Dounce 

homogenizer B' pestle ) in Z medi~m ( 50 mM glycine; 19 mM 
, 

Tris maleate, pH 7.0; 5 mM MgC12; 10 mM B mercaptoethanol; 

0.1 mM PMSF (Boehringer Mannheim) ). The homogenate was then 

centrifuged for 30 min at 10,000 rpm and the pellet was 

resuspended by homogenization in 2 ml of 22% w/v ) sucrose 

Sigma ) in Z medium. Aliquots of 250 ul were layered over 

a discontinuous sucrase step gradient prepared in a 5 ml 

polyallomer tube ( Beckman ) containing from the bottom up, 

1.5 ml 60% sucrose-Z medium, 1.0 ml 50% sucrose-Z medium, 
~ 

0.67 ml of 45% sucrose-Z medium, and 0.67 ml of 36% sucrose-Z. 

medium. This was then centrifuged for 90 min at 30,000 ~pm 

in a Beckman SW 50.1 rotor. Following centrifugation th~ 

36-45% and 45-50% interfaces, which contained the membrane 

fr ion, were collected, poo1ed, and diluted 1:1 in Z medium 

----------and centrifu~9h 2.0 ml of 22% sucrose for 60 min at 
--------. 

20,000 rpm. The pellet,~~ng the membrane fraction was 

i 
î 

used as antigen and for electroPh~~iS. The amount . 
~ 

of protein in the preparation was determined by the ~ : 

Lowry ( 1951 ). ~ 

Monoclonal Antibody Production 

ï 
A membrane fraction prepared as described above was 

, 
,1 
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utilized by Dr. David McClay and MS. Gail Cannon at Duke 

University for production o~~onoclonal antibodies ( as' \ 

described by Wessel et al, 1984 ). The method used was that 

of Galfre et al ( 1977 ). Fusions were done between HAT 

sensitive P3X63Ag8 myeloma celis anô spleen cells from Balb C 

mice that had been immunized with our IIyanassa membrane 

fraction. The mice were injected intraperitonially with 

antigen and their spleens were obtained by sterile disectioo. 

Hybridomas were raised in HAT media according to Littlefie1~ 

( 1964 ) and supernat~nts of hybrid clones were screened for 

antibody u~ing an ELISA assay ( Engvall and Perlmann, 1972 

or by immunofluorescence, using the original immu~ogen. 

The fusion produced 39 clones six of which were 

positive by an ELISA assay. These were design9ted IVe19, 

VIeS, IVfl9, IVf2, IIId6, and IIle9. Clone IVel9, the main 

topic of tgis study, was c10ned by limit dilution • 

Polyacry1amide Gel Electrophoresis under oenaturing 

conditions 

Membrane proteins were visualized by discontinu,ous 
, 

tris-glycine sos polyacry1amide gel electrophoresis according 

to the method of Laemlli ( 19713 ). Gels were cast 1 mm thick 

and measured 15 cm in length. The sample wells were 6 mm in 

width. The 1 cm stacking gel contained 6% ( w/v ) acrylamide 

d 0.4% ( w/v ) bis and was buffered to pH 6.8. Resolving 

gels ~~~ined-~ither 10~ __ ( w/v ) acrylamide, 

------ ' ~.3~ ( w/v ) bis pH 6.8 ~/v, ) acrylamide, 0.2% bis 

---------------~ 

" 
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as indicated in the figure legends. All electrophoresis 

chemicals were purchased from Biorad. The running buffer was 

tris-glycine pH 8.3. Gels were run at a constant l50V until 

the tracking dye ran off or at 75V for 1300 V/hr, as 

indicated in the fIgure legends. 

samples were preparéd for electrophoresis by either 

dissolvinQ by heating for 1 min in IX SDS sample buffer ( 

9.064M Tris, pH 6.8; 2% SDS; 2% sucrose; 5% 
, 

B-mercaptoethanoli 0.~0l% bromophenol blue ) or, if already 

in solution, by adding an equal volume of 2X sample buffer. 

Samples were spun in an Eppindorf centrifug~ at full speed 

for 30 sec prior to loading. PrQtelns were visualized by 

st~ining the gels with 0.1% Coomassie Brilliant Blue R-259 

~~_~:_ g/l in methanol:water:acetic acid; 5:16:1 ) and destained 

in 5:16:1 over several changes. Molecular weight markers 

were from Biorad. 

Glycoprotein Staining of Polyacrylamide Gels 

'l 

Glycoproteins were deteéted on polyacrylamide gels by 

the dansyl hydrazine method oJ Eekhardt et al ... ( 1976 ) • . ' 

Unstained gels were placed overnight in 55% H~O:4B% . 

ethanol:5% glaci~l aeetic aeid and then oxidized for two 

hours ln 0.7% per iodie acid ( w/v ) ( BDH Chemicals ) at room 

temperature. After rinsing with ddH20 for 0.5 hr.' the gels 

~ere treated for 1.5 hr. with 9.5% sodium metabisulphite in 

5% acetic aeid and rinsed again several times in ddH20. The 

gels were th en incubated for 2 hr. in aeidic DMSO:dansyl 

-
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hydrazine ( 1/1 Fisher ) in a water bath maintained at 60 0 

c. The darisyl hydrazine:DMSO solution was then removed and 

the gels put into NaBH4 in DMSO ( 20 mg/ml DMSq ) for 30 min., 

rinsed with ddH20, and placeq overnight in 1% Gaqueous acetic 

acid. Stalned glycoproteins were visualized as fluorescent 

bands on a Fotodyne UV light box and photographed with a 

polaroid camera fitted with a Kodak Wratten 16 filter. Tc 

avoid erroneous resul~s from the natural fluorescence of . 
proteins controls ommitting the periodate oxidation step were 

performed. . .. 

