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ABSTRACT

" The purpose of this study was to examine the surface properties
of embryonic amphibian cells Just prior to gastrulation. Lectins were
used as investigative probes. The effects of lectin dosage cell
~fixation, and cell treatment with neuraminidase and a‘'series of drugs
upon lectin-mediated cell agglutinability were investigated

¢ Cells of early embryos of Xenopus Zaevis are agglutinable with
wheat germ agglutinin thznus communzs agglutinin, soya bean agglutinin,
and concanavalin A, but not with- fucose—binding protein. This
agglutlnability is not affected by treatment of cells with local
anaesthetics, cytochalasin B, colchicine, or with both cytochala51n B
and colchicine.1n,combination. Phenothiazine tranquillizers inhibit
lectin -induced cell agglutination, this inhibition being drug-dose |
dependent. Treatment of cells with neuraminidase renders them more
"agglutinable with RLCLnuS communis and soya bean agglutinins, but does
not alter their agglutinability with the other three lectins. Fixed
cells are not agglutinable with wheat germ, chznus communzs, or soya
bean- agglutinins, nor with fucose-binding protein. Concanavalin A‘
agglutinates*fixed cells slightly, as well as yolk platelets present in
fixed Cell suspensions. |

| /Dissociated cells of embryonic Xenopus are active in the extrusion.
ofklbrge lobopodia which move about their smooth peripheries. Neither
local anaesthetics nor colchicine alters this surface morphology. Fixed
cell& cells treated with cytoehalasin B, and cells treated with

-

concentrations of phenothiazine tranquillizers which inhibit agglutination
d

‘lack lobopo and appear contracted at their peripheries.

iv
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'INTRODUCTION .

Ceils show selectivity in their~interactions with their envlron;.'
,ment, whether the latter is cellular or non—cellular, artigilial or
naLural * This selectivity is particularly evident during embryonic
':development, where it occurs in a highly controlled ‘mannetr . Selectivity»
of cellular interactions is expressed in morphogenetic movements, the
: processes crucial to embryonic development whereby groups of cells are ;
reorganized within the embryo Morphogenetic morements‘demand o
1ocomotory as well,as discriminatory capabilities of the cells.involved;
Capabilities thch must be closely regulated to ensure the‘successful
completionhof these processes., Since morphogenetic movements entail the
. exchange of pre~existing cell contacts for new ones of distinctly
different specificities, the cells involved must be able to discriminate
-between like cells and unlike cells and between dissimilar types of

unlike cells;.

3

<

Gastrulation‘is the first and»most‘extensive ofithe.morphogenetfc
movementsioccurring during vertebrate embryoéenesis. It'has béen studied
in amphibians and represents a system wherein the molecular_basis for -
cellular interactions can be investigated. Prior to gastrulation, the
4 amphibian blastula can be described as’ a ball of” cells surrounding a
fluidjfilled.qavity. The cells that constitute the blastula differ from
one another in morphological and biochemical characteristics‘such as cell~’
B size, yolk and RNA content, and protein‘synthetic activity (Balinsky,

1970). In general for any givcn characteristic, the degree of expression

\ either increases or decreases progressively along the animal vegetal axis

( R



of the embryo. Gastrulation transforms this embryo {uto a three-layered

entity composed of outcr ectodermal and inner endodermal cell layers,

with mesoderm_lying‘between,the two. As gastrulation proceeds, the embryo
’acquires anterior-posterior and lateral axes, as well‘as an nrchentornn.
or primitive gut. .The movemcnrs of groups of cellyg dutinp gastrulation

are highly specific and In at least some cases, are the-rosult of

'intrinsic properties af the cells involved'(Holtfreter, 1939; Cooke, l@?‘@
As the positions of groups ©0f cells change relative to one

another, the interactions ‘between .groups of cells must also thangv

'Morphogenetic movements and tht changes in’ cell-to-cell internctions thaLA
accompany them occur in a precise, ‘non- random fashion mith respect to
-time- and space. Gells recognize other groupslof cells and respond to them
'predictablyd the- response depending upon the types and specific stages
of development of the cells concerned. The capacity for cellular )
recognition was clearly demorstrated by the classical investigations of
several developmental biologists Wilson (1907), studying the reaggrega—
Vtion of physically dissociated sponge cells, noted that this phenomenon

is species specific » When interspecific mixtures of dissociated Lellbv
-are'allowed to’aggregate, the cells reassociate into small aggregates" "

-

'composed exclusively of cells oﬁ one species or the other A similar

B
v

;'species specificity has been reported by Spiegel and Spiegel (1975) Wlth
.'respect to. the reassoc1ation of chemically dissociated cells derived from

16—cell sea urchin embryos.. When cells of Arbacza punctulata and

«

'Lytechiuus ptctus are combined initial reaggregation is non—speCific

a5y

Within each aggregate, initially compOSed of a random mixture of cells of.

. both species, the process of sorting out quickly begins. Single cells and

cell clusters actively move about within the composite aggregates, "seeking



W

out" znd adhering to those cells encountered which are of the same ‘species.

]

Spiégel and Spieggl also reported the detachment“of:species~specifi¢
groups of adherent cells from interspeéific aggregates, the former meving
and usyally attaching to‘clustersvof like cells elsewhere. The end result
of this sorting out process is the formation of multicellular aggregates,
each composed exclusively of cells of only one species. These aggregates

'

may, under the appropriate.culture conditions, continue to develop apd
diiferentiate in;o plutei. |

| Experimental evidence indicates thatftells derived froﬁ'a wide
range of vertebrate tissues are capéble'of discriminating between differ-
eﬁt cell types. However,‘in contrast to the above descriﬁed interceliular
recognition based on speéies—related compatibilities, cells and tissues
of vertebrate embryos more commonly exhibit recognition‘based on tissue—.
rélétéd éompatibilities. This was first clearly aemonstrated by
ﬁélﬁfreter (1939), using amphibian embryos at the gastrula and neurula
stages. Excised pieces of tissue from différent régions of the embryos,
tor example the marginal zone, neural plate, or presumptive ectocderm or
enéoderh, were cultured eithér alone or in va:ious combinations with each
other. Observations were then made of how individual tissue fragments

reacted to the prescnce or absence of other tissues. These experiments

established that inherent differences exist between different embryonic

g

amphibianltissues with Tespect to their mutual adhcsjve properties.
Holtfreter inty@duced the term selective ”aﬁfjnity” to describe these
differences; he cnvisaged both positive and negative affinities operating
between different tissue ﬁypes? resulting iﬂ adhesive Qr reﬁulsive forces

generated between tissues placed in apposition. His investigations also

demonstrated that over time such tissue affipities can change relative to
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-
‘onetgnother. Holtfreéer hypothesized that these‘affinities were
respénsibleifor thevresponses elicited in his ﬁeterotypic tissue
combihation‘experiméntsﬁ He furEhe£ suggested that the tissue affipitieé
observed in Uitro may be—of fué%?ﬁonal significance during normal
dévelopment,'more'specifically when cells undergo morphogenetic mévements.

In 1955, iownes and yolgfreter expanded these investigations, but
with a; important technical innovation which allowed them to extend the
concept of selective aﬁfinity from the tissue fével to the cellular level;
the tissues being recombined were first dissociated into single cells.
Dissociated cells of different tissue types were then mixed in various
homotypic and heterotypic combinations and allowed to reassociéte.'ylt was
found that heterotypic cell combinations reaggfegate to form cohesive
aggregates composed of randpm mixtures of cell types. Upon further
incubation, cells within the aggregates sort out histotypically and
frequently differeﬂhiaté\inté structures similar to those normélly formed
by those tissues in vivoi .fﬁese‘experiments demonstrated that the tissue
affi;ities previouslx/observed with intact tissue fragments were, in
‘fact; the c?mbinéd {esults of the affinitiesvgf the iﬁdividual cells
making up agparticuf&r tissue. Once again it was possible to correlate
the temporal and spatial rélgtionships observed between éissue types
reaggregating in vitro with the corresponding relationships observed
between the séme tissues in the intact embryo:

Following the introduction of cell dissociation-reaggregation
techniques to tg; study of cellular interactions,‘much additional evidence
has been obtaired supporting the concept of specific recognition between
diésociatea cells obtained from-differentiating embryonic tissues. That

even relatively undifferentiated qelis from very early chick embryos
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possess the discriminative capabilities necessary for tissue-specific
sorting out fbilowing reaggregaéion'has been shown by Zalik and Sanders
(1974). Ih all such-stuAies, the sequence pf events obéerved is
basically the same. Cells first recombine into aggregates of randomly
associated cells; they then scrt;out‘into homotypic groups within the.
larger aggregates, tﬁe cells in these homotypiC'groups frequently
reorganize and differentlate into tissue- spec1fic structures.

It is thus evident’that cellsvpossess capabilities which allow
‘themvto recognize and respondvin a predetermined manner to different
.kinds of cells. 1In the‘case of invertebrates, this spec1ficity is often
species-specific, while with cells of vertebrate embr}%ﬁ@fthese
differences are more often‘tissue—specific.

To obtaiﬁ a morevcompietevunderstanding of.the nature of ceil¥to—
cell interactiocs,jit is'neceesary to iavestigate Qheré.in,the'cell'this
‘specificity resides and by Qhat:mechanism(s) cells express it. As for the
question of the lqcation of this specificity, experimental evidence
sdggests that»it resides at the cell surface, a reasonable pcssibility
considering that it is the surface of a cell which is in direct contact
with the cell's environment.

Evidence imﬁlicaticg components of the plasma membrane in cell
recognition and intercellular adhesjion has Been presented by Merrellvand
Glaser (1973). Studying the reaggregation of dissociated ceils of
various embryonic chick tissues, these investigators found that isolated

_plasma membrane vesicles can inhibit cell aggregation. This inhibition
has been interpreted as resulting from the competiticn by’membrane
vesicles for ‘the adhe;ive sites present on the surfaces of dlssoc1ated

cells. . The inhibition displays tissue specif1c1ty, the reaggregation of



neural retina cells is inhibited by plasma membrane vesigles-isolatéd
from neural retina cells, but not b& similar vesicles from liver or-
cerebellum. In like fashion the aggregation of cerebellar cells.is

considerably inhibited by isolated plésma membrane vesicles from

|
1

‘cefebel}ar cells,:but is only slightly inhibited by ﬁeural retina plasmé
membrané. Using radiolabélled membfane greparatioﬁs, these same

~ investigators found that the tissue specificity of the inhibition.éf
éggregationbreflects a similar specifiéityAin the biﬁding of plasﬁa
membrane vésiclés to dissociated éells, When compa:ed to diééociated

‘ cerebellaf cells, cells dérived from neural retina bind four to five

times the amount of labelled plasma membrane material isolated from neural
retina. Récently, two trypsin—sensitivé factors have been extracted and
partially purifieé, one from'plasma membrane préparations of>neural

retina cells, the otherbfrom similar preparations of optic tectum cells

~ (Merrell et al., 1975). Each factor exhibits a homotypic Specificity in

" the inhibition of aggregation. |

Among the most intehsiVely;st§died cellular recognition phenomena
. : g .

are those involved in the immune réép;nse.‘fImmunologically detectable
differences exist between.the cells of 6rganisms of different species, as
well as between the cells of organ}sms of the same species bearing
differengrgntigénic determinants; JExamples of such differences are the
histocémpatibility antigené. In homeotherms, these annigéné function in
the immunological fejection of tissue transplants énd are présent at the
cell surfécg (Nathenson,»l970). Similarly, the ABO(H) and Lewis blood
group antigens which can elicit immunoiogical‘reactions of greatrmedicgl

significance are found on the surfaces‘of erythrocytes. The immunospeci-

ficity of these antigenic molecules is known to reside in the exposed



terminal'carbéhydrate residue;vof thé membrane gl&copfoteins and/or
glycdlipids (Ginsburg; 197%; Coék and Stoddart, 1973). Transformed ceilé
’aré aiso believed té possess éurface antigeps capablé of elicitingvan
imﬁune fespoqse.in the'host organism. However, évidence suggessf‘that
‘theSe'antigens may_be’masked so as to render the cells.carrying.ﬁhém nénf
immundgeﬁic‘(ﬁraun, 1974).‘ Simmons and Rios (1974) have.repofﬁéd that
neﬁfaﬁinidase'treétment of diésociated tumor cells can retard the'grpwth
aﬁd in some cases elicit the régress;9n of established tumors when the

treétéd cells are injected into syhggpeic tumor-bearing hosts. = This

-

deleterious effect on the host tumor. is immunospecific. The neuraminidase-

treated cells m?st be of,tﬁe same tumor type as ;he ﬁuﬁor borneiby‘:he
hoét, aqd.the tumor cells aha'thé tumor—fea;ing host must be'immungéJ
logically coméatible.; Thése experiﬁents suggest that réméval of”eXpOSea
'siglic acid fesiduesjffo& the surfaces of individual tumor cells,in.soge
way increases their‘aﬁtigenicigy and»enhancés;the imﬁﬁne response of ﬁhe
tumor—bearing hést againsF injécteq heﬁraminidase—treated Célls. fhis
résponse is;presumaﬁly croés—reactive with the cells of tbe estéblishéd
tumor in the host and may resultrin retardation of.tumor gro%th and ih~f
some cases tumor régression..

These investigations on blood group an%igens.and fumor“immuno—
genicity are cited not only to indicate the importance'of cell surface
moieties in the specifici;y of cellular interactions but also to show the
importanée of carbohydratéfcontaiAQﬁg groups in this specificity.

Many.studies havé implicated éell surface carbphydrates in cellf
aggregation ana.in thé~capacity of cells to recognize 6ne anothgr. Lloyd

and Cook (1974) found that neuraminidase treatment of trypsin-dissociated

malignant fibroblasts enhances the subsequent reaggregation of the cells.



