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~availability or dlsp]ay of surface glycoprote1ns acting as Con A recep-
‘ B ‘

* tors on these ce]ls

ABSTRACT-

The' 1ect1n med1ated agg]ut1nab111ty of cells d1ssoc1ated from

gastru]at1ng chick embryos, and the. effect of 1ect1ns on- ce11 aggregate

morphogenes1s were 1nvest1gated In Qrder to measure subtle dlfferences

in agg]ut1nab1]1ty ‘the: agglut1nat1on response was quantified by using

the Coulter Coynter. ' - | . | |
Cells dissociated from theigrea pe11ucida and those obtained

from the endoderm of the area opaca are agg]ut1nated by Concanava11n A

s
(Con A), wheat’ germ agglutinin (WGA), and R1c1nus communls agg]ut1n1n

(RCA). The greatest agglutination response is obta1ned with the latter
1ectin. A pretreatment with neuram1n1dase renders the cells ‘agglutin-
able with soybean agglut1n1n (SBA) Cells from the area pe11uc1da are

more agg]ut1nab1e with Con A than are area opaca endoderm ce]]s This

- differénce p0551b1y reflects ttssue spec1f1c d1fferences 1n ‘the

&

-

Trypsinization of area opaca endoderm cells enhances thelr‘
agglutinability with Con A; WGA,. and RCA. Area pellucida cells d1sso—
ciated with tryps1n have an enhanced SBA-medyé/ed agglutinability com-
pared to those d1ssoc1ated w1th EDTA Th1s trypsin-mediated increase

of agglutlnab111ty may be due to removal of protease sens1t1ve materials

“at the cell surface and/or a tryps1n 1nduced 1ncrease in the mobility

of. cell surface receptors

Ce1ls dissociated from whole blastoderms reaggregate in cu]ture

and undergo cell. sort1ng and h1stotyp1c d1fferentiatlon Jhe presence

of NGA Con A or succ1nylated Con A has Tittle effect on this

~



i . » . L
3 developmeﬁtai péttern, 'RCA, howevéﬁ, has a profound effett;rﬁnhibit{ng

" both cell adhesion and the tell'sorting in the aggregates.

-t
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“INTRODUCTION

n In 1907 Wilson first demonstrated that .cells were capable
)

of exercising se1ect1vity in their interactions with other cells.
Wilson mechanically dissociated 1iving-sponges 1nto cel] suspen- .
sions by forcing them through bolting cTotN 1mmersed in sea watert
The cells obtaingd in this manner were observed to reaggregate,

and in some cases, these aggregates developed 1nto functional
sponges When ce11s from two d1fferentdspec1es of spongej.d1s—
tinguishable by their distinctive co1oration, were combined,\Wi]sonk
observed that the aggregates formed were composed entirely of ‘

cells from one or the other species. His experiments suggested

that the dissociated cells possessed some mechanism of discrimina-

4

tion which enabled them to preferentially adhere to homospecific

"cells. o . - .

Ho]tfreter (1939) subsequently demonstrated that this se]ec—
t1v1ty was a1so present in amph1b1an embryos, however, this appeared

to be a t1ssue-specifioity rather than the species-specificity

‘}pbsermed‘by Nilson (1907) in the sponge system. Holtfreter cul-

tured tissue eXp1ants from amphibjan embryos at stages ranging from
late b]astula to neuru]a He observed that- the explants retained
their embryological 1dent1t1es and 1nteracted w1th other explants

'1n a pattern that was rem1n1scent of their interactions in.vivo.

When explants of ectoderm and endoderm were cultured in close



R . .
approximation, the ectoderm initially surrounded the endoderm.

With continued cUTturing,-however, the two cell types separated
from each other. IF mesoderm was also included with ectoderm and
endoderm, the resulting aggregate was often organized in a pattern
which. was véfy similar to thet of the embryo with ectoderm on the
outside, endodérm in the center, and a layer of mesenchyme separating
these two tissues. Experiments mith older tissues also revealed
that 1so1ated tissue fragments possessed the necessary information
to undergo reorgan1zat1on and differentiation into normal embryonic
structures. From these observations, Holtfreter proposed that the
adhesive properties obsemved in vitro and possibly morphogenesis in.
yjyé_were due to what he termed tissue affinities. He suggested
that these affinities were intrtnsit properties of the tissues
and may oe either positive or negqtiye. " For example, ectodefm
has a positive affinity forvother ectoderm“or mesoderm but o}nega-
tive affinity for endoderm These'affinities may be graded in
their intensity, and developmenta]]y regulated changes in aff1n1t1es
may explain the migratory behavior of tissues dur1ng embryogenes1s,
for example, the ep}bo]ic movements of ectooerm over endoderm during
gastru]ation A- . -

This theory was expanded by Townes and Ho]tfreter in 1955
when they postulated that aff1n1ty was. an 1ntr1ns1c property of-
: s1ngle cells. They d1ssoc1ated amphibian embryos into single ce]]
suspensions by briefly sub3ect1ng the embryo to alkaline pH. When *

‘the cells were cultured at'physio1ogica1 pH they recombined into-



mixed aggregates Within the aggregates cells sorted out according
to t1ssue type; ¥n some cases, the aggregates underwent a pattern
of d1fferent1at1on s1m11ar to that observed in vivo. For example,
if ep1derma1 and mesoderma] cells were combined, the resulting
aggregate consisted of stoderma1 cells in the center which were
surrounded by an epiderﬁis. If cells of the medullary plate and
archenteric roof were combined with epidermal cells, the aggre-
gate formed oonsisted of neural cells organized as brain 1ike
tissue surrounded by an epidermis. D1fferent1ated structures such
as eye vesicles or nasal p]acodes were sometimes present.

In early studies on the reaggregation of dissociated ce1ls 
from gastrulating chick embryos Zwii]ing (f960, I961) reported thatv
although‘these cells underwent 1limited differentiation there‘was
no evidence of cell sorting. Zwilling (1963) concluded that cells
froﬁfprimitive streak stage chick embryos, whioh are at early
stages of differentiation, do not possess the mechanism respons1b1e
fof the sortlng out of cells in mixed aggregates. It has been
demonstrated subsequently, however, that cells from much younger
chick embryos a]ready exh1b1t se]ect1ve cel]u]ar aff1n1t1es Cells
dissociated from un1ncubated blastoderms and cultured under a |
variety of experimehta] conditions reassociated into aggregates
in which cell sorting had occurredr(Zalik and Sanders, 1974;
Eyal-Giladi et al., 1975; Macarek, 1975). These aggregates char-
atteristica]]y consisted of an inner phase of-compact ce]ls which
waS‘surroundEd by a layer of loosely adherent cells. Zalik and

_ I :

g

{

/



Sanders (1974)_suggested,that:the outer region was probably derived

from hypoblast cells on accoumt of its morphological simjlarity

to yolk sac endoderm, and the inoer region was formed by epi-

blast ce1]s. This was cohfirmed by:Eya1-Gi1adi et dl; (1975) who
first radiolabelled either the hypob1ast or epiblast before com-
bining its celis with cells from the other, nonlabelled, 1eyer
Macarek ({575) reached the opposite conclus1on, i.e., the compact
ce]]s were ‘derived from the hypob1ast but his cr1ter1a for 1den—-
Vt1fy1ng the cells' origin werfless stringent. v

Cells from chick embryos at gastru]a stages have also
been cu]tu;ed under reaggregating conditions and found to undergo
- cell sorting and differentiation into recognizable cell types such
as-yolk sac endoderm, biood e1ements,'énd certilage (Senders and
~Zalik, 1976). Experiments involving the aggregation of a mixed
population of cells from the area opaca'(Miura and Wilt, ]970), /
as well as pure suspehsions of endodermal ce11s from the same area//
(Milos et al., 1979a) have a]so shown the ab1]1ty of cells from //
young chick embryos to adhere and undergo h1stotyp1c d1fferent{at1on.
As embryonic deve]opment proceeds, the cogn1t1ve capacities

of ce]]s become morg refined.. Differentiation of the three germ
layers into tissues and oyégn rudiments is accompanied by a corres-
ponding diversif}cation of cel]u]ar affinities. The aggregative
behaviour of cells dissociated from older chick embryos has been

- examined extensive]y'and-we11 documented. In 1952 Moscona

introduced the use of trypsin to facilitate the dissociation of



older embryonic‘tissues Leg rudiments of four day embryos were
d1ssoc1ated with this. enzyme and the cells were allowed to reaggre-
gate. It was observed that the chondrogen1c cells sorted out
~internally to the myogen1c cells and that the former cel]s d1ffer-.
ent1a;ed 1nto'cart1]age (Moscona and Moscona, 1952)-

| In 1961AMoscpna introduced‘a'technica1 modification to
aggregatibn'assays in‘which aggregation was faci]itated by cul-

. turing the cells 1n Er]enmeyer flasks wh]ch were incubated in a

. rotary shaker. The sw1r11ng mot1on of the f1u1d cu]ture medium

" increased the probab111ty of random C0111510n5 between cells.

Under these cond1t1ons, ifcells are mutuai]y cohe51ve they w111
reaggregate rap1d1y prov1ded the shear forces generated by thes
sw1r11ng motion are not too excessive. Cells which were dl§$0?
ciated from a variety of organ rudiments of chick embryos, suen“as
4 day Timb bud, 7 day Tiver, and 7 to 19 day neural ret1na all
reaggredated and exhibited specific ce]] sorting and h1stotyp1c
differentiation (Moscona, 1961, 1965).

It is becoming inereasfng1y apparent that cell surface
components,~notab1y mo1ecu]es confaining carbohydrate moieties, are
lnvolved in med1at1ng numerous ce]]u]ar 1nteract1ons which requ1re
a degree of spec1f1c1ty Erocesses such as 1nterce11u1ar commun1-
cation, ce]l migration, cell recognition and adhes1on appear to be
at least part1a11y dependent upon cell surface g]ycocondugates

(Cook and Stoddart, 1973; Roth, 1973; Ta]madge and Burger, 1975

Edelman, 1976; Frazier and Glaser, 1979) The chem1ca] properties -



of carbohydrates in piolbgica1 systems make then ideal candidatesb
for informational molecules. The number‘of possible permutqtions
whfch can be attained by a polysaccharide containing'a certain
number of sugar molecules-is considerably greater than that .possible .
fer a po]ypeptidefconsisting'of a similar number of amino acid
residues Whereas protein moiecu]es may exhibit differenees by
altering the am1no acid sequence, an o]1gosacchar1de may differ
in the monosacchar1de sequence, the nature and extent of branching,
and in the anomer1c configuration of the carbohydrate residues
(Cookiand.Stoddart, 1973). A1l of these asnects may confer a
molecular diversity which is bio]ogﬁeally re]evanfl As oligo-
| saccharides at the cell surface aneuusua11y linked to a.brotein
or lipid me1ecu1e, the‘natyre of this-tore.mo1ecu1e may also be
important'in-determining the funttionallspeeificity of the entire
g]yeoconjugafe;

~The presence‘of g]ycosdbstances at the cell surface has
been adequete1y demonstrated by a variety of.experimental means
such as e]ectrokinetic studies, degradetion_assays, and histo-
chemically‘(for‘reviews, see Martinez-Pa]omo 1970; N1nz]er, 1970 -
‘Cook and Stoddart, 1973). Carbohydrates are present at the ce]] |
surface as: glycoproteins, glyco]ipids, or glycosaminoglycans. Tne |
" former two groups are usually present as 1ntegra1 membrane compo-
nents, whereas glycosaminoglycans are gener 1y present as compo-
nents of fhe exfraee11u1ar natrix. The_focus of this investigation

.was primarily on'the role of cell surface glycoproteins in cellular

ke
-
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‘recognition and adheston,’thus; the following review will tend to
"be limited to the work relevant to this aspeCt: :However, this is
not to exclude g1ycq;aminog1yoans‘and Q]ycojipids as 'possibly betng
dnvo]ved dn these events as well. In fact, g]yébsaninog1ycans have
been 1mp11cated to -be 1nvo]ved in numerous aspects of morphogenes1s
such:as cell m1grat1on and aggregat1on dur1ng cart]]age format1on
(Too]e, 1973) Bernf1e1d and.assoc1ates,have.suggested that glyco-
saminoglycans have‘a‘regulatoryﬁfunotfon in morphogenesis-ot sali-
‘vary glands (Bernfie]d'et:alv, 1973) Glycolipids also. appear to

be 1nv01ved in ce11u1ar recogn1t1on, severa] of the blood group -
'ant1gens have been shown to be g]yco11p1ds (Watkins, 1972)

| The study of ce]] surface g1ycoprote1ns has been
r great1y fac111tated by the use of Spec1f1c carbohydrate b1nd1ng
prote1ns (]ect1ns) Lect1n moﬁecu]es were first 1dent1f1ed in a
wide variety of p]ant t1ssues .on the bas1s of .their ab111ty to
:cause agg]ut1nat1onofred blood cells. Intérest in 1ect1ns among
- cell biologists has been generatedfbecause‘of the ab111ty of the;e
mo]ecu]es to b1nd to carbohydrates ‘with a high degree of spec1f1-
c1ty. The w1de usage of these 1ect1n molecules is demonstrated

by the numerous recent review articles describing their identifi-
cation, isolation;'structure; carbohydrate speeificites, and app]ie
o cations (Sharon and;Lis,‘]972;'Lis and Sharon, 1973, 1972; Nicolson,
‘ - ‘

1974; Sharon, 1977; Brown and Hunt, 1978). As’mentioned pre-
viously, protéins with'lectin actiVity were first demonstrated‘by,

thetr ability to agglutinate red blood cells; by operational
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definitioh, therefore, lectins possess two or more carbohydrate ;

" binding sites. Agglutination presumably occurs as a result, in

eart, of the lectin molecu]e-crdss41inkihg carbohydrate molecules

on adjacent cells. The ability of lectins to cause\agg]utination of

a wide variety of cells other than erythrocytes, as well as their

'defined carbohydrate specificities has made possible their use

- B : .
as 1nvestigative probes of ce]] surface carbohydrates. The presence

and re1at1ve abundance of spec1f1c carbohydrate mo]ecu]es at the
ce]] surface can be demonstrated by us1ng lectins of known spec1f1-
c1t1es. ’
| The aggluttnation response is not fully understoed, it

seems to require more than -just the physical presence of the lec-

tin and theﬁ1ectin receptor at the ce11 surface. The va]éncetot: -
the 1ectih‘i§ an 1mbortant factor affecting the agglutination reac-
tion. Monovahent/aerivatives of -concanavalin A (Con A), prepared

by succinylation (Gunther et 51;, 1973); er by treatment,with

chymotrypsin (Steinbergland Gepner, 1973); were considerab]ylless

effective than native Con A at agg]ut1nat1ng sheep erythrocytes,

. mouse sp]een cel]s (Gunther et al., 1973), and embryon1c ch1ck
' neura] retina cells (Ste1nberg and Gepner, 1973) Increas1ng the
-va]ence of soybean agglutinin by cross- linking mo]ecules w1th

.glutaraldehyde enhanced its ab111ty tovagg]utlnatef]ymphocytes and

erythrocyte$ by factors of 30 to 200 times (Lotan et-al., 1973).
- {, .
- A'vast. number of transformed cells have been shown to be

’more'agglutinab]ek&ith 1ECtins‘than their nontransformed counterparts:
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(reyiewéd by Lis and Sharon, ]973;4Nic61son, 1974, 1976; Brown

- - and Hunt, 1978)& The most pfausible exp]anation;for this inéreaséd
agglutinability fs‘that the nontransfofmed cells possess fewer-
Lectin binding sité;. However, in the majority of cases eXamined, 
this'asgumption has:Been rejected. Studies using labelled lectin
have revealed that; in most cases, nontransformed cells bind as
much lectin as tranformed cells (Niﬁo]son, 1976)Q Exceptions to

* this, howévér, have  been reported.by Hoohan-andeurger (1973a,

- 1973b) Whp’ékamineq Con.A binding to a.number of normal and trans-
'férméd cell 1ines‘and fouQ?\that transformed cells bound more
lectin,‘ Protease treatment has also béén'repbfted,to enhance
1ectin;medjated agg]utinab%lity of a variety of cell tybes.(Burger,,
1969; Inbar and Sachs, 1969; Nico]son ahdeJaustefn, i972;
Kleinschuster and Moscona, 1972; Zalik and took, 1976). Thig effect,
also, does not appear to be due to differences in the number of
“Tectin receptors pFésent (Inbar éfkél., 19715 Nicolson, 1973a).
Niéo]son (1975) has stated that "there is,nb obvious relationship
between the number of 1ectin.receptors on a given cell and its

- agglutipation charactériétics.“

Nico]son‘(1971, 1972) ﬁfopoéed_that the mobility and dis;
tribution of lectin receptors inithe plaéﬁa membrane may be respdnf
sible for the higher égg]utinability found in transformed énd‘bro-'-
tease treated cells. Nicolson provided evidence that Tectin recep-
tors on transformed/and proteése treétéd}té]ls tended to be oréanized

in patches or clusters, whereas, these receptors were rahdbm]y
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distributed on»norma1 cells. It has been subsequently demonstrated,
however, that the lectin itself is instrumental in inducing the
reorientation'of the receptors. 1f 1ectin was added to transformed

cells wh1ch had either been prefixed, or ma1nta1ned at 1ow tempera-

' ture, the receptors were present in a random]y d1spersed arrangement.

- War 'ng e or adding 1ect1n before fixation, showed the
receptors orientated in patches or olusters (Inbar'and Sachs,

1973; Nicolson, 1973b).d This does not conc]ustve1y demonstrate,
however;\a causal relationship between the mobility and distribotion
of ]ectin'receptors and the degree of aggtotination.

"The cytosketeta] élements, microtubules and microfilaments,
have been implicated to be involved in: regu]at1ng the pos1t1on of
| cell surface 1ect1n receptors (Ede]man 1976). Treatments that =
affect m1crotubules and microfilaments have been shoun to alter, both
the distribution of cell surface receptors ‘and the 1ett1n medrated
agglut1nab111ty - Important among these, are the experlments uti-
Tizing co]ch1c1ne, which prevents po]ymer1zat1on of m1crotubu1e
subun1ts (Borisy and Tay]or, 1967), and cyotcha]as1n B wh1ch dlS-
rupts m1crof11aments (L1n and Spud1ch 1974; Ae1h1ng, 1976). Both
drugs have been reported to a]ter the distribution of surface
receptors as visualized with fluorescent labelled antibodies
- {Edelman et a]., 1973; debetris 1974 MoDonough and-Lilten, 1975
Nicolson and Poste, ]976). Co]chic1ne has 1ncreased the Con A-

mediated agg]ut1nab111ty of mouse LM cells (thtenhouse et al.

]974) but decreased Con A- mediated agg]ut1nat10n of SV 3T3 ce]]s,
\

]Oa
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po]ymorphon::?gar 1euc0cytes,‘and hepatoma cells (an et a1;,
1972; Berlin and Ukena, 1972; Nakanura and Terayama’, 1975).
Neither co]chicine nor cytachalasin B aftected ]ectineinduced
agglutination of enbryon}c amphibian cells (Fraser and Za]ik;'1977)
: orenbryoniccnick ce11s (Phi]Tips,and Zalik, 1978). |
; A{though there is a vast.amount,of,informataon on‘factors
affecting lectin-mediated.aggtutfnation; this‘pnenomenon appears.
to be-very complex and is, as yet, poorly understood. It'stiil
renains‘to be demonstrated'conc1usiye1y that agglutination actually.
~occurs as a mesu1t/o;—;eﬁttns/férning4cro$s¥1inks between carbo-
hydrate molecules on adjacent cells, although, this seems_the nost
;like1y explanation. - Despite the 1ack of information on the process'
agglut1natron assays are used extens1ve1y because ‘they are a fast
and convenient method of obta1n1ng 1nformat1on about the nature of
cell surface carbohydrates

A cons1derab1e amount of our current know1edge of the
mo1ecu1ar mechanisms medlat1ng adhes1ve spec1f1c1ty has been ob-
ta1nedifrom studies in sponges and ce]]u]ar slime molds. - These
systems will be discussed here as‘they have yielded a great‘deal

of information, some of which appears-to -be paralieled by vertebrate

N aggregat1on systems. w

Wilson's (1907) n1t1a1 observatlon that d1ssoc1ated
sponge ce]]s exhibit species- spec1f1c1ty has since been confirmed
_by other workers examining a variety of species (Spiegal, 1954;

Humphreys, 1963; Moscona, 1968; McClay, 1971). A factor which.is’

Adnt g szt ) A v e
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reportec to mediate aggregation is present in superhatants of

: sponge ce]]s d1ssoc1ated at 5°C in calcium, magnesium- free sea
vater (Humphreys , 1963; Moscona, 1968). Cel]s wh1ch are disso-
ciated in thts manner'Wf11 not eggregate in sea water at 59C
"but will aggregate at temperatureskranging'from 18 to 25°C.

If the supernatant containing the aggregation fector %sﬁadded to

cells maintained at SOC, cell aggregetion occurs (Humphreys,_

1963). -The aggregation factor appears tobe species-specific;.