Protein Transfer from Polyacrylamide Gels to Nitrocèllulose 

Paper 

Proteins from gels were transferred to nitrocellulose 

sheets Biorad, 0.45 u._) by the method of Towbin et al 

1979 ). Irnrnediately following electrophoresis gels were 

equi1ibrated in blot transfer buffer ( 20 mM Tris base; 150 

mM glycine; 20% methanol ) for one half hour. Scotch Brite 

padding, filter paper, and the nitrocellulose paper ( aIl eut 

to the size of the gel were also soaked in transfer buffer 

prior to the assembly of the sandwich. The blotting sandwich 

consisted of the gel upon which the nitrocellulose paper was 

layered surrounded by filter paper and the scotch brite pads. 

The nitrocellulose side of the sandwich was placed inside the 

blotting apparatus facing the anode. The transfer was at a 

constant volt-age. of 10V overn ight or 40V for 6 hours. 
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rmmunofluorescent Staining of Nitrocellulose Blots 

Nitrocellulose she~ts containing blotted proteins were 

incubated in 5% BSA ( Sigma ) ( 5 g/l0'0ml of Tris saline, pH 

7.4 ) for 90' min., rinsed briefly in Tris saline, and 

incubated overnight in the appropriate antibody diluted 1:50' 

in 5% BSA. Following incubation with the antibody the sheet 

was r insed wi th Tr is saI ine three times ( 10' min. each ), and 

then incubated for 90' min. in fluorescein copjugated 

goat-anti-rnouse ant~ serum ( IgG and IgM ) 

Boehringer-Mannheim ). The sheet was then washed three trmes 

( 10 min. each ) with 'Tris salin~ and.photographed under bIue 
\ 

light with.a polaroïd camera. Nonspecific stain~ng was 

controlled for with P3X ascites fluid in place of the primary 

antibody and·by·~eletion of the prirnary antibody from this 

procedure. 

Lectin Bindîng to Nitrocellulose Blots 

Membrane proteins were transferre9 to nitrocellulose 

filters as described above and then stained with lectins 

according to the modified method of Clegg 1982 ). 

Nitrocellulose blots were first incubated in 2.5% BSA in 

phosphate buffered saline ( PBS ) pH 7.4 for one hour with 

intermitant agitation to saturate the protein binding sites 

of the nitrocellulose. 

For Con A ( Miles-Yeda ) binding, after the 

nitrocellulose was saturated, it was incubated in Con A -( 25 

<. 
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ug/ml in PBS containing 0.5% Triton-X-199 for one hour at 

r'Oom temperature. " l t was then was!'led ( 5 X 5 mi n ) in the 

same buffer and incubated in FITC-eonjugated anti-Con A ( 58 , ~ 
ug/ml) Miles-Yeda) for one ..,-hour .' Excess Con A was washed 

/ 
off ( 5 X 5 min ) and the nitrocelfulose was examined and 

Ph9tographed under blue 1ight. 'The control reaetion 
o 

contained a-methyl-D-mannose, a competative inhibitory sugar 

of Con ,A.o 

For staining with Wheat Germ Agglutinin ( WGA ) and 

Soybean Agglutinin ( ~A ), the blots were incubated with 

either 20 ug/m~ of F~TC-conjugated WGA or 29 ug/ml of 

FITC-conjugated SA in PBS ( CalBiocem Behring). Following 5 
fi. 'r, ~ 

washes ( 5 min each ) inPBS the transfers were examine4 and 

photographed under blue light. Contols for non-specifie 

binding were tHe sugars 0'.2M -N-acetyl-glucosamine and 0.IM 

n-gafaetose which are competitive for WGA and SA 

respeetively. 

/ 
E~be~ding and Sectioning of Embryos 

! 
/ 

Embryos were fixed in Bouin's fixative ( 75 ml picric 

-aeid; «25 ml 37% formaldehyde, prepared from paraformaldehyde; 

5 ml glacial acetic acid ) for 24 hr to 48 hr and passed 

~ through a graded aleohoI series for dehydration. Embryos 

were tQen empedded in paraplast by first exehangingothe 
... ~ ~ ..:::-

aleohol with xylene, then 1:1 xylene:paraplast C overnight on 

a hot plate ) and finally equi1ibtated in 100% para~~t 
c~ânges ov~r 0.5 hr). Embryos in paraplast were then 

1 
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pipetted into the wells of microtitre plates and theoparplast 

\ was hardened on an ice slurry: Prior to addition of the 

embryos into the wells, three drops of melted par~plast were 

1 put into the bottom of thé wells. 
< 

Slides washed with ethanol and water and coated with 

Mayer'a a1bumin ( egg white:glycerol, 1:1 ) were used. 

Single or seriaI ~ections were cut with a Spencer 829 

microtome and were 19 u thick. _eut sections were floated 
" ... 

onto flooded slides which were allowed to dry on a slide 

warmer. 

Immunof1uorescent 'Stainin2 of Sectipns 

IVeI9 antigen was ,~suali~ed in sectioned embryos by 

indirect immunofluorescence. Parafip was removed fr,m the 

sections with xylene ( 2 X for 19 min) and rehydrated 

through a graded a1cohol series. section~ were then washed ( 

2 x 2 min) with phosphate buffered sa~~e containing 9.95% 

Tween 20 ( PBS-TW-29 ) and incubated overnight in a petri 

dish containing the appropriate antibody or controi supernate 

in a humid çhamber. Antibodies were di1uted 1:59 in 'PBS, pH 

7.4. After incubation in antibody, slides were rinsed three' 

times with PBS-TW-29 and 29 ul of rhodap1ine-conjugated rabbit ," 

anti-mouse IgG ( Miles-Yeda ), di1uted 1:50 with PBS, was 

placed on each section. The slides were then p1aced in a 

humid chamber for 99 min. Following another PBS-TW-29 wash, 

coverslips were f10ated over the sections ana the stained 

sections were examined under th~ fluorescent microscope. 
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Immunofluorescence was assessed and photographed with a Leitz 

fluorescent microscope equipped for epif~rescence. 