Neuraminidase treatment also increases the agglutinability ofnthese,cells
with- thznus oommunts agglutinin (RCA) and soya bean agglutinin (SBA),
lectins known to bind to exposed beta galactosyl and N-acetyl-D-
galactosaminyl res1dues respectively To test whether these specific

1
sugar residues, presumably exposed by 31a11dase treatment and Capable of
vbinding RCA and- SBA, are directly involved in the _enhanced cell
aggregation, . a series of glycoproteins differing in ‘the nature of their
'terminal sugars were added to the reaggregating, - neuraminidase—treated
cells. These oligosaccharide residues; by interacting- with surface sites
which would otherwise be available for- cell—to—cell adhesion, could
perhaps inhibit the neuraminidase—enhanced aggregation. Among those’
glycoproteins tested were de81alysed bovine submaxillary muc1n, which has

»

terminal N- acetyl—D—galactosaminyl residues, and des1a1ysed agalacto
”5\
;fetuin, which has terminal N—acetyl D1g1ucosaminyl re51dues Both
‘molecules can inhibit the neuraminidase-enhanced cell: aggregation
Desialysed fetuin and ovalbumin, which possess terminal beta—nalactosyl
and N—acetyl—D-glucosaminyl res1dues respectively, do not inhibit “the
enhanced aggregation) These results not only 1mplicate specific sugar
residues in intercellular adhe81on in this system, but also imply that
factors other than the presence of spec1fic.term1nal sugars may be
invoived_in this process One exogenous‘glycoprotein bearing terminal
N—acetYl—D—glucosaminyl residues inhibits aggregation while another‘
‘glycoprotein‘carrving the saue terminal sugar doesfnotg /Factors such as
steric conformational differencesvbetween the two glycoproteins, or
_ differences-in the nature'of the'suhterminal.sugars or protein cores of
these molecules may be important_in‘glycoprotein—mediatedvcellular

_interactions and may explain'this'discrepancy.
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Li;m;vzé similar enhancement.of cell aggregation resulting.from treatment
vof cells with sialidase has been reported by Vicker and Edvards (1972)
_WOrking with freshly trypsinized hamster fibroblasts, thes investigators
found that upon transformation with polyoma virus, the cells lose much of
their capacity to aggregate. aWhilekneuraminidase treatment reatlyli
enhances thefsize and:number Of'aggregates formedbe'nothransformed
cells, removal of‘sialic acid res1dues from the surface of the;trans—
formed cells,increases aggregation only slightly;v‘The.decreasdd'
aggregative'capacity‘of the transformed cells doesfnot in this case,
appear to’ be the result of an increase in the number of neuraminidase—
‘susceptible sialic acid residues at the surface of the transformed cells
However,/many other surface related alterations” are hnown to accompany
cell transformation such as the shortening of the oligosaccharide chains
of membrane glycolipids (Hakomori, 1975) Such alterations may be
involved in the decreased capac1ty to aggregate and its neuraminidase
insensitivity in this particular system | )

In 1967, Roth and Weston introduced the collecting aggregate assay

@

for the quantification of 1ntercellu1ar adhesion. USing such a technique,
Roth (1968) and Roth et al. (1971) have prOV1ded ev1dence for tissue “
specificity in the adhesion of suspended cells to pre—formed cell
aggregates. In the latter study, 1t was also found that treatment of
aggregates of:neural retina cells with beta—galactosidase enhancestnon—
specific adhesion of cells to these aggregates, thus again supporting a
possible role for cell surface carbohydrates in intercellular recognition
and tissue—specific adhesion. | |

Carbohydrates have also been implicated in the adhesion of cells to

non-celltlar substrates. Chipowsky et aZ (1973) studied the adhesiveness
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‘of 3T3 cells, SVAO;transformed 3T3 cells, and BHKFZlicells to Sepharose '
‘beads to which different sugars had been covalently bound lt'vas
hypothesized that sugars so displayed to dissociated cells might mimic.
the carbohydrates exposed at the surfaces of potentially adhesive cells.
fThese workers found that 3T3 and SV40/3T3 cells adhere to beads
'derivatized with galactose, but not. to control beads or to beads carrying
glucose or N—acetyl-D—glucosamine res1dues. BHK 21 cells did not ‘adhere
to any of the beads tested ‘These'observations again‘implicate.carbOf.
v hydrates in’ the specificity of cellular recognition and adhesive {
roperties. o . d
"In 1970, Roseman prOposed a possible mechanism for 1ntercellular
adhesion Amplicating both carbohydrates and specific enzymes at the cell
surface. Sites of adhesion are . envisaged as enzyme-substrate c0mplexes
'-formed betueen complementary molecules present on the surfaces of
;aggregating cells: The enzymes are proposed to be glycosyltransferases,
the substrates to be specific oligosaccharide moieties of exposed
N glycoproteins ox glycolipids. Such complexes could be relatively stable,
'!but easily alterable by the completion ofithe enzyme- catalysed reaction
;1upon the addition of the appropriate sugar nucleotide Catalysis entails
the transfer of the sugar from the sugar nucleotide to a position on the
oligosaccharide chain, the position occupied being specified by the
.particular glycosyltransferase 1nvolved in the reaction This proposed
’ mechaniSm is attractive as a testable hypot@ssis because 1t can account
ifor many of the observed characteristics of intercellular adhesion such as
specificity A high degree of substrate specificity is inherent in several

glycosyltransferases themselves (Cook and Stoddart, 1973) . The model can al-

80 account for. changes in specific cellular interactions, such as are common
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during embryogenesis. The formation of enzyme-substrate complexes is not
irreversible, and the”completion‘of the-catained reaction results in
aitered chemicai properties ofkthebcell surfaces involved, a.factor
possibly important‘in the alteration of specificity, " The - validity of
ythisfhypothesis is contingent upon the demonstratlon of plasma membrane-
associated glycosyltransferases at the cell surface Much evidence
.supporting the existence of- such enzymes at ‘the surface of a wide variety
of cell types, both embryonic and otherw1se, has recently been reviewed
‘-by Shur and Roth (1975) | |

The above c1ted studies are only a few of many investigations 1nto
the role'of.surface'components in cell recognitiOn and other cellular
interactions, In- particular, they implicate carbohydrate m01et1es in
these processes ' Cell surface carbohydrates, especially membrane~
associated glycoproteins, have themselves been the focus of«a great many
_ investigatiods utilizing~a wide.variety of techniques' Among the more
'productive of these techniques has been the use of plant lcctins to probe
the nature of cell surface carbohydrates.'

The 1ectins are a diverse group of proteins and glycoproteins of
blological origin, but of unknown biologlcal function. They have been
isolated from a-w1de variety of plant and animal tissues (Lis and Sharon,
- 1973), with new additions to the list coming from 1ncreasingly diverse
sources.' Lectins. are distinguished by their capabllity to reversibly
bindyspec1fic-sugararesidues,‘different lectins hav1ngvd1fferent sugar
specificities.. Lectins'can’bind to and precipitate dissoived‘poly—

- saccharides and glchproteins_Which»bear the aooropriate exposed sugars.

Each lectin molecule has two or more saccharide binding sites
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making lgctins biQalent‘of multivalent. It is this property whiéh is
1argely-responsibie_for the utility of theée molecules in studying cell
surface carbohydrates. . The phytohemagglutinins, as lecfiﬁs used‘to bé
éalled,‘have 1oﬁg been knéwn for their éépacity to'éggiutﬂnate efythro—
cytes. 'Thié lectin—inducedvagglucinétion is_bélieyed'to result from the
ﬁiﬁéing of two or.more sugaf=fesidues present Qﬁ.tﬁei;urféces of two
._Opposing cells bf a single lectin moiecﬁle;k The'lgctin'thus fbrms a
regsonaﬁly stable cross—linkage bet&éen the twq_céllé.' Thézfqrmation of
‘maﬁy such linkagesAbetwéeh celis ié envisaged as Ehé bésis fér tﬁé~
agglutihation of7ce1is.'  |

| Interest in~iec£iné_waé gfeétly;stimulated by two separate
"diSCOVéries,_bothvdfiwhich-suggested>;he péssibiiify ofvmediéaily

o

‘{mportant usés for these @Qlécuies.:‘Renkéﬁen,in l948 found that‘extfacts
from theisééds of-ceftain legumes;eihibitéd blOOdvtype speéificiﬁyii% the
agg1u£inatioﬁ 6fvhuman‘erythroéyte§;, Subéequent’inyeétigétiéns‘reveéléd
sevgral lectins specific.fér the h#maﬁ gldod tyfes A’QAB aﬁd O(H)' -

| The other significant discoVeé& was the'finding‘thét a.cdmpqnent
p:eéent in wheat germ‘liﬁése preﬁaratioﬁévprefefen;iallyvégglutinated |
trénsformed,fat.cellérbut;didvnot haﬁe this:éffect on their nofﬁai counter-
'parts (Aub et aZ.; 1963)f_»This Cohponént’was'subsequenely parfially |
purified and named‘wheat‘éérmvagglutiﬁiﬁ (WGA) and ité preférgﬁtiél~
,agglutiﬁation of transfqrméd cells was cqnfirmea (Burger éﬁdvGoldberg,‘
1967). The bag‘glutinat:i’on of transfkorm‘edb ¢ei;Ls 'by WGA could be inhibited
by the additiOn of N—acetyl—D—giucosaminefor its dimer, chifobiose, This
inhibition waé found to be specific for these éugars; other sugaré‘at the

same concentration were not‘inhibitory. .In 1969, Burger demonstrated -

that non-transformed cells could be rendered agglutinable with WGA by
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~ prior treatment of‘the cells with trypsin. Inbar and Sachs (1969)

reported similarly enhanced agglutinability of transformed cells as
compared to nofmal cells with another 1e?tin, concanavalin A (Con A). As
with WGA, non-transformed cells could be réndered agglutinable with Con A
by trypsinization.

Because of the potential>use of lectins as tumor-specific cell .
surface probes, research on the biological effedts ofvthese agglutinins
on aAwide variéty of cell. types has rapidly progressed and expanded. It
Qas foundwthat although the binding.ofylectins to cell surface sugar
.residues ié»reéuired'forbthefagglutinaﬁion of Eells, this binding in
itself does not necessarily result in cell agglutination. It haé been
suggested that membrane fluiditx and ihe ﬁobility of lectinvreceptors'
‘within the membrane may be important in the ﬁechanics of‘the agglutina-
tion reaction (Nicolson,-l974;VSachs et al., 1974). Most recently,
interactions‘of cell surface iectin receptors Qith sub-plasma mémbrane B
cytoskeletal structﬁfes sensitive to cytophalasin B and colchi;ine have
bgen'impliéated in éurfacefrélatEd phenomena such as agglutination and
cell_capbing (Edeimén,vig76). It haé élso.been suggested that intra-
cellulér levels of cyclic AMP may influence cell surface mbrpho1ogy,
‘1which may in turn determine the ;gglutinability of celis (Willingham and
Pastan, 1975); However, in spite of this uncertainty as to thé.exact
mechanism‘of.lectin-mediatbd agglutination, the use of~1éc£ins is still
a'ﬁsefgl and sensitive experimental technique-for studying cell surface'
characteristicé.

: Most léctin-reléted research in cell biology has Qtilized cells
from adult tissuésiér culturedlCell 1ines, éompa:ing transformed to non-.

- transformed cells. Developmental biologists have been relatively slow in



applying these probes to»the investigation of embryological cell surface-
related problems. However, in a few experimental systems,'lectins heve
been utilized-to study cell surface changes occurring during early
development and differentiation. Weeks and Weeks (1975) have observed a
steady decrease in the Con A agglutinability of cells of Dtctyostelzum
discoidewn as these cells proceed from the exponential growth phase to
the stationary growth phase, and finally to the aggregatien phase. Seudyr
ing the specific binding of radiolabelled Con A to D. discoideum celle at
different differentiatiQe stages, Weeks (1975) has described a slight
increase in the nuhber of Con A receptors at the surfaces of cells
approacﬂing ehe aggregation pﬁase. .As well, he has noted a decrease in
the affinity of surface receptors for Con A on aggregating cells; ‘These
changes in ceil sufface properties, as well as those detected by othef
techniques, may be involved in the changes in celluier interactioes
observed during slime mold differentiation.

Lectins haQe elso been used to detect differences at the surfaces
of‘embrfonic'sea urchin cells at various stages of develbpment Krach et

(1974) showed that dissociated cells from embryos of Strongylocentrotus

purpuratus are more agglutinable with Con A than with RéA, and that with
both of these lectins agglutinability is greater forkcells from gastrulae

‘than from later stage‘embryos.b Cells from embryos at any of the stages
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studied were not agglutinable w1th WGA. Trypsinizeﬁion of embryonic cells ~

could render them slightly agglutinable with this lectln RoberSon and

Oppepheimer_(1975), comparing theVCon A-induced agglutinability of

o

isolated micromeres and isolated mesomeres and macromeres from 32-cell

sea urchin embfyos found that the micromeres were significantly more L

agglutinable. Subsequent investigation of the interactions bétween Con A
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and each of the three cell types making up the early sea urchin embryo
have shown that differences exist in the distribdtion of Con A-bound
vreceptors.- The distribution ot fluorescent—labelled Con A on mesomeres
and macromeres is diffuse, while on micromeres the lectin is localized in
large patches or caps on the surfaces of intact cells."This cappling or
clustering of Con A—bound'receptors can be inhibited by prefixation of the
cells (Roberson et al., 1975). |

Lectins have been used to investigate the surface properties of
differentiating Embryonic-cells of developing'chicks. Moscona (1971)
showed that dissociated neural retina andbliyer cells from 1?-day chick
embryos are agglutinable with Con A, regardless of whether they have
been dissoc1ated by trypsin treatment Or by calcium chelation. However,
dissociated neural retina cells from the same embryos are not agglutlnable
with WGA unless they have been trypsinized Subsequently; Kleinschuster
and Moscona (1972) - studied the comparative agglutinabllity of freshly
dissociated, non—trypsinized embryonic cells from 8, 12, 16, and 20-day
enbryos. They were able to shdw that 8-day retina cells are ma531vely
agglutinated by Con A. However,.as therage of the embryo‘increases, the
Con A agglutinability'of the cells decreases such that cells from 20-day
embryos are aggldtinated by Con A only after they have been(trypsinized.
Neural retina cells from embryos of all ages examined.are not agglutinable
with WGA unless théy are first treated with tryp81n. The effect of
trypsinization on WGA—mediated agglutinabillty of neural retina cells
increases with embryonic age. Neural retina cells from 8 to 20 day
embryos are massively agglutinated by RCA with or w1thout prior treatment

‘with trypsin. . o ‘ : A B



Zalik and Cook (1976) characteﬁized the surface properties of
embryonic chick cells using a greater variety of lectins and cell types.
They tested the agglutinability of dissociated cells derived from
unincubated blastoderms, from young ehbryos undergoing the carly
morphogenetic movements associated with avian gastrulation, ag wo bl fa
from differentiating embryonic tissues. Cells of ecarly embryos
dissociated Qith calcium-magnesium-free saline or with etﬂylenc—diaw
mine tetra-acetic acid (EDTA) are readily agglutinable with Con A, WGA,
and RCA, but not with soya bean agglutinin (SBA) or fucose-binding
~_protein‘(FBP).‘ SBA-mediated agglutination can be induced by pre—treatment
of the cells with neuraminidase; no effect upon RCA- or Con A—mediéﬁed
agglutinatiohﬁis observed. EDTA-dissociated cells of.8—day liver or
brain tissue are dnly slightly agglutinable with WGA, while liver cells
similarly obfained from lO—'or 12-day embryos show no agglutinability
- with thié lectin. Howeyer, trypsin treaﬁment‘of @ells obtained from
differentiéting tissues increaées E%g}r WGA—induced.agglutiﬁability to-
levels near or equal to that observed with cells derived from early.chick.
blastoderms. Furthermore, Zélik and Cook, using radiolabelled WGA,
found that EDTA-dissociated liver_cells from 12-day embryos bind more
lectin than do the same cells after treatment with trypsin, even though
the‘fo:mgr are not agglutinabie_with WGA.