" the factor from Microciona prolifera had no effect on the‘aggre-s

' getion of cells from Ha]ic1ona occulata at'SQC and 1ikewise, the

factor from H. occulata did not 1ncrease aggregat1on of M. grd]ifera.

ce11s (Humphreys, 1963) The factor requ1res the presence of

A ca1c1um for activity; it is apparently lost from the ce11 surface

'dur1ng dissociation 1n ca1c1um magnes1um free sea water but it

can be activated by the add1t1on of ca]c1um (Moscona, 1968)

The act1v1ty of the facto 1s sens1t1ve to heat denaturat1on and

d1gest1on with pronase or ylase (Moscona, 1968). }ChemicaT

vcharacter1zat1on of the aggregation factor from severé] species

of sponge has revealed that 1t is a high molecu1ar weight proteo-

e
glycan (Margo11ash et al., 1965; Henkart et al. 197—__fEGTHWETT‘*“*————-—-————~——

et al., 1973). E]ectron microscopic observatron of the factor

.

from two species (M1croc1ona pkrthena ‘and Geodia cydon1um) has -

revealeda f1brous structure wh1ch is organ1zed into a "sunburst"

,v;pattern of a centra] circle w1th rad1at1ng fibres (Henkart et a]

1973; Mu]ler et al., 1978). Motecules which can act as’ recepto;s

SRR e B R
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<:j‘or the- aggregation factor have been isolated from sponge -
cells (Weinbaum and Burger, 1973; Miller et a1 1976) Various -

- mechanisms exp]aining_the~interaction ofgreceptor_ahd aggregaf~'.
tion*factor in speilfdcvcell*adhesion have been postu]ated'-howerer;~
the exact.nature of the 1nteract1on still rema1ns to be established.

The ce11u1ar 's1ime molds a]so prov1de an 1nterest1ng | | B
system for ‘the study of adhes1on In the vegetatwer or growth
phase, the mold exists as_swngte ce]]s wh1ch are aggregation 1mcom‘

petent. Depletion of the food supply results in'a'chemptacttca11y X

directed aggregatiOn. During aggregation cells adhere to each

other to form a large mu]tic511uTar pseudop]asmodium.mhich will

migrate and eventual]y torm a fruitfng bodyk(Grant -1978).

G1ycoprote1n mo]ecu]es appear‘to be 1mportant in the acqu1;‘,
51t1on of the deve]opmenta11y regu1ated adhes1veness ‘ Current

‘1nformat1on from two 1aborator1es seems to 1nd1cate that there are '

two mechan1sms 1nvolved in th express1on of. adhes1veness

| Ger1sch and assoc1ates e prepared un1va1eht ant]body fragments

e

(Fab) against surface ant1gens of aggregat1on competent D1c4yoste11um

Two Fab mo]ecu]es of d1fferent Spec1f1c1t1es have

been 1so]ated which b]ock the adhes1on of D. discoideum cell
—_— “f:::::::r .
et al. ,~_§75“~_*§7T The target molecules of the Fabs, termed con- :

~ tact s1tes,}are apparently 1nvo]ved 1n twp aspects of adhes1on
Contact 51te 'A' is present on]y on aggregat1on competent ce11s and . .Ag -
appears to be invo]ved 1n end to end adhes1on, contact site 'B' L“,

is present on both growth phase and aggregatxon competent ce11s



14

% : - B v

| and is apparent]y 1nvoTved in side to s1de adhesion (Beug et aT'
1973) Contact srte 'A' has been pur1f1ed from the pTasma membrane

~and shown to be a gTycoprote1n which b1nds Con A (Heusgen and

: Ger1sch 1975; Eitle and Gerisch, 1977 MuTTer et al. 1979){3 .
“The contact s1te "A' shows spec1es spec1f1c1ty as Fab d1rected
aga1nst site 'A' from D. d1sco1deum does not b10ck adhes1on of

| 'PoTysphondyT1um pa111dum, the converse ‘situation a]so hons true

(Bozzaro and Gerisch, 1978). The actua] &GTéxof the contact swtes
Sin adhes1on is st1TT unestab11shed The simplest mechan1sm pos-
s1bTe is that contact s1tes on adJacent ceT]s interact d1rect1y .i
| with each other aTthough the exper1menta1 ev1dence does not ex-
clude the poss1b1T1ty of mu1t1component systems (HuTTer and Ger1sch,,
: 1978) 5 | B
'The‘work’of Rarondes, and others in.his laboratory; has;J
primarily been concerned with the roTe oflendogenous Tectins in the -
adhes1ve phenomena of slime mon ceTTs Rosen;et aT (1973) . |
demonstrated that 1ect1n act1v1ty is present in prote1n extracts
of aggregat1on competent D. d1sco1deum ceTTs The presence of
-the lectin s deve]opmenta]ly reguTated as 1ect1n act1v1ty is not
Tdetected-1nvex;racts of vegetat1ve phase ceTTs. The Tect1n.spec1-u
ficity is directed against‘carbohydrates with a’galactose‘configurawf:l
tion. Pur1f1cat1on of the act1ve prote1n fract1on has revea]ed |
“*that there are two carbohydrate b1nd1ng prote1ns wh1ch differ in :-;

the1r am1no ac1d compos1t10n, carbohydrate spec1f1c1t1es, and their

fdevelopmental regulat1on the lectins appear at’ d1fferent rates as
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cells become cohesive. Thése two 1ectin§ were named discoidin
I and II (Simpsoniet'a1., 1974; Frazier et a}., 1975). A molecule

wjth}1éctin activity has also Qeen'iso1atedjfrom aggregative cells

of Polysphondylium pallidum (Rosen et‘a1., 1974). The.carbohydréte

specificity of this "pallidin" is also directed againét ga]acthe
résidues, however, it differs s]ightly from the discoidins as the

most potent inhibitor of pallidin induced hemagg]utination is lac- .

. tose, whereas NFacety]-D—gg]actosémine and D-fucose are the most

pdtent‘inhibitors,of discoidin I and II respectively (Rosen et al.,

'1974;“Frazier et al., 1975). In both species the lectins appear

to be ﬁreéent at the cell surface. This has been demonstrated by
fhe‘abilitycof intact Ce]]sktb'bind erythrgfytes and by immuno-
fluorescent and immunoferritin binding stu;%és (Rosen et ai., 1973;
Chang et al., 1975, 1977). _ |

| Some evidence for é role of thesgﬂ!%??%ns in adhesion has
been obtiinedlby studies showing that facto}s that block lectin
hemaggfutinatiné activity also cause.a reduction in adhesion of
aggregatioh competent cells. High con;entrations of’simp1e sugar
hapténs,reduced the aggregation of P. pallidum ce]]; (Rosen et al.,
1974). Asialofetuin, a glycoprotein with terminal galactose resi-

dues, has also been shown to inhibit aggregation (Rosen et al., 1977),

‘as have antibody fragments directed against pallidin (Rosen et al.,

1976, 1977). These results are open to a certain amount of criticism.
as” the reduction of aggregatibn was observed under so cal]?d "per-

missive" conditions in which the cells were heat treated, or cultured
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under hypertoniclconditionsbor in the presence of antimetabolites.
In isotonic culture media the aggregation was only minima]]y. 1
affected by the‘aforementioned treatments;

The lectin activities studied,insquite a few species of
sltme molds exhibit slight di fferences in their Carbohydrate
specificities. It has been suggested that these d1fferences may
be involved in conferr1ng species- spec1f1c1ty, although as yet
there is no exper1menta1 ev1dence to support this idea (Rosen'et
al., 1975; Barondes and Haywood, 1979).

| The relationship between the 1ectins studied by Barondes'
group and the contact sites descr1bed by Gerisch and coworkers is . .
still unclear. It appears that there may be two chemrca]]y and
funct1ona11y d1st1nct systems. Contact s1tes 'A' can be purified
-free from d1sco1d1n, the contact site itself has no demonstrat-
able 1ect1n act1v1ty Antibody fragments prepared against contact
sites or against endogenous 1ect1ns appear to be d1rected against
d1fferent ant1gen1c components at the surface (Huesgen and Gerisch,
19755 Miller and Gerisch, 1978). | It is poss1b1e, however, that
grcont1nued 1nvest1gat1on will reveal an interdependence of the two
systems. . . R o |

Specific ce11u1ar adhes1on‘1n vertebrates also appears to
be part1a11y dependent upon cell surface glycoproteins. Few verte—
brate systems have been norked out in-as great ‘detail as'the;sponges_
and slime molds, however, inforﬁation from a wide variety of‘soorces

has provided at'least circumstantial evidence implicating cell



surface components in cellular recognition and adhesion.
Evidence for a role of cell surface glycoproteins in adhe- .
sive ‘phenomena has come from experiments in which these surface

K

components were either removed dr modified in some way;‘ Neura-
-minidase is a glycosidic enzyme which’cleaves the’a—ketosidicj

- linkage joining a‘termtnal acylated neuraminic‘acid to another _
sugar or sugar dertvative (Gottschalk, ]958) Kenp (1968 1970) |
reported that neuram1n1dase reduced the aggregat1on of embryon1c
chick musc]e cells. Increased aggregat1on of cells treated

w1th neuram1n1dase was observed by Vicker and Edwards (1972)
using BHK 21 ce11s and by Lloyd and Cook (1974) working with 16JC
malignant rat derma] f1brob]asts Another glvcosidtc enzyme, .
B;ga1actosidase,'has also been shown to affect adhesion. _Roth\
et al. (1971a)demonstrated,that this enzyme caused an increased
frequency of nonspecific adhesions formed betneen embryonic chick
neural retina.aggregates and other heterologous tissues such as

Tiver. ot

Evans and Jones (1974) demonstrated that a non- agg]ut1nat1ng |

form of Con A prepared by trypsinization of native Con A inhibited
the aggregation of embryonic.chick muscle cells. This inhjbition
was not observed if the hapten a-methyl-D-glucopyranoside was in-
1c]uded wtth the Con A derivative Evans and Jones suggested that
the 1nh1b1t10n of aggregat1on was dué to the Con A binding to the
receptor s1tes and caus1ng surface associated changes which ham-

pered adhes1on Steinberg and Gepner (1973), however, reported

17
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that the presence of univalent Con A did ndf affect the aggré-
»‘gation or cell sorting of embryonic chick cells. Recent]y,vCon A
has been shown to inhibit the'adhésion of human skin fibrob]ésts to
a p1a§tic substrate (Prini and Von Figura, 1978) and the}adhesibn
of embryonfc cg}ck neural retina aggregates to cell layers of the
s ame type (Letoﬁrneau, 1979). lin both of these studies if was
surmised‘thét Con A exerted its effect by affecting the mobi]it}
or distribhtioh of'receptOrs at the cell surface. Low concen-f A/’“
trations of lectins afso'have been shown to disrupt fhe migration
of prfmordia1 germ cells in the &hick embryo (Lée_et al., 1978).'
The migration of primordial germ cells from the hypoblast to the
- germinal ridge normally occurs with a fairly high degfee of accuracy.
:Both Con"A and wheat germ agglutinin inhibited the hfgfation of the
germ cells away from the germinal crescent area of the_hypob]ast; 7
the haptens for‘thése lectins aBo]iShed the inh%bition of migration.
Again, it was suggested fhat the presence of the lectin alters the
distrfbution of receptors at the SUrfacé, and as.a consequénce of
~this, tﬁe specffic4Migratory tépabiiities of the cells are disrupted. -
Lilien and hié associates have presented evidence that
[ éuggésts that cell surface g]ycoproteins are jnvolved in mediéting
~specific cell adhesions of embryonic chigk neural retina cells.
These investigators have suggested that the adhesive méchanism
is a three Eﬁqggpent system, consjsfing of a cell surface rec%ptor,.

a Tigand that binds to the receptor, and an agglutinin molecule

which can bind 1igands (Rutz and Lilien, 1979). Evidence for this
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system has come ffom a series of experiments. Lilien (1968) -
reported that supernatants of monolayer cu1tures‘of neuré] retina
ce]is contained a factor (termed ligand by Rutz and Lilien, 1979)
that enhanced neural retina ce]T-aggregatiqn, but not_fiver te]]-
'aggregatiénf Superﬁatants of neural retina tissue_cu]gure media
a]sovCOntained a factor which specifically bound to néura] retina
cells, éuggestihg the présence of a cell surface receptor for tHe
-Tigand (Ba]saho and Lilien; 1974a). Bé]samo and.Liiien (1974b}
also demonstrated that a:third component (termed agglutinin by

“Rutz and Lilien, 1979) was produced by.neufal.retina/cells in
culture. This an]utinin was shown to be necessary for the en-
hancement of aggregation induced by the ligand. The agglutinin
activity was sensitive to prbtease t?eathéht'(Rutz and Lilien,
1979), whereas; the épecific'binding of the 1igqnd‘to thé cell
surféce.was éensitive to g1ycdsidasé tréatment (Balsamo ana Lilien,
1975). Aécording to Rutz and Lilien (]979), the simplest explana-
tion to account for these data is that ligand molecules specifiéa]]y
bind to the cell surface receptors. 'Adhesion of cells is accom-
plished by the agglutinin which cah cross-1link 1igand molecules

on adjacent cells.

Moscona and coworkers also have been examining the mechanism
of adhesion of neural retina cells. Recent work from Moscona's
1abordtory has concentrated”on the isolation and chem}cal.charactgri-
zation of.a molecule which specifica]]y'enhances.aggrégation of

neural retina cells. Hausman and Moscona (1975) burified an adhesion

P
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promoting factor from cell culture supernatants’ and tgund it to be
a glycoprotein with a me1ecu1ar weight of 50,000, Its activity
as a-specific aggregatioh promotihg factor required'integrity of -
the protein portion but hot the carbohydrate'pOrtion. This motecule.
was referred to as ”cophin“ by Moscona et al. (1975)7 Cognih has
‘been pprified from iso]ated'p]asma membranes of neural retina cells
‘_ which indicates a possib1e ceT]lsurface lpea1ization (Hausman and
Moscona, 1976). Studies 1nvo1v1ng 1Mmuno]abe1]1ng techn1ques have :
pr0v1ded add1t1ona1 ev1dence for acell surface 1ocat1on of this
molecule (Ben-Shau] et al., 1979) The'presence of cognin at the
cell surface appears to be related to the adhes1ve state of the
cells. Cognin did not appear ‘to be present on the surfaces of
freshly trvps1n1zed cells, which do not aggregate' but after a
- recovery per1od in ‘which adhes1veness is regalned the presence of
{cogn1n cou]d be demonstrated. *Also, ce]]s from older neyra] ret1nas,
fwh1ch are not very adhes1ve, apparently have less Cogﬁfh'> t
younger cells (Hapsman-and Moscona, ”1979"Ben-Shau1-et ag 1979).

| Rutz and Lilien (1979) have "suggested that cogn1n is pos-
sibly the same mo]ecu]e as the abglut1n1n wh1ch they have described.
This suggestion is based on severa] 51m11ar1t1es between the mo]e-~
cuTes, such as'the protease‘sensitivities, the spectficities, ahd
the time and temperature profiles df activity. é]arification of |
“this hypothesis, however, awaits the isp]ation and characteriiation ‘.'
of the agglutininavY ; i o

Roseman (1970) and Roth et al. (1971b) proposed a modei for
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interce11u1ar adhesion which invo1ves enZymerubstrate interactions
at the cell surface. "It was suggestedthat'comp1exes.between_ce1]
Surtace'g1ycosy1transferases and cell surface gtycoproteins may
provide a means ‘of establishing specific 1nterce11u1ar adhes1ons
'The g]ycosy]transferases are enzymes wh1ch catalyze the transfer

of a monosaccharide resiqoe from-a,sugar nucleotide to the nonre-
ducing terminus of a spectfic'sugarracceptor,~ The presenCe of
~ these enzymes at the,surface of a wide variety of cell types has

been reported‘by‘nomerous‘investigators (reviewed by Shur and Roth,
.1975) -The model proposed by Roseman (1970) has the poss1b1]1ty :

of be1ng a. h]gh]y regulated process by contro]11ng such factors
'as the presence of a particular enzyme at the cel]msurface, the
enzyme-actiyity, the presence of the.proper-substrate and the avail-
abi]ity of sugar nucleotide donors- It a]so allows. for a process,
;ermed 1nterce11u1ar mod1f1cat10n by Roseman, whereby the g]ycosy1—
transferase on one ce]] can cata]yze the addition of a sugar

residue to a g]ycoprote1n cha1n on an adJacent ce11 As the mod1f1ed
g]ycoprote1n is no 1onger a substrate for the enzyme the comp]ex
d1ssoc1ates If an enzyme spec1f1c for the term1na1 carbohydrate

of the mod1f1ed g]ycoprote1n is not present the f1na1 resu]t may
»be the dissociation of the cells.. If the enzyme spec1f1c for the
modified glycoprote1n is present but the sugar nuc]eot1de )
»donor is JNot, the final result may be an increased adhes1on Th1s

model-may, thus, prov1de an explanat1on for the observed changes in.

cellular specificity and adhe510n during-~embryonic development.
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An exCitfng development in the,sfﬂdy;of tpe ho]eeular.pasis
Jf cellular fecognition'apd edhesionvwas the‘disc0very of endo-
genous lectin molecules 1n‘verteprate'tisépe. As cells ha?e,been
deﬁonstrateddto;possess‘ﬁectin receptors on their surfaces, the
‘presence of lectin.molecules atlfheﬁsurface,provides an ideal
complemeptary polecuTe‘for.recognitﬁon and binding_intereetions.
Inan elegant series of experiments, Ashwell and his
co]leagueé'demonstrated the presence of a lectin in mammalian
~ liver aod identified its role in the regu]atiop of circu1at1ng'1eve1“
of serum glycoproteins. The elucidationlof.thié system, which has
been exce]ientTy reviewed by Ashwell and Mofell (1974, L9f7),
stemmed from the initial observations that the nature of the:
, termjné] cerbohydrates.on-the eerum g]ycopfotein ceruloplasmin
was 1mpoftant for the‘glycoproteiq:td'remain in Eircu1ationli’1ﬁ
tﬁe tefmina1 sialic aciddresidues were«remoyed, thereby exposing
Qa]actose residUes the ha]f {ife of fhis moTecp1e in’the serum
dropped from a, few days to a few m1nutes If.the galactose residues
were also removed the ha]f life of the g]ycoprote1n in the circu-
1at1on was reextended. Add1ng sialic acid residues back onto the
as1alo g]ycoprote1n also extended 1ts ha]f 11fe in the serum. The
c]eared g]ycoprote1ns (those with exposed ga]actose res1dues)'were
.observed to.collect in the parenchymal cells of the liver where
they_were degraded by Tysosomal actiyity. Ekamjnation of the meeh-“

“anism of bindfng and uptake revealed that neuraminidase treatment

of the hepatic cells redyced their ability to remove asialo-glycoproteins
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from serum. This suggested the involvement of a”5urface glyco-
proteinton the parenchymatvce11s. The hepatic b1nd1ng protein was
iso1ated'andvin 1974 Stockert et al. reported on the ab1]1ty of
w'th1s molecule to agglutinate red b]ood ce]ls, thus they descr1bed
it as the f1rst lectin of mamma]lan.or1gln.

" The work of Ashwell and his coworkers demonstrated the
first conclusive evidence of the involvement of 1ectin-]fke mole- '
“cules in bio]ogical recognition phenomena. A1though lectins have
now been shown to ‘be present in a w1de variety of vertebrate tis-
‘sues, the1r ro]e is still speculative. . Cell-cell interactions
appear to be very complex processes and it has proven difficult
to provide conclusive euidence for the invo]vementlof lectins in
this regard | ‘ , '.

Gartner and Podleski (1975, 1976) have- demonstrated that a -
1ect1n wh1ch is blocked by th1od1ga1actos1de is present at the -
‘-surface of cu]tured cells from rat skeletal musc]e These authors
suggested that this lectin may be 1nvo]ved in the fusion of myo-~
,.b]asts, as the presence of th1od1ga]actos1de prevented the forma-
‘tion of myotubes. A lectin w1th similar carbohydrate‘specificity
has been shownﬁto be present in embryonjc_chick muscle (Nowak et
al., 1976). The activity of this Tectin iskdevelopmenta11y requ-.
lated; at early stages of development 1t was present in 1ow lTevels
but act1v1ty'rose as different1at1on proceeded Nowak et a] (1977)

have pur1f1ed the muscle 1ect1n and have demonstrated 1ts presence

both within the cel] and at the surface by 1mmunof1uorescent 1abe111ng ‘

Al
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teehniques | The 1nvo]vement of the chick musc]e 1ect1n in myoblast
fusion has been quest1oned by Den et a] (1976), S1nce they could ‘
not prevent myob]ast fus1on by the add1t10n of th1od1ga1actos1de

Recently, a carbohydrate-b1nd1ng component, presumed to be
present atuthe,surface of teratocarcinoma-stem cells, has been
implicated in cellular adhesion (Grabe] et al., 1979) The carbo-
hydrate spec1f1c1ty of this component 1s directed aga1nst 01190-
mannosyl residues. Mannose rich g]ycoconJugates such as 1nvertase :
and yeast.mannan were the most effect1ve inhibitors of-erythrocyte
bindfng to the stem cells. Invertase inhibited stem cell aggre—
gat1on and also disrupted preformed cell aggregates.

. Developmentally regulated 1ect1n act1v1ty has been demon-
strated in a wide variety of. embryon1c ch]ck t1ssues, 1nc1ud1ng
,bra1n, heart, and liver (Kobller and Barondes, 1977 Kobiler et .

