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ABSTRACT
- ’ -

The objective of this work fwas the d‘%tection, i\solation and
‘charécteri;ation of solublé, endogeﬁous léctin acfivity from the early
;olk sac of chlcken embryos, Extracts from the area vitellina and area
vasculosa, the precursors™of the yolk sac which are in turn derived from
the area opaca of the chick blastoderm, were stpdled These tissues
from embryos at stages 13, 14 and ‘15 cona:1ned lectin activity which was
detécteq by an'ha;magglutination assay using trypsinized rabbit
erythrocytes. Lectin mediated haemagglutination was inhibited by
galactose-containing sacéhﬁrides and the,most'potent saccharide
ijﬁ;gifgrs were thiodigalactoside, léctose and (ZR;Hélxce;ol—O—{3—D-'
galactopyranqside. The lectin activity, whdch cdulawbe e!trac;ed from
-whole'tissuéfiﬁ the presence of %actosé, diq not appear to require }heg_'
‘}bresehce of divalent cations, 'but .-did have é'requirement for disulphide

reducing agents for the maintenance of its acﬁi&ity.
Generally higher 1ev€2:<ﬁflect1n act1v1ty were present in the area
.e“area v;telllna, this was true in embryos

-

up to seven days of incﬁbétiqnl The area vasculosa is the more

vasculosa, as compared to

1
i ’

differehiiated of these two tissues and by ssveg\days of development has
normally enclosed the yolk..
Lectin activity was purified by affinity chromatography on a

Sephasze 4B columh to which thehligand, para—aminophenyl—[3;D-1actoside

wasllinked.A Purified lectin preparations from the area vitellina and
'_' \\ a < ~

area vascuiosatbf stage 1;—15 yolk¥kacs were examined by sodium dodecyl

i
<9

N



-

sulphate—polyacrylemide ggl electrophoresis. ‘Under reducing conditions
two main bands were observe\; a dore‘prominent_band,with a subunit
‘moiecular ;eight of about 14,200~¥‘i00 for the area vitellinaiend 13,700
>i, 300 for the area vasculosa and a second band with a molecular weiéht
of about 68,100 t 700 and 68,700 t 1200 for the area vitel lina and area
vaseulosa; respec;ively; The high' molecular weight protein sometimes
appeared ae'a doublet with moleculer weights of about 71,300 * 1300 and.
62,700 £ 1400 in' the area vitellina lectin preparation. When crude
preparatlons were examined by gel flltration chromatographj)under non~
'dissociating conditions and in the presence of lactose, the lectins
_.appeared to be preéent as aggregates. In isoelectric focusing studies,
the affinity—purified’lehyin(s)vfrom the area vitellina and area
vasculosa contained at least two distinct éroteins.'ﬁ ma jor band was
'obser;ed. with ieoeleetric defnts of 6.58 and 6.65 for the area
vitellina and’ area vaaculosa lectins, respectively. In addition, two to;
four minor bands were observed in the acidic pH range of 4,1 to 5.5 for

.

the area vitellina lectin and 4.05 to 3.1 for the area vascuiosa lectin.

2 Thefsoluble, 3—D—galactoside-binding lectins in the area vitel lina
and are% vaeculosa of stage 13-15 yolk sacs are considered to-be very

-

similar, if not identical proteins. The presence of lectin activity in
thegyolk"saé tissues at progressive stages of development and the higher
levels of lectin in the area vasculosa suggest a role for the lectin in

the differentiation of this extraembr;'ohic tissue.

A
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. INTRODUCTION

1. THE YOLK SAC MEMBRANE

The yolk sac is one of three extraembryohic membranes necessary for
the development of the ch%}ken embryo. It is derived from the
blastoderm and is cpntinuous with the embryonic body. The yolk sac 1s
the primary orgaﬂ of nutrition, functioning in the uptake and digestion
of nutrients from the yolk and their transport to the embryo. This

3 :
structure has distinctive morphological and physiological
characteristics consistent"with its role in development (Romanoff,

1066). | | : .

1.1 Gastrulation in the Chicken Embryo

Gastrulation in the chicken embryo invo.lves several morphogenetic
pro.cesses directed by the genomé of the -d;aveloping embryo. During
gagtrulation, éxtensive cell rearrangmen‘ts occur with cell gro@ps

. present. in discrete areas of the blastoderm being displaced inwards via.