The stuaieé'on development cited apové'clearly illustrate ‘three
points. The first is that the changes in the interactions between cells
which obcur’during eariy emﬁryogepesis and tissue differentiation are
agcompaﬁied by cﬁaﬁges‘in cérbdhydrate-associated components located at
the céll'su;face; _Secondiy, fhege studfés make clear the uéefulness of
lectins as sensitive probes in the detection of such changes at the

surfaces of cells, and demonstrate the potential value of lectins in
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~~mqrphologically. These factors led to the choice of €l

eiucidating the mechanism(s) of these changes. Finally, these studies
illustrate‘the.sﬁitability of embryonic systemg for investigations into
‘the nature of cell Surfage‘changes. |

x“!EOr these threé_reasoﬁs thchpresent stu&y was pndertaken Lo

investigate the surface properties of early embryonic cells. The present

-

state of knowledge concerning the morphological features of early

amphibian.develppméﬁt‘is relatively:advanced; in no other vertebrate
system are these features so well documented. Xencpus laevis has ‘in
particular béen a favoréd organism for résearchion development. In
acdition, cells of the early Xenopus embryo whichvare following’different
differentiat;ve pathways, for example the presumptive ecfoéermal and endo-~-

dermal cells cf the blastula, are distinguishable from one another

rvonic cells of
e

X. laevis for use in-this study. Cells from late blastulae were used

s . . : - ) 1 E

since at this stage of development, the embryos and presumably the cells

composing them are preparing to undergo gastrulation. A number of nlaut

lectins were used as investigative probes to study the nature of ¢he

carbehydrate moieties exposed at the surfaces of these cells. Cells were

treated with necrarinidase, or incubated in the presence of

spacific membrance active drugs to dnvestigare the wossible effecrs of

such nreat

wents upon iectin-cell dnteractdions. The {inzl goal of these
Imvestigatione wes to pain & beiror understanding of tie biochemical and

wzanizational nature of the surface components of cel.s and of the

regulatory mecaanigu{s) invelved in their functional control.
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MATERIALS AND METHODS

A. PREPARATION OF SGLUTIONS

Four stock'solutions,were prepared as follows and designated A,

B, C; and D.

A NaCl | 17.0 g + 100 ml distilled vater
B KCL 0.5 g+ 100 ml distilled water
C Ca(NO3)2;4H26 0.8 g+ 100 ml distilled water
D MgSOy - 7Ho0 2.05 g + 100 ml distilled water

All physiological salines were prepared as follows, combining the

above stock salt soclutions in the indicated propdrtions.

1. Steinberg's Physiological Saline (S.S.)

Prepared as follows:

A 10 ml -
B 5 mi
C 5 ml
3} 5 ml

Distilied water to 500 ml

TRIZMA pre~set pH crystals pH 7.8 {Sigma Cﬁemical Company, U.S.A.)
0.280 g , | |
pH adjusted to 7.8 with 0.1 N HC1l when neéessary

The molar concentration of this saline is 58.18 mM NaCl, 0.67 mM

KC1l, 0.34 mM Ca(NO3)2.4H20, 0.83 mM MgSOy-«7Ho0, and 4 mM TRIZMA.
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2. Calcium-Free Steinberg's Physiological Saline (C.F.S.S.)

Prepared as follows:

A 10 ml
B ‘ 5 ml
D . 5 ml

Distilled water to 500 ml
TRIZMA pre-set pH crystals pH 7.8 0.28 g

pH adjusted to 7.8 with 0.1 N HCl when necessary

3. Calcium-Magnesium~Free Steinberg's Physiolqgi;al Saline (C.M.F.S.S.)
Prepared as follows: -
A 10 ml
B S/ml
Distilléd water to 500 ml
TRIZMA pre-set pH crystals pH 7.8 0.28 g

pH édjustéd to 7.8 with 0.1 N HC1 when necessary

4. Modified Calcium-Free Steinberg's Physiological Saline (m.C.F.S8.S.)

Prepared as follows:

A 10 ml
B 5 ml
D 5 ml

Distilled water to 500 ml
TRIZMA pre-set pH crystals pH 7.2 1.545 g

.pH adjusted to 7.0 when necessary

All salt solutions and salines above were prepared using triple

distilled water. They were sterilized b§ autoclaving.in glass bottles,

19



and stored at room temperature (22° C) until used.

5. Lectins

The following lectins wefe used in this study.

Wheat germ agglutinin (WGA) from Triticun vulgaris was purchased
from Miles-Yeda Ltd. (Israel) as a 1.35 mg/ml aqueous sblution (lot WCA
15). |

Fucose binding protein (FBP) frbm,Loﬁus tetragoﬁolobus was
'purchased from Miles-Yeda Ltd. as a 3.3 mg/ml'solution in-phosphate
buffer (lot 7).

Concaﬁavalin A (Con A) from Canavalia ensifﬁrﬁis was purchased
ffom Siéma as a‘highly purified, salt-free, lyophilized powder .(Grade IV,
lot 123C-5500).

Ricinus communis agglutinin (RCA) from Ricinus communis was a
gift from Dr. G. M. W. Cook of the.Strangeways’Laboratory, CémBridge, U.K:
The lectin was prepared from castor beans using the féchnique of Nicolson
‘and Blaustein (1972). The larger mo}ecular weight fraction (RCA 120;
molecular weight 120,000) was us&d,

| Soya bean agglutinin (SBA) from Glycine max, also a gift from

Dr. Cook, was prepared by the method of Lis et al. (1966).

Lectins were dissolved or diluted in C.M.F.S.S. to obtain stock
solutions of appropriate concentration, and these stock solutions were

stored at -20°C.

6. Sugar Solutions (Haptens)

Haptens were made up as 0.1 M stock solutions, dissolved in

C.M.F.S.S. and were stored at -20°C untii used. Alpha-methyl-D-glucoside



21

IS
(lot 82C-1010), alpha—methyl—D—mannoside4(1ot 52C-3870), and N-acetyl-

D-glucosamine (lot 31C-3000) were obtained from Sigma. Beta-lactose was
obtained from Nutritional Biochemiéal Corp. (U.S.A.), and N-acetyl-D- . —

galactosamine (lot X3738) was obtained from Schwarz/Mann (U.S.A.).

7. Drug Solutions

" The local anaesthetics brocaine hydrochloride.(Matheson, Coleman;
- and Bell, U.S.A.) and xylocaine hydrochloriae (Astra Pharmaceuticals
Lfd.;‘Canada) were obéained as crystalline po&defs and were dissolved in
‘either C.M.F.S.S. or m.C.F.S.S. to obtain stock solﬁtions‘

The phenothiazine derivatives chlorpromazine hydrochloride and
prochlofperézine (methane sulphonate) were oBtainéd in erstalline‘form
from Poulenc Pharmaceuticals Ltd.{ Canada, and stock solutions weré
preparedAin m.C.F.S.8. The thirdfpheﬁothiazine derivative, trifluo-
peraziﬁe, was.donated by Mowatt andeooré, Ltd., Canada (trade ﬁame
”Cli?ﬁ;iﬁe"). Crystalline trifluoperazine was dissolved in m.C.F.S.S. to

o ’ . .
obtain stock'solﬁtions. The local anaesthetics and phenothiazine
tranquillizers, in both cgystalline form and aé étoék solutiohs, wvwere
stored at room temperature in the dark, sincewphenothiazines‘are photo-
sensitive. |

Colchicine was purchased from Sigma (lot 77B-1580) . Séoék
solutions were prepared in C.M.F.S.5. and stored at 4° C.

Cytgchalasin B was purchased from Aldrich Cbemical Cd., U.S.A.
“(lot Pﬁ/243§/60E). Stock solutioﬁsvwere diséolved in dimethyl splphoxide

(Baker Chemical Co., U.S.A.).
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8. Glutaraldehyde Fixative

Q

Glutaraldehyde was purchased as a 70% aqueous solution from Ladd

' Research Industries (U.S.A.). The fixative was prepared by diluting 'this
. . -

stock solution to 7% glﬁtaraldehyde Wi;h.C.F.S.S., adjusted to pH 7.8,

an& stored at 4° C.

9. Agar

: A 2% (w[v)’agar solution was prepared by/dissoivingvSpegial Agar—
Noble (Difco Laboratories, U.S.A.) in heated C.M.F.S.S. After cooling
the agar in dialysis tubiﬁg, it was.dialysed for 24 hdurs at 4° C agaiﬁsb
C.M.F.S.S. The agar was then melted, divided into 25 ml aliquots,
sterilized by autoclaving,'aﬁd stored at'4°‘C untii used to liﬁe

‘agglutination and fixation dishes.

B. EXPERIMENTAL PROTOCOL

1. Obtaining and Staging Embryos

" Embryos of Xenopus laevis were obtained by hofmonél sfimulation
of‘sexually mature animéls. The frogstere injeéted subcutaneously in
the ;ériy afternoon wiﬁh human chorionic gbnadotrophin (Antuitrin "s",
Pa;ke—Davis, Canada), females receiving 1,000 I-U.,_malesiSOb I.U. 1In
the late afternoon they were paired and 1¢ft'overnight in either
dechlorinated tap water or ;n distillediﬁater. Embryos were éollected
vthé following morning and staged as to the degree of aevelopﬁent using
the developmental‘tables of Nieuwkoop and Fabér’(l967). Those approéch—>

ing the onset of gastrulation, stage’9, were transferred to a 10° C

incubator to retard development. Younger embryos were allowed to develop
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ai room temperéture to stage 9, at which time they weré also transferred
fq the i0° C incubator. Embryos incubated at 10° C.develop véry sléwly.
Howevér, upon return to room tempéfature, those held at lQ° C for vato
24 hours resume normal development to the hatching stage. ﬁmbryo;

transferred to the 10° C incubator were uséd in experiments within 4

hours following transfer.

2, The Dissociation of Embryos 

Sﬁage 9 embryos were transfér:ed'td S.S., where the investing
jelly cogﬁs and vitelline layers.were removéd“manuélly using watchmaker's
forcéps. 'Thése embryos were then transferred to fresh S.§. and held on
ice until a sufficient number was collected.' Dis;ociation was carried
out as follqws. Embryos were transferred toAC.F.S.S; pre~chilled td‘the
‘temperature of melting ice; they were‘incubéted at this teﬁpérature for
; approximatély fiye minutés, at whigh‘time'the saline wés replaced b&
frésh cald C.F.S;S: Thevembryosvwergvthen genfly pipette& Qith-a wide- -
mopth Pasteur pipetté tb-faqilitate.dissoéiatiou. The resulting'céll
‘_suspenéion wés centrifﬁged iﬁ éﬁ Internaﬁioqal clihical cenfrifuge for
five ﬁinu;és at‘ié x g. The cells wefe locéted in a loose pelieg while
cell debris remained in ﬁhe_sﬁperﬁatant. The pellet wés then.résuspended
in fresh cold C.F.S.S.,”pipetted further if necessary to achiéve-complete
dissociation inté é single cell suspension,,re—centrifgged;Aand_
resuspended in cold C.F.S5.5. This cell‘suspension was héld on ice until

”»

the cells were used in subsequent experiments.

3. Assay for Lectin-Induced Agglutinability

Agglutination as determined in this study is defined as the

agglomeration of cells via multivalent ligand molecules (fdr example,



lectins) added exogenously to the cell snspension. In contrast, cell

' ,éggregation is an endogenous process dependent upon intrinsic properties

o]

of.the cells themselves. When cell aggregation and agglutination.oecnr
sinultaneously, it is difflcult to distlngulsh between the two phenomena.
Consequently, cell aggregatlon 1nterferes with . the assessment of
agglntlnatlon.

Since the presence of calcium in the medium resnlts in rapid

aggregation of cells, freshly dissociatedlcells suspended in ice-chilled .

C.F.S5.S. were’ used in agglutlnatlon tests Cells were tested for
agglutinability: medlated by the folloW1ng 1ectins Con A, WGA, EBP,.SBA,
and RCA. Tests were performed ‘either within porcelain_rings mounted on
glass slides, or in aéar—lined wells of "ﬁinbro multi-dish disposotrays"

(Linbro Chemical Co.). Each of~fhese substrates has advantages- and

disadvantages in the assessment of cell agglutination. When ueing glass

slides, a few dissociated cells tend to adhere to the substrate and eannot

be dislodgedlby the gentle rotation of.the slidergeed to bring the cells
intq contact with each othef in the vortex creatéd. This attechment
decreases the number of ceils able:to participatevin the agglufination
reaction. Hoﬁeyer, the glass substrate is useful in that it does not
premote cell-to~cell aggregation. On the othef hand, dissociated'cells

do not adhere to the agarisubstrate; all of the cells being tested can

participate in the agglutination reaction. However, the agar substrate

promotes cell-to-cell reaggregation, On the average, cells suspended in .

“C.F,S.S. on an agar subs =0 reaggregate approximately ten
minutes after transfer to reas cells transferred to a glass
substrate frequently : uregation for twenty minutes

after transfer. This &, caggregation is not of importance
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when the agglutination feaqtion is fast. This is the case .for

25

agglutination mediated by all the lectins used except SBA. In this latter .

. case, agglutination is slow encugh to be confused with cell reaggregation, .

and thus glass.substrafes were always used in testé'with fhis lecéin.
Additdionally, agar seems to iﬁterfere with RCA—mediated cell‘agglutina—
tion (decreasing the éktent of agglutination obseréed‘with é‘givenv
amount of RCA).. Agar is a polySacchafide containing D; and L-galactosyl

residues (0'Neill and Stewaft, 1956), the latter of'whiéh'isvthe'sugar

hapten for RCA.'.The;agar may be biﬁding'lectin which would_dtherwise bind -

‘to the célls. For,this*reasoﬁ, all RCA#mediated agglutination tests were
performed oﬂ glass slides.  Agglutinétion tests with the{pther three
lectins WGA, FBP, and Con A, were carried out on both glass and agar
sﬁbstratés, with éohparaﬁle results-being 6btéined with either substfate
for each 1ec£ih.

Agglutiqation tests wefe’pe;formed.in totdl volumes of 50 or 60
microlitersx'depending upon the desired lectin concentration andﬁlhe
concentrations of the léctin étock solutioﬁs. Final lectin concentratiodns
account for dilution resulting from the,additioﬁ of C.M.F.S.S., hapten
solutions; and/or cell‘éuspension. Hapteﬁ épecificity of the -
agglutiﬁation reac;idn was determined by addition of specific sugars to
the»ggglutiﬁatioﬁ—mixtufe to give a finalrconcéntration of 0.03 M. Cells

“were always added to the agglutination mixture after all othe? components.

were added. In tests on the inhibition of agglutination by haptens, the

sugar and lectin were allowed to mix before the cells were added. Upon the .

addition of cells; the'agglutinatioh plate was gently rotated by hand to

‘bring the cells into contact with each other. ,Agglutinatioh was then
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scored visually under a dissecting microscope.