' a].: 1978); These ]ect1ns all apparent]y have specificities d1r-
ected against g-D- ga]actosy] groups, th1od1ga]actos1de and 1actose
were the most potent inhibitors of the1r hemagg]ut1nat1ng activity.
~t Recent]y, a lectin also specific for g-D- ga]actosyl groups. has been
demonstrated in extracts from chick: embryos at pregastrula and gas-
tru]a stages (Cook et al., 1979). The fact that some concentrat1ons
of th1od1ga1actos1de 1nh1b1ted the aggregat1on of extraembryon1c'
endoderm cells suggests that this ]ect1n may be 1nvo]ved in 1nter—
ce]]u]ar adhes1on _ J ‘ .
‘The‘simjlar1Carbohydrate‘specifiCies,of the Tectins iso-
lated from different embryonic Chiok tissoe does not really favour

N4
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S o .
the hypothesis that‘theSe‘moleeules are  fnvolved in mediating spe-
cific ce11h1ar~ihterections. iwaever, there aerDOSSibly other fac-.
ters ihvo1vee. The developmentel réQU1étion of the presence of
these 1eetfns may’provide seme'means ot specificity. ‘Atso-worthy
u_ of consideratioh-is that the avai1abf11ty of the different receptohs
for spec1f1c lectins may be under some form of control. Studieskbn
the in s1tu localization of 1ect1n b1nd1ng sites on’ ce]] surfaces of
“early chick embryos have revea]ed that some of the receptors are not
homogenéouS]y dietr{buted Hook and Sanders (1977) demonstrated that
in pregastru]a embryos a]] cell surfaces which were access1b1e to
lectwn,,showed the presence of Con A b1nd1n9151tes. At the gastru]a
stage, however, Con A binding'sites were mainly evident on the dorsaT
surface of the epiblast. The ventral surface of the epib]aét,“and
the dorsal and ventral suhfaces of the endoblast appeared to be.rela-
tiVe]y freevof.Con A binding Sites.“In a é?hi]ar study, sanders and |
Anderson (1979) examined the distributfbn_of wheat germ agglutinin
(WGA) binding sites. Again, in this study, lectin binding sites were,/
evident on all ce]1'surface§ of the bregastrula stage embryo. At /
the gastrh]a stage, however, the WGA bindihé sites appeared to be
(1imited to the surfaces df,the ce]]s lining the cavity between the epi-
vb]qst and the endoblast. Cells pheseht-wtthin'the primitive streak did
' not bind HGAjhut as thelnesenchyméCE]]s moved away from the streak
they regatned_wGAvbinding eites.

That some iectih-reeéptors.are:developmehtally-regU]ated
was‘demqnstrated by Kleinsehuster and Moscona (1972). These investi-

gators reported that as development proceeds, embryonic neural.




retina ce11s beceme.1ess:a§g1utiﬁab1e with Con A. Trypsiniza-
tion of the cells, however, inefeased their aggiutinabi]ity‘With-
Con A. WGA did not.e991utinate neufaT retina cells frem 8 to 20
day embryos unless they were prepared b} trypsieizatien. »ZaWik

and Cook (1976) have also shown that ]jver:ce11s‘from 10 to 12

day embryos were not agg]utfnatediby WGA ue1ess.they were tfyp-
sinized, Ce11s from Qery youné embryos (géStrU]a stege), hodéve;,
were agg]utihable With;wEA withoUt trypsinization. o

- AL of the aforementioned evidence seems to indicate,that

cell surface g}ycoéohjdgqﬁes occur during develop- -

giediatedjaggfutinabi]ity of two cell ?Opu]ations dis-
ffom gastru1ating chick embryos, and to investiggte a
;ro1elofice11:50rface 1ectih_receptors in~reeognit{on-and
Earlyfembryohic.ceils provide an interesting system for’
ﬂy of these phehomenavbeqause of_thevdynamic nature‘of the‘
1lular ihtefactions which are occurfihg. During gastrula-

o chick, morphogenet1c movements are occurring to trans-
form the two layered embryo into a three 1ayered one. During this
1

process cells are_break1ng contact with their surrounding cells,

moving through the embryo, forming new aSsociations with other

cel]s, and acqu1r1ng d1verse d1fferent1at1ve pathways Presumab]y, -

these changes in ce]]u]ar aff1n1t1es are expressed at the cell sur-

face Bidy of cell surface 1ect1n receptors at this stage of
develop gould provide meaningful information as to their role in,

_;esent study was uhdertaken"to,examine, in more detail,
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these processes,

Due to‘the time spent in transport down the genital tract

of the hen, the stage of deve]opment of the un1ncubated b]astoderm )

- can be guite var1ab1e (Eyal- G11ad1 and Kochav, 1976). Genera]ly,'
| at the t1me of laying, the b1astoderm consists of a dlSC of cells
(the epiblast) whtch is divided into two regions, the centra] area.
pe]]uc1da which w111 g1ve rise to the embryo, and the per1phera1
area opaca which will be lnyolyed in the format1on of some»of the

extraembryonic membranes - The hypob]ast wh1ch forms ventra] to

the ep1b1ast may be in varying stages of comp]et1on at. the time of

.1ay1ng.' The_exact mechanlsm_of hypob]ast formation is uncerta1n,,
',bot it appears to be a combinationrof delamfnation of ce11s from

‘the ep1b1ast and an anter1or m1grat1on of ce]ls from a 1oca11zed

th1cken1ng 1n the poster1or reglon of the BTastoderuLi\pratt and

Haas, 1960; Vakaet 1962 1970 Eya] G11ad1 and Kochav, 1976)

The hypob]ast appears to ‘be dest1ned to form the endoderm of. the
yo]k sac’ (Rosenqu1st 1971; ﬁ?nta1ne and Le Douar1n,‘1977)

.. At the def1n1t1ve pr1m1t1ve streak stage of’development

2] the embryo cons1sts of severa] -more ce]] types than those present
N in the unincubated" blastoderm. The area peJ]uc1da now cons1sts-of
three 1a;ers; the.dorsatiepip1ast;jthe_ventnatfendoblast, and*an
‘intervenﬁng 1ayer'of meSodern; 5The 1atter'tno’1ayersfare;f°rmed

fby ce]]s 1nvag1nat1ng through the pr1m1t1ve streak ThenendoBTast

'~4wh1ch w111 become the embryonic endoderm inf1ltrates 1nto the hypo-

‘ ﬁ‘b1ast push1ng 1t out towards the area dpaca (Vakaet 1970,
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N Rosenquist;\]972§;Fontaine and Le Douarin, 1977). The‘area opaca

) cbnSists of the ddrsa1 epib1ast‘ the ventral'hypoblast or endo;

28

derm and some mesoderm in the poster1or reg1on of the area opaca ‘rﬁf,k~'

| (Be]1a1rs, 193, e,

Prev10us stud1es on 1ect1n med1ated agg]ut1nat1on of cells

R d1ssoc1ated from ear]y chick embryos were performed on mlxed ce]]

'}suspens1ons from whole blastoderms (Za]1k and Cook 1976' Ph1111psv
'and Za]1k 1978) " The quest1on arose as to whether cel]s from
~different reg1ons of the embryo d1ffered in their 1ect1n med1ated

;agg]ut1nab111ty It was rea11zed that the v1sua1 assessment of

?agglutwnat1on ut11lzed in the prev1ous stud1es was ne1ther sens1t1ve ‘

nor obJect1ve enough to detect sma]] dlfferences in agg]ut1n—

ab111ty (Ph1111ps and Zalik, 1978) ip/this investigations—the
1ect1n med1ated agg1ut1nabllltx,gi,eeqds’desdcTated/;rd;nthe area

e

"Fpe11uc1da was compared to the a%glut1nab111ty of endo-

‘ derma] cells from the area opacé of primitive streak stage chick

h embryos In order to accurate(y detect d1fferences wh1ch may ;

’:ref1ect t1ssue spec1f1c1tes it was necessary to quant1tate the
gtcomp11sh this, anoelectron1c part1c1e

/
counter was ut111zed to monltor the agg]ut1onat10n reactxon

- agg]ut*nat1on~response “To

/
The 1ect1ns emp]oyed in this study, and their respectlve
. .sugar spec1f1c;}es were: concanava11n A (Con A) s a- methyl D-
‘mannopyranose a- D-g]ucopyranose a-D- fructofuranose and their

%’glycos1des wheat germ: agg]utin1n (WGA); N acety1 D-glucosamlne

:_(GlcNac), and ol1gosacchar1des of GlcNac and N acety]neuramlnc acid;

-
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thinus‘communis agglutinin (RCA), 8-Tinked dissaceharides with

D-galactose at the nonreducing end; and soybean aég]utihﬁn (SBA)
N~aCety]-D-ga1éctosamine (GalNac), d1sacchar1des w1th Ga]Nac at |
the. nonreduc1ng end, and.D- galactose (Lis and Sharon, 1973).

In early chick embryos, d1fferent cell regions may be

»character1zed by their differential ce11 adhes1veness Eyal-Giladi

et al. (1975) reported that the hypob]ast of un1ncubated blasto-

derms could be d1ssoc1ated after a much shorter exposure to tryps1n

than was required for dissociation of the ep1b1ast Milos et al.

.(1979a) wereab1e to make use of the differential d1ssoc1ab111ty (

of the extraembryon1c endoderm and: the extraembryon1c ep1b1ast in

order to prepare suspensions of endodermal ce]]s In this 1nvest1-,

gation it was found that dissociation of the area pq]]uc1da requ1red

re]at1ve1y severe techn1ques ut11121ng EDTA or tryps1n -@hereas,

. the area opaca endoderm cou1d be dissociated in a ca1c1um magne-'

- sium free saline,

4

The method of dissociation has beeh shown to affect the

o

Tectin-mediated agglutinability of cel]s Kleinschuster and Moscona ;

‘(1972) reported that trypsin d1ssoc1ated cells were more agg]u~

t1nab1e with Con A’ and wGA than cells d1ssoc1ated by EGTA treat-
ment. Rottman-et al. (]974) also have demonstrated an enhanced °
‘ : ‘ ; L 2

Con A-mediated agglutinability of cé]]s‘dissociated in trypsin

compared to Ce]]s dissociated in EDTA' In %he present study, the

'1'effect of the, d1ssoc1at1on techn1que and 1n part1cu1ar trypsin

treatment on 1ect1n mediated agg]ut1nat1on was exam1ned The .,
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quantitative asgeSSmént of agg]utfﬁation made the results amenable -
fo statistféa] ana]ysfg, and as a conééquencg, small differences
in agglutinability could be detected. |

The final aspect of this investigation was an attémpt to,
determine if cg]] surface lectin receptors a}e in some way involved
in specific céfT interactibhs, For!this pdrpose;vcells were a11owed
fo reaggregate in the preggnce'Qf Tow conqentrafions ;f différent
lectins dnd the effect of'this treatment on ce11.adhesﬁoﬁjénd cell

- sorting was determined.
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MATERIALS AND METHODS

A. Preparation of Solutions

1. Modified Pannett and Compton's Saline (PCS) |

A-10 x concentrate was prepared as follows:

48.4 g NaCl
6.2 g KCI
3.1 g cacl,, . ~ ,
5.1 9 MgCl, : 6H,0 |

35.7 g N-Z-Hydroxyethylpiperazine-N'f2-Ethanesu1fonic Acid (HEPES)
Distilled water to 1000 ml |
pH adjusted to 7.5 Qith concentrated NaOH
This. solution was stored‘at 5°C and diluted ten times with
di§ti11ed water before use,xiThis is a.modification‘of the saline
6rigina1]y described by Pannetf and Compton (1924) in that the
phosphate buffer has been replaced with 15'mM HEPES. A calcium |

and magnesium-free PCS (CMF PCS) was prepared also.

2. Lleibovitz (L-15) medium

|  Leibovitz tissue culture mediuﬁ (Gibco), in powdered form,
“was dissolved in the spe¢ified~amount.of distilled water and ad-
justed to bH 7.5 with T N NaOH. The ;oiutiOn was sterilized by

membrane filtration through a 0.22 um Millipore filter and stored

A B B A Ao L5 1 e i

at 5°C. Special formula (#79-5107) L-15 medium without galactose

J
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' ‘\ . = .
and glutamine was prepared similarily and supplemented with 300 mg/1 - |

L-glutamine and 900 mg/1 glucose.

3. lLectins
o Concanavalin A‘(3 X trystalTized)‘was purchased from Miies
Bioehemica]s as ab1yophi1ized pewder and stored at -20°C: Con A -
was dissolved in PCS to obtain a solution of the appropriate con-
‘centfation. This §o1utioh_was e1ways prepared shortly before its
use‘becausé of the_tendency of -Con A molecules to aggregate in
solutions above pH’7~(McKenzie et a1;, 1972)«. . The ectfvity of
Con A Soiutions, as asseesed by agglutination assays, decreased
markedly after freezing and thawing.

wheat germ agglutinin (Miles Biochemicals) was obtained
as an aqueous so]ytion containing 1.35 mg protein/ml. This so]qtion
was diluted to 1.0 mg/ml with distilled water and stored at,-ZOOC.
Further di]utioné of thfs stock solution were made with PCS; these
d11ute solutions cou1d be repeatedly frozen and thawed without any
appreciable lgss of. act1v1ty

Ricinus communis agglut1n1n and soybean agg]ut1n1n were
a g1ft from Dr. G. M. W. Cook of the Depgftment of Pharmaco]ogy,
University of Cambr1dge, Cambr1dge, U.k. These were/both provided .
as 1yophiiized.powders and stored at -20°C.” Dilute so]utipns of
both Tectins were prepared by dissolving thefapprbpriate weight in
PCS. ,These so1utione refeined their activity after freezing and

thawing over a time period of greater than two weeks. The larger

AR S L et
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molecular weightISpecies (120,000) of RCA was used exclusively in.
this investigation. | | | - |
Succinylated Con. A was prepared by the method of Gunther
et al. (1973). A sq]ution'of Con\A Waé prepared by disso]ving}
25 mg Con A in 7 ml saturated sodiuﬁ‘acetate at rdom temperaturé.
.\The so]u&iqh was centrifuged at 900 x g (setting'#7 in an Inter-
national Equipment Co. c]inicéchehtfifuge) to.femove any precipi-
tate. The supernatant was'fransferred to a 25 ml f1aék contafniﬁg
8 mg succinic anhydride and mixed for 90 minutes in an ice bath.. 0
The solution was dfa]yzed over night agéinst distiiled water at
SOC‘(Spéctrapor membrané tubing #1, M. w.AcutoFf; 6,000-8,000).
Following dialysis the volume of the solution was‘reducéd<by approx-
-‘1mate1y 30% by concentration againét po1yeﬁhy1ene glycol (M. W.-
20,000). The solution was ]yophi]fied and the product was subjeCted °
toa second derivitizétion b& dissolving it in 5 m1‘sétufated'sodium‘
acetate. Affer ceﬁtrifugation at 900 x g for 15 minutes the super-
natant was added to a 10 m1 flask containing 8»mg.succinic anhydride
and stirred for 90 minutes at room tempé;anre. After exhaustive -
dia]ysis against distilled water atIS?C-the.so1ution was 1yo-
philized. The resulting pfoduct was stored at -20°C. Dilutions
at the approbriate concentrations were prepared by‘disso1ving the:
succinylated Con A in PCS; this Sdﬁution was used within four hburs

after dilution.

" &, Sugar solutions (Haptens)
The haptens utilized inthis study were N-acetyl-D-glucosamine

1
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(GlcNac), N-acety1-D-ga1acfosamine (GalNac), B-lactgse, a-methyl-
D—mahhoside and thiodigalactoside (TDG) These were all purchased
from Sigma. The sugars were dissolved 1n PCS to the appropriate

concentrat1on w1th1n four hours of the]r use.

5, Enzyme solutions

DeoXyribonuC]ease I*(DNase), from bovine pancreas (S1gma,
~ DN 100) was dissolved in PCS to give a stock solution conta1n1ng
5, OOO Kunitz un1ts/m1 "Aliquots of ;this so]ution were added to the
ce11 suspens1ons to give a final concentration of 50 or 100 un1ts/m1
Due to var1at1ons in the activity of different lots of th1s enzyme,
- the f1na1 concentrations ranged from 25 tq 80 ug/ml.

Trypsin (Sigma, type III); from bovine pancreas, was
dissolved immediately before-use’fn CMF PCS to fhe appropriate
}concentration.- The particular preparation af trypsin ufiTized.was
stated by.the supp]ier to contain 12,000 BAEE gnifs/mg protein.

Soybean tryhsfn ihhibitor’(SﬁTI) (Stgma, type 1-S) was
disSo]ved in CMF PCS. Accord1ng to the supp11er 1 mg SBTI will
inhibit 1 25 mg tryps1n Wwith an approximate activity of 10,000 L

BAEE un1ts/mg; In this 1nvest1gat1on, SBTI was used at a 1:1 ratior» - é

to trypsin;

- Neuraminidase (NaNase), from Vibrio comma, was purchased

from‘Behringwerke. The enzyme was supplied in a sodium acetate

buffer with an activity of 500 units/mi. This egiyme,preparation
- was stated by the supplier to be free of aldolase, lecithinase ¢ -
‘and protease. | w

\
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B. Préparation of Embryos

Fert111zed eggs from wh1te Leghorn‘ch1ckens were obtained
“from the Un1vers1ty of A]berta Poultry Farm and 1ncubated 18 to _
20 hours at 390C, The blastoderms were cut off the yo1k and trans-
ferred to a petr1 dish conta1n1ng PCS. B]astoderms were shaken free
of the v1te111ne membrane and rinsed exhaustlvely in PCS to remove
as much of the adher1ng yolk as possible. Embryos at the pr1m1t1ve
| streak stage, stage 4 to 5, (Hamburger and Ham11ton, 1951) wére
| transferred to L-15 medium where they rema1ned unt11 used Ih some
cases the b]astoderms were stored overn1ght at ‘room temperature
In this case the L-15 med1um was supp]emented with 20 pg/ml
gentamyc1n su]fate (Sigma), however, in most 1nstances embryos_‘

were -used w1th1n four hours
/

C. PreperatiOn of Cell Suspensions"

The embryos were ejther used intact,'or dissected into
two sect1ons the area pellucida and the area opaca. The area
pel]uc1da was cut out from the ‘area opaca in L-15 med1um under the

d1ssect1ng m1croscope us1ng f1ne 1r1dectomy scissors.

1. Intact embryos
i
Two d1fferent technlques were ut111zed to dissociate the
f 1ntact blastoderms, these are 111ustrated ina f]ow ‘chart in F1gure

1. Approx1mately 50 embryos were pooled and transferred to a thick

wa]]ed test tube (13 mm 1nner d1ameter X 100 mm ]ength) conta1n1ng PCS.

i
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Fi‘gure 1. Prqcedu;'es for the dissociation of intact b]as'to‘derms.



RSt 3 %10

Approximaté]vaO intact blastoderms
Wash w1th PCS
Wash with 4 C CMF PCS

7Add 2 ml 1 mM-EDTA in CMF

‘ PCS +.100 un1ts DNase
Incubate 15 min on ice
Resuspend in 2 ml fresh EDTA

~in CHF PCS + 100 units DNase

Incubate 30 min on ice

WSSh and resuspend in 3 ml
4C PCS + 150 units DNase

S

Pipette ‘to dissociate
D};ide into 2 test tubes
Centrifuge 8 min at 19 x g

Rgsuspend pellet in 1 ml
4°C PCS + 50 units DNase

Centrifuge 8 min at 19'x g
Rssuspend pellet in 1 ml
4°C PCS + 50 units DNase
Centrifuge 7 min at 19x g

Resuspend pelget ;? ;og
cells/m

(R

_OY‘_

PCS to 3 x 10

. ‘Addlzvm] trypsin (300 units/
" embryo) in CMF PCS + 100

un1ts DNase
Incubate 15 min'oniice

Resuspend in 2'ml fresh
trypsin. in CMF PCS + 100 units

'rDNase

Incubate 30 min at 37°C

Wgsh and resuspend in 3 ml
C PCS + 150 un1ts DNase

~ Pipette to dissociate .

' Divide into 2 test tubes

Centrifuge 8 min'ét'19 X g

'Rssuspend pellet in 1 m
- 4°C PCS + 50 units DNase

| Ceﬁtrifuge-B min at 19 x g

Rssuspend pellet in 1 ml
4~C PCS + 50 un1ts DNase

Centrifuge 7 min at 19 x ¢

Resuspehd pe]éet }? jol
cells/m
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They were r1nsed three t1mes with CMF PCS at the temperature of
'me]t1ng ice (4° C). The CMF PCS was removed'and the embryos were
resuspended in 2ml of e1ther CMF . PCS with 1 mM EDTA or CMF PCS
Jconta1n1ng 300 units. tryps1n/embryo In both cases, DNase was

added at a concentrat1on of 100 units/ml and the tubes were incu-
bated on ice for 15 m1nutes - Following the incubation period,

the suspend1ng so]ut1on was removed and rep]aced with 2 ml of the
same so]ut1on conta1n1ng 100 un1ts DNase. If the d1ssoc1at1on
medium was EDTA the embryos were 1ncubated for 30 m1nutes on 1ce
.v1f tryps1n was being used the embryos were incubated 30 mlnutes in
a 37°C water bath. The test tubes were shaken gently periodica11y |
during'the incubation. At the end of the incubation the embryos
were washed once with cold PCS and resuspended in 3 ml cold PCS
conta1n1ng 50 un1ts/m1 DNase. D1ssoc1at1on was effected by p1p-
ett1ng the tissue with p1pettes of decreas1ng bore s1zes (approx-
1mate1y 4, 2 and 1 mm) a total of about 25 t1mes The resu]tant

: suspens1ons were d1v1ded in half and centrifuged at 19 x g (Setting_

#1 in a clinical centr1fuge) for 8 m1nutes The supernatant was

)

discarded and the pe]]et was resuspended in .1 ml cold PCS with 50 -
units DNase by pipetting one or tWo times with the sma]]est bore

‘Qigftte. Thetsuspension was waehed with cold PCS and.centrjfuged

two more times. The final cell pellet was resuspended in PCS to |

a concentration of approximately 3 X 106 cells/ml This suspension

was malnta1ned at the temperature of me]tlng ice until it was used

in reaggregation exper1ments This was in usually Tess than 30 minutes.
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27 Area opacae

| Spspensions of‘aréa opaca endoderm ce]]s (AOEn) werevpre-
“pared as descpibed by*Mi1os et-a1 ‘(19}95) Th1s techn1que re11es
on the d1fferent1a1 dlssoc1ab111ty of the area opaca to separate
the AOEn from the over1y1ng ep1b1ast cells. The_d1ssoc1at1on method
is 111ustrated11n F1gure‘2. Approximately 50 area opacae were
‘pooted and washed tfiree times with room temperature PCS in a thick
walled test tube and resuspended in 4 ml PCS. In Some cases 50
un1ts/m1 DNa#se were 1nc]uded in this and a]] subsequent steps,
~however, the 1nc1us1on of the enzyme did not appear to have any
: effect on the agg]ut]nab111ty of the: ce]]s in the. subsequent agglu-
tination assay.' The tissue was d1ssoc1ated in PCS by p1pett1ng
about 25 t1mes with two. p1pettes of decreas1ng bore size (approx-
imately 4 mm and 2 mm). The resulting suspen51on was filtered twice
. thrdugh.44 pm.Nitexfny1on mesh (B B. & S. H. Thompson & Cp., Montreal).
The relatively large sheets of gpib]aét which were not dissotiated
&y th1s‘techniquevwere refained’on top -of the mesh while the endpdErm
p_celis which wgre,singﬁe'pr in small clumps passed through. The
filtrate was divided into twa test tubes with approximately 2 ml
in‘eaph and céntrifuged 5 mindteé at‘19 x g. The cell pellet was
resuspended - in 1 mI coid (4°C) CMF PCS and 1ncubated for 10 min-
utes on'ipé The dissoc1at1on was completed by p1pett1ng the-sus-
pens1on three to five times with a ftamed Pasteur p1pette (approx-

imate d1ameter 0.8 mm) The su5pens1on was centr1fuged 5 minutes at

B 19 x g, the pellet was resuspended in 1 ml CMF PCS by gentle shak1ng
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Figure 2. Procedures for the dissociation of area opacae and area

pellucidae.
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andnrecentrifugedatv19 X g for 4_m{nutes._ If the suspension was
| fto be examined immediately for‘1ectin—mediated agglutination, the’
“cells. were suspended in-PCS to a f1na1 concentrat1on of- approx-
1mate1y 5 X 105 ce11s/m1 and kept at the temperature of me1t1ng
“ice. If‘the cells were to berfurtheritreated.wlth enzymes, the
hh_nature,of-the fina] resuspehding medium was ashdescribed_infsec-

tion D.