Rhodamine fluoresces under green light, whereas the natural 

fluo~escence of yolk in Ilyanassa. embryos occurs under blue 

light. We were thus able to 'distinguish natural flourescence 

from-that due to presence of bound antibody. Non-specifie 

binding was controllèd for with P3X-ascites fluid~ or primary 

antibody and secondary antibody alone. 
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RESUL'l'S 

Production and Screening of Monoclonal Antibodies 

l.l 
Monoclonal antibodies to embyonic membrane proteins 

which could be used to study cell surface antigens were 

produced. The I1yanassa membrane fractions used as 

immunogen, for screening of monoclona1s, and for 

e1ectrophoretic analysis were obtained as.described in 

materials and methods. Centrifugation of Ilyanassa embryo 

!? ' 
homogenate through a sucrose step gradient ( illustrated in 

figure lb ) facilitated the extraction of the relevant 

membr~ne antigens. The Membrane fractions used in this study 

sedimented at the 36-45% and 45-51% sucrose interfaces. 
o 

These interfaces were pooled. When the components of these 

interfaces were electrophor~sed on SOS polyacrylamide gels 

the profile observed in figure la ( 1anes 2 and 3 ) resulted • 

. The pellet obtained from the gradient contained nuclei and 

yolk ( figure la, lane 5 ). 

For the production of monoclonal antibodies a membrane 

fraction was isolated from a mixture of embryos of 'aIl stages 

and used as immunogen. Approximately 199,999 embryos ranging 
\ 

in age from egg to veliger yielded 1.7 mg of protein, as 

~etermined by the Lowry assay, in the membrane fraction. 

~--~iS preparation was sent to Dr. David McClay's laboratory at 

Duke University for the production of monoclonal antibodies. 

Of the 39 hybridS'produced, 6 proved positive when 

- . . 

f 
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Figure 1. A typica1 membrane fractionation as prepared from a 
udxture of Ilyanassa embryos aged from egg ta ve1iger larvae. 
Proteins were electrophoresed on 7.5 \ polyacrylamidé gels in the 
presence of SIlS for 1300 V/hr and visualized with Coomassie 
Brilliant Blue. The protein profiles of the various interfaces 
fran the sucrose gradient are shawn in la. Lane I represents 
1ID1ecular weight markers; 1ane 2, 25 ug from the 36-45\ suc rose 
interface; lane 3, 25 ug from the 45-50\ sucrose interface; 
1ane 4, 20 ug from the 22-36\ sucrose interface; and Ianes 5 
and 6 the pellet (25 and 75 ug respectively). The Bliecular 
weight markers are myosin (2Z0K), B-galactosidase (lI6K), 
phosphory1ase B (92K), and BSA (66K). Figure lb represents 
the sucrose gradient from which the saq>les were obtained. 
The 36-45\ and 45-50\ interfaces are where the œmbrane fractions 
sediment and are routinely pooled.' Yolk proteins, visualized 
in Ianes 5 and 6 were obtained from the pellet. 
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screened by ELISA against the original m~mbrane preparation. 

The six positive monoclonals were designated IVf2, IIId6, 

IVf19, VIeS, IIIe9, and IVe19. The latter four were the most 

potent. These were furthur screened by indi~ect 

immunofluorescent staining of parafin embedded sections of 

embryo~ and by immunofluorescent staining of proteins 

electroblotted onto nitrocellulose. In both the se screening 

procedures a mixture of embryos of aIl stages was used. As 

ca~ be seen in figure 2 lane 2 ) ~nly IVe19 gave a positive 

reaction when screened by immunoblotting. The other three 

antibodies ( lanes 1, 3, and 4 ) and the P3X control ( lane 5 

) were negative. The stained sections gave similar results. 

Because of this IVe19 was chosen to work with. The temporal 

and topological expression of the IVe19 antigen(s) is the 

- focus of the remainder of the work ln t~is study~ 
'f 

\ 
Identification and Characterization of the Antigen(s) 

reactive with IVe19 

In the initial screening of fusions qy immunoblotting 

25-39 ug of protein was seperated on 19% SOS polyacrylamide 

gels run only until the dye front had run off the end~of the 

gel. Thi~ assured that no reactive protein had been lost 

figure 2a). However IVe19 reacted only with proteins of 

high molecular weight. Thus, to achieve better seperation, 

proteins were electrophoresed on lower concentration gels ( 

7.5% ) and run twice as long. This facilitated seperation of 

" 

" 
" 
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Figure 2. The screening of mnoclonal antibodies by iDmunoblotting. 
Ilyanassa membrane proteins were transferred to nitrocellulose 

, iller SOS gel electrophoresis. The membrane preparation was 
obtained as outlined in ma terials and methods and contained 
membranes from egg to 14 day I~assa embryos. Membrane extracts 
($0 ug) were subjected to 10\ S pAGE at lSOV Wltil the 
tracking dye ran off the front of the gel and stained for· protein 
with Coomassie Bri11iant Blue (figure a, lanes 1-5) or blotted 
onto ni trocellulose and labelled by indirect imnunofluorescence 
(figure h) with roonoclonal antibodies VIeS (l~e 1), !VelO (lane 
2), IVf10 (lane 3), IIIe9 (lane 4) •. Lane 5 is a similar blot 
incubated in P3X, the naive culture fluide The diJ,ution of 
antil>ody was 1:50 in PBS, as was the FITC-conjugated secondary 
ant.ibody. -
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high molecular weight proteins and resulted in better 

~esolution of the proteins reactive 'with IVel0 ( figure 4 ). 