When agglutination was evaluated, plates were vigorously shaken

by reciprocal
was scored on
that of Inbar
agglutination

0 -

I

motion to disperse non-agglutinated cells. ’Agglufinétion
a scale of 0, +, ++, ++, +H++, a technique modified from
and Sachs (1969). This modified scale for quantifying
represents the following:

the number of "

agglutinated" cells in the cell suspension
in the absence of lectin at time zero. This base line
takes into account those cell clusters sometimes present
in cell suspensions.

up to 302 increasg in the numBerfof cells agglutinated

over the base Jline.

30-607% of the cells agglutinated over the base line.

)

.60~90% of the cells aggldtinated over the base line, with

the cells agglhtinated into small clusters of ten cells or
less.
more than 90% of the cells agglutinated over the base

line, with the cells agglutinated into clusters containing

more than ten cells each.

Although this

assessing the

assay is rather Subjectivé? it does provide a basis for

extent of agglutination induced by lectins.

The dose dependency - and hapten specificity for agglutina;ion

mediated by each lectin was determined in this manner. ~ Upon completion of

agglutination

tests, some of the remaining saline-suspended cells were

ohserved qndef high magnification (X 400) by phase-contrast microscopy

for general appearance and surface morphology.



4, Neuraminidase Treatment of Dissociated Cells

Cell suspensions were prepared as described above. Cells were
then resuspended in C.M.F.S.S. to which 0.005 M CaCl, had been added.
This exogenous calcium is.reqnired for the ectivity of the nenraminidase
used. To the ekperimental cell suspension neuraminidase frnm Vibrio
cholerae was added to a final enzyme cdncentration of 60 units per milli-
liter. This enzyme is stated by the suppliers,(HoeehtvPharmaceuticals
Ltd., Canada) to be free of protease, aldolase, and lecithinase C
.actinities.. Controls consisted of cells suspended in the above-mentioned
saline plus calcium, but with the.enzyme itted.

Cell suspensions were incubated'one our‘at‘room temperature.
Cells werelthen quickly rinsed twice in ice-chilled C.F.S.S. Because
both control and experimental eells:formed loose.aggregates du#ing the
incubation period, the cells were redissoclated by gentle pipetting and

were then tested for lectin~induced agglutinability as outlined above.

5. Treatment of Cells with Local Anaesthetics

>

Cells dissociated as described above and suspended in C.F.S.S.
were, treated with either procaine or xylocaine. Drug stock solution was

added to experimental cell suspensions to obtain the de31red final drug

concentration. Both control cells suspended in C.F.S.S. and experimental

cells were incubated one hour at room temperature, after which the cells
were tested for agglutinability as deseribed’above, Expefinental‘cells
were added to the agglutinafion dishes while still in the presence of
procaine 6r‘xylocaine. |

In some experlments, following’ dlssociatlon with C.F.58.S., cells

were centrlfuged and reSuspended in m.C.F.S8.S. 1In these cases the drugs

..
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were diseolved in ' m.C.F.S.S. and added as noted above to .the experimental
cell suspensions. Control and-drug-treated cells were incubated one |
hour at room temperapure, after which agglutination tests were performed.
Local aﬁaesthetie—preated cells were examined at High magnification by

phase-contrast microscopy for general morphological featurés.

6. Treatment of Cells with‘Phenothiazine Tranquillizers

The phenothiazine derivatives whose effects were studied are not
consistently soluble in saline solutions at pH 7.8. The hydroehlorides
of chlbrpromazine and trifliuoperazine when added to cell suspensions also
lowered the pH drastically, For these reasons the drug stocks were made
up in m.C.F.S.S. (pH 7.0) and cells were‘resuspended in m.C.F.S.S.
folloying dissociation with C.F.S.S. The 5}ugs were soluble at pH 7.0,
and the increased cencent?ation of TRIZMA buffer in the modifiedksaliﬁe 5
helpea to maintain the pH within physiological limits. .

Drugs were added to experimental cell-suspensions to give various
final concentrations. _Contfol cells in‘m.C.F.S.S. and drug~treated cells
were incubated at rooﬁ temperature for 30 to 60 minutes, after which R
both groups of cells were tested for éggiutinability. Cells were added~ ’
to the agglutination plates while suspended in the incubation medium. |
Drﬁg aose responses were performed for the effects of phenothiaziqe

tranquillizers upon lectin-mediated cell agglutination. Control and

; 1

phenothiazine-treated cells were examined for surface morphology.at 400X
maghification using phase~contraét microscopy. . \
In some experiments the reversibility of the drug—inducid effect

was investigated. Control and‘dfug—treated cells were washed up to

three times with either, m.C.F.S.S. or C.F.S.S. After washing, both



groups ogjcells.wére tested agaﬂn for agglutihability. In some casés
these washed cells were -incubated in drug-free saline for up to two

hours and retested for agglutinability.

7. Treatment of Cells with Colchicine and/or Cytochalasin B
Colchicine and/or cytochalasin B were added to cells suspended in
C.F.S.S. to obtain the desired final drug concentrations. Dimethyl

sulphoxide was added to the controls for the cytochalasin B experiments,

while controls for colchicine experiments were cells suspended in C.F.S.S.

JControl and drug-treated cells were incubated one hour at room tempera-
, ture, after which the cells were tested for WGA- and RCA-mediated
agglutinability. Control and drug-treated cells were alse examined for

general morphology under phase—contrast microsc0py.

8. TFixation of Cells . ' b
.Fixation of cells was carried out in agar-lined 15 x 60 mm plastic
petri dishes at 4° C. 'In addition to coating the sides and bottom of the
‘petri dish with agar, a large mound.of agaf was formed in the center of
the dish. The petri dish was”fastened ﬁd‘a rotary shakgr operating at
80 rpm and a volume df,fresﬁly diSéociéted cells suspéndea in‘cdld
- C.F.S8.5. was placed in fﬁe dish. A vgluﬁe of 7% glutaraldehyde equal to
the{volume of the cell 3uspénsidn was ﬁhen'added drop-wise té the cells
in the dish. The agar substraté and rotaryrmotion#prevented cells from
attaching to the petri dish gnd‘kept them.iﬁ QUSpension while the agaf
‘mound in the center of the diSh‘kept_the ceélls from accumulating and
settling out in the-vortex cfeated by theirdtation. Cells wéfevfixed for

24 hours at. 4° C after which they were washed three times with ice-cold

7
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C.P.5.5. These fixed cells were then tested for

agglutinability.

lectin-mediated

Y0



RESULTS

Much cf the déta presented here represent results pooled from
several expgriments, each using embryos»froﬁ different clutches. When
using embryos from outb;ed adults, variability between clutches is
commoﬁiy observed in such characteristics as the degfee of pigmentation

zand size of the embryos, and the texture of the enveloping jelly coats,

b

Variations .ir agglutinability of cellis derived from different clutches
have also been observed. However, in spite of this variability, K certain

surface properties of cells in this system were consistently demonstrated.

AGGLUTINABILITY OF DISSCOTATED CELLS

Lectin duse response experiments were performed for each

agglutini. tc¢ establigh optimal and suboptimal lectin concentrations. The

optimal concentration refers to.the least amount of lectin which, when

=

sdded o celiz, can elicit & near maximal agglutination response within

BCA, end Cor A, or within 10

“ trzatment with WGA,
clinutes followd treciment sivh SBA. The subopiimal concentration refars
g the 07 dlectin which elicive a o o, oub clearly
Vo wirhin the vime irteyvals oooocified

y o The de te of WGA, Con 4, and SBEA on
< GO T O v Lallesn { effeal evensing
covcenlrocions oo UL on odld agglurinetion de¢ shown in Table 1. A dose
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TABLE I
DOSAGE EFFECT OF WHEAT GERM AGGLUTININ

N

N

v © INCUBATION TIME
WEA (p6/tL) 2 MIN 5 MIN

10 min
0 0 0 0

10 (5) * + a
20 (1) + FRE b
33 (>10) +++ AR
40 M) S , et

‘ Wy AR R

*HapTEN  + 33 (B) 0 , 0

UM N= Acetvi = D - GLUCOSAMINE

&

FIGURES IN PARENTHESES INDICATE THE NUMBER OF EXPERIMENTS SUPFCR
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agglutination occurs dﬁring a 2-minute incubation of cells with 33 ug/mi
of WGA (Figure la), making this.%he optimal WGA coﬁcentration. The éxtené
of rhis massive response is made evident by a comparison between Figures
~1la and 1b, the latter of whiéh shows cells not agglutinated. The sub-
optimal concentration for this 1éctig is approximatelyvlo pg/ml. . The
agglutination responée to WGA is also time-dependent at optimai or lower
‘than optimal lectin concengfations, with agglutiﬁation increasing with
incqution timev(Table 1). sWhen cémparéd with other cells; WGé—induced

\ , £,
agglutinatioh of embryonic Xenopus cells is very rapid atvoptiﬁw

concentration. The response 1s near maximal within 2 minutes; iﬁcubation
for an additional 8 minuﬁes does not appreciébly increase the extent of
agglutination. In addition, Table 1 shows the ( »mplete inhibition by the
hapten N—acetylfD—glucosamine of agglutination induced by thimal’
concentrations of WGA (Figure 1b).

| Xenopus blastula cells also agglutinéte in the presence of RCA
(Table 2). The rgéults obtained with this lectin are.very_éimilar to
those reéorted'for WGA. The extent of agglutination at any given
. incubation time.is direptly proportioﬁal to lectin concentration up to the
optama!l RCA concentration of 33 ug/ml. The response at optimai concentra-
tions is, as with WGA, rc?atively fapid, the majority of celis being
agglutinated within 2 -minutes (Fizure 22). Since at ZO‘Qg/ml, RCA éroduces
submaximal agglutination, and at 10.ug/ml it fails to elicit.a dgtectable
response ;fter 2 minutes of incubation, 16 ye/ml was chosen.as the
suboptimél concentration of this lectin. Beta-lactose, added to a final
concentration 0f 0.03 M, completely inhibits cell agglutination induced by

optimal (Figure 2b) or higher‘RCA concentrations up to 50 pg/ml (Table 2).
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TABLE II

DOSAGE EFFECT OF RICINUS COMANIS AGGLUTININ

@

INCUBATION TIME
5 MIN 10 min

“HAPTEN

cogypieo
TR

*HAPTEN

0.3 M m_ - LACTOSE

FIGURES IN PARENTHESES INDICATE THE NUMBER OF EXPERIMENTS SUPPORTING THESE DATA.




Figure la.

- Figure 1b.

Figure 2a.

Figure 2b.

Dissociated cells in the presence of WGA (33 npg/mi), 2
minutes after the addition of cells. (Magnlflcatlon X 40)

Dissociated cells in the presencé of WGA (33 ug/ml) and ‘
0.03 M N-acetyl-D-glucosamine, 5 minutes after the addition
of cells. (X 40)

Dissociated cells in the presencé of RCA (33 ug/ml), 2
minutes after the addition of cells. (X 40)

Dissociated cells in the presence of RCA (33 pg/ml) and
0.03 M beta-lactose, 5 minutes after the addition of cells.
(X 40)
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.The Con A-induced agglutinability of embryonic Xenopus cells is

shown in Table 3. A lectin dose dependence is observed with Con A similar

to that reported for the two previously discussed lectins, except that the

optimal concentration, approximately 100 ug/ml, is considerably higher.

Agglutination is rapid and near maximal after 2 minutes of.incubation

T
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(Figure 3a).’ Eifher of two sugars, alpha—methyl—D—glucose or alpha-methyl-

D-mannose, at a cohcéntration of 0.03 M completely inhibits the agglutina-
tion induced by up ﬁo>166 pg/ml of Con A (Figure 35). The suboptimal
concentrat{oﬁ of Con A is approximately 33 ng/ml (Table 3).

In,conprast to the results repdrted above for WGA, RCA, 'and Con A,
agglutinability of these cells with SBA éppears, byvcomparison, to be
much lower. Higher doses of tﬁis lectip are necessary to induce near
maximal agglutination, the optimal concentration being approgimately
166 pg/ml (Figﬁre 435. Neverthéléss, the response‘is dose-dependent
(Table 4). Furthermbré, SBA-mediated agg}utinaﬁién is time-dependent and’
-appears to be a slowef pfocess when,cémpared io that mediated by WGA,

RCA, or Con A. Only at the highest SBA concentrations is agglutination
Jdeﬁectable prior to 5 minutes of incubation. Agglutination by 166 ug/ml
of SBA is completely inhibited by N—acetyl—D—galacthamine (Figure Ab).:

b.Theagglutinability of‘dissociated embryonic.Xenopus cells with FBP
was tested; No FBP—indchd agglutination is observed at lectin
concentrations up to 167 ug/mli

Thé.preceding data indicate that WGA, RCA, Con A, and fo a lesser
' extent SBA readily agglutinate dissociated cells from stage 9 embryos of
Xenopus laevis, and that this lectin-induced agglutination is effectively

i

inhibited by the appropriate hapten sugars. To ensure that this
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TABLE III

DOSAGE EFFECT OF CONCANAVALIN A

| INCUBATION TIME
Con A Cue/mL)

2 MIN 5MIN 10 min

0 0 0 0
33 (6) + + +

B 3 ++ +H+ ++

100 (3) + H+ HH

132 @ +H +HH HH

2166 (&) +HH - RENE

v 25 O +H+H -+ -
*HapTEN  + 166 (3) 0 0 0

*BM o - METHYL - D - GLUCOPYRANOSIDE OR
3 M a = METHYL = [ - MANNOPYRANOSIDE

FIGURES IN PARENTHESES INDICATE THE NUMBER OF EXPERIMENTS SUPPORTING THESE DATA.
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TABLE IV

z

DOSAGE EFFECT OF SOYA BEAN AGALUTININ -

INCUBATION TIME

*HapTen + 166 (1)

SBA (wa/m) - 2 MIN | 5 MIN 0mN 20 M

0
10 @
20 )
3 (1)
4o (1)
5 (5)
6 (7)
80 ()
100 ()
I5756)
166 (3)

+ toocoo o
+ +

FF i d

E

o +oloo'ooaoc:>c>
O$i¢1++ + OO0 o

ottt

oM. N - ACETYL - D - GALACTOSAMINE

FIGURES IN PARENTHESES INDICATE THE NUMBER OF EXPERIMENTS SUPPORTING THESE DATA.



Figure 3a.

Figure 3b.

\

Figure 4a.

Figure 4b.