3.. Area pe11ucidae
Area pe]]uc1dae (AP) were d1ssoc1ated by one of two dif- .
. ferent procedures, one emp]oyed EDTA and the other used tryps1n
'1n the dlssoc1at1on medium (F1gure 2) Usua11y, the pe]luc1dae

'obta1ned on any one ‘day were d1v1ded in half and both ha]ves were

d1SSOC1ated s1mu1taneou51y by each d1ssoc1at1on procedure Approx-

1mate1y 50 pe]]uc1dae were transferred to a thin walled test tube
(11pr100 mm) and rinsed two tymesaw1th cold. PCS. Th1s was fol-
\ 10w§d’by‘four washes‘of cq1d4CMf PCS. The. t1ssue was’ resuspended
in 1 ml of etith;er CMF Pcs iw'ith 1 mM.EDTA or CMF PCS w1th 150 units
‘ trypsin/peilucida DNase (100 un1ts/m1) was added to botgttubes~ |
vwh1ch were 1ncubatéd on ice for 15 minutes. The solut1on wa§ re-
moved and rep]aced wlth 1 ml of the same so1ut1on contalnlng ;00
un1ts DNase The embryos in the EDTA so]ut1on were 1ncubated for ‘

30 minutes on ice wh11e those in trypsin were incubated for 30

-,mlnuteS»at 37°C Fo]lowing the 1ncubat1on, both samp1es were

washed once WIth about 3 ml cold PCS and each resuspended 1n 500 ulv*

g
- cold PCS with 50 units DNase. The pellucidae were‘d1ssoc1ated by

[



- p1dett1ng about 25 t1mes w1th two pipettes of decrea51ng bore

size (approx1mate1y O 8 and O 2 mm) The suspens1on ‘was centri-
?fdged~4 m1nutes at 60 x g (sett1ng #2), resuspended in 500 ul

" cold PCS with 50 un1ts DNase and recentrifuged for 3 minutes at '
50 x g.. When'the cells were to be‘exam1ned:1mmediate1y for lectin-
mediéted'agg1utjnation~the pellet was resuspended in PCS to a final
concentration.df apbroxfmately 6 x 105 ce113/m1iand.kept on ice.

If the cé]lS‘wgre to be treated furthér, the suspending medium

is described in the following section.

D. - Enzyme Treatments of Dissociated Cells

1. 'quréminida;e

| Neuraminidase tre;tment of dissociated cel]s‘js required

to render them agglutinable with SBA (Zalik and Cook, 19765 Phillips
and Zalik, 1978). Instead of resuspendwng the cel]s in PCS after
the final centr1fugat1on, ce]] suspens1ons of either AOEn or AP o
" were ;esuspended 1n 1 ml CMF PCS. The suspension was equally -
divided into test tubes and 500 ul PCS was added to each tube’

DNase (50 units) was added to both tubes and 20 yl NaNase (10
udité) was added to one tube; the other tube served as a codtrd].
Both 5amble$ were incubatedgfor 20 minutes at 37°C with occa-
sional shaking“ ‘At the end of the incubation period both tubes
were centrifuged (5 minutes at 19 x g for AQEn or .4 m1nutes at 60 x

g for AP) and resuspended in PCS. . The final resuspension vo]umes

- were adjusted such that there were approxfmately 5 x‘105 AOEn cells/m1
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or 6 x 105 AP cells/ml These suspensions were ma1nta1ned on ice

- and assayed for SBA med1ated agg]ut]nat1on

2. Trypsin \
| Area pe]]uc1da cells were dissociated w1th e1ther EDTA

or. trypswn, cells obta1ned from both procedures were assayed for

. Tectin-mediated agglutinability. Area»opaca endoderm cells, however,
.were’a1waysidissdcfated-in CMF PCS. In order to examine the effect
of trypsidization on agglutination of AOEn ee11s, freshly disso-
Ciated\ce]ls'were incubated with trypsin before agg1utina§ion WaS'
-assayed; After the final centrifugation in the dissociation proce-
,.dure, AOEh'ce]]s were resuspended in 4 ml CMF PCS and divided

equally into 4 tubes. DNase was added to each of the tubes at a
concentratlon of 100 units/ml. Two of the tubes served as con-
trols; one cont:e1vwas incubated on ice and the: other was incubated
at 37°C. Trypsin was added to the third tube in a 20 ul aliquot
_Of\CMF PCS. The final concentrat1on of trypsin was 50 un1ts/area
opaca,‘i e. if 100 area opacae were dlssoc1ated, it was assumed

’that there were cells from 25 area opacae in each tube after
p_d1ssoc1atlon, thus in this case 1,250 units of trypsin were added

to the tube. In'somescases, SBTI was added to the trypsin sample

at. a 1:1 weight relation to trypsin. S$BTI alone Was added to the
fourth tube at the same concentration it was added to the tryps1n

samp]e The four tubes were incubated for 20 minutes, the 4°¢

contro1 on ice and the other three at 37° C. Fo]lowing the incubation,

L
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all four tubes‘were centrifuged.at 19 x g for 5 minutes and the
cell pellet was resuspended in PCS. The final cei] concentration
was adjusted to apprpximately'S X 105 zelis/ml in each tube. The
cells were kept on ice and ésSayed_for 1ectﬁglmediated agglutin-

1

ability.

E. Agg]utinatioh Assay

The}agg]utination response wés qUantified by monitoring
the‘diSappearance of single cells from'a cell ;uspension_with‘a
Cou]ter Counter modei TA 11 partic]e counter (Cou]fer E]ectronics).
This particular-médel of counter can count and size particles as
they pass through an‘aperture of anknown diameter. A current also

‘passes through the aperfure between electrodes placed oh either
side of the aperture. Particles are suspended in a conductive
medium, in this case éCS, and drawn fhrough the aperture by means
of a vacuum pump connected to the system. As a particle passes
thrdugh‘the‘aperture it alters the resistance, causing a current
- flow which is proportional to the vo]ume of the particle. These

“pulses are scaled and recorded in one of 16 channels depending on

the size of the pulse (Coulter Counter model TA II Reference Manual).

“Hhen the machine is calibrated with particles of a known diameter it

is possible to count a population of particles and determine the
number and size distribution of the particles. Although the current
pulse is proportional to the particle volume, it is more convenient’

to express particle size as diameter. In order to do this it is

45
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necessafy to assume that the partic]es are sEherical. ZWhi1e thié
is not always the case for a popu]étion of cells, the Coulter
Reference Manual states that there is an averaging effect due to
the fact that in é large pdpufation the particles will be passing
through the aperture in a]]’posSiB]e orientations, thus making the
assumption valid. ‘ |

In this investigation the Coulter Counter was fitted with
‘é 280 um aperture tube and ca1fbrated with 20.18 um polystyrene
microspheres (Cou]fer Electronics). /fhe diameter range of particles.

which were counted in each of the channels were as follows:

Channel Particle diameter—{um)—
1 4.0- 5.0
2 5.0- 6.4
' 3 6.4- 8.0
4 8.0- 10.1
5 10.1- 12.7
6 12.7- 16.0 :
7 16.0- 20.2 |
a 8 20.2- 25.4 :
9. , 25.4- 32.0 :
10 | 32.0- 40.3 f
mo | 40.3- 50.8 3
12 B | 50.8- 64.0 :
13 - " 64.0- 80.6
14 A 80.6-101.6 |
15 , ‘ ©,101.6-128.0 ;
16 T . >128.0 i
Each subsequent channel Eepresents a doubling of the particle volume. |

Channel 16 i§ an open ended channel, that is, all paﬁtic]eslgreater
, : ) :




than ]28 um'are,counted in channel 16. Counts in channels 1 and 2 were
not routinely recorded; coents in cﬁanne] 1 may be affected by
eTectritalinoise and both channels acCﬁmulated counts due to small
particles of cellular debris.

In practice; e;}quots of the ce]]lsuspension were'diluted
with Millipore ﬁi]fered PCS such that the total humber of counts
~accumu1ated in channels 3 to 16 in a 2 ml sampie was less than
\3 630 This keeps error due to coincidence (the passage>of more
than one particle at a time through the aperture) to less than ’
5% (Coulter Counter model TA II Reference Manual). Samples were -

diluted with 25 ml PCS and‘lo ml of the sample were counted with 1

the counter. The time required to count this volume w1th the 280 ym

\

aperture tube -was 32.5 seconds. .

The counter was equ1pped with a Popu]at1on‘Accesory wh1ch
calculated and provided a pr1ntout of the number of part1c1es \\
accumulated in each channel. The channe]s which contained counts \\\
due to single cells were determined by measur1ng the diameters of \'
single cells under the m1croscope

| Agglutination assays were performed within the well created
by glueing, with si]iconelsealant, 5-10 mw inner‘diameter X 2 @m N
high plastic ring to the bqttom of a 25 ml plasfic vial (Cou]terl
Electronics) (Figure 3). This as;emb1y was reusable and could
~ withstand repeated washing. PCS, with or without lectin, and where

applicable, hapten, was added to the well in a total volume of |

130 ul. A 20 yl éTiquot of the cell suspension was added to the



Figure 3. Vial éssemﬁ]y'used in the agglutination assay.

Actual size.
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‘Jf]did in the well and fhe vial was capped .and rapidly swif]ed a
few times to disperée‘the cells. The Via] was then incubated on

a gyratory shakér (New Brunswick Scientific) at 135 rpm. After

a 20 minute incubation peribd the;via1~was.removed ahd‘the'egtent 
of ‘agglutination was assessed visually undeb a dissecting micro-
scope; " Agglutination was roughly scored 6n a scale of 0, +, ++,
‘++f and ++++ where 0 indicates that.ho'agglutination occurred,

-+ indicates that‘O to 30% of the cells agg]utinatéd; ++ indicates
30 tq 60% aggTQtinafion;‘+f+ indicates 60 to 90% agglutination,
and ++++ {ndigatés that over 90% of the cells agglutinated
(PRillips and_Za]ik, 1978). ‘After the visual assessment the.cell
suspension was diluted with 25 m1 cold (4°C) PCS addéd.frOmran
Oxforq pipettor..‘The diluted cell suspension was stirred gently
~ one or twortimes with a ﬁeta1<spatu1a and countéd‘with the Cau]ter"'v
Counter.

A major problem 1nherent in an assay for lectin- medlated
agglutination of cells d1°soc1ated from early chick embryos 1is
that these ce]ls undergo rapid reaggregat1on In this report the
term aggregat1on is used to define the spontaneous c]ump1ﬂg of o
ce]]s which occurs in the absence of any eX0genous 1igand or lec-
tin. The clumping oflce]is which is induced by the addition of
an exogenous lectin is‘termed agglutination. Embryonic cﬁick ceils
have: been ‘shown tn reaggregate rapidly even at roon tempe|atare in
PCS (Milos et al. 1979a Cook et al. 1979). With this in mind,

it was necéssary to design an assay system which could discrimirate

—
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between’the:two proceSSes, or}barring that, ‘a system which cou]d '
reduce reaggregation to a minimum while not atfectin&fagglutinar
tion. It was posible to capita]ize on the fact that aggregates ;'
'formed in PCS at room temperature are qulte loosely adherent andt
sensitive to high shear forces Incubat1ng the vials at 135 rpm
produces enough shear forces to m1n1m1ze cell aggregat1on in the
absence of 1ect1n but does not appear to inhibit agg]ut1nat1on when
1ect1n is present. A rotation speed of 100 rpm is more conduc1ve
‘toaggregatlon under these exper1menta1 cond1t1ons By compar1ng
visual assessment of agglut1nat1on w1th va]ues obtained. from the
Coulter Counter it was apparent that aggregates were more suscep-
\t1b1e to dissociation by the d11ut1on with cold saline than were
“cell c]umps which had been formed in the presence of lectin. The
pd11ut1on technique, therefore provided an effective methodhof
se]ect1ve1y'reducing aggregation. As an additjona1 means to dis-
tinguish aggregation.from agglutination the vials were inoculated
“and counted as foT]ows; Twenty vials were prepared by dispensing
~PCS and Tectin into the wells to a total volume of 130 ul. 1In
most cases, there was one control vial- without Tectin prepared
for every fOur vials with lectin. A 20 u] a11quot of the ce]]
Suspension being tested was d11uted in 25 ml cold PCS and counted
with the Cou]ter Counter to determ]ne the number of single ce]]s
1n1t1a11y present The suspen51on”had been adjusted previously

so that the 20 ul aliquot contained approximately 1 x 104 AbEn

or 1.2 x 104 AP cells. At time zero (TO) the first vial was

5]
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inoculated w1th cells and p]aced on the rotary shaker The rest
of the v1als were inoculated at 60 second 1ntervals (T],ATZ, .o T]g).

At T,. the first vial was removed, agg]utlnat1on was checked vis-

20
ua]iy-and the sample Was diluted and Counted. The wﬁo]é opera-
t1on, visual’ check d11ut1on, and counting cou]d be performed in
just under 60 seconds, thus each vial could be counted after exact]y
20 m1nutes of 1ncubat1on An estimate of the extent of aggre-
gat1on cou]d be made by comparing the number of single cells pre-
sent at T20 in the sample wh1ch did not contain 1ect1n.w1th the

number of single cells present in the initial sample counted at TO'

: Thefper cent aggregation was calculated by the following formula:

Q‘ Number of single| . Number of single
‘ . ' cells at' T, cells at T
% Aggregation =

abeence of v]ectln X’1QOF‘

" Number of single cells at TO

Under the experimenta] conditions-the aggregation was
usua]lybless than'20%. In order to deferhine the per cent agglu-
tination it was assumed that this base level amount of aggregaffon-
was present_in all samples in the presenge or absence of 1ectih.

If fewer sing]e‘cells were present in the TZO 1ECfin sample than
the lectin free controlldx‘Téo, these cells were assumed to have
been'égQ]utinated. The per cent agglutination, tﬁerefore, could be

calculated separately from aggregation by comparing the number of

~single cel t at T,y in the lectin free control with the

lectin treated sample.
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Number of single ' Number of single
: cells at T,, in - Jcells at Tsg in
% Agglutination = (lectin free sample; lectin samp?e Ly 100

Number of single cells at Téo’in lectin
free sample ' o

This calculation provides an estimate of the lectin-mediated

agglutination over the spontaneous aggrégation.~

- F. Protease Assay

Iﬁtact area opacae, dissociated AOEn cells, and ce1]_free
supernatants ereAassayed_fdr presumed proteaée activity by two
methods . Azocd]} (Cg]biochem) is a general protease substrate
'~,§onsisting of aﬁ inso1db1é powdered”cowﬁide attaqhed.to a red dye.
 C1eavage of Eeptide 1fnkéges,by a proteaée reSths‘ih theiréleasé ,
of the dye into the suspending medium. The re]éase can be quan-
fified,by measuring the absorbance at SZd nm with a spectrbphoto—
meter énd‘comparing‘the values to protease standards. |

| Apprdximate]y 5 x 105 freshly dissociated'AOEd cells were
incubated with 25 mg Azocoll in a total volume of 5 mI PCS\er_
15 minutes at.37°Ci‘,Pooled supernatants 1 and 2 (see Figure 2)
from AOEn ce]]bdissociétions were centrifugéd at 16,000 x,g fbr
20 minﬁtes in a Sorvall RC-2 centrifuge'to pellet any cells and
cell fragments. The supernatants were assayed with Azocoll simi-
larily to the\AOEnfceTl suspensions. Usually 1 or 2 ml Supernatantq
were added to PCS to a total of 5 ml. The incubation with Azocoll

was terminated by filtering through Whatman #1 filter paper. The
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absorbance of the f1]trate was measured at 520 nm. BlankS'Were

' prepared by 1ncubat1ng Azocol] and PCS s1m11ar11y to the test samp]es.

A standard protease act1v1ty curve was ca]culated by 1ncubat1ng

‘we1ghed‘ samp]es of tryps1n w;th Azoco]]. ‘The effect1veness of
SBTI as autrypsin inhibitor was}also'determined with this assay.
The casein digestion method descrtbed-by_Kunitz‘(1947)
_was aIso used'to teSt for protease actiuity. ‘A stock solution ot
casein was prepared by dtsso]ying 1 g casein (Hammersten),‘ | ;
(Schwartz/Mann) in 100 ml PCS by heating in a boiling water bath
for 15 minutes.‘bThis was cooted and stored at 5°C tor no more

6.

than one week. Approximately 1.x 10" AOEn ce11s, 10 intact area

. - ﬂq A A e .

_opacae or ce11 free supernatantmwere p1aced in a copical centr1fuge

B
m—

| tube in a tota] vo]ume of 1 ml PCS. The 1ncubat1on was started “"~~»a»m\;swwm

ol %
}by add1ng 1 ml of the case1n so]ut1on which had been warmed to-
37°%¢ and p1ac1ng the tubes in a 37°C water bath Ce]]s and
supernatants were 1ncubated for 20 m1nutes and intact area opacae
" were 1ncubated for 60. m1nutes The 1ncubat10n was term1nated by
add1ng 3ml 5% (w/v)[tr1chloroacette acid (TCA) and vOrtexing’the
J‘tubes.}-The-prepipitates were allowed tolsettTe for 30 minutes
and the tubes were centrifuged for 30 minutes at 16,000 x g. v

‘Blanks wer prepared by mixing 1 ml' casein with 3 mi TCA'and then

3;in 1.ml PCS. The absorbance of the supérnatants
Jith‘the spectrophotometer and'eorrected for

standards were also assayed with this method.




'G. Aggregation of Blastoderm Cells

The effect of low concentrations of lectin on the ability

" of dissociated céf]é to reaggregate and undergo Subsequent mornho-
genesis ‘was exam1ned th]e blastoderms were dissociafed'under
'ster11e conditions us1ng either EDTA or trypsin. The cells were
resuspended in PCS at a final concentrat1on of 3 x'iO6 Ee]]s/m].
L-15 medium supp]emented with.O.T% (n/y)'bovine serum albumin

(BSA), - (Sigma) and 20 ug/ml gentamycin'SUIfate were'added to 10 ml

Er]enmeyerrf]asks which had been éiliconized and auth]aVed.'~Lec~

vtin and/or hapten at the appropriaterconcenfrations_were aIso‘
added. The total volume of medium in the flasks was 2.5 ml. If
RCA waSVthelTectin being tested the medinm:used’was the’specia]i
formula L-15 which contained glucese instead of'gadactoée;as’the
latter sugar may act as'a(hapten for RCA. The-ce]]-eusbension'was
added to the flask in a 100 u] a11quot (f1na1concentratlonapprox-
': 1mate]y 1.2 x 105 cells/m]) and the flasks were 1ncubated in a

) -gyratory incubafor at 37°C and 70 rpm. Aftervl hour?the rbtation
speed was fncreased to 100 rpm After 20'to'24 hours the'medium
in the flasks was changed Approx1mate1y 2 ml med1um were removed
"and rep]aced w1th 2. 5 ml fresh L- 15 med1um supplemented with 15%

‘(v/v) fetal caIf serum (FCS), (G1bco) and 20 pg/ml géntamycin

sulfate. A]ternat1ve1y, ‘the aggregates wére removed from the f]ask

i,

- in as small a volume as. possible and transferred to a new f]ask

conta1n1ng 3 ml L-15 medium with FCS and gentamyc1n The aggregates .
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N
were cultured for up to 3 additibna]‘days. The medium was-qﬁua]]}
_ chégged once mofe during:this?period. At the end of the‘experiment
- the aggregates were harvested and fixed in Bou%ﬁ‘s fixéfive fbr
| afuleast 24 thrs.'.The aggregates were"dehydratediin‘a‘séries 
of alcohols and embedded in pafafffn,. Sections were_cﬁt atIS-to 77
.7'um ahd tﬁe depékaffinized ééctions-werevstained wfth HaematoxyTin'

and Eosin.
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RESULTS

A. - Cell Suspensions

Al of th\edissocivgtion techniques utilized in this inves-
tigation provided cell suspensions-with'mo}e than 80%'single cei]ss
The remainder of thé cells was present aﬁ'pairs éﬁd sma]i'c1umps
general1y containing less %han ten cells.. The Qiabi]ity of the |
cells wés\highgtmqré thgn 95% of the telis feméined‘uﬁstained‘in
. 0.1% tfypan blue, and when cultured at 37?C thé cells reaggregated

and underwent differentiation. | |
The gfeatest var%abilify betwéen different cell suspen-
sions was in the c1¢anliness of the final suspeﬁsibh. A certain
‘amount of cell 1ysis‘i§ unqvoidable‘in any dissociation'technique
whi ch requires mechanical disruption of a fissue.» Cells from primi-
tive streak stage blastodefms are quite large and may;contajn large
quantities of intrace]lufar’yo]k p]ateléts, particuiarly the
,,,,, extraembryonic endoderm cells (Bellairs, 1963). These'yolk plate-
Tets are a majof portion of the contaminating debris. Nuclei,
Cytoplasmic organe11és, and membrqggyyesﬁc1%§ also contribﬁte to
the debris. The diséociation t;\epiques'used in this study were
designed with an emphasis on obtaining relatively clean cell pre-
_ paratfons with a minimal number ofﬁgxperimenta] manipulations.