On ~mmunoblots of a membrane spectrum IVel0 reacts 

with two bands with molecular weights of approxiwately 190K 

and l30K (figure 3, lane 2). They are designated 

Ilyanassa embryonic antigen 1 ( IEA-l ) and Ilyanassa 

embryonlc antigen 2 ( IEA-2 ) respectively. In addItion to 

. recognizing IEA-l and rEA-2, IVe10 reacted strongly with a 
, 
1 

third band of membrane fractions isolated from artificially' 
. / 

activated twenty hour oocytes ( figure 3, lane l). This 

antigen designated IEA-3 has a molecular weight of 160K. 

In a~l cases when blotted proteins were incubated in 
Ir .. 

the P3X su~ernatent no immunofluorescent labelling was 

observed. If only secondary antibody was used and IVe10 was 

ommitted a similar result was obtained. The specificity of 

IVe10 to Ilyanassa membrane proteins wa~ verified by its 

negative reaction to a membrane preparation from sea urchin C' 
'\ 

S. purpuratus ) blastula ( fIgure 5, lane 2). rVe10 

antigens are also absent in adult snail membrane ( fi~ure S, 

lane 1 ). 

An initIal concern was that these antigens were yolk 

prot~ins, rather than membrane proteins, since their 

molecular weights are similar to high moleeular weight yolk 

proteins ( figure 4). The data shown in figure 4 shows that 

IVe10 does not ceaet with yolk proteine 

06easionally faint staining speeies with moleeular 

welghts greater than 200K are seen. The fàct that IVel0 

recongizes"several Ilyanassa membrane proteins shows that 

/ 
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Figure 3. cne !VelO antigen is- enriched in the nYanassa oocyte. 
A membrane preparation ~ 20 br oocytes was electrophoresed on 
a 7.5 \ SDS polyacrylamide gel for 1300 V /hr, inmunohlotted and 
stained with'JOOIloclonal antibody (lane 1). Lane 2 representS' the 
stained imnunohlot of an Ilyanassa embryonic membrane spectnun 
(egg to 14 days old). The oocyte enriched antigen is designated 
lEA.-3. lEA-l and lEA-2 are the two major IVelO antigens which 
are present throughout development. These 20 hour oocytes are 
artificial1y activated oocytes ~ch have been al10wed to 
"develop" for 20 bours. ' 
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Figm"è 4. t-bnoclonal antibody !VelO does not react with yolk 
proteine - Ilyanassa membrane fractions obtained from egg through 
16,day embryos and yolk proteins obtained from the sucrose 
gradient pellet of the SaJOO preparation were seperated on.' 7.5%' 
SDS polyacrylamide gels for 700 V /hr and st~lined wi th Coomassie 
Brilliant Blue (figure 4a). Lane l represents a mixture of 
membrane and yolk proteins (25 ug of each); lane 2 is the 
membrane spectnun (25 ug); lane 3 contains the yolk proteins 
(25 ug); and lane 4 contains molecular weight markers. When 
transferred to nitrocellulose and stained for IVelO reactivity 
by indirect imnrunofluorescence (figure 4b) only those lanes 
containing œmbrane fraction were positive (lanes 2 and 3). 
Lane l contains the mixture and lane 4 is the P3X control. The 
molecular weight markers are rnyosin (220K), B-galactosidase (116K), 
phosphorylase B (92K), and BSA (66K). The dilution of antibody 
was 1: 50 in PBS, as was the FITC-conjugated secondary antibody. 
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Figure S. t-bnoclonal antibody !VelO does~o't react with .adult 
snail JOOmbrane nor sea urchin embryon:i.c membrane.' Lanes 1 and 2 
of figure Sa represent membrane fractions from adul t Iltanassa 
and sea urchin (~. purpuratus) blastula embryos respect1 vely 
(30 ug of each) seperated on 7.5\ SDS PAGE ·fOI;, 1300 V/hr and 
visualized with Coomassie Brilliant Blue. ~en transferred·to 
ni trocellulose and stained by indirect immmofluorescence wi th 
!VelO antibody both the adult (figure b, lane 1) and the sea 
urchin blastula (figure b, lane 2) fractions show no reactivity. 

"~ .... 

The dilution of primary ~d secondary antibody was l: 50 in PBS. ... 
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thèse proteins ~ the salDe antigenic site. How simi lar 
./ 

these protelns e is not clear at this tim.e • Although the 

approximate molecular weights of the IVe19 antlgens has been 

established, it has not been ppssible to determ-ine'which 

bands on CooÎnassie Blue stained gels are the IVe19 antigens. 

..., 

A1though there are protein ba.nds at the 199K ~ 139K to 16'9K 

reglohs on the stained gels these bands have a dlfferent 
1 

"shape" than do the bands visua11zed by immunologlca1 
. 

sta1n"ing, being dlscrete bands and not reglons of stainIng as 

seen by i~unofluorescence. Furthur characterlzatlon will 

require enrlchment ~ the IV~9 antigen(s). 

Such vide bands, are characteristic of glycoproteins. 

Gly:coprote"lns are also suspected g1 ven that the antigens are 

high molecular weight membrane protéins. Attempts to obtain 

direct evidence as' to whethêr the IVe19 antigens are 

glycoproteins has not been successful. Glycoproteln staining 

by the dansyl hydrazIne technique failed, to show bands in the 

exact mo1ecular weight regions of the IVe19 antigens with the 

appropriate shapes ( figure 6b ). 