Dissociated cells in the pfesence‘of Con A (lOO‘ug/ml},

2 minutes after the addition of cells. (Magnification X 40)

Dissociated cells in the presencé.of Con A (100 pg/ml) and
0.03 M alpha-methyl-D-glucose, 5 minutes after the addition
of cells. (X 40)

Dissociated cells in the presence of SBA (166 pg/ml), 8
minutes after the addition of cells. (X 40)

i

Dissociated cells in the presence of SBA (166 ug/ml) and
N-acetyl-D~galactosamine, 8 minutes after the addition of
cells. (X 40)
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inhibition‘jr sugar—specific, an éxperiment was performed in ofder to test
the hapten specificity of agglutination induced by each lectin. The
results of this expériment are presented. in Table 5. All sugars were used
at a final concentration of 0.03 M; lectins were used at optimal or near
obtimai concentrations. WGA—mediated agglutination is inhibited
completely by N—acetyl—D—glugosamine, and a slight inhibition is obtained
in the presence of N-acetyl-D-galactosamine. RCA—mediaﬁed agglutination
is completely inhibited only by beta-lactose, while N-acetyl-D-
galactosamine is slightly inhibitory. None of the other sugars ;ested
inhibit RCA-mediated agglutination. In this particﬁlar experiment'
agglutination by Con‘A ié strongly inhibited by either glpha—methyl—D—
glucoside or alpha—methyl;D—mannoside. N-acetyl-D-glucosamine is
moderately effective in inhibiting Con A-induced agglutiﬁation, while
beta—léctose and N—acetyl—D—galactosahine have no effect. Complete
inhibir“on of SBA-induced agglutination is obServed only in the presence
of e’thec N-acetyl-D-galactosamine or beta-lactose.

Amphibian embryos at the late blasgulaistgge are composed of
presumptive ectodermal cellsylocated at the animal pole, cells of the
marginal ione which will give rise to the mesoderm,_and‘presumptive
endodermal cells located at the vegetal.pole of the embryo. The degree of
pigmentation decreases from the animal pole toward the vegetal pole,
while the number and size of yolk granules, as well as cell size, increases
in the ;ame diréction. The criteria of cell size znd degree of pigmenﬁa—
tion were used in order to deterﬁine if any of the lectiné studied
preferen;ially agglutinated a particular ceil type. Upon close micro-

scopical examination of the agglutinated and non-agglutinated cells, no
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TABLE V

HAPTEN SPECIFICITY OF LECTIN-MEDIATED CELL AGGLUTINATION

. LECTIN USED
HAPTEN ADDED WGA * RCA* CON A * SBA* * ONOF*
0.BM (33 va/m) (33 va/in) (166 va/mM0 (166 va/m) LECTIN
&
NO HAPTEN R +H - +H 0
N-ACETYL-D-GLUCOSAMINE 0 HH + LA
N-ACETYL-D-GALACTOSAMINE =~ ++ o C 0
B-LACTOSE Bhans 0 aans 0
a-METHYL-D-GLUCOSIDE ~ +H +H + o +H+
+ e + HE

a=METHYL-D-MANNOSIDE =

*Agglutination scored at 2 minutes.

**pgglutination scored at 10 minutes.
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selective agglutination is observed for ;my ot the lecting at the
concentrations used in these experiments.  In all cases, agglutinated
cell masses appear to be composcd o f‘ indiscriminate mixtures of different
cell types.  The relative proportion of cells of any one Lype present in
agglutination masses reflects the relative proportion of coells ot that

type present in the cell suspension.

B. THE EFFECT OF NEURAMINTDASE TREATMENT

OF CELLS ON AGGLUTINATION

Neuraminidase is a glycosidase which specifically cleaves of
expoéed terminalﬁsialic'aéid residues from.glycoproteins, glycolipids, and
‘ IR ‘
oligosaccharidégﬁ. The reaction involves the hydrOIYQLH of the alpll»
ketosidic lwnkage between the .keto group of the terminal N- acctyl~
neuraminlc acid and a subterminal sugar ges 1due (Rafelson, Scﬁnéir, dﬁd

Wilson, 1966).

To 1nvest1gate the possihle effects of neuraminidase treatment o

the agglutlnablllty of enzyme treated and control cells w1th 0pL1ma1 and

el

suboptimal concentrations of each lectin wés studied. Using’any of the
four lectins at optiﬂai concentrations, np reduétion in cell agglutin-
}abilit& is oBserved fnlloﬁing neuraminidase treatment. The results of
similar experiments using squpéimal lectin concentrations afe summar;éed
in Table 6. Neuraminidase treatment has no effect on Con A- or WGA-—
mediated agglﬁtination when control and enzyme-treated célls are compared.
However;.neuraminidase treatment greatly enhanceé the agglutinability of
cells in reéponse to RCA. This enﬁanced response at low RCA concentra-

tion is rapid, comparable with respect to time~dependence to tlie: response



TABLE VI

EFFECT G NEURAMINIDASE TREATVENT ON' LECTIN-INDUCED ACGU

con A (30 p6/M wea (10 n6/mL)
2 {IN mim 2N 5N

{H* )

CONTRCI,

" NBRER OF EXPERIMENTS,
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of controcl cells to higher jectin concentrations. Figure 5 illustrates

control cells in the presence of 16 ug/ml of RCA after 2 minutes‘of

incuﬁ@ on. & ccamparison with Figure 6, which shows neuraminidase-treated
cells under thg same conditions, illustrates the enhanced agglutination
due to enzyme treatment. A similar although less dramatic enhancement of
agglutination by SBA occurs after neuramiﬁidase treatment. The enhanced
agglutinability by 66 pg/ml of this lectin shows.the same temporai
characteristics meétioned previously for SBA; it is a slower response

than that inducgd bv Con A, RCA, or WGA, A comparison between Figures 7
and & iliustrates this enhancement. Theiformer shows control cells
incubated with 65 ug/ml of SBA aftcer 8 minutes incubation while the

iatter represents neuraminidase-treated cells under the same conditions;
irncreased agglutinatrion is evident in enzyme—treaﬁed cells.  Neuraminidase

trea-ment does not induce agglutination in the presence of FRP (166 ng/mi) .

Q. EFFECT OF LOCAL ANAESTHETICS ON AGGLUTINATICHN

tn other cell systems, local anaesthetice and phenothicazine
tranquillizers have beon found te influence some cell surface mediated

I
i

pheromena such 28 iectin-induced agglutination znd cell capping {(Poste

al., 1S75a; Ryan €t gl., 19743. 1In order to further investigate the

czchanisms invelwved in the lectin-medizted agglutination of. embryonic

Conopue cells, “he effects of these drugs upon ~his process woere studied.
2 "\\ .

~

- Lo, P - \ . .
Cells vere fryeatec with either 01 twWOo 1ocal anacsthetics, procalne orT

*

from 7.5 o 107 i to v

sylocazne.  The drug concentrafions used

4oy 207 v for procaine, awd. from 1.1+ 074 A tq 3.1 oy 1070 M for
. . Jo - .
have beewnoreported to elicit the celt

wylccaine. Thege concentrs
sl

’
o



Figure 5.

Fizure 7.

PR N o oy
figure d.

Saline-treated, control cells in the presence of RCA
(16 jug/ml), 5 minutes after the addition of cells.
(Magnification X 40)

Neuraminidase-treated cells in the presence of RCA
(16 mg/ml), 5 minutes after the addition of cells.
(X 40) : : -

Saline-treated, control cells in the@ﬁ?é&ence of SBA
(66 ag/ml), 8 minutes after the a%difgbn of cells.
(X 40) Lo

Neuraminidase-treated cells in ‘the presence of SBA
(66 nug/mi), 8 minutes after the addition of czlio.
AR 40)
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surface alterations mentioned previously (Ryan et al., 1974; Poste et al.,
l975b)( in these experimeﬁté the possible effects of local anaesthetics
on égglutinébility at opti%al or suboptimal concentrations of RCA or WGA
were inveétigated.

When‘cells are incubated in the presence of low concentrations of
anaesthetics, no difference in agglutinability between experimental and
control cells is observed with either lectin. Agélurinability is neither’
enhénced.nor diminished. However, as the conccntraﬁion of either drug
inéfeéses, cells apbear to become more labile, as is evidenced by
increased cell lysis during incubation. In spite of this, evén at the
~highest dfug concentrations-there_remains-a sufficient number of non—lysed‘
cells-to_pefform agglutination tests. A problem arises, howaver, in the
test itself.: Upon addition of suboptimal concentrations of either RCA,or
WGA to anaesthetic-treated cells, further cell lysis'oqcurs. Such
concentrations of either lectin rarely cause cytolysis of cells not
treafed withklocal anéesthefics. Lysed cells élump together in la;ge,
sl}my masses of cell debris. Superficially, these'masses have a similar
ppearance to clymps of agglutinated cells, making it difficuit to
jgvaluate the extept of the agglutination of cells treafed with high
concentrations of either procaine or xylocéine. Since.the presence of the
appropriate hapten inhibits this 1ectin~dependént cytotoxicity as‘well as
cell agglutination, other criteria-are required to distinguish between
clumping of cells resulting from cell lysis and true lectin-mediated
agglutination. In this investigation, such a distinction was based upon
the speed of the agglutination reaction and the gross morphology of

agglutinated cells. Agglutination induced by WGA or RCA is a rapid



process; it is nearly complete-l minute after the addition of optimél
concentrations of leétin.‘ Alsp, cells agglutinated exclusively by lec;in
are’tightly bound into cohesive masses, with the boundaries of individual
ceils still being distigguishable. ' On the other hand, cell clumping due
to cytolysié is a sliéhtiy_élower process, requiring approximately 2 to 3
minutes or more. Masses of lysea.cells have a different textuie,
appearing viscous and easily deformable. Also, the peripheries of lysed
~cells are not distinct and individual céll boundaries cannot be
disgingﬁished within the mass. ‘When these criteria are considered in the
evélqation‘of the léctin—induced agglu;ination of cells treated with high
cdncentgationé,of éither-procéine or xylocaine, t%ere does not appear to
be a drug—related Chaggé in the agglutinability of cells in this system.
However, .the results éf these experiments are not conclusive due to the

above-mentioned complicating factors.

D. THE EFFECT OF PHENOTHIAZINE TRANQUILLIZERS

ON AGGLUTINATION

APreliminary experiments with chlorprdmazine dissolved in C.M.F.S.S.
showed that, at a concentration of 2 x 1073 M, this drug:can inhibit
lgctin—mediated agglutination. Similar results were obtained when
prochlorperaziﬁe or trifluoperazine was usea at the saﬁe concentration.
Howe?er, a problem aro$e in that this inhibitory effect was not
consistentiy reproducible, pfobably due to the variable solubility of
these drugs in phyéiological salines at pH 7.8. In tﬂose experiments
where the drugs failed to inhibit agglutination, they did not appear to

be dissoived. Insolubility was charactefized by the preserce of a fine,

50
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white, opalescent precipitate suépended in the saline, and also by a 1qck
of the drop in pH that accompanies dissolution of the hydrochloride
derivatives of these phénothiazines. ;It seems reésonable‘to assume thaﬁ
~ the drugs must be dissolved in the suspending medium in order to affeét
the cells. For this‘reason subsequent expériments entailed dissolution

" of the.drugs and reSuspgﬁsion of the cells in m.C.F.S.S. prior to
addition of drugé to experimental cell suspensions. Following this
change, drug*inducgd inhibifion of cell agglu;ination was consistently
ébserved with all three ﬁ;énéuillizers.

Using’m.C;F.S.S,, drug dose-response testf‘were performed for each
'tranéuillizer to establish minimﬁm concentrations which can inﬁibit‘
lectin—mediated cell aggiutinatioﬁ. Agglutinability of drug-~treated and.
control cells with WGAg and in some cases, with RCA at opfimal leétin
concentrations was tested. The rééults‘of these experimegts are
summarized in Table 7. These datg indicate a similar dose—dependency for
311 three drugs.. At 2 x 10-“.M, chiorpromazine,prdchlorperazihe and
trifluoperazine each fail to inhibit agglutinationfv At 4 x 107" M,
agglutination is frequently inhibited, while at 8 x 107" M or higher, this
inhibipion is consistently obsefved. .It appears that thékgi?imum
concentration of any one of these three phenothiazine‘deriv;%iyes which
is effective in inhibiting the agglutination résponsé lies between
4 x 107% M and 8 x 10~ M. This phenothiazine-medjiated inhibition is
illustrated by é comparison between Figure 9, showing cohtrol.cells
.agglutinatéd by WGA, and Figures 10, ll! and 12, which show chlorpromaziiea-
treatea, prochlorperazine-treated, and ﬁrifluoperazine—treatéd cells in

the presence of optimal concentrations of lectin.
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'TABLE VII

DOSAGE. EFFECT OF PHENOTHIAZINE DERIVATIVES UPON CELL AGGLUTINATION:

DRUG CHLORPROMAZINE

PROCHLORPERAZINE

3

33 Ue/ML LECTIN

g ONE EXPERIMENT, CELLS AGGLUTINATE,

8 ONE EXPERIMENT. INHIBITION OF AGGLUTINATION,
CELLS INCUBATED 1 HOUR AT ROOM TEMPERATURE.

TRIFLUOPERAZINE
CONCENTRATION*¥ weA™ RCA® WeA® RCA¥ wea™ RCA¥

2x 10 H noo 0 000 0 00D 0
by 1074 m ‘ 0o 0 om 0 oQ g
8x 1074 1 TpoOBE nga 0D . Do oo 0
1.0x107° 0 | o 0
12107 M o g, | oo . 0 q
L5x 107 N A . N 3 |
16x 1071 . 5 o o
2,0 x B,w\ M ao § 800 B i B

Sy



Figure 9. Control cells from the phenothiazine experiments in the

presence of WGA (33 ug/ml), 2 minutes after the addition of
cells. (Magnification X 40)

Figure 10. Cells pre-incubated in 8 x 10™% M chlorpromazine, in the

presence of WGA (33 ug/ml), 5 minutes after the addition of
cells. (X 40) '

Figure 11, Cells pre-incubated in 8 x 1074 M prochlorperazine, in the

presence of RCA (33 ng/ml), 5 minutes after the addition of
“cells. (X 40) .

/"

Figure 12. Cells pre-incubated in 8 x 1074 M trifluoperazine, in the

presence of WGA (33 pg/ml), 5 minutes after the addition of
cells. (X 40)
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The results presented in Table 7 suggest that égglutination by
‘either WGA or RCA is similarly affected by phenothiazine tranquillizers.
Experiments were performed to investigate whether these drugs
differentially éffect the aggiuﬁination mediated by the lectins WGA, RCA,
Con A, and SBA. Cells were incubated in 2 x 10”3 M chlorpromazine of
prochlorper;zine,‘or in 1 x 1073 M trifluoperazine after which they were
tested for agglutinability with each of the four lectins at optimal
concentrations. The results of these experiments are reported in Tabie 8.
These>déta indicate that each of the phenothiazine derivativéé tested
inhibits the agglutination mediated by any of the four lectins.