Washing the suspensions with clean salin® and low speed centrifu-

gation helped to remove a large portion of the subcellular debris,
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'~howeVer,'excessive centrifugation tended to cTump the cells together,
thus necessitating additional pipetting nhiéh caused‘mnré.cell

. lysis. In fne dissociation techninues, therefore, a point was
reached where it was“determined.that further washing of the cells

| did not improve(the qua]ity of the cell suSpensjons.

Génera]ly, in regard to cleanliness, the best cell prepara-
tions were those obtained after trypsin dissociation of areé pellu-
cida, followed by those obtained by EDTA_d1530cation of the same
embrybnic area. Cell suspensions of endoderm from-the area opaca
and suspensions from who]é blastoderms usually contained more debris.
This is not surprising as AOEn cells are larger and contain more
intracellular yolk (Bellairs, 1963). Bellairs a1sd~has neported
that larfe yoik spheres are interca]ated between endoderm}ce]ls
of the area opaca. Microscopic examinationof sectioned blastoderms
has sonfirmed tnese observations. Blastoderms were washed exten-
sive]y;in PCS so remone most of the adhering yolk before dissocia-
tion but it would have been impossible to remove all of the yolk
witnout a concomitant loss of a considerable number of cells.

Suspensions of AOEn cells consisted primarily of large
cells which contained numerous yolk platelets (Figure 4a). Occa-
sionq]]y, small clumps of contaminating épib]ast cells were ob-
served; these cells were characterized by being'smaller, containing
less yolk, and often exhibiting extensive protrusions of hy§1ine
blebs. Mi1osﬁet al. (1979a) have reported that AOEn cells disso-

ciated by the same technique employed in this study had an average



Figure 4a.

" Figure 4b.

Dissociated area opaca endoderm cells Suspénded in PCS.

Note the large numbers of yolk p]ate]ets withip the \

Y

cells and the presence of lobopodia on Some‘of the

cells (arrows). Sjng]e yolk platelets are a]éo present
.

in the medium (*). The bar is 25 um.

Size range of dissociated area opaca endodefm cells
suspended in PCS. The diameters of 138 cells were
measured,undér the micréscope./ The average cell dia-
meter was 24 ym,

(From Milos et al., 1979a).
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of whole blastoderms .

b

" diameter of 24 um (Figure 4b). When the CouTter Counter is. fitted

with a 280 um aperture tube approximately 90% of the single cell"

population are counted in channels 7, 8 and 9. This corresponds

to a size range of .16 to 32 um. ‘ , . ‘ .

Cell suspensions obtainedzfrom the area pe]lucida contained

'celis derived-from all three germ layers. The ce]ls ‘were general]y

smaller than AOEn cells and exhibited different morpho]ogies Some
cells contained ‘numerous yolk platelets 51m11ar11y to the AOQEn |
cells but the majority of them contained very little yolk (Figure

5a). Large numbers of the ce]]s exhibited the extensive blebbing

. “that was observed in the contaminating epib]ast cells in AOEn

preparations - The average diameter of AP cells was 15 um and the
range of cell sizes was from 9 to 29 um (Figure 5b). Approx-

imately 85% of the single ce]]s were in the size range of 12.7

to 20.2 um which corresponds to channe]s 6 and 7 of the Cou]ter

‘Counter. Both the cell morphologies and size range of AP cells

were éimiiar to EDTA and trypsin aissociated pneparations.'

. The counts accumulated in channels 6 to 9 were tntaiied

totdétermine the number of sing]e.cells present-in a dissociation
| Unfortunately; some of the contaminating yolk p]ate]ets

were in the same size range as the single cells. The riumbers ob-

tained in channeis 6 to 9, thefefore, were a s]ight overestimate

of the actual number of single cells.
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Figure 5a.

.Figure 5b.

- dissociated withitrypsin‘were measured under the micro- ,

Trypsin dissociated area pel]ucida cells suspended in

- PCS.  Note the smaller cell size compared to Figure 4a

and the preéence of numerous hyaline lobopodia (arrows).

‘Genera11y, the'ce]Ts contain smaller numbers of intraf

»

.cellular yolk platelets than\érea opaca endoderm cells. |
" There are numerous highly refracti]e.yo]k platelets

" present within the saline (*). A membrane_Vesicle is

also presgnt (v). The bar is 25 um.

e i
S

Sizé range of dissociated area pellucida cells. }The dié—

meters of 213 cells dissociated with EDTA and 213 cells

scope. The pooled data was plotted as there was no

significant difference in the size range of cells dis-

-sociated by either method. The average cell diameter

was 15 um.

’
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B. Aggqlutination Response

The va]des for agglutination which are repOrted here repre-

* sent the per cent d1sappearance of single ce]]s from a samp]e whlch

could be attr1buted so]e]y to the presence of the Tectin, Thev
d1sappearance of s1ng1e cells which was “due to spontaneous . ce]l
: reaggregat1on could be effectively removed from the ca]cu]at1on
as descr1bed in the Mater1als and Methods.

Area opaca endoderm and area pe]]uc1da cel]s exhibited a
s1m11ar agglutinability with Con A, WGA, RCA, and SBA as it has
been reported for.cells d1ssoc1ated from whole blastoderms (Za]ik
‘and Cook, 1976; Phl]}lpsvand‘Za11k, 1978). Quanttf]cat1on of the
agg]utinationvresponse,‘hOWever, has revealed differences»whjch‘
were_undetectab]e with the visual aSSessment'bf‘agg]utinatidn used

prev1ous]y

Agg]ut1nat10n of endodermal cei]s from the area opaCa,'

. as.monltored by the Cou]ter Counter, is portrayed graph1ca11y in
F1gures 6 to 9. The ordinate represents the size range or. channel
number and the abscissa represents the number of part1c1es counted
Figure 6 shows the agg]ut1nat1on mediated by 10 ug/m] WGA. In

“the control (no ]ectin present) there is a>peak particle count in

~ channels 7 8 and 9; this corresponds to the s1ng1e cell population.
,Counts in lower channe]s represent ce]lu]ar debris -and small yolk
particles; counts in the h1gher channe]s, 10 11, and 12, are due

_to large ce]]s -and yolk spheres, and small c]umps of cells When .

e



Figure 6.

Particle counts df area opaca endoderm'cells‘incubated

O

in the absence (;O—) or presence of 10 ug/ml WGA (--e--).
Cells were 1ncubated for 20 minutes at room temperature, ‘
d11uted W1th cold PCS and counted with the Cou]ter Couns
ter. The counts in channels 7, 8 and 9 correSpond to

the single cell popu1at10n Note the decrease in the

,number of part1c]es counted in these channe]s in the pre-

" sence of WGA. In the part1cu1ar exper1ment 111ustrated

here there is a 56% decrease in the number of particles

in channels 7 to 9 in the presence of WGA.

L
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Figure 7a.

Figure 7b.

Particle counts of area opaca endoderm cells in the

absence: (-0-) or presence of ]OO ug/ml SBA (--e--).

 Cells were incubated for 20 minutes; diluted‘with '

- cold PCS, and counted with the Coulter Counter.

There is essentially no d1fference in the part1c]e
counts of the two samp]es 1nd1cat1ng that SBA does o

not cause agg1ut1nat1on of these ce]]s,

L7

V’ . ’ - 0 ‘ :
Particle counts of neuraminidase treated area opaca

endodern cells in the absence (-0-) or ‘presence of
100 og/ml SBA (--0--). Cells wene pretreated'with
10 un1ts/m1 neuram1n1dase for 20 m1nutes at 37°cC,
washed,’ and 1ncubated for 20 m1nutes at room tem-

perature in the absence or presence of SBA. The »

samples were diluted with co]d PCS and counted with

the Cou]ter Counter There is an SBA- med1ated de-
crease in the number of particles>counted in chan-

nels 7, 8, and 9 which accumulate "counts due to

- sing1e‘cei15. ~In the experiment i]]ustrated here,

this is a 60% decrease.
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Figure 8a.

Figure 9b.

Particle counts of area. opaca‘endoderm ce]]s incubated
in the absence (-0-) or presence of ]0 ug/ml. RCA (--90--).

Cel]s were incubated for 20 m1nutes at room temperature,

o diluted with cold PCS and counted with the Coulter Counj

ter. In the exper1ment 111ustrated here, there is a

- 70% decrease-in the‘number of part1c]e5‘counted in chan-

nels 7, 8, and 9 in the RCA treated sample. RCA also -

caused a 33% decrease in the number of part1c1es counted

" in channe]s 3 to 6.

Part1c1e counts of supernatants from area opaca endoderm

1

-ce]l suspens1ons 1ncubated in the absence ( O ) or pre- » '

sence of 10 ug/m] RCA (--o-- ﬁhe ce]] suspension‘was
centr1fuged to pe]]et most -of the cells. and the super--

natant was 1ncubated for 20 anutes at room temperature,

‘d11uted w1th co1d PCS and counted w1th the Coulter Coun-

ter. Note’ that the number of counts in channels 7 to

'9 is greatly reduced. from F1gure 8a ‘In the exper1ment
- 111ustrated here there 1s a 13% decrease in part1c1es 1n o

~channels 3 to 6. and a 38% decrease in channe]s 7 to 9

when RCA is present _’
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Figure 9a. .Parti le counts of area opaca endoderm cells incubated
| in the absence (-0-) or présenge of 12.5 ug/ml Con A
(--0--). Cells were'incubatedfor 20 minutes, diluted
with cold PCS, and counted with the Coulter Counter. |
In the'engriment illustrated here, Con A‘mediated a
37% aecrease in fhe number of particles ;ounted in chfn-

nels 7 to 9, as we]].as a 31% decrease in the number

of particles‘counted in channels 3 to 6.

8

|
’igure,éb. Part%cTe'céunts pfAsupeLnatants of area opaca‘endodekm
cel} suspensions incubated in”the absence (-0-) or pre-b
" sence off12.5 ug/ml ConlA (--o--). The cell guspension |
was cent}ifuged at Tow speed to pellet most of the cells
and the saﬁernatant wé§ incubated~f6r 20 minutes af room

temperature, di]utéd’with cold PCS and counted with the

‘Cbélter Counter. aNate the reduction of particles counted

in channels 7, 8, and 9 from Figure 9a. In the experi-

-mentwillustrated»hére,iCon A mediated a 6% decrease in
the number of particles counted in Chanpefé 3to6 and a
- 30% decreise,in’the number of particles in channels 7 tov9.'

f - ‘
e * A
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) f
10 ug/ml WGA is present there is a marked reduction in the number

of partic]eﬁ,accumu]ated in channels 7, 8, and 9. The pef cent
decrease ofvpartic1es in theée channels, or as it is expressed ih
this report, the per cent agglutination, is 56% in the case shown
in Figure 6. There is a small increase in the number of/ﬁartiéles
accumulated in the larger size channels 11 and 12 which/Gs due

to the agglutinating action of the lectin, however, as pn]y a few: .
clumps are formed ffo% a large number\of §e11s the statistical
probability of Counting a clump is low. Also, the large clumps
tend to settle to the bottom of the counting‘Qial, thus they do
not pass through the aperture.

Untreated AOEn cells were not agglutinated by SBA. The

~response of AQEn cells toh100 ug/mi SBAJis shown- in Figure'7a. There

is essentially no difference between the particle counts in the
lectin free contr61 and the sample containing SBA. If dissociated
AEn cells were pretreated with 10 units/»ml NaNase at 37°C for

20 minufes they were rendered agglutinable with SBA (Figure 7b).
Agglutination of AOEn cé]]s with RCA and Con A is shown in Figures
8a and §é respectively. Both of these lectins agglutinated the
“cells as eyidenced by the decreased particle counts in channels

7 to 9 but there was also a significant decrease in the particle

: counfs %n cﬁénne1s 3 td 6. Thfs Sdggests thaf.théAsubcelluTar
particles are also being agglutinated by these lectins. This
response was COnsistently‘obsebved‘with,these two lectins. Micro-

scopic observation of the agglutinated cell clumps formed in the

-
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‘.presenee of Con A or RCA,revealed that small‘particles were -
inconporated in between 'the cells in the clumps. Single cells
"atso often had‘numenous small partictes adhering to their surfates
The 1ect1n med1ated d1sappearance of these small parttc]es appeared
to requlre the presence of cells in the suspension. If the majority
of the cells Was removed from the suspension by Tow speed centrifu-
gation and the resylting supernatant which contained the small
part1c1es, was examined for 1ts agg]utlnab111ty with RCA and Con A
the d1sappearance_of the small particles was greatly reduced .
(Figures 8b and 9b). If cells were added back to the supernatant,
however, the d1sappearance of sma]] particles was increased.
Agglutination of AP cells was generally similar to AOEn
ce]]s. For purposes of‘comparison Figures 10a and 10b show

agg]ut1nat10n profiles of trypsin dissociated AP with WGA and Con

A. In the case of AP the peak correspond1ng to the single cells is '~

observed in channe1s 6 and 7. Con A and RCA also caused a d1sappear—
- ance of subcellular particles from AP suspen31ons but th1s was not
as obv1ous as 1t was with AOEn cells. One obscur1ng factor was
that AP suspensions contained more cells that were counted in
channel 5. B , o | ‘
* Visual assessment of Con A and RCA-mediated agg]ut1nat1on
- of both AOEn and AP ce]]s revea]ed an add1t1ona1 difference which
set these‘two lectins apart from WGA and SBA. Both Con A and RCA

caused a 1arge proport1on of the cells to -adhere to the plast1c

bottom of the v1a1 Di]ut1on of the sample with PCS at the end of

Il
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Figure 10a. -Part1c1e counts of trypsin d1ssoc1ated area pe]]uc1da
cells incubated in the absence (-0-) or presence of
12,5 ug/ml WGA (--e-~). Cells were incubated for 20
“minutes at room temperature, diluted with cold PCS,
‘and(counted with the Couiter,Counter. The majority
of single cells is counted in'channe1s 6 and.- 7. In
the experiment illustrated here WGA caused a 48% de-
- crease in the number of bartic]es counted-in these,
two channels. Some cells are also counted in cnanne1s
‘.5 8, and 9, hence, there is also a WGA- med1ated de-
crease 1n the number of part1c1es accumu]ated in these
channels.
"iﬁ’

. ~
) M F
+ . E

‘Figure'ldb. Particle'counts of trypsin dissociated area pellucida =
‘cells in the absence_(-Q—)‘or'presence of lé.S‘ug/ml
Con A (--e--). Cells were incubated-for 20'minutes.at
.kp . room temberature,'di]uted with cold PCS,iand counted
with the Coulter Counter. Con A‘causes a decrease in
: the number cf pértic]és counted in the stngle ce11 chan-
_'nels 6 and 7 (55% in this case) as well gs a decrease

in the number of partic]es in channels 3 and 4 (20%)
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the,jncubation beriod’did nbt appear to remove these attached
ce]is, thus, they were effect1Ve]y removedvfrom the populatibn.and

| were not counted with the)Cduiter Counter ~This response was con-
‘.‘s1dered as spec1f1c 1ect1n mediated agg]ut1nat10n as it was abolished

by the add1t1on of the spec1f1c hapten to the 1ncubat1ng med1um
?ffVar1ous treatments known to reduce nonspec1f1c adhesion of pro-
te1ns to plastic were, at best, only. partTﬁﬂ]y effect1ve at pre-
venting the adhes1on of ce1§% to the substrate S111con1zat1on of
the vials d1d not affect this 1ect1n mediated cell attachment
R1ns1nqthewe115 with a 2% (w/v) so1ut1on of BSA Just prlor to theA
agg]ut1nat10n assay or the 1nc1us1on of 0. 5% (w/v) BSA during the
-1ncubat1on reduced the st1ck1ng at Tow, 1ect1n concentratﬁons (1ess
than 2 ug/ml) but was. 1neffect1ve at higher 1ect1n concentrat1ons
hIn cases’ where the BSA reduced st1ck1ng, the per cent agglutlna-
| tlon was similar to the value for samples 1n which BSA was not pre-
sent. This f1nd1ng also suggests that 1ect1n med1ated agg]ut1nae
tion and 1ect1n med1ated substrate adhes1on may be related. It. g
:1s ‘possible that this effect 1$ 51m11ar to the b1nd1ng of ce]]s

"~ to Con A coated ny]on f1bres as descr1bed by Rutishauser and Ede]man

(1976).

',CF  PQ??;RESPOQSG,Qf'the'Aggjutination Reaction

‘ Lectin. dose response exper1ments were perfbrmed with Con A,
WGA, RCA and SBA on' both AOEn and AP cells. For AP cel]s,vthe,‘v'>
.effect of the dfssociation'technique,on.iectln-mediated agglutinabjlity

L

& >



was a]so exahined In a]] cases, the per cent agg]ut1nat1on was

~determ1ned after a 20 m1nute 1ncubat10n per1od at room- temperature.

In experjments,where the effect of a hapten was investigated, the
wTeCtin and‘hapten were mixed together first before addimg the
.»Cedls; | | | : |

‘ Con A was the only lectin tested with which there was an
apprec1ab1e d1fference in-the agglutinability of AOEn and AP
ce]]s AP cells were agg]ut1nated by Tower concentrations of Con
A and to a greater e1ient than AOEn cells (F1gures 11a and. 11b)
The Con A dose response curves of both cell types were interesting

cin that a "bell shaped“ curve was obtained. There was a range of

lectin concentrations‘which'e]icited a ‘maximal response while higher

'and Tower concentrations resulted in a submaximal response ACEn
_ ce]]s were agg]ut1nated max1ma11y (approx1mately 30%) at: Con A
concentrat1ons of 12.5 to 25 ug/m] (Figure lla) Agglut1nat1on
was Tess than 10% at Con A concentrat1ons of 1ess than 1.6 ug/m]
and greater than 100 ug/m] AP ce]ls were agg]ut1nated to a
' max1mum of about’ 50% by 6.2 to 12 5 ug/ml Con A (Flgure 11b).
At 0.2 ug/m] Con A, AP agg]utlnat1on was reduced to approx1mate1y
20% 100 ug/m] Con A reduced agg]utlnatlon to about 40%. e
There was essentially no difference fn the agglut1nabi]1ty of EDTA
~ or trypsin d1ssoc1ated cells (Figure 11b). The hapten a-methyl D-
~mannoside effectwvely reduced the aggy]tinat1on of AOEn and AP -
‘cells dissociated by either method to 1ess than 10% at al] Con A

;concentratlons tested (F1gures 11a and 11b) It was observed,that'

Y
[N
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Figure 11a.

Figure 11b.

Con A dose response of area opaca endoderm cells.

-average of 4 to 9 rep]icates The bars represent + 1

~

Approximately 1 x 104 cells suspended in PCS were ro-

tated at 135 rpm'at-room temperatyre in the presence of

Con A (-0-) or Con A + 50 mM a-@ethy1-Dfmannbsfdev(—-o--).'

- 4 # -
The per cent agglutination was determined after 20 min-

. utes. Each'point in the curve of Con A alone is the -

&

‘standard deviation. The curve of Con A + hapten 1s from

one experiment.

Con A dose response of area pe11ncida'ce11s. Area pel-

lucidae were dissociated with either trypsin (squares)

or EDTA (triangles).- A;proximate1y 1.2 x 104 cells susF

pended in PCS were rotated at 135‘rpm at ropm'tempera-e

“ture in the presence of Con A (c]osed symbols) or Con A
Lt 25 mM a- meth“T/b mannos1de (open symbo]s) The perh
. cent agg]ut1nat1on was determ1ned after 20 %éiutes . Each ‘

po1nt in the curves of Con A a]one is the average of 4

‘to 7 rep]1cates The bars represent +1 standard devia-
tion. The. curves of: Con-A + hapten are from one exper1- -

nent' The po1nts in the graph are. staggered\at each 1ec- :

t1n concentrat1on for: clar1ty '
-&_ : \ . i . ‘a.,"‘
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'th1s hapten, as we11 as the haptens for the other 1ect1ns; occa- 'j

sionally reduced agg]ut1nat1on to 1ess than 0%, i.e., after the

20 m1nute 1ncubat1on there were more s1ngle cel]s present in the

samp]e conta1n1ng 1ect1n and hapten than in the lTectin free contr01
,'Th1s mayohave been due to slight var1at1ons in the 1n1t1a1 1nocu1a—,
lt1ons and/or f]uctuat1ons in the base 11ne amount of: spontaneous

reaggregat1on which occurred in each samp]e

. Succ1ny1at10n of Con A has been reported to cause the

\d1ssoc1at1on of the nat1ve tetramer1c “form of the lectin 1nto

a d1mer1c state thhout affect1ng its carbohydrate b1nd1ng speci- .
'_f1c1ty (Gunther et a] , 1973). The tetramerlc form, however, t |
'appears to be necessary to med1ate an agg1ut1nation response The
i ¢1nab111ty of the succ1ny1ated Con A preparat1on to cause aFglut1na-"
tion is 1]1ustrated in F1gure 12. Lect1n concentratlons ranging
‘-~from 0 8 to 200 ug/m1 did not agglut1nate AOEn ce]]s |

WGA, RCA, and SBA e11c1ted more typ1ca1 dose responses
“

‘compared to Con A;. the dose curves obtained for the former three Jva,v

€

]ect1ns was more- s1gmo1da1 in shape Both AOEn and AP- ce11s exh1-

bited s1m11ar dose reponses to WGA (F1gures 13a and 13b) Agg]ut1na«

tion of ACEn, tryps1n d1ssoé?ated AP, and EDTA d1ssoc1ated AP.
-ﬁce11s exceeded 10% at NGA concentratlons greater thano3 ug/ml and

" reached a‘max1mum'of apprOX1mate1y‘50%‘agg1ut1nat1on at»25'ug/m1 o

Further 1ncreases oftheNGA concentratlon d1d not apprec1ab1y alter :

the extent of agglutination The 1nc1u§non of 50 mM GIcNac d1d ‘

not 1nh1b1t NGA-med1ated agglut1nat1on comp]etely, part1cu1ar11y at -

&
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™" Figure 12. Succinylated Con A dose response ‘of area opaca endoderm

ce]]é.’ Approximately 1 x 104‘¢e1ls suspended in PCS

sence of succinylated Con A. The per cent agg]utihé-‘

tion was determined after 20 minutes. Each point is the

average of 2 fep]jcates, ,Thé"bars represent + 1'stan-* |

“dard deviation. .’
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wefe'rotatediat'135 rpm at ‘room tehpenature in the pre-
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Figure 13a. WGA dose response of area opaca endoderm ceT]s L .ea‘;'ﬂ .