Lectins are useful probes for identi~g and 
,/ 

( 

iso1ating cell surface glycoproteins. Three lectins were 

tried for the purpose of determln1ng vhether or not the' IVe19 

'antigens were glycoproteins. These vere Concanavalin A ( Con .' 
A ), Soybe~n aggl~ ( SA ), and 

WGA). Con A is a glucose/mannose bindlng haemagglutinoting 

Wheat Germ agglutinin 

Il 

isolate from j~ck bean. Soybean agglutinIn binds ta 

N-acetyl-ga1actosamine containing molecules and less strongly 
. 

to galactose resisdues, whereas Wheat Germ a991utinin binds 
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Figure 6. Leçtin binding studies on llyanassa membrane proteins. 
Figure 68, lane 3, shows the fluorescent Côri A staining of membrane 
proteins frœn a developoental age spectIUD (egg' to .14 days) of 
llyanassa sryos resol ved by 7.5\ SOS PAGE and blotted onto 
nitrocellulose. Flmrescent Con A staining was perfonned as 
outlined in materials and methods. Lane 1 is the corresponding 
Coomassie Brilliant Blue stained gel containing 2S ug of prote in 
and lane 2 is the corresponding imDunoblot stained with IVelO 
antibOdy. Figure 6b, lane 2, is the same meni>rane preparation 
seperated by 7.5\ SOS PAGE and stained for glycoprotein by the 
dansyl hydrazine teclmique. ArrClriS indicated where the IVelO t, 
antigens rtn. Lane. 1 is the corresponding Coomassie Brilliant 
Blue stained gel intentionally overloaded wi th 60 ug of membrane 
prote in. 80th Con /( staining and the dansyl hydrazine staining 
failed te deteet the IVelO antigens. 
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to N-acetyl-B~D-glucosamine residues and less strongly to 

si~lîc acid residues. These three lectins were used as 

fluorescent conjugates to st~in electroblotted membrane 

fractions. No detectable binding to IVe19 antigens was seen 

( figure 6a). Con A and WGA did bind to sorne membrane 

proteins wheiea~ SA did not bind to any of thern. 

Developmental Studies 

The remainder of the work concentrat~d on two areas .• 
\ 

The flrst involved a more detailéd analysis of the presence 

or absence of the antigens ~hroughout development utilizing 

immunoblot procedures. The second approach was to locate the 

antigens in the embryo by indirect immunofluorescence of 

'. parafin embedded and sect·ioned embryos. First the immunoblot, 

àtudies will be discussed. 

Figure 7 shows thePimmunofluorescent staining of 

membranes fr'om different age embryos. IVe19 antigens are 

present at aIl stages tested, tram early cleavage stages ta 

the ~9 day !ully developed veliger. ~t aIl ages the sarne 

antigens are present with the sarne characterisitic staining 

patterns. As the IVe19 antigens are not present in the adult 

snail ( figure 4, lane 1 ), the antigen(s) is' therefore 
, 
~ 

embryonic. 
\ . 

A membrane fraction was also prepared from oocytes 
\ 

which had been undergoing artificial ~ctivation for ~." hrs. 
b 

,Immùnoblot ana1ysis of this preparation ( figure 3, lane 1 
), 

, 1 
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Figure 7.. Indirect ÎJDJIJnofloorescent staining of Western blots 
of Ilyanassa membrane proteins from successive stages of 
embryonic dëVelopment. Membrane extracts (30 ug) were seperated 
on 7.5\ SDS polyacrylarnide gels for 1300 V/hr and stained with 
Coomassie Brilliant Bl~ (a) or transferred to nitrocellulose, 
reacted wi th IVelO antibody, and visualized by indirect 
ÎlDIUlofluorescence (b). Lanes 1 through 5 represent early 
cleavage stage (2 cell to 32 cell); l to 3 days old; 3 to 5 
days old; 11 to 13 days old; and 18 to 20 days old eui>ryos 
respecti vely. Primary and secondary antibody dilutions were 
1:50 in PBS. 
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revealed'IEA-l and IEA-2 antigens as found in the embryo. It 

also revealed an intensely staining region at the approximate 

molecular weight of 169K designated IEA-3. This band is 

intense in the 29 hr oocyte but not'in the embryo. When 

detectable at aIl in the embryo its· intensity is greatly 

reduced relative to IEA-l and IEA-2 ( figure 5, lane 2 ). 

Earlier oocyte maturation times were examined to 

determine if the IVe19 antigens 'are present before 

maturation. Induction of maturation was monitored unde~ the 

disecting microscope. First polar lobe formation indicated 

successful induction had occured. Only those oocytes which 

extruded a polar lobe were used in these membrane 

prepartatlons, except for the "0" hour preparation. Zero 

hour oocytes were harvested and processed immediately., The 

first polar lobe usually appeared within half hour after 

exposure to sea water and roughly 69% of the exposed oocytes 

underwent induction. 

At "9" hOur only IEA-l could be detected ( figure 8, 

lane 1 ) and this at an intensity which is much lower than 

that seen in embryos and older oocytes. Four hour oocytes 

showed the same stainiog pattern as that of 9 hr oocytes ( 

'figure 8, lane 2 ). By eight hours IEA-l had'inçreased iQ 

staining intensity to that detected in the embryo and IEA-2 

became detectable for the fIrst time, but at an intensity 

which was lower to that of the embrY9 or \fertilized egg. 

IEA~3 has also become faintly detectable in the 8 hour . 

oocyte. By Il hours post artificial maturation induction"all 

three antigens are detectable at their maximum level. This, 

-----__ -------.----_u ..... :_---------............................... __________ """""'" ........... .---J'"l" ......... - .. " 
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Figure 8. Appearance of !VelO antigens during artificial oocyte 
maturation. Antigens were visualized by iDm.molabelling of 
Western blots. MeDèrane extracts (25-30 ug) were subjected ta ' 
7.5\ SDS PAGE and stained for protein with Coomassie Bri1liant 
Blue (a) or transferred to nitrocellulose and labelled by indirect' 
ÏDIJlJnoflmrescence wi th the IVelO DDnoclonal antibody (b). Lanes 
1 through 5 in both a and b represent 0 hr, 4 hr, 8 hr, 11 hr, and 

;- 20 br oocyte membrane extracts respecti vely • Lane 6 contains 
El8brane proteins fran the fertilized egg. 
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level is similar to the 2~ hbu~ oocyte and the feTtilized egg 

{ figure 8, lanes 5, and 6 ). The accompanying coomassie 

stained gel in figure 8 shows that identical amounts of 

protein were loaded and that the sa~e staining patterns were 

produced for aIl bf the oocyte stages. The irnmunoblot 

analysis of oocyte membrane preparations reveals that the 

IVelliJ Jantigens appear during oocyte' maturation. What this' 
. 

represents'in molecular terms is not yet clear. 