Cellsvwere tested for lectin-induced agglutinability at 30, 45,
aﬁd.60 minute periods of drug incubation. At 30 minutes of incubatioﬁ,
lectin-induced agglutination is still evident and‘is comparable to that
of untreated controls. Some inhibition of agglutinatibn is evident in
drug-treated cells after745 minutes, while a 60 minute drug inqubation
pefiod i$ necessary for complete inhibition.of the agglutination.
response. The reversibility of the inhibition of agglutination‘bfought
about Ey phenothiazine tranquillizers was investigated. After incﬁbation
of cells in the presenée of any of these three"dfugs, standard
aégiutination tests were performed to confirm the drug's inhibitory effect
ubon that process.$ Following this, drug—treated cellé were rinsed up to
three times wi;h fresh drug~free saline and, in some cases, reinqubated
in the absence of drug fbr two héurs.. Cells were tested again for lectin-
induced aggluginability. Under these experimental conditions the

inhibition of lectin-induced agglutination is not reversible.
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TABLE VIII

EFFECT OF PHENOTHIAZINE TRANQUILLIZERS O LECT E-Eu%@ AGGLUTINATION

TCE v Y S
GBue/m)  GBuem)  A6wem)  (166we/M)

CONTROL ++ . P e
HLORPROMAZINE ~ HCL™ 0 0 0 0
PROCH. CRPERAZINE™ 0 0 0 0
TRIFLUOPERAZINE = #0: ¥ 0 0 0 0

AZ" _UTINA® .CN SCORED AT 4 ZHz.
2107 1
SRR SEL
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. EFFECTS O COLCHICINE AND CYTOCHALASIN B

ON AGGLUTINATION

Colchicine is an alkaloid whiech interferes with microtubule
polymerization (Wilson, 1975) while cytochalasin B has been veported to
disturb many cell processes that are mediated by microfilaments (Wessels
et al., 1971; Pbllardv and Weihing, 1974). Microtubules and micro-
filaments have been reported to mediate cell surface associated functions
in other cell systems (Edelman, 1976); In order to determine wﬁether
these cellular,organelles are involved in lectin-induced agglutination of
embryonic Xenopus cells, dissociated cells were treated with eirher
colchicine or cytochalasin B, or with both drugs simultaneously.

Colchicine was used at concentrations ranging from 30‘to 120 uM

while cytochalasin B was used at a concentration of 20 pg/ml. In

experiments where cells were incubated in the presence of both colchicine
+

and cytochélasin'B simultaneously, the drugs were used at concentrations
of 60 uM and 20 pg/ml respectively. After incubation with the drugs,
célls were‘tested for agglutinability Qitﬁ RCA and WGA at optimal and
suboptimal 1ectin coqgéntratiOns.ﬁ AgglUtination appéars to be neither
enhagced nor inhib%t;a by éitﬁéfvcoiéhiciae‘or cypochalasin B,>or by botﬁ

drugs in combifation. However, as was the case with cells treaced with

local anagsﬁhetics, coléhi&ine;and éftgchélasLn Bséppear to make the cells
.ﬁore labile and thus‘ehﬁanéé thé Eyzétoxiéity of the lectins. Cells
incubated iﬁ thé ﬁfesesceﬁofrdimetﬂylgsuibhoxide also exhibit this
incrééseé'lability-and?élévatéd susceptibility to the cvtotoxic effects

of_lédgiﬂs; Ehese effécté/complicated the evaluation . . cell agglutin-

ability in the same manner as described breviously (see Results, section C).
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f
F.o THE EFFECT OF FIXATION ON AGGLUTINATION ‘
Glutaraldehyde fixatlon has been reported to inhibit feer in
mediated agglutination, presumably by intertering with Lo mebh Tit, ot

lectin ruccpt0r§ (Inbar ¢t al., 1973). Experiments woere pertaraed o
determine fvs effect in this system.  Glutor dbiehyde Tixaivon o emb: vonic
QX}?)Z(D;)L(é; cells for ?.4' hours renders hem non-aggivutinable with cither BOA
or WGA (33 ug/ml). VFixed cells agglutinate to o certaia extent in (i

. ,
presence of Con A (166 ug/ml); however, t;.his agglutination respouse is
drastically reduced from that observed with unfixed cells. Maximal
agglutination of fixed cells with Con A (166 ug/ml) corrcspénds o
score of approximafely ++ on’ the test scale, as opposed to a scorc of
++H-+ for uﬁfixed cells. Closer examination under the Josecting micro-
scope of fixed cells agglutinated with Con A makes if_apparenr that cell
debris is also béing agglutinated. Indeed, ith phaée—contrast
microscopy the small cell clusters appear to be composed of cells enmeshed

in a mass of agglutinated yolk platelets. ik platelets released from

ruptured cells are found in all ceyf5‘

spensions,. fixed and unfixed;
“ o © i : 4 R
. however, only in experiments with Con A and fixed cells Fas agglutination

¢tf yolk been clearly ol served.

' | ’ G. CELL MORPHOLOGY .

Ceils frbm'contfol or drug-containing suspensions ag well as fixed
cells, were examined by phase-contrast microscopy. The cells are
sphericai, varying in‘diameter from approﬁimntely“ZOllto over 110 u. The
majqriti of pigmented cells are l1l25s than 7OLJiq diametér, the pigment

being localized in the cortéx of the cell at one of its poles. All cells
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contain large numbers of cortical yolk platelets, the latter being more
numercus in the largg endodermal cells. Freshly dissocizted cells and
“fhose used as controls in the drug experiments are characterized by a
smooth su- ace, with many presumptive ectodermal -and mesodermal cells
exfending large, rounded lobopodia (Figures lja énd 13b). These lobopodia
are very active,‘changing position by flowing around the cell's periphery.
In most cases,; cytoplasmic orgar=lles or granules appear to be exc¢” ided
from the cytoplasm of théﬁlobopodia, making the protuberances transparent.
Occasionally, in a small number of cells, granular cytoplasmic contents
are seéh flowing within the lobopodia. Cell processes such as thcse were
first described in dissociated amphibian cells (Ambystoma) by Holtfreter

(1946) . More recently, Satoh et al. (1976) have investigated this

phenomenon in embryonic Xenopus cells in detail, distinguishing between

several of processes extended by these cells. In particular, the
latter iors describe "hyaline blebs or lobopodia" which appear to

correspond to the lobopodia described azbove. Treatment of .cells with
eithef local aﬁaesthetic does not prevent the extruéion of lobopodia or
altar the contcur of the>cells' pgripheries.

Thoce concentracions of phenothiazine derivatives that fail to
1hhibit lectin-mediated agglutination do not appear to affect ihe surface
morphoiogy of cells ér the formation of these processes. However,
eivher - chiorpromazine, prochlorp@razinea'or trifluoperazine at
concentvations whicih effectively dnhibit agglutination"aluo inhibit the
formztion of lobopodia. 'In these cases, Lhe morpuoloygy of the peripheral

and/or presumably the

b

resions ot the cells is altered., The cell cortex
plasma membrane, appear to be contracted, the cortical yolit platelets
protruding «t the periphery of the cell. This conivacted appearance and

th bsence of Iobopodia are “llusirated in Figures l4da and 14b, which
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show cells incubated with 8 x 107% M trifluoperazine for cune hour:
Colchicine-treated cells maintain a smooth ;Urface horphology
and extrude many typical lobopodial extensions. On the other hand,
cytochalasin B prevents the extrusion of lobopodia and cells treated with
this drug present a rough surface morphology, similar to that exhibited
by cells treated with concentrations of phenothiazine trénquilli;ers that
inhibit lectin-induced agglutination. Cells treated simultaneousiy with #
~ both colchicine and cytochalasin B exhibit the same surface character-
istics as celis treated Qith cytochalasin B alone.
Glutaraldehyde-fixed cells appear spherical‘and opaqué undef phase-
contrast microscopy. The uneven discribution of ﬁigment in the cell
cortex is maintained in pigmented‘éells;’however, no 1oEopodia are
observed. Fixed cell peripheries appear rougher:than those of unfixed

control cells, but are not nearly as rough as thosc of cells treated with

cytochalasin B or & x 107% M phenothiazine tranquillizers.

<



DISCUSSION

The work of Moscona (1971), Kleinschuster and Moscona (1972), and
Zalik ana?Cook (1976) indicates that early embryonic chick cells possess
exposed cell surface receptors for certain lectihs} and that these
receptors are capable of participating in a lectin—mediated agglutination
response. Early embryonic cells appear to resemble‘many typesvof
transformed cells wifh respect to their agglutinability. These studies
.2lso suggest that as ti;sqe differentiation‘broceeds in the embryo, tHe
differentiating~6ells acquire agglutinability characteristics/more
closély resembling those of néntransformedvcells of digferentiated adult
tissues;rthat is, cells sfill posséss the exposed lectin receptérs which,
although capable of biﬁding 1ectiq, cannot participétv i1 the agglutiﬁa-
tion}of the cells bearing them. |

‘,Tﬂe results presented here show that cells from late blaétulae of

~ X, Zae?is a_so display cell surface properties similar to transfermed
cells with’respect to intcractions between surface carbohydrate moieties
and a variety of lectir ;. Embryonic Xenépxs ~ells are égg]utinable with
WGA, RCA, Con A, and SBA, inqicgting thapjthese cells possersy surfac.
receptors which ﬁind these lectins, and ‘hat these receptors are in such
a state as‘to render the cells bearing them agglutinable. Cells from
Xenopus blastulae do not appear to be agglutinated by FBP.

Interpretation of the results of agglutinatiog’tests ié at best
specuiative; As to the actual biochemical natrure of the lectin Feceptors
present at the surfaces of dissociated cells of Xencpus emhryoé, very

little can be sald based on the results of agglutination tests alone.
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The specificity of the sugar4binding properties of léc&ins can be studied
via comparative affinity/precipitation tests using a fangé of purified
oligosaccharides and -monosaccharides as hapten substrates for the lectin.
However, it is not possible to:difectly appLy the reshlﬁs of such sugar-
binding studies. which are conducted under‘bithy controlled conditions

to the interpretation of observations:mad(:Wn the interaction of lectins
with cell su:face carbohydrates. Littlé ig lmown abouajghe cli. 1
nature of oligoéaéchafides present én tﬁe surfaces of cells, m= , it
diffiéult to determine which sugars in the oligosacéhéfides é lectin is
interacting with. It is known that subterminal sugars idflueﬁce the

«

interactlon between SOme lectins and terminal sugar residues of a poly—
saccharide. Nagata and Burger (1974), studying theﬁbindingAaffinities of
a number of sugars to WGA, found that this lecﬁin binds the disaccharide
and trisaccharide folymefs of N—acetyl;D~g1u¢osamine with_higher affinity
than i£ does the monomeric sugar. Goldstein et gl. (1975) extended

these observatlons, showing that WGA binds more strongly to the tri-
saccharides of N-acetyl-D-glucosamine than to the disaccharides, for both
of which the lectin shows greater affinity than for the monosaccharide.
-By comparing the affinities of WGA for a wide variety of oligosaccharides,
these same investigators showed that this lectin can distinguish between
monomeric N—acetyl—D-glucosamine,'the disaccharidéé, trisaccharides,
tetrasaccharides and: the pentasaccharides of this sugar. The lectin
distinguishes between these haptens not only on the basis of the Aumber of
N*acetyl—D~glucosaminylvresidueé contained by these molecules, but also

on the basis of thP‘fvpC(b) of linkage(s) joining the monosaccharlde
residues. Nlcolson and Blausteln (1972) comparing the relative abilities

of a number of monosaccharides, disaccharides, and trisacc! “ides to

(PR
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inhibit-RCA—mediatéd cell agglutiﬁation, found that disaccharides
:carrying D-galactosyl residues.are more inhibitory than D;galactose
. itself, They also showed that thernature);f tﬁe Linkage betyeen the
sugar residues influences the 1nhibitory capécity of haptens composed of
two or more sﬁgars. .On the basis of studies such'as these, it ﬂas been
proposed that thé sugar—bindiﬁg sites-of WGA and RCA may accommodate more
than a single sugér residue. Goldstein et al. (1975) suggest that eacﬁ
WGA .binding site may associate with ﬁp to three covalently linked N-
acetyl;D—glucoéamine residues, making the trisaccharide of this sugar
most coﬁpleﬁentéry to the WGA‘sugar—binding site, followed by the
disaccharide, and then thelmonoéaccharide. Such a decreasing comple-
mentarity along with an influence as of yet undefined resulting from ﬁhe
(hatufe df the iﬂter—sugar linkages, could perhaps account for the
decreased affinity of the lectin.for ha@fens with fewer N—acetyiFD— D
glucosaminyl residués. vSimilarly, Lis and Shaton‘(l973) point out that
the data of Nicolson and>Blaﬁstein (1972) may indicate that the sugar-
binding sife of-RCA possibly accommodates two or more sugar residues, and
that as a consequence of thié, the‘binding affinity of this lectin for a
given terminal residue of an oligosaccharide is great;y influenced by
sthe nature of suﬁterminal.sugars.. |
 If the specificity of lectins has been undcrestimated,and is
expressed not in terms'qf singlé sugar. residues, but rather in terms of
two or mqre‘résidheé joined via specific linkages, lectin molecules may
prove to L far mofe;usefui as investigative probes in cell surface
research once‘such specificities are’elucidated. Indeed, that the
biological specificity éf lectins has béen underestimated is suggested by

the stﬁdies of_Allanlaﬁdeohnson (1976) on the binding to cells of four
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léctigé) all of which are stgted to bind mannosyl residues "specifically."
The results indicate that Con A‘énd pea‘lectin bind toftwo'separate
nopulations of receptors on‘thc surface of a cell, eveﬁ though the bind~
ing of both is inhibited by alpha-methyl-D-mannose. On the other hand,
lectins from fava beans and lentils each compete to a different degree
with pea lectin for the same receptbrs, aithough again the binding of all
three is inhibited by the same hapten. These observations may be
indicative ofian as yet unaporeciated binding specilicity inherent in the
interactions of these four lectins with cell surface carbohydrates.

Other factors influence the inferpretation of cell agglutination
data. For examéle, although tﬁe monosaccharide Néacetyl—D—glucosamine
inhibits WGA-induced cell agglutination, Burger and Goldberg (1967) noted
that the éugar nucleotide uridine diphosphate-N-acetyl-D-glucosamine does
not. These authors hypothesized that steric hindraﬁce resulting froﬁ the
bulky nucleotide group attached to the sugar perhaps prevents the binding
of the associated sugar residi> by the lectin molecule; In a similar
manner, neighbéuring cell surfacé components may sterically interfere
with the binding of a2 lectin to a partiéular surface  mojety, thereby
influercing the <oiectable agglutinability of the cells concerned. Such
steric hindrance may be especially significaﬁt in the light of ewvidence
that at'leaét t&o lectins, Con A and WGA, can recognize and bind
specifically to nonterminal residues in an oligoéaccharide chain.
Goldstein et al. (1973) noted that Con A binds to nonterminal alpha-D-
mannopyranosyl residues in oligosaccharides and bacterial glycoproteins.
Similarly, WGA has been shown to interact with nonterminal N-acetyl-D-
glucosaminyl residues present ;n glycoprgteins such as carcinoembryoﬁgz

entigen (Goldstein et al., 1975). One might expect that in the interacfion
, \
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between a lectin molecule‘and a spgcific non-terminal sugar component of"
a large, highly branched celI surface carbohydrate chain, steric hindrance
from nearby side chains and from neighbouring melzcules could be
considerable.