-y .

;Approx1mate1y 1.x. 104 ceTTs suspended in PCS were ro-h,
| »tated at 135 rpm at room temperature in the presence - ﬂ
of NGA (-9-) or wGA + 50 mM GTcNac (--o--)f The. per o
_cent. aggTut1nat1on was determ1ned after 20 m1nutes
'“Each po1nt in the curve of NGA alone is the average o
of 5 or 6 rep11cate;. The bars represent + 1 stan- :
.dard devuatwon The curve of WGA + hapten is the ; N

average of dupT1cate determ1nat1ons 4"; .

‘,‘-.“ . . 2 . . - . I ; L
N o J«_ v B i

<0
// .
:

. Figure.13b§ NGA dose response of area peTTuc1da ceT]s Area peT-

Tuc1dae were d1ssoc1ated w1th e1ther tryps1n (7quares)
4

or EDTA (trlangTes)' Approx1mate]y 1 2 x 10° ceTTs

- suspended in PCS were rotated at 135 rp

”‘féh'h»perature in the presence of HGA (closed
v”.’l NGA + 50 mM GTc Nac (open symbols) The per cent.‘

.agglut1nat10n was determined after 20 Jm nutes Each'r’f'

. 'po1nt in- the curves of wGA alone is the. average of 3

TN

l ‘t1on" The curves of NGA + hapten are from one exper1-f-’

:”Tectln concentration for cTar1ty

| .
o rep11cates The bars represent + T standard deV1a- sl

v,.{
N

_'ment “The 9o pOTﬁts'1"“the“9£aph~are Staggered,at each :'%'}d ;ﬁf;'ﬁ L
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the higher lectin concentnetions (Fjgures 13a and 13b). |
The greatest agglutination response was elicited by RCA.
ABofh AOEn and AP cells exhi?ited a maximal agglutination of'about N
>65% at 1ectiejébncentrations greater than 12.5 ug/ml (Figures 145
~and 14b). There was essentially no difference in the agglutin-
ability of Aeﬁn, trypsin dissociated AP, and EDTA dissociated AP
cells.. fhe hapten B-]actose_was‘e gery‘effectiee inhib;tor of
RCA-medfated‘agglutination.v‘One experiment, illustrated in Figure
T4a, shows the reduction of’RCA—mediated agglutinatibn Qf AQEn
cells to 1ess than 5% by 50 mM B-lactose. Similarily, 25 mM
B-lactose reduced the éCA-mediated aggﬂutination of AP.eells, dis-
sociated by either methed to less than 10% (Figure 14b). As B-
1actose and thiodigalactoside are the two most potent 1nh1b1tors of
the endogenous chick lectin described by Co;k et al. (1979), the
‘ab111ty of TDG to act as a haptenlc 1nh1b1tor for RCA was examined.
Both 8-1actose and TDG caused a 50% reduct1on of RCA-mediated
agg]ut1nat1on of AOEn cells at a concentrat1on 0f.0.2 mM (F1gure
15). Agglutination was reduced to less than 19% at hapten concen- "
trations greatef'than'l mM. ‘ | ’
1 The effect’of neuraminidase treatment on SBA-mediated
agg]utination is shown in Figgres 16a and 16b. As mentioned pre-
viously, SBA'gid not agglutinate cells which had not been pre-
treated with NaNase. Agglut1nat1on of AOEn cells.was already evi-

dent at 12.5 ug/ml of th1s lectin and reached a max1mum of 55% at

200" ug/ml1 SBA (F1gure 16a). Agglutination was reduced to less than

86



Figure 14a; RCA dose reseonse of area opaca endodern ce]]él

| . Approximately 1 x 104 cells suspended in ?CS were
rotated at 135 rpm at fobm‘temperature in the pre-

-sence of RCA (—Oi) or RCA + 50 mM B-lactose (--0--).
}he per éent'agg]utination was determined after 20
minutes. Each poiht in the curve of RCA alone is
the average of 3 to 8 replicates.* The bars repre-
seﬁtAi 1 standard deviation. The curve of RCA +

'hapten is the averade of dup]iCAté determination.

bl ,

Figure 14b. RCA dose response of -area pel]ucidd cells. Area
bé]]ucidae were dissociated with either trybsin
(quares) of EDTA (tri;ng1es)..\Approximaéely 1.2 x
]OQ cells sus;ended in PCSrwere rotated at 135 rpm
at}roém temperature in the presence of RCA (closed.
symbolE) or.RCA + 25 mM 8-}actése (open symbo]é).
The per cent Agg1utination/was determined after
20 minutes. Each pojnt‘in the curves éf RCA alone

H 3

is the average of 3 to 7 rep]icatés. The bars re-

- present + ] sféndard deviation.’ The curves of RCA
+ hapten are the;averages of duplicate determination.
The points in fhe gfaph aré'staggered at each lectin

concentration for‘c1arity.
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Figure 15.

»

'Haptenic 1hhibitf0n'of RCA-mediated. agglutination of

area opaca endoderm cells. Approximately 1 x 10*

cells were rotated at 135 rpm at room temperature
in the presence of 10 ug/m]lRCA and varying concen-

trations of B-lactose (circles).or thiodigalactoside

(triangles). The.per cent agglutination was deter-

mined after 20 minutes. Each point is the-average of

duplicate determinations.

~
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«FigUre 16a.

¢

SBA dose response of neuraminidase'treated area opaca™~_
J .

“endodern cells. Approx1mate1y 1 X 104 ce]]s were

rotated at 135 rpm at room temperature in the pre-

sence of SBA (-9-) or SBA + 50 M Ga]Nac (--o——)'

: °-The per cent agg]ut1nat1on was determ1ned after

Figure 16b.

20 minutes. Each point in the curve 4f SBA a]one

is‘the aVerage Ufiito‘10 rep]1cates.f The bars

]

vjyrepresent + ] stahdard deviation. The curve, .of SBA

+ hapten is the average of dup11cate determ1nat1ons

) A}

v

¢

o

SBA-doée'respgnse of néﬁraminfdaée treated area'pe]?
lucida $ells. Area pe]Tueidae were diseociateg with
either‘trypsih.(squares) or EDTA‘(triang]es). Approx-
1mate1y 1.2 x ]04 cells suspended in PCS were rOtated

at 135 rpm at room temperature in the presence of

“ f . . :
_-SgA (closed symbols) or SBA +.35 mM GalNac (open

symbols). Theaper'cenf,6991utination was determined

after 20 minutes. Each point in the curves of SBA

'-a1one.is the .average of 3 or 4 replicates. The bars

B

represent + 1 standard deviation. The curves of SBA ‘

+ hapten are from one exper1ment The points in the

graph are staggered at each lectin concentration for

oy

clarity.
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15% by 50 mM GalNac (F%gﬂﬁeﬁléa), A c0mp$Fab1e exfent of.SBA-
med{ated égglutination wasAobser;éd for AP and AOEn cells, but the
dissociation methodvapbeared to ?ﬁfect AP cell agg]utina}ion Qith

- thigs lectin. At intérmediate concentrations of 'SBA (12.5 to\1OQ
/ﬁug/ml) trypsin dissociéted AP cells wére agglfitinated to a gréatef
\ ektent than/EDTA‘di§sociated ce]}s,(Figure 16b)."Howevér,‘on1y
at 25 anJ_]OO ug/ml SBAwas the difference between the two djsso~j
cﬁatiéhs,fodhd to bé statistically signiffcant;(P<0.01 by‘unpafred

T-test). The maximum agglutination attained was éimi1ar for cells
- _ - b

obtained by bofh dissociations (approximatg1x 45%Lat ZOO'ug/ml SBAY

The'hapten GlcNac, at a concentration of 35‘mM; %nhibiﬁed the agglu-

" tination of AP cells dissociated by either method.:

!
fj

D. Trypsin:Treatment of Area Opaca Endoderm Cells

P
4

Endoderm cells of the area opaca can be di;Lociatgd by -

fai?fy mild methods invdlving only the removal of calcium and mag-
| nesium. It was fmportant to determine if subsequent tryp;inif
'zation‘of diSsociafed AQOEn ce]ls'affected their Jectiﬁémediated
agélutinabi]ify. For this purpose, ekperiyents were’designed in
which freshly dissociated AOEn cells were.incubéted ét 37°C in

the presence of trypsih, trypsin Q?tﬁ SBTI, or SBTI alone, afﬁags?
cribed in the Materials'and Methods.  The ?attér tﬁse: SBTI alone,
was performed in order to inhibit any possible endogenous trypsin

like protease which may be present in these cells. Two untreated

control incubations were also performed; one cell suspension was

- .

3

»

93
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incubated at 37°¢ and the other was‘incubated on ice. Following

'thej;deﬁbdt1on, the 5uspens1ons were washed w1th PCS, resuspended

1n PCS at equa1 cell concentrat16hs and assayed for their lectin-

>med1ated agg]ut1nab111ty. The ce]] suspensions were ma1§ta1ned

on ice for the duration of thg_exper1ment

The effect of the above mentioned treatments on HGA—

'med1ated agg1ut1nat10n 1s illustrated in Figure 17a. The untreated

‘\sample which had been incubated on icg (4 C control) was agglu- -

.-t1nated to about 60% by 10 ug/m1 WGA ~ The presence of 35 mM Y

i
1cNac reduced the agglutination of .these cells to approx1mate1y

94

15%. The 2°¢ contro] 1ncubat1on was performed as rhls most closely f\\\\

i

’represented the—s1tuat1on in the other experiments in this investi-

~

gatjon; for example in the lectin dose response experiments.  The
. . M .

!

37°C céntrol incubation, however, is a better comparison for the

other treatments inmthis series of ‘experiments. ' This is made
apbarent in'Figure,T7a whe}e it can be seen that cells incubated<

at 37°C were agglutinated to a lesser extent than those gept at

4%, This}difference, of approximately 6%, was determined to' be

Significant by an unpaired T-test (P<0.05). Treatment with 50 units
; ,

trypsin per area opaca significant]y,increaséd the WGA-mediated
aj%]utinabi]it} gy approxfﬁately 16% over the 37°C eohfrd}.(P<0.01);
interESting1y there was no significant difference bstween trypsin
treated cel]s‘ahd the 4°C control cells. The hapten G]cNac was

not as effect1ve as an 1nh1b1tdr of agg]ut1nat1on of the tryps1n

/’ ]

treated ce]]s, 35 mM G]cNac only reduced the agg]ut{;atlon to 35%

|



Figure 17a.

Figure 17b.

Effect of trypsinizetionquinAinediated agglutination
of area opaca eneoderm'cells. Freshly djssbciated‘
cells were incubated. for 20'minutes on-ite (4° C)

at 379 e1ther alome, 1n the presence of 50 units |

&
tr?p51n/area opaca, 1n the presence of soybean trypsin.

A )
inhibitor (SBTI) at a sufficient concentrat1on to

inhibit. the amount of trypsin in the previous case,
or in the presence of'trygsin plus SBTI at the same
concentrations"as in the preceeding cases. Following

the incubation the cells were washed and assayed for.

their agg1utinabi1ity with'10 ug/mT WGA or 10 ug/ml

WGA + 35 mM GlcNac. ‘The average values of repicate

“-agglutination assays are plotted. ne numbers at the
bottom of the graph refer to the number of " rep11cates.

The bars represent + 1 standard dev1at1on

{

‘Effect of trypsinization on Con A-mediated agglutina-

tion of area opaca endoderm cells. Cel];/yere\treated
- P |

similarily as described in Figure 17a and assayed for

their agglutinability with.20 pg/ml Com A or 20 png/ml

Con A + 25 mM a-methyi-D-mannoside. “The average vatues .

of replicate agglutination assays are plotted. Ihe

numbers at the bottom of the graph refer to the number
. ® . . .

of replicates. The bahs represent + 1 standard deviatiog.
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as opposed to 15 to 20% for the other samplés. This was a signifi-

cani difference‘from the 4°C and 37°C controls with‘hapten (P<0.07)

and from the SBTI treatment w1th hapten (P(O 05). Ihe'presence

of 'SBTI alohe d1d not alter the agg]ut1nab111ty apprec1ab1y from

’ that observed for the 37°C control The agglut1nab111ty of ce]]s

incubated with SBTI and trypsin was s1m11ar to. the 37 C control

i_and the SBTI treated cells. The trypsln plus SBTI sample d1dfyot

q

differ significantly from any of the other samples, however, there

was a lower sample size and hence a greater Standard_deviation in
- th1s case. 3 j I f R
Con A med1ated agg1ut1nab111ty of AOEn" cells was also.
1ncreased after tryps1n treatnent (Figure 17b). :Tryp51n treated
,eelTs were approximate]vaO% more agglutinable than the 4%¢
control, d7°c contrdl and the‘SBTI treated cells. Analysis of the
data by an F-teet and Duncan's multiple range test, reyeaged‘that '
this was a s1gn1f1cant d1fference (P<C: 01) ‘There was no signifi-
cant d1fference between the agg]ut1nab1]1ty of the 4°c and 37°C
controls, and the SBTI treated samp]e The hdpten a-methy]-D-
mann051de reduced the agglut1nat1on to 1ess than 10% except in the

'case of the trypsin treated cells where it reduced it to about 14%,

ahowever, this d1fference was not found to be srgn1f1cant.

Trypsin'treatment significantlyeincreased the RCA-mediated

~, agglutinability of AQEn cells by about- 10% over the 37°C control:
~ and. SBTIAtreatment (P<0 01 and P<0.05 respectively) (Figure 18).

The case’ w1th RCA was- s1m11ar to ‘that for WGA in that the tryp31n

97



Figure 18.

o

Effect of trypsinization on RCA-m%qiated agglutination
of area opaca endoderm cells. Cells were treated

similarily as described in Figure 17a and assayed for

‘their agglutinability with 10 ug/mRCA or 10 ug/Wi

~RCA + 10 mM B-lactose. The average values of repli-

cate agglutination assays are plotted. (The numbers

at the bottom of the graph refer to thg number of

vrepliCateé. The bars represent + 17sta gard devia-

tion. -

a4
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treatment at 37°G did not significantly alter the agglutinability :
from the noﬁ:énzyme treated 4?C cbntro]. Incubation at 37°C
s1ight1ylreduced the agglutinability of the control.cells compared
to those incubated at 40Cr but this difference was not sighificant.
The agglutination of al{:%\ur\SQmp]es was reduced to less than 10%
by the presenLe of 10 mM g- 1aé§ose

It should be mentioned that all of the differences of
agglutinabitity mentior~d in the preceeding paragraphs could be
detected reliably with %he“Coultgr Codﬁter. The visual assessment

of agglutination, however, was not discriminating enough to con-

sistently detect these differences accurately.

E.. Assay.for Endogenous Protease Activity

As the in vivo fate of the AOEn cells is to form the
absorptive layer of the yolk sac (Romanoff, 1960),,it was.reasoned
that.high levels, of hydro1ytic enéymes, including.proteaseg, may be
present in suspensions of aissociated ce]is. Two different enzyme
a;says; however, failed to detect appreciable Tevels of endogenous
proteaSe activity under simiiaf experimental conditions as in the
,previous sefies ofzexperiments Each assay was performed at 1east}
three times; representat1ve experiments -are 111ustrated in Figures
19a and 19b. The enzymatic activity of 1 pg trypsin (12 un1ts)
was ;onsiderab]y greater than an AOEn cell suspension (4 x 10?

cells), with or without 50 ug SBTI, and 1 ml of a cell free super-

natant, with or without 50 upg SBTI, as determined by an Azocoll



Figuré 19a. Azocoll proteaée assay of area opaca endodefm cells
(AOEn) and cell free supernatants (SN) prepared from
dissociations of AOEn cells. Assays were performed
in a total volume of 5 ml PCS with 25 mg Azocoll.

- Samples were incubated 15 minutes at 37%¢ and‘the
reaction was terminated by filtration. The opti¢a1
density of the filtrate was read at 520 nm. Approk-
imately 4 x 10° cells in the absence or présenceaof

50 g soybean trypsin inhibitor (SBTI) and T ml SN

. in the absente or presence of 50 ng SBTI had consi-
Aderab]y less demonstratableaproteaseactiVity than ' )

1 ug trypsin (12‘units).

Figure 19b. Casein digestion protease assay of intact area 6pacae ////
and cell free supernatant (SN) prepared from dissocia—'/_

tions of area‘opaca endoderm cells. Fifteen intact |
area opacae or 1 ml SN were incubated with O.S% (w/v)

casein in a total v 1umé of 2 ml for 60 minutes in the"
case of area opacae or 20 minutes in the case of SN. |
The reaction was terminated by §dd1ng 3'm1 5% (w/v)
-tri;h]oroaéetic acid and thé‘oﬁtical deﬁsity_of the

supernatant read at 280 nm. Trypsin (5 ug or 60 units)

was incubated for 20 minutes and assayed similarily.
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assay (Figure 19a). The supernatant was obtained by pooiing super-
natant 1 and 2 (see Figure'Z) from an AOEn cell dissociation'and
centrifuging at High speed to pe]]et'the cells. The cells and

the supernatant both consistentiy had a s]ight fncrease in the
optical density, however the resu]ts for the SBTI treated samp1es
were more variable. The presence of SBTI decreased this change in
“optical density a very small extent. In the same experiment as
Cillustrated in Figure 195 20 ug SBTI completely inhibited the
‘activity of 20 ug trypsin. |

The resu]ts.of a casein dfgestion assay are shown in Figure
19b. Fifteen jntact area opacae and 1 ml ce11‘free supernatant
“induced a very small increase in optica1 density at 280 nm when
compared to ‘that indoced b; 5 ug trypsin.

It should be mentioned that in the preceeding series of
exper1ments where the effect of tryp51n on agg]ut1nat1on was
exam1ned the concentratyon of trypsin was veryh1ghcompared to |
the endogenous levels of protease detected In a typical experiment
‘where the ce]]s d1ssoc1ated from. 20 area~opacae were treated,
the f1na1 tryps1n concentrat1on, at 50 units per area opaca, would
have been 1000 un1ts, or 80 ug per ml. Any endogenous protease
act1v1ty, therefoﬁe wou]d have been insignificant compared to

the 1arge amounts of trypsin added

F. Aggregation of Blastoderm Cel]s

“Cells dissociated from whole oiastoderms were cu1tured

103
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"in L-15 medium in rotating flasks at 37°C for 20 to 24 hours;

subsequently, the medium was supplemented with .15% (v/v) FCs -

1

and the cells were ihcubated further for uﬁ}to three days. Under |

thése’EXperjménta1 conditions the cg]]s rapid1y"reaggregated and
eventually underwentAce11}SOkting and limited differentiation.
Blastoderms were d¥ssociated with either EDTA or'trypsin}but the
dissocjation tecﬁnique did not appear to affect either the aggre-
gation or differentiation, thus, the results will be discussed
co11ect5ve1y. | |

At 34 hopés of incubation of the;aggregateé,‘évidence of
cell sortiné yas‘apparent as the cells were organized into two
distinct phaseslwhich were characferized by thejr degree,of com-
pactness.(Figure 20). This pattern of cell sorting has”beeh des-
~cribed previously (Zalik and.SanAers, 1974, Sandé;s and Zalik,
1976) in aggregatés formed by §e11s°from unincubated to head pro-
cégs stage chick embryos. These,aythors surmiseavthat'the more
cohpact phase was formed by cells deriVed from the epib1ést and
area pellucida. Ehe,compact phase was usually completely invested
by 1oose1y-paéked-ce11s whi;h were determined to be derived from
the hypoblast by Za]ik‘énq Sand%§s$1974)and Eyal-Giladi et al.
(1975). ' |

The -presencg of 0.5 ug/ml Con A or 1 ug/mT’WGA durihg the
first 24 hours df:incubation did not app;ar’to affect the develop-

ment of the. aggregates appreciably, as observed at 34 hours ..

:(Figureé 21 and722). Both the extent and pattern of cell sorting
. - .
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Figures 20-23. Aggregates of trypsin dissociated b]astoderm-ce]]s.

Figure 20.

Figure 21.

Figure 22.

Figure 23.

Cells were cu]tured for 34 or 46 houfs; fixed in
Bouin's, sectioned in paraffin at 7 um and stained

with Haematoxylin and Eosin. The bar is 100 um.

A control aggregate (34 h) showing the initﬁa1 sorting

out into compact (*) and loose (qrro%) cel]bphases.

~ Note the presence of the central cavity which contains

“some cells, cell debris, and yolk spheres.

y.