In summary, IEA-3 appears to be developmentally 

regulated. It is present in the mature oocyte and decreases 
o 

io prominence as development proceeds. It is barèly 

detectable in newly deposH:ed eggs and ïs absent in 

non-activated oocytes; appearing with maturation. IEA-l an~ 

IEA-2, on the other hand, are present in both the oocyte and 

aIl other stages of the d~veloping embryo ( figure 7 ). 

Immunocytological Localization of the IVe10 Antigens in 
... 

Ilyanassa Oocytes and Embryos 

Thé patterns of antigen distribution were examined 

throughout ,oocyte maturation and embryogenesis. Ilyanassa 

embryos contain an abundance of yolk. Yolk fluoresces·under 
1 . 

blue excitation, the excitation', wavelength \of FITC. To avoid 

this interference a rhodamIne conjugatedfsecondary antibody, 

,which fluoresces under green excitation, was used in place of 

the FITC-conjugated secondary antlbody WhlCh was used in the 

prelimlnary screenlngs of the monoclonals ( see figure 9 ). 

AlI analyses'of this type ~ere con~rolled for by using: 1) no 
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primary antibody; 2) P3x fluid wit~ seçondary antibody; 3~ no 

'seconç3ary antibody; 4) and, no primary or secondary antibody •. 

A representative series of çontrols is shown in figure 9. 

Under green excitation faint fluorescence can be observed for 

the controls using P3X with secondary antibody ( figure 9d 

and secondary ?ntibody only. This fluorescence resembles 

tha~ seen under blue excitat{on ( figures a, c, and e). We 

believe this is due to a low Level of non-specifie binding of 

the secondary antlbody to yolk. Controis using IVeI0 only or 

no primary or secondary antibody·were too dar~ to be 

photographed under green excitation ( figure 9b ) 

Zero hour and 20 hour ( of maturation ) ooctyes were 

examlned first ( flgure 10). At both ages two types of 

fluorescence were evident~ a cytoplasmic, "granular" 

fl~urescence, which was found ln aIl fluorescing oocytes; ahd 

a patchy membrane fluorescence at the oocyte surfa~e, seen in 

sorne but not aIl' fluores~ing oo~ytes. Rountinely 90-95% of 

the oocytes examined from both age groups exhibited sorne 

fluorescence. At both ages there was no fluorescence within 

the germinal veslcle. Although oocytes of the two ages 

exhibited no differences in the pattern of fluorescence, the 

~older" pocytes ( 20 hr fluoresced m~~~ intensely than the 
~ 

younger ones ( 0 hr ) figure 10 ). The cytoplasmic. 

fluorescence was, in particular, more intense at 20 hours, 
1 

taking on a more uniform dlstribution throughout the ooplasm 

~ 

as opposed to the spotty distribution seen at " hours ( 

figure Also, 
. 

th'e oider exhibited 10 ) . more of oocytes the 

patchy membrane fluorescence ( ,.28%, as opposed to 18% ~t 0 
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'Figure 9. Representative controls for IVelO indirect immunofluorescen~' 
''.staining;. Staining was perfonned on para fin embedded sectiqns 

(10 u thick) prepared as outlined in materials and methods. 
Sections in this figure are of 20 hr oocytes which have been 
artificially induced to mature. Frames a and b represent 
fluorescence observed in the presence of IVelO antibody only' 
urtder blue and green excitation respectively. There-~s yolk 
fluorescence in a but not in b. C and d are stained in the 
presence of P3X culture medium and the rhodamine conjugated . 
secondary antibody (blue and green excitations respectively). 
~rames' e and f are blue and green excitations respectively of 

. ~oocytes reacted with IVelO followed by rhodamine conjugated 
secondary antibody. The fluorescence present in f but absent 
from e is due to bound antibody. Fluorescence under blue 
excitation (frames a, c, and e) is due to the yolk and that 
observed in frame d is due to the non-specifie binding of the 
rhodamine conjugated secondary antibody to yolk. Controls with 
nothing added to the sections are identical to that seen in the 
presence of IVeIO only (a and b). Controls with secondary 
antibody only are identical to those using the P3X fluid wi th " 
the secondary antibody (c and d). "(X400). 
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Figure 10. Indirect immunofluorescence of oocytes which have 
tndergone artificial matura~ion for 0 and 20 hrs. They are 
stained with !VelO antibody and rhodamine conjugated secondary 
antibody (diluted 1: 50). Frames a and b a,re 0 hr oocytes and 
c and d are 20 hr oocytes. Arrows indicate the membrane 
fluoreséence and the cytoplasmie fluorescence. Note the 
inereased intensity of fluorescence in the older oocytes. XIOOO. 
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hour ). Thus, there ,is an increase in fluorescence with 

increaslng times of maturation, both in cytoplasmic 

fluorescence Intenslty and the number of 

fluorescence. This agrees with-t-he-- Immunoblot data on 

oocytes WhlCh revealed the appearance of more IVe10 

antlgen(s) wlth Increaslng oocyte age. However the 

immunoblot data did not Indicate that the antigen(s) was 

present as early on during artificial oocyte maturation as is 

indlcated by the immunocytochemical data. 