Anéther characteristic of lectins that ought to be kept in mind
when interpreting cell agglutination data is that the Sggaf~binding
specificities and affinities of lectins are not ”all«or{nothing”
phenomena. Lectins bind sugars specifically and nonspecifically, depend-
ing dn the concentrations of the hapten relative to that of the lectin
(Greenaway and‘LeVine, 1973). Furfhermqre, in studies invegtigating the
binding affinity of lectins for a variety of different sugar résidues,
sugars are found that are béund with lesékthan maximum'but with more thaﬁ
minimum affinity (Goldstein et al., 1975); This particular chafacteristic
of lectins is reflected in the results obtained in the'pre;eﬁt studyion
the hépten specificity of agglutinatioﬁ.4 Although ﬁ—acet?iQD—glucosamine
completely inhibits WGA-inducéd cell agglutinatipn, N-acetyl-D- ‘
galactosamine also shOWS'slight inhibitory activity;'béta~lactose
completely abolishes RCA-mediated agglutinatioh while N-acetyl-D-
galactosamine also appears to inhibit the agglutination ihdgced by this
lectin, but to a lesser degree.. The most commonly used\hapté& inhibitors
for Con A‘alpha—methyl—D—glucose and alpha—methy1~D—mannose,'Eéye great
inhibitory activity on Con A-induced agqlutiﬁation, but N-acetyl-D-
glucosaminelas well appears to have sow- activity in this respect. These
data illustrate that the sugar-binding préperty of lectins is‘not stfictly
sugar—sﬁecific.

-Tbe evidence cited above illustraﬁes the present lack of

understanding of the nature of lectin-sugar interXxctions. Thus the



interpretation of hapten "specific,”-lectin—induced‘cell agglutination
tests must, to a certain extent, bedinconclusive with respect to the
biochemical nature of the lectin recevtors present a: the cells' surfaces.
Bearing in mind the complicating factors noted above, a tentative
interpretation of'tne‘results of agglutination tests performed in this
study will be offered, if only to provide a testable hypothesis upon
‘wnich-to base further investigations. The experimental enidence suggests

-that cells of late blastulae of X Zaeuas may possess surface carbo—
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hydrates bearing the following sugar residues such that they are avallable‘

for.lnteractions with lectin molecules: N-acetyl- D~ glucosamine»like

lresidues (Wwea), bD- galactose -like residues (RCA and Su\) N~acetyl—D—

galaCtOSanineflikc cesidues (SBA), and alpha*methyl—D—glucose~ or alpha-

methyl—D¥mannose¥like residues (Con A). The cell surface components

_ bearing these specific residues, at terminel or suoterminal positions,

are oapable of participating in an agglutinationfresponSel " To verify this

hfpotheSis and further characterize these cell surface leetin‘receptors,

~ 1solation and piochemical analysis of the receptor molecules‘is necessary.
>With respect to the-laet of FBP-mediated agglutinability exhibited

by embryonic X. quvis cells either before or after treatment‘with.

neuraminidase, little can bé said tased on the results of these experi-

ments. That.cells may bind lectin and yet remain nonagglutinable is .a

well documented observatlon (Sharon and Lis, 1975). Thus, the experimentSa

reported here suggest only that cells from uvnopuu t_asvulae do not
posseSS»FBP receptors capable of participating in an agglutination
response, These cells may however possess FBP receptors. To distinguish

between these two p0531b111ties, an 1nvest1gatﬁon into the bindlng of

labelled FBP to the surface of thése cells is required.
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Neuraminidase treatment of embryonic Xenopus cells enhances their‘
agglutinability with RCA and SBA, but not Qith Con‘A or WGA. This
suggests a change at the cell surface resuliing from removel of exposed
terminal sialic acid residues, a change which preferentially affects
receptors for RCA‘and SBA. Since both of these lectins bind D-galactosyl
and N-acetyl-D-galactosyl resi@gés with high affinity, and since the most
common sugars subterminal to sialic acid residues in‘membrane glyco-
proteins are D;galactose and N—acetyl—D—galactosamine (Spirp,k1973){'one
éf the most likély éxplanapions‘for the enhanced agglutinabilify is that
neuraminidase, by removing terminzl sialic acid residues, is exposing
pre§iously inaccessible receptors to the lectins. -Indeed such an
explanation has been proposed by many inve§ﬁigatwrs to account for the
appearance of cell agglutinaﬁility with SBA and/or RCA after néuraminidase
treatment of the cells (Lloyd and Cook, 1974; Zalik and Cook, 1976). That
neuraminidase freatment of cells exposes SBA and RCA receptors that are
Btherwise not o nssible to the lectin ﬁolecﬁles has been shown in other
systems by lectin binding studies (Vlodévéky‘and Sachs, 1975; Chan and
0Ziver, 1976). However,lthe exposuré of previously inaccessible lectin
~receptors cannot adeqqately-account for the enhanced RCA- and SBA-mediated
agglutinability of embryonic Xeno?us cells subsgquent to neuraminid- e
treatment.

In the preseﬁt study, the enhanced agglutinability of célls is
deteéted using sdboptimgl lectin concentrations.' the cells are
knovn to posseéé an adequate nuﬁber of RCA and SBA receptors to initiate )
a maximal agglutination response at optimal lectin}concentrationsj‘rh:

factor limiting the response under the conditions used to test for cnhanced

agglutinability would appear to be the decreased lectin concentration and

t



not the number of reéeptors évailable to the lectin. This is presumably
the case for both control and neuraminidase-treated cells, since both are
extensively agglutinated with optihal concentrations of RCA or SBA.
Because the number of accessible lectin receptorsvié not limiting at sub-
optimal lectin concentrations, the enhanced agglutinability of

neuraminidase~treated cells must be due to some factor other than a mere

increase in the number of recepéorsiavailable to RCA and SBA. One

. /
possibility is that on untreated cells, SBA and RCA molecules bind to
galtirtosyl and N-acetyl-D~galactosaminyl residues which are subterminal

to lic acid residues on cell surface oligosaccharides. At physiolog-
ical pH, sialic acid is ioniéed. Presﬁﬁably, molecules at the surface of
a single‘céll bearihg such anionic.residues would repel each other. These
reﬁulsivevforces betﬁeen sialic acid-bearing lectinrreceptor molecules
‘could interfére with tHe clustering of receptors into patcheés. The
redistribution of lectin-receptor complexes at the cell surface from a
random array into patches may contribute go the agglutination of some
types of cells (Nicolson, 19745 Sachs, 1974). Also, sialic acid-derived
eléctrochemical forces of repulsion may prevent the interaction of lectin
and lectin-bound receptors (for RCA and SBA) on adjacgnt cells, thus

hindering formation of the intercellular lectin~bridged. linkages between
. 1

_
cells w»“ch are believed to be the basis for cell agglutination. By

enzyma iemoval of sialic acid residues adjacent to prospective RCA
and SBA binding sites, the electrochemical forces of repulsion V’ﬂderihg
the formation of paﬁches and of intgrcellular lecpin bridges riav he mn—¢
eésily ovefcome, thus enhancing celi agglutinability with these¢ -0

lectins.



’iﬁ-éddition_to genératiqg electrochemical forces, terh?nal sialic
acid residues close to RCA ;nd‘SBA Binding sites could impeue léctin
binding, patching, and iﬁtercellular'cross—b%idging by steric interference
with these processes, as,we%l asvby décreasingtphe affinity of these
receptors for RCA and SBA".ﬁeurémiﬁidase treatment of cells .could reduce
such steric hindrénce, ér perhaps increase the affinity of the receptors
“for these lectins, thereby enhancing thg‘cells' agglutinabiiityiwitﬂ RCA
and SBA. Which, if any, o6f these proposed mechanisms are responsible
for fhe effect of‘sialidaée in this system remains a pioblem for future
ihvestigation. 1t is‘of interest that Harris (1¢70), studying fhe
electrophoretic moBility'of‘célls from late blastulae of Yeropus, found

that neuraminidase treatment had no effect on the elec s sic mobility

of these cells and did not.release deteétable‘amounta : rzsinic acid
from the cell surface. Harris used a concentration + neur :dase one-
third that uséd in the present study, and incUbatea r ceb’ ot 37° C
for 30 minutes. Preliminaryvtesﬁs in the present inve: v _.on showed
that Xenopus ceils treated with neuraminidase according - _he methodyof
Harris did'nog exhibit © .:anced RCAj ér SBA-mediated agglutinability,

;uggesting that under such condi;ions-neuraminidase does not rémove
exposed sialic acid residues from oligosacchafide éhaiﬁs at the cell
surface. |

A strictly objective and effiéient methodkfor the qdantification
of the éxtent of cell agglutination haé'yet to be deyeloped; ;specially
for use with cells as large as thése from anphibian blastulae.i As noted
earlier, although ,the techniqueﬁused‘in the present study for assessing

cell agglutinability is rather objective.and has its shortcomings, it is

useful and it is practical. However, one negative aspect ¢f the  :ocol
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used in thcéé CxXp : nght to be discussed briefly, this aspect
beiﬁg the lack of vouerot over the density of cell suspensions used in
rhe agzlutination tests.  VYariation in che vumboer ol colls ased por
agglutination test obviocusly influencus the number of ieCtin receptors
.preseut pér test. Such Vériability would, under conditions of constant
lectin concentration, result in a variability in the ratio of the number
of lectiv receptors to the numser of lectin molecules available for
‘binding te the rec:ptors. Changes in this ratio ought to affect the
extent of the agglutination respoﬁse;(Nicolson, 1974). This is a
significént point with respect to the éttempr in the preéent investiga-

tion to establish lectin dose responses. However, in spité~of such

&

variability betWeen‘téspé,'the results reported hcre are &alid as. being
indicative of general chéraéteristics of agglutinability. For each dose
response experiment, aliquots of cells from the same cell suspension
- ‘ U

were used in each agglutination test. Thus the number of cells used per
test was approximately the sahe at all the lectin concentrations used in
each experiment. The results of separate dose response exﬁeriments in
most cases compared favorably with/éach other, and where'variability
between experiments was observed, the samekgeneral lectiﬁ~do§e and time
~dependencies characteristic for that particular lectin were observed.

Preferential agglutinabilify df distinct populations of célls was
not observed.among the’Cells'dérived from Xendpus‘blastulae. Howevér, it
dught to be‘pointed out that these investigations have not proven that :
such differences in agglﬁﬁinability do not exist. For example, diétinction
between different»ceil t?pes in this ﬁtudy was bésed oniy on gehéral

Q -

characteristics of presumptive endodérmal, ectodermal and mesodermal cells,

\
*



such as cell size, the degree of p on, and the

~nlk content < the cells. Such features, altihough usefur. are not

amphib’on 2ells. A omore important

Z-op. the possibility that cells “n close protimitvy

Chipowsiy et al. £1973) nst only notec that

0o Sephadex
clsc that cuspended ceils are nore zdherent to cells cirectly at:

~1¢ beeads, and that yer more cells adhzre to those not In c.irect contact
I <

J

wCo. o Thu. o the majorvity of cells in the aggregato ‘e ot

ol des o ribied

e

that zre hound
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bead vhich initially induced the changes in the surfzce properties of a
Zimited number of ce}ls.

Thes = observations df Chipousky ¢! al. and Whitehead and MHarcus
suggest -nat cells can alter the surface properties of neighbouring callsg

and perhep: lereby effect ¢ self-propagating transfe of ~ertain surface-
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related prop = possible implications of such

7
v

“nduced cooperativity, although of obvious Zmportance in cellular inter-

ions, have been largel§ overlooked in the investigations on inter-

tluiar adbifzion. and lectin-mediated agglutinability. Tn th precoent

N R Y2 . R . .
study, such 2" wooperative effect may have masked subtle differences in the
agglutingbil: - of cells from different presumptive germ layers. In
agglutination cests using mixed cell populations, the response of a noye

agglutinable cell type may enhance or induce the response of cells which

ould otherwise rot -e as agglutinable. To specificelly investigate the

sossible cuistence o differences in their agglutinebility, czlls from ezch

W

5f the thred precmmptive germ layers ought to be separatel festod.

crecn .o cell surface propertics betweor cells {oon diffevent

{
Svesumptive perm layere of the amphibian emso, o Lave heoademons Lreied
eing tae Cecnnicue of 11 electrophoresis.  HMac lurco-!larcic and nolik

L1y howe Toone b Tfeconces din oohe zlettycohoretd

DT CHANGG DU Gave Dna L ployyesses b T den

G/3) ceo i n o edecekrophe otie onslicion of cnlle Trow
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germ layers, and bet&een cells from the same germ laver at different

stages of development. Whether or not such differences in cell electro-

o 4

phoretic mobility reflect cell surface changes which are detectable also
by the use of lectins remains to be seen.
Fixation of cells frem Lenopus embryos inhibits their agglutination

with RCA and WGA and seﬁerely restricts their agglutinability with Cop A
when 1ectins_are qsed at optimal concentrations. These results are
»consistent.with tha majorit? of those obtained ‘rom studies in other
systems into the effects of aldehydélfixation oo csll agglutinabilicy
(Inbar et aZ?, 1973; Sachs.et al., 1974). The inﬁinitory effect of
fixation ié believed to stem from either or both of two related cell
changes. The fluidity of the plasma membrane and th; mobility of memtrané
proteins within the ﬁlane of the membrane are thought to be greatly
reduced by fixation. As noted earlier, the redistribution of cell

surface lectin-bound receptors into clusters or patches has been

correlated with the agglutinebilicy of cells. Tt has been nroposed that

OO
. /4 '
fivotdion prevants this r2ivsving and thus reduces the agglutinaii)ﬁty of
cells (Tubar et af.. 1977 .. Fiwation is olso boelic-- i to reduce nenbhranc
coformability, woking (iv plasma we orene more rigic. This too iz

Lelicyed to reducs the agglutinability of celis ny decreasing the inter-

=R

ol cocon et spon which che agglutinz-ion proce s desern s (Gison et
AY
Lo, 19755 .
i » even lixed cells _un be rende: .d agplutioalic if the
coneen vzion is dnevocood above that coguired to, agglutinate
«:lls (Micoloon, 19743 This may be reievant o the presoent
H
swservation of agglucination of Fixned donopus cexls with Con ow

tec dn chese experiments that the yolk piocclets Tiom supinred colls in



76

|
)

fixed cell suspensions agglutinate. The agglutination of yolk platelets
is not an entirely unexpected observation in light of the suggestion of
Singal and Sanders (1974) that these organelles may be a source of sugar
residues that vecome associated with newly formed endoplasmic reticular
membrar.es. Such sugars at the,peripheries of yolk platelets may bind

Con A either specifically or nonspecifigally. Unfixed yolk platelets may
also bind Con A, although they have not been observed to agglutinafe.
There is mﬁch.more cell debris and yolk in unfixed cell éuspensions‘than .
in fixed suspensions, since the latter are washed several times aftef
fixation and since fixed cells are not prone to lysis. Thus in fresh

4

cell suspensions the binding of Con & by yolk platelets may effocrively -

lower the amount of lectin available for binding to the cell si. . i:e. 1In

fixed cell suspensions, fewer yolk platelets would bind less lectin,

resulting in a higher concentraticn of Con A available for binding to the

cells.  Such an increased binding of ‘lectin to fixed cells conld account
for the slight agglutinobility of these cells with Con A; The binding of
ieci;ﬁ by volk in unfixcd‘cell‘éuspensions could also account for the
relazively high concentraticns of Con A required o maximzlly agelutinate
embryonic Xenopus cells.