[N

~ A 34 hour aggregate which had been formed in the bré—

sence‘df.O.S ug/ml Con A for the first 24 hours of
culture. There is evidence of cell sorting into

loose (arr0w) and compact (*) phases.

A noncavitated 34 hour aggregate which had'been.formed
in the presence of 1 ug/ml WGA during the first 24
hours of culture. The cell sorting is similar to

that in Figures 20 and 21.

A control aggregate (46 h). Numerous smail cavities

are present within the compact phase.

l
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was similar to that observed in the control aggrégates. .The haptens
~ for thésé lectins, a-methyl-D-mannoside and GlcNac, (50 mM), also
Had no effecf on thevaggregation when‘present during the first
24'hour§,of incubatioh either a]bhe, or in éOmbfnafion,with*théir
, ,‘respect{vé lectin. o
| A predominant feature of a large pFoportionﬂbf the 34

Hdﬁr'aggregates was the presence of awlarge central cavity (Figures
20 and 21). vThe cavity often contained yolk spheres and’whaf'
appearea tb be cellular debris. -The preéence of a cavity became.
Tess common in aggregates which had been cultured ‘for longer periods
of tiﬁe; Often, the center of older aggregates was charatterized
by numerous small, iffegu]ar cavities (Figure 23). Whether }his_
was due to a collapse of the cavity or an active proliferation and
migratidn of cells into the space fs uncen£ain. iThis phenomenon
'has aTSoxbeen obﬁerved }ﬁ aggregafes of isolated AOEn‘ce]TS (Milos
et al., 1979a). . |

| After 96 hours in culture the most consistant feature of
the control aggregates was.the division 6f.the aggregaﬁngntoitwo.v y
distinct regions (Figure 24). The cells in the pe;iphgﬁai'fégion |
were féir]y loosely packed and highly vacuolated. Sanders-and

Zalik (1976) tikened these externé] sorting ce115 to &o]k”sac'endo-
derm due to their §imi1ar appearance (Figqre 25). The yolk sac-
like cells were usually bounded internally by a layer of dense
connective tissue consistfng of elongated cells (Figure 26). In-

- ternal to thjs Tayer the cells were notably différent in structure
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Figure 24.

Figure 25.

Figure 26.

Fngre 27.

(arrow). The bar is 25 um.-

A 96 hour agghégate of EDTA dissociated blastoderh
ce]]élshbwing the yolk séc endoderm-1ike cé]1§ at the
pefiphery. Tﬁe éenter°ofthé aggregate has a trabe-
cU]a}'appearance.n A layer of connective tissue sepér-

ate the externa]iand interna1-phases. The;bar is 100vum.

A section of the yolk sac of a 4%.day’chick embryo.
The embryo was fixed, sectioned, and stained as des-

cribed for Figures 20 to 23. The endoderm cells (En)

N 1
are characterizgd by the large vacuoles. The bar is

25 um.

'A sectidn Of‘a 96 hodr aggregate of EDTA dissociatéd
blastoderm cells showing the layer of connective tissue

separating the yolk sac endoderm-1ike cells on the

right from the trabecular network of cells on the

left. The cavities in the inner area of the aggregate

are often bounded by thinned cells or cell processes

An aggregate (96.h)lwhioﬂ shows differentiation of

- formed blood elements (B)Aanéﬁthe presence of a\'\

Figure 28.-

differentiated tubule. The bap-is 100 um. -

v

A section through the mesonephros of 'a 43 day chick‘,\

embryo. The bar is 25 um. i

i
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"2 and organization tron the ce]]slat the periphery. The internal

- Structure of the aggregate was.trabecular in appearante; it was -
characterized by numerous small cav1t1es wh1ch were bounded byy\

; cells and th1nned ce11 processes (F1gure 26) .. Within the centra]
portion of the aggregate there were often 1s]ands of more dsnsé]y
packed cells. In a few instances well d1fterent1ated tubules were
present'(Figure 27). The co]umnar ce]ls that bounded thé Tumen
"of the tubu]es wef/*poss1b]y of mesodermal orlg1n as they had a .

_ B very §1m11ar appearanceuto the cells in the mesonephrlc tubu1es of

)/’__ik\? four and a haif day chick embryo (F1gure 28) .. Formed b1god- ;
é]ements were often present w1th1n the aggregates these were$pre-
sent in both!the external and 1nterna1 regions. The»b]ood elemenks
were either densely packed within themsurrounding tissue or, morew
commonly, they were present within large Cavities;which appeared

‘to.be lined by an endothelium (Figure 27) |

¢
The presence of WGA, Con A or succinylated Con A dur1ng

the 1n1t1a1g24 hour culture period did not agpear to a1ter the
aggregative behay1our of the cells as observed at 96 hours. NGA
was tested at 0*1 0.5, and 1. 0 ug/m] " Con A’andvsuccinylated Con'
A were tested at the above concentrat1ons as well as at 5 and 10
~ug/ml. The effect of 10 and 25 mM a- methy] D-mannos1de e1ther
a]one or in combanat1on wwth Con A or sudc1ny1ated Con A was a]so
tested. In Wil of the above s1tuat1ons the appearance of 96 hour

- aggregates Was gross]y similar to the control aggregates (Flgures

- 29,n30,.and 31). Lectin treatment, however, appeared to have a

i

o . . N
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Figures 29 }6_34, Lectif treated aggregates (96 h) of EDTA disso-_

//// ciated blastodern cells. The lectin was present
] | during the first 24 hours,rsubseQuent.cuTturing.

was in:Tectin free med?um.'.Stained with Haema-

toxylin and Eosin. »;& ' \\

\“

Figure 29. -An aggregate fdrmed in'the_pres;ace of 1.0 ug/mT WGA. -
n“ ' , T o '
The bar is TOO um.
F1gure 30L\Jib\@ggregate\formed in the presence of 1.0 ug/m] Con

A The bar is 100 um.

Figure 31. An aggregate formed in the presence “of O 5 ug/m]

_succ1nyTated Con A. The bar 1s 100 pm..

Figure 32. ‘A region$&f an aggregate formed in the presence of 0.5 ,h
pg/mT»wGA howing the presence of a,tubuTe (soTjd arrow)

and some blood elements (open arrow). The bar is 25 um.

Figure 33. A region of an aggregate formed in the presence of 5
ug/ml Con A showing an incompletely formed tubule
' (arrdw) and some bTood eTements present within a cav1ty

(B). The bar is 50 um.

Figure 34. A reg1on of an aggregate formed in the presence of
-5 ug/mT succ1ny1ated Con A showing some t1ght1y 6acked

blood eTements (arrow). The bar 1s 50 um.

il
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slight effect on the extent of differentiation achieved by the

éggregates. Aggregates which had been formed in the presence of
WGA were essentially similar to fhe controls in terms of the dif-
ferentiated stafes observed. Blood elements were present in the
majority of WGA treated.aggregates, and in one case, a pubu]%,
similar to those preseﬁt in the controls was dbserved (Figure 32).
Succinytated Con A‘and native Con A treated aggregates were never
as highly organized as,the most differegtiated control aggre;
gates, such as that shown in Figure 27. .However, the treated
aggregates were usually simj{aﬁ to the less differentiated controls
such as that shown in Figu;gi24. Formed blood elements were common
in succinylated Con A treated aggregates (Figure 34) but were
rarely observed in Con A treated aggregates.  In one Con A treated
aggregafe that was examined there was Qhat apbearea to be an attempt
by mesodérma] ce11$ to organize into a fubu]ar structure (Figure 33).
This particu]araggregate was one of the few Con A treated ones
J which had eviden;e of blood differentiation (Fiéuhe 33,,

A disad?antage associated with Con A treatment was that
the presence of the lectin cauéeda certain number of the cells to
. adheré to the sides and bottom of the culture flask. This, there-
fore, caused a reductio; in the concentration of sqspehded cells.
A consequence of this was: that there weré usually fewer aﬁd ;ma]]er
aggreéates formed in the presencé€ of Con A than in the control.

This is a possible reason fd; the lack of well differentiated aggre-

gated formed in the presence of Con A; there may be a.requirement

.



for a critical number of cells to be present for effective dif-
ferentiation*to occur. The presence of 10 mM a-methyl-D—ﬁannoside
reduced the cell adhesion to the glass. Tre aggregates formed in
the presence of lectin plus hapten were more simiiar to the control
aggredates in terms df tdeir organization and the extent of cell

differentiation. It was difficult to determine if any one cell

type was preferential1y'adhering to the f]ask, however, the ear1y

aggregates formed in the presence of Con A appeared to have the same -

“relative proportions of cell types: as the controls. This may be
observed by comparing Figures 20 and 21. The flasks were sili-
conized before each experiment and 8SA was included during the
first 24 hours of culture in an effdrt to reduce the lectin-
mediated adhesion to the g1ass substrate. Neither of these methods
were part1cu1ar11y effective in this regard

Of all the lectins tested only RCA was observed to have
a profound effect on aggregatlon. At concentrations greater than
‘/0.5'ug/m1 RCA there was a marked reduction to.a complete inhibition
of aggregation. This was apparent during the first hour oflincu-.
bation°with 5 ug/ml RCA; at 1ower‘concedtretions (0:05 to 0.5 ug/ml)
the ce]Js initially aggregated but these aggregates usually disinti-
grated after about 24 hours. Aggregates which were formed in the
presence of 0.01 pg/m]_end Tower conceptrations of RCA were cul-
~tured for a tota] of 72 hours and then f1xed sectioned, stained,
and examined. A 72 hour control aggregate is illustrated in Flgure

35. In this aggregate initial cell sorting had taken place and the.
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Figurés 35 to 39. Aggregates formed from trypsin dissociated

Figure 35. A control aggregate showing cell sorting into ldose

Figure

Figure

Figure

Figure

36.

37.

38.

39.

blastoderm cells and cultured for 72 hours.
Stained with Haematoxylin and Eosin. The

bar is 100 um.

AN

and compact phases with the latter tending'tq_be

internalized.” A large cavity is present.

An aggregate which had been, treated with'O.bOI.ug/ml

RCA during ‘the first 24 hours of culture. .Typical cell

sorting patterns are evident. -

An aggregate which had been treated with 0.005 ug/ml

RCA during the first 24 hours of culture. Note that
the compact bhase is present external to ‘the loose

phase.

An aggregatelwhiph had been treated with 0.01 ug/ml
RCA during the first 24 hours of culture. Note the

random cell associations.

An aggregate which had been treated with 0.1 ug/ml
RCA_p1u§‘5 mM thiodigalactoside during the first 24 : e

hours of culture. There is evidence of cell sorting

. .into loose and compact phases. The compact phase is T

present at the surface and internal to the loose phase.
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external, loosely packed, cells were beginning to take oo the
appearance of‘yo1k'sao endoderm. Within the dense1y packed cells
there were numerous smalt, irregular oavitiee.‘ This is apparentTy
a prelude to the.formation of the inner trabecular network of cells
which was common in the older aggregates Id the aggregate i]]us-
trated in F1gure 35 there Was a large central cav1ty The effects
of RCA treatment may be observed by comparing the contro] aggre-
‘gate in Figure 35 to lectin treated aggregates 111ustrated in
«/thures‘36; 37, and 38. A RCA concentration of 0.001 ug/ml did

not affeotithe aggregate morpho1ogy appreciab]y (Figure 36).  How-
ever, the aggregates formed in the presence'of 0;005 and 0.010 upg/ml
RCA were usually smaller and exhibited a]tered morphologies from‘the
contro]s. At 0.005 ug/m] RCA (Figure 37), there was still some

~ evidence of cell sorting, hoWever the pattern was different from
that observed in the controls. In the‘aggregate 11]ustrated in
Figure 37 the compact phase had sorted externally to the lgose
phase in an apparent_reversa] to the usual $1tuat1on. “In aggre- H
gates formed in 0.010 pg/ml RCA there“has no evidence of any cell
sortiogv(Figure 38). ‘THe ce]]ular aséooiatjons appeared\to be

. randomi zed throughout the aggregate. The haotep‘TDG was moder-
ately effective at reducing the RCA-mediated:inhitftion“of aggre-
gation and cell sorting. An aggregate'formed in thelpresence of

5 mM TDG and 0.1 ug/m1 RCA (a concentration that usually’inhibited“

aggregation) is i11ustrated.in Figure 39. In this case there was

evidence that cell sorting had occurred. The aggregate had an
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abpearante‘similar to aggregates. formed in much lower concentrations
of RCA. This may be seen by comparing Figure 39 with Figures 36
and 37. ‘Bélacfoée was also similarily effective at reducing the

effectvof RCA on aggfegation.



DISCUSSION

.The quantitafive analysis ef lectan-mediated agglutination
utilized in this study has made” it poss1b]e to expand upon earlier
; ‘observat1ons on the agg]ut}nab111ty of cells from gastru]at1ng
- chick embryos (Za]wk and Cook, 1976; Ph1111ps and Za]1k‘ 1978).

| Inradd1t1on, th1s work . has prov1ded information on ‘the d1fferen—

; t1a1 agg]ut1nab111ty of cells from d1fferent embryonic regions.

. The nove] features determ1ned from th1s study are .as follows.

i a) Ce]ls dyssociatedlfrom the area pellucida, as well as those
~obtained fromithe endode%ﬁlof‘the area dpaca'are agg]utinated to -
| the same'exfent by.WGA,ARCA, and SBA. b) These two cell popula-
tjons exhibi%'different Con A—medfated agQ]utinabi1ities; the AP
}ce]ls‘being mOre aqglufinabTe wffh this lectin. c¢) The high
“inherent agg]utwnab111ty of AOEn ce]]s w1th WGA, RCA and Con A

is fur;her enhanced by tryps1n1zat1on, this dlfference was not
detected in prev1ous stud1es utilizing a visual assessment of "
. agg]ut1nat1on (Za11k and Cook,;1976). d) In the area-pel]uc1da,
tryps1n1zed cells subjectedAfo nedraminidase treatment are more
agg1ut1nab1e with SBA than’ EDTA d1ssoc1ated, neuraminiddse ‘treated,
ce]]s e) RCA greatly 1nterferes with the ability of b]astoderm
“‘ce11s to form cohes1ve aggregates and undergo cell sorting. .WGA,
‘Con»A; and,supc1ny1ated Con,AAhave a negligible effect on these

' processes. ‘
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The 1nterpretat1on of lectin-mediated agg]ut1nat1dn |
studies is comp]1cated by the fact that lectin spec1f1c1t1es are
no longer assumed to be directed aga1nst Just simple sugar mole-
cu]es Initially, 1ect1n spec1f1c1t1esweredef1ned on the basis
of the monosaccharide which most effectively. 1nh1b1ted an, agglu-
t1nat1on reaction or-the 1ect1n-1nduced prec1p1tat1on of a 1arge
o]igosaccharide It was assumed that 1f 3 ]ect1n caused an agg]u-
't1nat1on reaction, then the specific monosacchar1de mo]ecule was
present at the cell surface, most 11ke1y as a terminal residue in
a g]&coprotein or glycolipid. ‘It has become apparent, however,
that lectins are nOt‘only capable of recognizing oligosaccharides,
but also, the types of linkages between sugar.residues; mOreoyer,
these proteins-are a]so-capab1e of'binding to subterminal carbo-"
hydrate residues (Niéq]son, 1974), The specifictty_of Cou_A
appearsvto be primarily directed against a-mannopyranosides and
.a-g1ucopryranosides. A]though the monosaccharides are effecti;e
inhibitors of Con A-mediated agglutination, Goldstein et al.
- (1973) have reported that Con A is capable of interacting'with'df;
‘and trisaccharides.' These may be present as terminal residues

or internally within an oligosaccharide chain (Goldstein et al.,
1973; Go1dst‘e1'n,- 1976; Narasimhan, 1979). WGA also appears to be
‘capable of 1ntetaeting with'interna];residues of o]fgosaccharides
(Go]dstein‘et al., 1975). These authurs have shown that the spe-
cificity of.wGA is complementary to;asttTSQCCharide'of 8-1;4 1inked

N-acetyl-D-glucosamines. The trisaccharid&\was considerably more
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effective as an inhibitor of WGA-mediated precipitation of
carcinoembryonic antigen (a protein—po]ysaccharide complex ). than
the di—ana monosaccharides of G1eNac. MWGA 1is also capable of
1nteracting with,sialic acid. Burger and Goldberg (1967) showed
Athat neuraminidase treatment prevented WGA-mediated agg]utinatfon
‘of tumor cells but sialic acid did not act as a hapten for WGA. -
‘Bhavanandan‘and Katlic (1979), however, found that GicNac com-
pounds, as well as_Njacety1neuraminic'acid were effective inhihi—
tors of HGA—mediated-hemagglutinatiOn, whereas, neuraminic actd-‘
B-methyl ketoside and Nfg1yco1y1neuram1nic acid were not inhibitory
to this reaction. This suggests the necessity‘bf the N-aeety]
B aroup for the haptenic interaction with WGA. Stanley'et al. (1980)
,Ahave suggested that there are several c]asses of s1a]1c ac1d res1-'
dues present on the surface of Chinese hamster ovary ce]]s, these
classes are defined on the basis of their 1nteract1ons w1th WGA.
Cell mutants'lacking different'gronps of sialic acid residues dis_
played a differential binding of WGA. Both RCA and SBA Appeai« to
 interact exclusively with terminal res1dues on o]1gosacchag1des |

(Nicolson, 1974; L15'and Sharon? 1977). Ce]] agg]ut1nat1on med1ated

by RCA (the 120,000 M.W. species) is most strong]y inhibited by -

linked disaccharides with galactose at the nonreducing end. SBA

apbears to be specific for a- or}8-1inked N-acetyl-D-galactosaminyl

residues (Lis and Sharon, 1977) Lectin receptors on ce]] surfacesl
seem to be pr1mar11y glycoprote1ns, these mo]ecules may 1nteract

with lectins in a d1fferent manner than the monosacchar1des used

r
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as hapten1c inhibitors of lectin- medlated react1ons A]Ten.and
: Johnson‘(]976) have presented ev1dence which. suogests that 1ect1ns
withiéimi1ar monosacchar1de spec1f1c1t1es'may bind to d1fferent
cell surface 011gosacchar1des B1nd1ng stud1es of 1abe11ed 1ect1n
to tumor ce11s and Scatchard p]ot ana]ys1s revea]ed that broad
bean- 1ect1n and 1ent11 1ect1n, both spec1f1c for mannose, cou]d
htb1nd e1ther to a s1ng]e receptor or to d1fferent receptors w1th‘
As1m11ar‘aff1hat1es Con A and pea 1ect1n apparent]y bound to two
_different:receptors. Broad.bean¢ahd Tentil 1ect1ns were effec~
f:tiveiihhibitohspofvpea'1e¢tin‘bthdihg'bot,coh A Qas’not as etfec-

~tive in thisvregard '-Converse1y;apea 1ectin was a poor inhibitor

of Con A b1nd1ng, suogestlng that Con A and pea 1ect1n were b1nd1ng

to’ d1fferent receptors The bwnd1ng,of’a11 of‘these lectins was o

1nh1b1ted by methyl—a—D~mannoside In a Similar study, Feller et al.

(1979) examlned lectin b1nd1nq to human f1brob1asts They con-'
‘ ¢ luded that Con A cou1d b1nd to a]] pea and 1ent11 1ect1n receptors
but the 1atter two lectins only bound to 25% of the Con A b1nd1ng
sites. NGA_a1so 1nterfered with Con A binding; this was concluded
to be either a result of-the two 1ectins competﬁng for G1cNae ‘—
4_res1dues or to a steric hlndrance resu1t1ng from two 1ect1ns b1nd1ng
Cto d1fferent res1dues on-the same g]ycoprote1n | |
Additional 1nformat1on on. the spec1f1c1tesvof 1ectins can

only serve:tolmake these molecules more useful as sophisticated

probeS for cell. surface glycoconjugates.’ Contihued research on the

nature of Jectin speeificitieSme'reveal_that‘]eCtins are capable
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 of recogniziné portions of-fhe core lipid or protein molecule
of the g]ycoconjugate. In the present study, however, it is only

possible to speculate on the nature of the cell surface lectin
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‘receptors on the basis of ‘cell agglutination alone. It is reaéonab%y )

safe to suggest that the sugars a—D—mannopyranoside,'D~ga1actose,

and N—eaetyl—D—g1utesamine are present within surféeevg1ycoprotein5'
of chick biastoderm cells, and that these ﬁo]eeules are cepablejof,
partitipatingkin an agg{Ltinetion reaction.  This assumption is based
on'the‘:abﬂiw of both AOEn and AP cells to be agglutinated by
Con A, RCA, and NGA.;.The'fact that GﬁeNae was not completely b

effective as a haptenic inhibitor of WGA-mediated agglutination.:

suggests that this lectin may-be.interaeting'with’other carbohy-

ke mentioned previously, this may be due to the greater-

of this lectin'for trisaccharides of G1cNac'or.it'g

(1979) have a]so sugqested that WGA may b1nd to g]ucosam1ne
ées of .kyaluronic acid in the extrace]]ular matrix of embryonic
;ce1ls. The fact that SBA does not cause an agg]ut1nat1on
*»fién of the cells unless fhey are firsti treated with neuramini-
% suggests that.N~acety1-D-ga]actosamineiresidues may.be pre-

{g subterminally to neuram1n1c acid residues. This was 3uggested

by Za11k znd Cook (1976), a]though they d1d not ru]e Out the pos-
s1b111ty enat the presence of neuram1n1c acid poses a ster1c h1nd-
rance to the b1nd1ng of SBA and/or prevents a reor1entat1on of

/
SBA receptcrs 1nto pos1t1ons favourab]e for an agglutlnatton react1on

V!a resu]t of WGA 1nteract1ng with sialic ac1d * Sanders and‘.\



One aspect of the cell agg]utination mediated»by Con A
and RCA which Was'not observed in previous studies (Zalik and Cook;

- 1976; Phi]}ips'and Za]ik,‘1978) was the incorporatton of the sub- -

cellular particles_into the agglutinated cell masses. This response‘.

| was interesting in that the‘part1c1es did not‘agglutinate in the

' absence ot'ce1]s ~In the presence of cells, this agg]ut1nat1on
vd1d not appear to be merely apass1veentrapment of part1c]es s1nce
this result on]y.occurred in the presence of Con A and RCA and

not with the other‘two lectins. Thesubcel]u]ar part1c]es con-
Sisted of extracellular yolk platelets and the products of ce11
1ys1s such as 1ntrace11u1ar yolk platelets, cell organelles, mem- . -
brane ves1c1es and other ce]l-fragments. It was not estab]ished
.whether any one popU]ation of these particles‘Was-being~se1ective1y
agg]utinated.b It isvlikejy'that the membrane vesic]es and cell
fragments possessed surface glycoproteins which could act as
ﬁagg]utinab]e_]ectin receptors. Rut{shauser,and Sach§)(1975) exa-

* mined 1ectin~mediated agglutinatfon occurring between cells immo-
bi]ized on n}]on ffbres and tree cells in suspension. They ob-
served that 1f both the immobilized and free cells were prefixed,

the agg]ut1natlon react1on was inhibited. ‘The separate f1xat1on

of ‘either the free or the 1mmob1]1zed cel]s did not prevent agglu- -

t1nat1on This suggested that in an agg]ut1nat1on react1on between '

two ce]]s;)receptor mob111ty is only requ1red on one of the ce]]s
These authors suggested that this mob111ty may be requ1red//o

'br1ng the receptors on one cell 1nto a11gnment with those on the
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other cell, -thus, enabling a Téctin molecule to form a cross link
between theitwo'éells._ An‘eQUiva1ent-situation tovthat of a
Rutishauser and Sachs (1975) could explain the RCA and Con ‘A-

. mediated cell to subcé1]u1ar particle agglutination observed in
the expériments reported here. Even though fhevsubcelluTar par- y
tic]egbposséss_surfaée 1éctin reCeptors, they may not have fhe
| “cytop]aémic'machinery"'required to_redistribute the receptors.