" The fertilized egg first undergoes maturation, then 

pronuc1ear fusion. Thus, the {irst stages after 

fertilizatlon wou1d be expected to be simllar to what i5 seen .... 
during artificia~ maturation. This is in fact 50. Newly 

deposited fertilized egg-oocytes show Iittle fluorescence if 

any ( fIgure Il, frame a ). As the germinal vesicle breaks 

down, fluorescence appears at the surf~c'e and internally ( 

figure Il, frame b ). By the two cell.~~tage the fluorescence 

ls extensive. AlI fertilized eggs which have matured 
IJ-

exhibit cytoplasmic and membrane fluorescence ( figure 12 J • 

. \ 
Figure 13 shows a comparison between a mature e99 and an 

inunature and likely unfertilized oocyte. In the oocyte only 

.the cytoplasmic fluorescence is evident whereas the egg 

stains at the surf~ce and in the cytoplas~. 

~U9hout early cleavage stages both types of 

fluorescence persist in the embryo ( figure 14 ). At the two 

cell stage ( figure 14a and b ) IVele antigen (5) is found on 
/-

the celI surface of both blastomeres ( figpre 14a and, as 

seen in figl,lre 14b between the two b1astomeres at regions· of 
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Figure Il. The pattern of IVelO fluorescence during maturation ' 
and pronuclear fusion and after first cleavage. Sections were 
stained with IVelO followed by rhodamine conjugated secondary 
antibody (di1u~ed l: 50). Frames a and b are during germinal 
vesicle breakdown; frame c is during the fonnation of the 
second palar body; frame d during pt"onuclear fusion; and frame 
d is cat the two cell stage. Note the increased cytoplasmic 
fluorescence as maturation and pronuclear fusion proceeds and 
the appearance of cell surface fluorescence. XSOO. 
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, 
Figure 12. Indirect iDJm.mof1uorescence of the Ilyanassa fertilized 
egg stained wi th IVe10 followCd by rhodamine conjugated secondaI1' 
antibody (both diluted 1: 50). Frame a is the light micrograph; 
frame b shows the fluorescence under b1ue excitation; and frame c 
shows the fluorescence under green excitation, the excitatién 
wave1ength of rhodamine. Notice the pronOlmced membrane fluorescence 
in frame c. X4000. ", 
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Figm-e 13. The comparison of fluorescence between the oocyte and 
egg of I1~anassa using IVelO JOOnoc1onaI antibody and rhodamine 
conjugate secondary antibody. Frame a is the light micrograph; 
:ltame b shows the fluorescence under blue excitation; and frame 
c shows the fluorescence tIr\der green excitation. oo-oocyte; 
eg-egg; y-yo1k; GV-gerndnal vesicle. X400. 
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Figure 14. Fluorescent micrographs of early cleavage stage 
IM,anassa embryos stained with IVelO IOOnoc1onal antibody and 
r aâîïïiile conjugated secondary antibody (both diluted 1: 50 ). 
At the two cell stage (frames a and b) fluorescence occurs 'on 
bbth blastomeres and wi thin their cytoplasm. Al though not classic 
trefoil profiles, frames c and d reveal that at this stage no 

"membrane fluorescence is detectable on the pplar lobe (pl). 
Frames e and. f are 16 and 32 cell embryos respectively. Arrows 
point to 'fluorescence due to bound IVelO antibody. XSOO", 
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cel1 contact. 'At the t~efoil stage cytoplasmic fl~orescence 

is found in both blastomeres and the polar\ lobe. Memb~ane 

fluorescence is only seen o~ the the two blastomeres' ( 

,figUre~ l4c and l4d ). Frames He and l4f show 16 a~ J' 

cel,l stage embryos respectively and· both exhibi t cell 'surfac~ 

fluorescence along 'wi th ~he cytoplasmic sta ining • 

In l, 2, and 3 day ord embryos it is very diffi.cult to 
\ 

differentiate individual c~lls. However at,one ~ay lveig 

antigens are at the embryo surface and within the embryo { 

figure. 15 ). Two and 3 dayembryos show,similar staining. 

By 14 days of development the IVe10 antigens have ~ecome 

tegionalized w'i~hin the veliger larva ( figure lSd ). Gone 
\ 

is both the fluorescence which sur rounds the embryonic ( qj'-1 ....... 

, 

" . 

t 
t 
1 1 

i 

.... _'----.... --.. - ~ ... ~.,. .. -~ .... 

'-- ' 
surface ànd thé cytoplasmic fluorescence. The same is true 

, 6 
for the 20 day veliger larvae. 

The Delobed Embyro. 

The affects polar lobe removal qas ~n the IVe10 

antigen(s) distribution was· examined. Immunoblot and 

indirect immunoflJorescence on sectioned delobeq embryos 

revealed that polar lobe removal had no drarnatic affect on 

the IVel0 antigens. On immunoblots the band pattern is the 

same as that for normal embryos ( figure 16 ). At early 

embryonic stages the staining of sectIons is identical to 

normal embryos~ By the veliger stage ( figure 17 ), as in 

normal embryos, the staining became internalized. A 

, '. 
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V 

"Figure 15. Indirect immunofluorescence of l, 14, and 20 day 
Ilyanassa embryos stained wi th IVel0 antibody and rhodamine 
conjugated secondary antibody (diluted 1: 50). Frames a and b are 
the light and fluorescent micrographs respectively of a 1 day old 
embryo; frames c and d are of the 14 day embryo; and frames e and f 
are of the 20 day embryo. Note the localized fluorescence in both 

,the 14 and 20 day old embryos. ci-cilia; g-gut; Fe-fluorescence; 
,jv-veltnn; op-operculum; sh-shell; and pg- pedal gangliz. XSOO. 
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• 

Figure 16. The !VelO antigens are present in delobed Ilyanassa . 
eà>ryos. F.Dilryos were delobed as outlined in materials and metbods. 