T

Recently, mech atventior has been door to the existence of cyto-

asmig contrg,tiie and stuvoctural Qlcmcnts i nonmusclie cells, It now
seems Likely that zog. types of cclls pussens these elements {(Pollard and
eihing, 1974) . Ev;dence suppcerting the possible existence of such a
ciructure associated with the cytoplasmic facz of the plasma membiane is
of particuvs .y relévanae £ Che prescnt sztuny. The concept of &

verdpheral cytoskeleton has evelved vapidly in the wake of o great many

investeygations inte the mechanisms by which cells ex: control over
T

e
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~membrane and»cell surface properties. Cur"'wtly,bthe most dynamic and
popular model of plasma membrane structur. i organization includes a
phosphblipid bilayer spanned by many protein molécules (Singer and
Nicol;on, 1972), the cytoplasmic ends of which may be associated with
‘elements of a peripheral cytoskeleton (Edelman, 1976). The nature of tniis
assoéiation may be in part responsible for the mobility of trans-membrane
proteins within the plane of the membrane.

Thé cytoskeleton itself is envisaged as having two functionally
distinct components, one of which is Seﬁsicive to‘microtubule—disrup;ing
drugs, the other to micrqfilament—disrupting,drugs. In general, the
microtubular element is thou;hﬁ to function as a structural support and
perhaps to selectively "anchor" cercéin plasma membrane proteins and h
glycoproteins sf 1s to'restrict their mobility within the -membrane (Poste
et al., 19750). The microfilamentous eleﬁent may be responsible for the

N

controlled movements of membranc proteins and glycoprotein. «ithin the
plane ¢~ the membrane as occurs in ccll capping. In such & model, it is
cvident that these wwo elemern 5 of the peripheral cytoskeleton would be
functionally opposed to one another; the microfilamentous component
effects the directed movement of specific membrane proteins and glyco-
proteins, while the microtubular component restricts this movement. By
coordjnating the interaction of these two cytoskeletal elements, a cell

he distributio. and mobility of transmembranc proteins and

could reguliai~ t
glycoproteins, including those lectin receptors which span the membrane
(Edelman, .976). - ,
As. dincussed ezrlier, the mobility of lectin rcoceptors, as
. 4
mauifested in the redistribution ofslectin—receptor‘Complexes at the cell

r

surface, has been implicated in the agglutdination of some types of cells.



It is now believed that the peripheral cytoskeleton mzy modulate receptor
mobility, and thereby regulate the agglutinability ¢f these cells. Tor
this reason, the possible role of colchicine-sensitive and cytochalasin
B-sensitive struct&ées in the lectin—mediatéd agglutination of embryonic
Xenopus cells was investigated. It appears that neither drug, used
either sepafately or together, alters fhe agglutinability of thesc cells
with RCA and WGA at optimal or suboptimal lectin concentrations. It ha%

. been reported that. SV40-transformed 3T3 cells are rendered non-

)

?

e by pre-treatment of the cells with colchicine (Poste ¢ al.,

»

b

:aThig:?s not the case for embryonic Yenopus cells. vThis

~iice in response to colchicine treatment may be indicqciye of a.
mb;evfuddamental difference in surface‘propcrties between embryénic cells
and thosc of transtrmed cells. The agglutinability of éhbryonié cellé
‘does not appear to be regulated by cglchicine—schsitive or cytochalasin B-
sencitive cytoplasmit‘elements.

It i1s also of interest to note that ctochalasin B affects the

t
o
i

. 5 .
=uyface morphology of dissociaced cells of Xenopus blastulae. The

extrusion of cytoplasmic lobopodia is inhibited and the cell periphery
appedfs somewhiut contracted. ThiS‘SUgéZSCS that the maintenance of a
smooth sirface morphology and the formation of lolonodia may involwe

. ( )
contractile cytoplasmic elements which are oo 0 . to cvtochalasin B.
That colchicine does not inhibitrthc extension of lobopodia suggests that
microtubular functions are not essential to fhis process.

Circumstaﬁtial evidence indicates that local anaesiictics may
affect surface-related phenowcw.: - :ch as cell capping and agglutina;ion
viz a mechanisi involving the’disruption,of both cthchalasin B-sensitive
and polchicin0wsensiﬁivc éytoskéletal elements., Lt has been suggested

that the effect of local anaesthetics on cells mimics the combined effects
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of cytochalasin B and colchicine (Poste et al., 1975a; Poste et dZ.,
1975b, 1975c).: Treatment of embryonic Xenopus cells with either of tﬁé
anaesthetics procaihé or xylocaine does not appear to alter their
agglutinébility withiRCA‘or VCA.  This is consistent with the above
hypothesis in so far as éggiu nability is concerned, since incubation of
these cells with cytochalasin B plus colchicine also does not change the
cells’ agglutinability. However, local anaest iics do not change the
morphology of dissociated_Xennpus ceils, nor - imit the extrusion‘of.
lobopodia, Qhereas cells tve:ted with cytochalasin B lack lob: and
appear sligﬂtly contracted; inis illustraﬁe; that the local anaesthetics
.and cytochalasin B differ in their mechanisms of action in'interfering
with ceii surface properiies.

Péste and his associates (1975a, b, and c) have shown ti.at the
local anaesthetics enhance the agglutinability of nontransformed celis,
but do not affeét the agglutinability of cheir transformed counterpérts.
These investigators have also found that incubation.of cells with boch
cytochzfpfin B and colchicine renders nontran. ori-d cells égglutinahlej
while similar treatment has no effect on the agglucinability of tvans-
formed cells. These resulis iadicate that treatment of cells . ith local
anaesthetics, or with colchicine plus PVCéﬂhﬂlﬂf*“ ?incresses the
agglutinabi! ity of cells not otheruise aﬂglntinabie? but hag 1o discern-
ible effect on the agglutinebilicy of nélls whith are readily npglutinated
wvithout drug freatment. That the agglutir. lit. of embryonic Jenopus

.

cells 1s not affected by any‘of these di “restments dis not surprising,

.

since these cells, like transformed cells, are already highly aeplutinable,
. b y g R i : !

‘The phenothiazine tranquillizers are a group of pharmacoiogically

’

e ) .
active ydrugs which share many membrane-modifying properties with the local
! 5 . )



anaesthetics, fhese properties, reviewed by Seéman (1972), include
‘nbibition of the action pétential in excitable membranes, lateral
expansion of cell and artificial membr.nes, increasing the fluidity ‘and
disorder within membfanes, displacement of membrane-bound calcium, and
JLoreraticon of ch activicy of certain soluble and membrane-assoe. oo
eénzimes. At low concentrations (107 M to 10-5 M) the cationi; phieno-
.thiazine derivatives protect cells from hypotonic lysis, whercas. at
vigher concentratioﬁs (5 x 10-3 1) they induce haemolysis (Ahtee, 1960;
Seeman, 1972). Like the local anaesthetics, the phenothiazine
tranquillizers inhibit virus-induced cell fusion (Poste and Reeve, 1972).
The mechanism by which these drugs exer: these influences upon biclogical
membranes is largely unkncown. -
Phenothiazine tranquillizers have also been reéorted to affect tw

ectin-mediated phienomena, Fergusoh et aZ; (1275) have shown ﬁhdz
éh16rpromazine, at a concentration of 5 107" M, inhibits ‘he Con A--

induced blastogeni: response of mouse lymphocytes. These investigators

suggest €~ chlorpromezine may inhibit Llastogenesis by decreasing che

Con A+induced cell agpgregation which they believe to be nccessary for

blast trensformation. Ryan ei gl. U74) demonstyaied that chlovpromaizine
{2 = 10 A tvis weserazine (10 i) or eicheyr of two local anaesthetics

car inhibit the capping of surface-bound Con A by human pelymorphonuciear

! I

S anti-Ta-Tg complexes on the surfaces of mouse lympho-

Clevlkocytes o
cytes.  The recolts of these two studies, as well as the simila.” membrane
2ctivities of the cationic phenothiazine derivatives and the local

anaesthetics, suggested that the “ranguillizers may influence the

agglutinability of cells. Conéequently,’this possibi

war dnvesil:ated

in the present study.
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Thé three phenothiazines, chlorpromazine, prochlorperazine, and
trifluoperazine, appear to inhibit lectin-mediated agglutination of
embryonic Zenopus -cells at optimal lectin concentrations. This
inhibiiion is drug-dose dependent and, under these experimental
conditions  vequires nn incubarion time of approximately one'lngr to
completely abolish cell -agglutin Lity.  With respect o thé.drug iose
required to effect thi; inhibitic., the minimum concentration appears to
lie between 4 x IOf“ M anc 8 % 10~% M. Variability in the density nf
ce L suspensions treated withvdrugs could perhops account for those
cases whorein 8 ~ 107" M‘drug did not zbolish agglutinab’'ity and wherc
4 x 107% M did- (see Table 7). A particularly dense cc!’ suspension may
require a drug concentration higher than 8 x lO““IM to completely inhibit
the égglﬁtinability of all the cells,iif inhib” tion were to require a
minimal_upzake of drug per‘cell. Conversely, &4 % 107% M may provide
enough drug to abolish the aggiutinability of more sparsely suspended
cells.

On the basis of agglutinability tests alone, it is +0 possible to
éccount for this phenothiazine-induced inhibition oi the agglutination of
cells. There are many possible meochanisms which could accoun& for

oo™

abolition of cell agglutinability. Chlorpromazine is known to alicct

membrane po- © in several ays. Scewan et al. (1972) have reported
an influc ienothiazine tranquillizers upon the distributicn of
i~ rramembranous particles in the plasma membranes of sheep erythrocytes.

It has also been suggesied that chlorpromazine preferentially Linds to

S

o

cecific cell surface moieties such as the human HLA antigeu, Al, and
beta~adrenergic receptors (Smeraldi and Scorza-Smeraldi, 1976,. These

results Indicate that the phenothiazines could be inhibiting the



agglutination of embryonilc Xenopus cells by interfering with interactions

between lectins and ceil surface lectin receptors. Chlorpromazine has

N . B ~ . - Y. . .
als,  reported to preferentially solubilize specific proteins of
huy ‘hrocyte ghosts, in particular,&coll suriace glycoproteing
(Boivi W Galand, 1975). Solubilization ~ccurs at drug concenoriniions

B

of 2 x 1073 I and higher, which is within the range of concentrations
used in the p?esént study. Thus, the phevothiazines could be inhibiting
cell aggiuﬁination'by removing lectin rco :ptors from the plzsma membrane
-or by altering their distribution at the cell surface.

As mentioned. earlier, phenothiazine tranquillizers can induce

hypotonic hemolysis at concentrations of 5 x 1073 1 or higher. They
have also been shown to induce the massive release of serotonin from
blood platelets (Ahtee, 1966). Telkka et al. (1964), using electron

microscopy, found that incubation of rabbit platelets in 1072 ¥ chlo=-

promazine for one hour results in the rupture of the plasma membrane wirh

i

some cytoplasmic leakage. However, the organclics inside these ruptured
,plateleté are largély'intact. These élucuth me.croscopical observations
are pérticulariy interesting in liéht of the changes observéd in embryonic
cell surface morpholﬁgy accompanying the Iniiibicion of ogglutination.
Cells so inhibitad appesr contracted, with the cortical yolk platalev:

czlineating an irregular cell periphery. o “laswz membran~. is

82

discernible under phase~contraci microscopy at 400 X magnification. Thzse

observations suggest wmothe .2 mechanism for “the phenothiazine-
induced inhibition of cell ag; ~aation. The drugs could be severely

disrupting the plasma membrane, perhaps cven rupturing it, rthereby
preventing the Jectin-cell interactions required for cell agslutination.

The above are offered as possible mechanisms by which phenothiazine



rranquillizers decrease the agglutinability of embryonic Yenopus cells.
Uith regard to the findings of the present study, these explanations

remain purelv speculative and are not intended to represent the entire

spectrum of possibilities. They do, however, provide a basis for future

inencipatione . dn paviienlas, oho Doovin-binding propesties s wel!oag
the ultrastructural morphology of the seripheries of cells treated with
cationic phenothiazines ought to be examined; the former to test whothér
or not lectin receﬁtors are being removed by the drugs, the latter to

investigate whether o~ not the integrity of the plasma membrane is being

affected by the tranquillizers.
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SUMMARY

1. Xenopus lac “hryos at the late blastula stage were
dissociated by trecatme ith cold c¢alcium=free saline and gentle

in the ~zirueior of lar

DIDC! Colls so dissoctiated are neot

lobopodial projections f%om their peripheries.

2. Dissociated cells are agglutinable with the lectins WGA, RCA,
~and Con A, and to a lesser extent wi th SBA. The extent of the agglutina-
tioh is depéndcnt upon the concentroiion of lectin. Lectin-mediated
agglutination can be inhibited by h~ addition of the appropriate sugar

hanten. Cells are not agglutinated by TBP.

~

3. Neursminidase treatment of cells enhances their agglutinability

wick RCA and SBA, but has no effe:t on their Con A-, WGA—1~or FBP-mediataed

aggle .« inability. ‘ S |
4, Tréatment of célls with xylocaine or procaine alters neither

their agglutinability nor their surfacc mérphology,. C2lls so treated

still extrude loﬁopodia.
5. Treacment of cz1ls with phenothiazine tranquillizers

™

irreversibly reduces their agglutinability. This inhibition is dependent

upon drug concen®ration. Cells tveated with henothinzice tranquillizocs
appear to be ¢o ceted at chee v weriphoerics ol do onot cutrr ohorodia.
6. Treatmeni of céan riey o b ey : ’J'Ath“f _heir
agglutinability nor their suricces woo o o0 Ve Lpedn B ocoes not
alter cell agglutinability; however, col: k . rina chis droupg appear

to be slightly contracted at their porivhori o lack Lobopocia. Cells

rveated with both cOlch>qf'évanH eyt ?"
« th colehiatpe and cytdeha

asin B g

aultanzously resemble

3
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cells treated with cytochalasin B alone with respect to agglutinability
and surface morphology.

7. Cells fixed with plutes aluchyde are no longer agglutinable

with RLA or WCGA, and thei. . :p:atinability with Con A is drastically ,

reduced. Veli nloreleot -esent in fixed cell suspensions appear to be
agglutinated by Con A. ©cells lack lobopodia and appear slightly

contracted.
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