An alternate explanation for this phehomeﬁon js Suggested‘by;the
work of Whitehead and Maréus (]975j. These authors hévevexémihed
tHe‘binding ofllymphocytes’to‘Con A cové]ent]y coupied to Sépharosé
»beéds.‘ Théy observed that cells bound to thé beads in mg]tj]ayers
rather than in monolayers as oneﬁWou1d expecf; The cells af the
ber?phery of the aggregates were=presumab1y ndt édhering as a
~result of the Con A as the ]ectjﬁ was only present at the-surface ‘
. of the pead. The hapten demethyl—D—mannoside inhibited both the
;,adhesion of cells to the Sepharose beadsuas.weli as the cell-cell
‘adhesion. It was_surmised that the CoqA-medfated adhesion of the o
cells to the Eeads.reSUIted in aTteréd cell sUrface Qﬁbpérties,
'perhéps as'é’fesult 6f 1ectin-fnduced éeéeptor redisfribution, which 
,':made the ée]]s more adhesive. 'Thisgéitefafion'of surface propér-
ties could be transferred from cell to cell, over several 1ayérs. '
A  fhese 1ecﬁin-indu¢ed‘surfACé Ehanges'may be respoh$ib1e.for the °

| binding of the subCe]]u)ak-partic]es to thé cells observed,invthe'

‘Pkeseﬁt,expefiments. Con A éhd’RCA could induce surface altera-

tions caUsing’the'cé]]s to become "sticky" to the particies.
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Prerious studies from this 1aboratoryson,adhesion and lec-
tin-mediated agglotination of early embryonic cbick\ceT]s have a]]ﬁ
revealed that.there is a great’deal of variability in the beha-
viour of blastoderm cells after experimental manipulation. This

poses difficulties in/tbe'interpretation of experimental results®

and necessitates 15rge numbers of experimental replicates in order

.to verify the cons{stency of a certa1n response The var1ab1]1ty

is poss1b1y due to any of a number of factors such as minor fluc-
tuations in the dissociation procedure, the cell concentration or
in the amount of yolk and ce]]u]ar debris present in tbe final
.cell suspension. Umbre1t and Roseman (1976) reported that the age

of the maternal hen from which an embryo was obta1ned affected

the adhesiveness of Tiver cells from 12 day embryos. The livers of

’embryos;derived from young hens were more easily dissociated than

were the livers of embryos from older hens. jThe cells of embryos

from young hens were also shown to aggregate‘betterothan cells of

_embryos from old hens. The experiments reported in tbis study were

performed over a time period of two years on embryos obtained from

several different flocks of hens (the f]ocks were changed approxi-

‘ maté]y‘every six months). It subjectively appeared that the embryos

from younger hens were more readily dissociated into clean cell sus-

pensions and that these cel]s -exhibited a greater lectin- med1ated

agg]ut1nab111ty than d1d cells d1ssoc1ated from embryos derived
9

“from older hens. This effect, however, remains to be established

conc1USive1y. Milos et al.}(1979b) have examined the levels of



endogenous‘chick lectin ih supernatants of dissociated cells.
Variations in the level of lectin seem to correlate with the adhe-
siveness of the cells. Freshly dissociated cells which remain in
saline for per1ods of t1me appear to velease 1ect1n into the Sus-
pending medium; these cells.exhibit poor adhe51veness. If the
cells are washed and resuspended in fresh saline the level of lec-
tin activity in the supernatant is reduced and the adhesive»abi1ity
of the‘ee1ls is increased. Their results suggestvthat the released
soluble lectin in the supernatant may interfere with adhesion.
Variations in the lectin activity present in a ce]]isuspensioh'may
account for the observed variations in the adhesivehess of the
ce]]s It is possible that the presence of endogenous lectin
activity may affect exogenous lectin- medlated cell agg]ut1nat1on
Despite the fair]y high degree of variation inuthe experimental
results, the extensgvekreoetiiion of the experiments coupled with
‘the statistical analysis was considered‘sufficfent to take into
- consideration the degree of variabi]ﬁty present in each treatment.
The results obtained in this,study’ahe cohsidereo to hef]ett valid
characteristics of the agg1utinabi1ity of early embryonic ce11s.
The dose response of blastoderm cells to Con A treatment
is interesting in twowaspects. .a) a difference in the agg]ut1n-
~ability of AOEn and AP cells was revealed; and b) high concen-
trations of lectin inhfbited the agglutinability of both.cell popu-
lations. The enhanced agg]ut{nabi]ity of AP cells over those of

'AOEn may be due to the presence.of a higher number of surface

127

[



128

receptors for Con.A on AP cei]s;laiternativeiy if may reflect a
cell-type difference in the availability of agglutinable Con A
receptorser Lectin binding studies need to he penformed to distin-’
guish between these two possibilities. Current thinking seems

to favour the idea that differences in lectin-mediated agglutin-.
ahi]ity may reflect alterations in the mobiiity‘and distributidn
rather than in the number of lectin receptors. This was alluded
.to in the introduction where the results of numerous investigations
on fhe enhanced agglutinability of protease treated and transformed
cells wehe discussed (see Nicolson, 1976). Another nossibiie ex-
‘:pianation of the enhanced Con A-mediated agg]utinabiiity of AP
cells is that the lectin may have a higher affinity for particuiar
g]ycoprotein receptors at the surfaces of theselceiis.r Studies
inVoivinQ anaiysis by Scatchard plots of lectin binding have demon-
strated the presence of binding sites with va;ying affinities. |
Allen and Johnson (1976) have shown that murine ascites tumor

cei]s possessed two or more receptors with differing affinities

for Con A and pea lectin. Simiiariiy, Feller et al. (1979) pro—
vided evidence for high and Tow affinity Con A binding sites on
human-fibrobiast cells. Stanley and Carverv(1977, 1978) examined
the binding of‘iabe]]ed WGA to Chinese hamster‘ovary cells and
determined that at 1east four classes of receptor sites were pre-
sent, three of which exhibited positiVe cooperativity in WGA
binding. - Examination of WGA-resistant mutants neveaied that

although the total number of binding sites was similar, there were
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differenceg in the intermediate affinity sites.

In the previous study of.]ectin—mediated agé]utination of
chick blastodern cells (Phillips and Zalik, 1978) the highest con-
céntration of Con A tested was 20 ug/ml. - In this invesé}gatidn it
was foUnd that Tower thah mdxima] ;gg1utinatidn occurred at 1ecf1n
concentrations greater than 25 ug/ml. It is possib]e'that the
binding of ]a;ge ﬁumbers-of 1ect1n»m01ecu]¢s to the cell éurface
glycoproteins causes a steric hindraﬁce and interferes with the
redfﬁtribution of réteptors to positions favourable fof>agglutina-
tion. Con A Has been shown to inhibit thé'orientation.of lympho-
| cyte sUrfa¢e receptors into patches and caps when ths 1ecfin is
present in ddses greétgr than 5 ug/ml (Edelman etya1?, 1973). Con
A has also been shown to have a slight cytotoxic effect a]though"
' ‘the mechanfsm of this toxicity is uncertain (Nico]soh, 1974,

Lis and Sharon, 1977). It is possible that the.inhibi}idn of
agg]ﬁtination obserVéd ét high concentrations of lectin may be

due to fts cytotoxic éffect a1though it should be mentionéd‘that
high cbncentfations of RCA, with.a potent tytotoxic effect to cells
in culture (O1snes and Pihl;.1977),ldid not inhibit agglutination.

The dose responsesiof{bOQh AOEn and AP cells to NGA,\RCA,
and SBA were more typical jn that the graphs of agglutination ver:
| sus lectin concentration wére sigmoidal -in appearance. Increases
 in the lectin concentfation above that required for maximal agglu-_'

tination did not significantly alter the response. It is apparent

from the results of the lectin dose experiments that RCA elicits
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the greatest agg]ut1nat1on response in both AOEn and AP cells.
As - d1scussed prev1ous1y, this may be due to any of a number of
factors such as a large number of surface receptors, a h1gh affinity
‘of RCA for the galactose groups of the surface g1ycoprote1ns, or
| perhaps a greater accessibility of this particular.lectin receptor.
The response is worth noting, since RCA has a similar carbohydrate
specificfty to the endogenous chick blastoderm lectin describediby
Cook et al. (1979). Thiodigaiactoside and B-lactose are potent
inhibitors of agglutination mediated by both RCA and the blasto-
derm lectin. If the endogenous blastoderm lectin is indeed in-
yo]ved in adhesive events one would expect an abundance of its
particular receptors at-the cell surface.. The results of the RCA-
medtated agglotioation seem to indicate an availability of a large
number of surface receptors for the b]astode[o lectin. _However,
one should bear jn mind that, although two lectins may have similar
specificities for simple sugars, they may not bind to the same
o]jgosaccharide receptor at the cell sorface. With continued
reSearch into their system, however, itrmay prove feasible to uti-
lize RCA»as an economical means of jso]ating cell surface receptors
for the:endogenousvchick lectin. | |
‘The results of WGA, RCA, and SBA dose response expériments
suggest that cells of the(AP and AQEn possess simi]ar numbers Ong
-agglutinable receptors for each of the above lectins. It still
rematns to be estab]ished whetﬁer the different cell types. present

in the area pellucida exhibit differential agg]utinabi1ities with
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.any of these jeCtins. These experiments were not performed due to
technical difficulties associated with obtaining the large numbers‘
of dissociated ce]]s required for the quant1tat1ve assay. The

work of Sanders and Anderson (19/9) suggests that cells migrating
through the primitive streak they do not contain as many binding
siths for WGA as do the cells of the epiblast or the mesenchyme
lateral to the primitive streak. Whether these differences could |
be detected in an. agglut1nat1on assay is -uncertain as. the dis-
‘sociation procedure may very 11ke1y alter the d1str1but1on and
: perhaps ava11ab111ty of 1ect1n b1nd1ng sites.

The sens1t1v1ty of the quantitative analysis of lectin-

mediated agg]utination over a viSua]lassessment was revea]ed in

the experiments on .the effect of tryp51n treatment on agglut1nat1on
Za11k and Cook (1 76), utilizing a visual assessment of agg]ut1na— |
tion, could not detect an enhanced agg]utln}%r11ty after trypsiniza-
tion of blastoderm cells. In the present i st1gat1on, however,
trypsinization was shown to enhance the agg tinabi]ity of AOEh
cells with Con A, er , and RCA This increase, found to be statis-
fically s1gn1f1cant, was small and cou]d not be detected re]1ab1y
with a visual assessment Zalik and Cook (1976) did note that ”
trypsinization was required to render embryonic' liver cells agg]u-
-t1nab1e with WGA. These authors suggested that tryp51n1zat1on may
remove a masking agent from the WGA receptors, or a1ternative]y,

it may 1nduce a change in the distribution of surface receptors

into positions more favourab]e for agglut1nat1on These exp]anations

.
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also may possibly apply to the trypsin-mediated enhancément of
"agg1ut1nat1on in the blastoderm cells. \Rosenb1ith et al. (1973) _ :
showed that Con A binding sites on protease treated ce]ls were
more read11y or1entated into patches than were the b1nd1ng Sites
on nontreated cells, suggest1ng that the protease treatment enhances :
“the mob111ty of surface receptors , Tryps1n has been shown to dis-.
rupt the oroanization of microtubular'and microfilaments (Furcht
.and Wende1schafer-Crabb 1978 Britch and Allen, 1980) This
trypS1n -mediated. d1srupt1on of the cytoske]eta] e]ements may pos—"
-sibly be involved in causing the increased mobility of ‘lectin re--
ceptors, which in turn' may be responsible for the enhanced agglu-
t1nab111ty of protease treated cells. | _ |

The tryps1n -mediated enhancement of NGA med1ated agglutin- ‘
abi]ity of AOEn ce115-was 1nterest1ng.1n that it appeared that the
cOntro1;incubation at 37°C'reducedethe agglutinability of’the cells
: compared to that‘of the 4°C'contro1s. The trypsin treatment at
379 merety restored the aggTutinabiLity back to the levels in the
49¢ control. This trend was a1so observed'with RCA a]thoUgh in
this case the d1fferences between the two temperature contro1s were
not significant. W1th Con A, however, the 4°¢ and 37°C contro] |
cells were agg}ut1nated,s1m11ar11y, while tryps1n enhanced the
agg]utinabi1ity over both-controIs. It is possible that the incu-
bation at 37°Q.in CMF PCS causes a]terationS‘of the lectin recep- '
~ tors sucl that the cei]s are less agg]utinab]e; Trypsin;treatment

CLo.

« may prevent, or aCtiVe1y:interfere with this loss of agglutinability,
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perhaps by enhancingithe rédeptor nohi]ity.a Thése_experiments
'indfcate, however-'that'already atfthis early.developmenta1'stage
tryps1n sens1t1ve e]ements may be 1nv01ved in contro]]1nq some
'1ect1n receptors and maxnta1n1ng them in a nonagg]ut1nab1e condi-
tion. ‘ | | ‘ |

| The etfect’pf trypsinieationVon SBA—mediated'agglutination
of AOEn Ce1lé was’npt examined~as it was felt that the number of
exper1menta1 man1pu1at1ons 1nvo]ved was too harsh on the cells.
However, in the case of AP cells it was observed that cells wh1ch
had been d1ssoc1ated wwth tryps1n and subsequent]y treated w1th
neuraminidase were more agg]ut1nab]e w1th SBA than were EDTA-
.‘d1ssoc1ated neuram1n1dase treated AP cells. The agg]ut1nab111ty
of AP cells with Con A, NGA and RCA was not affected by the dis-
, éoCiation‘teChniQUe. This apparent d1screpancy may possibly be
eXp1ajned on the basis of the experimental protocoT and‘incubatfon'
.- temperatdres in eaeh of the-cases. ‘The EDTA;dissociation teth-
nique 1nvd1ved incpbating.the cells on ice, whereaé, the trypsin
d1ssoc1at1on was performed at 37°C in CMF PCS. When SBA- mediated.
agg]ut1nat1on was tested ‘both EDTA and tryps1n d1ssoc1ated AP
.ce11s were subJected to an additional 1ncubat1on with neuraminidase
at 37° C ina 1:1 m1xture of PJS and CMF PCS. It s possible that
incubation at 37°C caused the differential reduction in agg]ut1n-
dbility of EDTA dissociated AP cells compared to the cells ob-
tained by trypsinization. This may have been simtlar to the situa;

~ “tion in AQEn control cells which showed a decreased WGA and RCA-

L -
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mediated agglutinabity when incubated at 37°c.

. Sanders and Zal%i (1976) reported that cells disSociated
~from gastrulating chick embryos were capable pf reaggregating and
undergoingva certain degree of histotypic differentiatioh. This
i;vestigation.has substantiated these findings and has provided

some additiohalﬂinformation on the effect of lectins on adhesion
and subsequent aggregate morphogenesis.- It was interesttng that

in the control aggregates and those fifgfd in the presehce of

_WGA, Con A, or succinylated Con A there.appeared{to'be a prepon-
derance of mesoderma1‘structures.l With the exception of the ex-
terna1 yolk sac-like cells, the majority of the differentiated
structureSIWithih the aggregate were of apparent mesddermal ori-
:gin.r It is not certain as to whether this was due to an inttia]
‘selection of cells during tﬁ% dissoéiation protedure or as a'resuTt
}df the culture conditions. The fact that simi]arvre$u1t5'were ‘
obtained w%th’two different dissociation techniques tends to rule
out the former possibility. There are numerOUSIinducttve prpeesses
oCcurring during gastru]ation and it is to be expected that the
dissociation of the blastoderm and'eubsequent'cu1turihg may
disrupt’some of these prpcesses. fhe formation of a yolk sac-like
morphology bybextraembryonie ehdoderm cells has\beén'shown to be
an'intrihsic property‘of theée cells and will occur in the absence

: pf any other embryonic tissues ‘(Milos et al., 1979a). The tendency .
of these cells to assume an external location has been suggested

'by Eya]-Giiadi et al. (1975) to be'a\response to the 1oca1ization
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. of the nutrient supp]y The ofher differentiatéd tissues which
were observed in the aggreqates, b]ood e]ementg tubuTes, and-
| connective tissue, have been assumed to be derived from mesoderm.
The results of the lectin treatment on aggregation ére
difficult to interpret as the mechanisms and cOnsequénCes:of Tectjn
binding to cell surfaces are poof]y,understood. Iﬁ studies where
Tectins have.beén shown to cause djéruption of Cé1]hiar‘recognition
and}adhesive phenomenq the results have been 1nterpréted to" be
" due to a lectin-induced a]teratibn}of the mobility or distribufion
of cell surface molecu1és. In.many céSes,lﬁhe bindfng of an
exogenOUS ligand or lectfn to a cell Surface recebtor has been
shownlto induée a cépping of the bound receptor ahd,a-subseQUent :
endocyfosis of the capped‘area (TayTor et.al., 1571;'Aubin et al.,
1980). While this ‘response dbes indicate 1ectin—induCea surface
changes it also prondes the cell with an effective mefhod for
- removing the 1ectin‘from its surface, thus, providing the possi-
b111ty of an 1ntrace11u1ar site of action of the lectin. |
The lack of effect of WGA Con A, and succ1ny]ated Con A
in this investigation may have been due‘to the Tow'lectin concen-
tration compared to the concentrétions'utiTized by'ofhér investi-
gators. In this study thé 1ectin§ were tested at low concentra-
tions in order to minimi;e the poésibi]ity of cytOtoxiC effects.
Higher Tectin concentrétiohs would also héve caUsed‘significént
‘amounts o# agg]ut1nat1on wh1ch wou]d have interfered with analysis

of the resu]ts. Evans and Jones (1974) used 200 ug/mi of a



»nonagg]utinating form ef Con A tb inhibit the aggregation of embryonie
chick neural retina and skeieta1 muscle cells. Stefnberg and
vGepner (1973), however 'reported that 20 dg/m] of’a_univalent Con
A did not block adhes1on of neural ret1na cells. Prinz and Von
F1gura (1978) demonstrated an 1nh1b1t1on of adhes1on of human skin
fibroblasts to a p1ast1c surface with Con A concentrat1ons of 3 .
to 500 pg/ml. A concentration of 10 ug/m1 Con A was required«to
. 1nh1b1t the adhes1on of embryon1c ret1na cel] aggregates to cell
1ayers (Letourneau, 1979) and to d1srupt the m1grat1on of pr1mor—
dial'derm ce]]s (Lee et al., 1978). Inuthe above” ment1oned stud1es
the cytotox1c1ty of Con A was discounted as be1ng respons1b1e for
the observable effects. Th1s has been . the subJect of a certa1n
degree o?éEOntroversy, however; Steinberg and Gepner c1a1m that
" greater than 20 ug/ml un1va1ent Con A is cytotoxic to neural retina
“cells. | |

| The only Tectin which affeete aggregation‘under'the experie _
menta1'conditfons of this investigatio was RCA; As RCA has a
151m11ar spec1f1c1ty to the endogenous blastoderm 1ect1n (Cook et
a]., 1979) this result may prov1de snme)support for the hypothesis.
that the endogenous lectin and 1ts.receptors are 1nvolved in
" cell surface mediated events. Cantibn is required in the inter-
bretation of the_g%}ects bf RCA as this lectin has been shown to-
be quite td*ic fo cultured cells, -apparently by interfering with
protein synfhesis (Sa}tvedt, 1976; Olsnes and Pihl, 1977). Vernay
et al. (1979) recently reported that RCA inhibited the adhesion of
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B« fibroblasts. They surmised that the inhibition
??xic effect, since the presence of this lectin caused

l&of inCorporatioﬁ of (*H) leucine and (*

C) g]ucosa~
‘;ffyps1n sensitive g]ycoprote1ns at the cell surface.

4 fént Tabelled RCA was observed to be 1nterna11zed by the
"rasts w1th1n one hour after its add1t1on The effect of RCA

fks10n of chick blastoderm cells requires add1t1ona1 investi-
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