,A membrane preparation from 1 to 13 day de1obed' embryos was 
subjected to 10\ SDS PAGE at lS0V until the dye front ran off the 
gel, and stained with Coomassie Brilliant Blue Clane 1) or blotted 
anto nitrocellulose and labelled by indirect immunofluorescence (lane 2)~ 
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Figure 17. Indirect inlnunofluèrescence of a 13 clay delobed 
I1~a èmbryo stained wi th ;IVelO JlDnoc1ona1 an,tibody and 
rh e conjugated secondary antibody (1: 50 dilution). Frames 
a-d refJresent seria! sections through the embryo. The delobed 
embryo at this stage is yolk-free. X400. 
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. 
difference between ,the two types of embryos is that the ., 

staining in delobed einbryos
r 

is more diffuse. The reason 
1 

this is not clear. , 
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DISCUSSION 

The m'onoclona,l antibody IVe10 recognizes three 

prom~nent band.s on immunoblots. These ,have been designated 

. IEA-l, IEA-2, and IEA-3. The antigen (~) first become 

deteçtable by immunoblot dur i ng oocyte maturation. and' rema i n 
. 

in the embryo throughout embryogenesis. Sorne antigen ~s 

.detected in oocytes by immunocytochemistry at an earlier 

stage thani can be detected by irnmunoblotting. Otherwise th~ • 

immunobot and immunocytochemica1 data are in good agreement 

with one another. In the oocyte and the~ear1y embryo they 

ale round on the cell surfa,ce and wi thin the cytoplasm. It 

is not clear where the antigen(s) is 10calized in the 
"-

cytoplasm ie. a particular structure or organelle. By the 
J 

veliger sta~ the antigens are found within the larvae at 

.7 

discrete locations. Of the three predominant IVe10 antigens, 

one i5 enriched in oocytes ( IEA-3 ) ~s determined by 

immunoblott ing.' This antigen is abundant in mature oocytes 
. 

but not in immature ones. As development proceeds i t is 

diluted out~ or 'degrade.d. Antigens El\.-l and EA-2 appear 

du~ing artificial ~ocyte maturation and remain throughout 

llyanassa en~ryogenesis. They show no apparent 

-àevelopmental regulation. 

This work represents ~he·first attempt at examining 

the ceU sur face of the Ilya!assa embryo.l al though 

extensive work has been done on other systems ( for review 
1 

see Frazier and Glaser, 1979 ). Like rnany of the other 
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étudies using antibodies to examine the cell surface this 18 

a preliminary descriptive study. The function'of the IVe10 

antigens remains unknown. The description of the ~mpo,ral 

a~d topographical expression of the antigen, however, ie an 

important prerequisite to the investigation of a functional 
Il 

role. 
\ 

It is not yet determined if the embryo actively 

synthesize~ these a~gens or if they ~1e made during 

·oogenesis and stored. Examination of antigen synthesis win 

reveal if it is stored or newly made. If it is stored it 

will be important to determine the information responsible 

for the creatiqh of the antigenic site. 

That IVe10 recognises several antigens is not unusual 

for a monoclonal antibody ( Murray et al, 1982). The bands 

reco~~ised by IVe10 must share the same'antigenic site. The 

three major IVe10 antigens may also be related in other 
11 

undetermined, possibly functional, ways. Furthur 
, 

relationships among the antigens can only be determined upon 

their isolation and characterization. Enrichment of the 

antigens by either immuooprecipitation or immunoaffinity 
" 

" 

columns will allow for more precise characteriazations of the 

antigens. 

There is little douht that the IVe10 antigen(s) is a 

cell surface antigen. It is not possible to state which one, 

or, if aIl the IVe10 antigens are localized to either the 

cell membrane and/or the cytoplasm. Furthurmore whether one 

or more of the bands are reponsible for the cytoplasmic 

fluorescence seen in oocytes and early embryos. These 

. \ 
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questions will be answered only when polyclonal or monoclonal 
\ , 

antibodies to each of IEA-I, IEA-2, and IEA-3 are available 

such çhat the antigens can be examinéd seperately. 

Anot~e~ important question is whether or not there i5 

a relationship between membrane and.cytoplasmic fluorescence. 

Perhaps the antigen{s) in the cytoplasm, moves to the cell' 

surface. ' In su~port of this possibility is what occurs in 

the maturing oocyte. At 0-4 hours of artificial maturation 

only IEA-l ,is detectable and the oocyte exhibits mainly the 
• t 

cy~oplasmic fluorescence~ In older oocytes however IEA-2 and 

IEA-'3 are also prel'lent and there 15 a.n increase i'n the number 

of oocytes which exhibit membrane fluorescence. Perhaps this 

represents a sequence in which the antigenic site first 

appears in the cytoplasrn and then moves to the surface;' 

By the veliger stage the IVe10 antigens are localized 

within the larvae. A precise identification of the 
" ' 

structures stained by the IVe10 antibody is required. This 

could be done by combining immunological s~aining with 

histologieal. Irnmlmoeleetron mlcroscopy may also faci li tate 

more precise identification. This technique can also be used 

to ·local Ize more clear ly the cytoplasmic fluorescence of 

early ernbryos. The high degree of locali~tion seen in 

veliger larva as opposed to the general cytoplasmic and cell 
1 

surface staining of embryos ls of particular interest. 
/ . 

If the polar lobe influences the composition of the 

cell surfaee in a developmentally meaningful way Hs 'removal 

will result' in the removal of this information. This could 

result in the aberrant development observed in delobed 

- r 
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embryos.J The Ive!" antigens are not po~ar lobe specifie nor 

are they affecte~.by polar lobe removal. Nonetheless this 

work has established the teçhniques necessary for future 

attempts at exarnining the Ilyanassa cell surface. 

This work-has identified a set of antigens, the IVel' 

antigens, which are cell surface antigens of the Ilyanassa 

oocyte and early embryo and which become localized in veliger 

stage embryos. Not only has is provided the background for 

furthur such studies using Ilyanassa, but is has also 

ràised a number of new and important qu~stions with reguard 
~ ~L "'_ 

to the identi ty, behaviour," and function ôf th? IVe10 

} antigens. 

. ' 
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