\

the primitive streak. This results in sthe formation of the three
f(yonic germ 1ayers, txoderm,‘ mesoderm and endpderm. The initial
inward movement of cells from; the surface layer or epiblast oﬁ the
blastoderm results in the displacement of cells of the underlylng
hypoblast layer to the peripheral regions of the blastoderm. The
incoming cel 1; form the embryonic endoderm, whereas peripheral hypoblast

cells form the extraembryo'nic endoderm. Some of the ingressing cells



2

\
form the mesodermal layer which lies between the surface ectoderm and

the lower endoderm (Romahoff; 1960; Bel lairs, 1971; Nicolet, 1971).

1.2 Formation and Structure of the Yolk Sac

At the primitive streak stage (18 hours of incubation), the chick
blastoderm consists of two areas; the area pellucida, consisting of
ectoderm, mesoderm and endoderm, which will form the e€mbryo, and the
extraembryonic area opaca, which is made up of ectoderm and endoderm,
the latter tissue forming a permaneﬁt part of the yolk sac., Within two
days of development, the mesoderm begins to invade the area opaca or
presumptive yolk sac membrane and blood islands are evident. At this
time, the area opaca consists of two distinct areas, the area vaéculosa,
g,hedial vascularized region adjacent to the embryo and the area
vitellina, a more peripheral region that is non-vascularized (Figure

. The area opaca can be termed the yolk sac membrane at this time,

. '

"since the horizontal division of mesoderm into somatic and splanchnic
layers is apparent and the sﬁIanchnic mesoderm &hd.endodérm have
associated to form the yolk sac fRomanoff, 1960).

The @orphogenesis.of the yolk sac involves‘three expaqding cell
layers, the ectoderm and endoderm of the'vitelline areé and the mesoderm
"of the vascular area. The peribﬁeral margin.of the area v{tellina is
hlthe leading edge of the'yolk sac which progresses over the yolk surface
very ;apidly between the third‘and fifth days of incubation (Figure 1B-
D). Th? yolk is usually completely surrounded by the end of.the,seventh
day of incubation, except fof a small aperture at the disFal end, called
the yolk sac Qﬁbilicué_(Figure 1E). Dispite the continued peripheral

-
extension of the area vitellina, it begins to decrease in total area by



Figure 1

Schematié¢ illustrations of successive stages in the growth of the
yolk sac over the surface of the yolk, during the first seven days of
chick development (redrawh from diagrams by Romanoff, 1960). A and Al,
dorsal and lateral views of a chicken embryo at 2 days' of development; B
and Bl, dorsal and}la_teral views of a chicken embryo at 3 days ot
development; C and Cl, dorsal and jateral views of a chicken :mbryo at 4
days of development; D, dorsal view of a chicken embryo at 5 days of
development; E, lateral view of a chicken embryo at 7 days of
'developmelnt; 1, embryo; 2, area pellucida; 3, area vasculosa; l;, area

vitellina; S, yolk; 6, sinus terminalis; 7, amnion; 8, allantois; 9,

yoik sac umbilicus. , -
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“the seventh day because o;\;;Z?Bachmenx by the area vasculosa. This
latter tissue also grows very rapidly between the third and fifth day of
incubation and has passed the equator of the yolk between five and seven
days of incubation. The area vasculosa continues to grow until the
fourteenth or fifteenth day and it reaches the margin of the yolk sac
umbilicus between sixteen and nineteen aays of incubatiqn, at which time
this aperture closes; by this time the area vitellina has’>disappeared
completely. The yolk sac is taken up into the embryo's body vity via

the yolk stalk, which is a peduncle,ﬁh;f attaches the yolk sac to the

~

intestine. This occurs on or after the nineteenth day of develppment.
The embryo hatches on the twenty-first day after the start of ingubation
(Romanoff, 1960).

1.3 The Extraembryonic Endoderm

//"\

The yolk sac is in a continuous state of chang& throughout

development. Its constituent germ layers are different at the beginfing -,
and end of the formative period. As mentioned previously, the endoderm
forms a permanent part of the yolk sac. At the primitive streak stagé,

, these cells are present as a multilayered array in thé ventral sufface

of the area opaca which'lies adjacent to the yolk. The yolk sac

endoderm ‘goes through several developmental stages as it spreads b
epiboly to surround the yolk and finally differentiates into a si 8le§?
cell epitﬁelial layer (Romanoff, 1960; Bellairs, 1963, Mobps an;
McMillan, 1979). The successiye stages in this process can seen in
" the structure of these ;ells from the peripheral to the pto;imal g;rté

of the yolk sac, as it grows. The most immature stages are found at the

%
R



6
periphery of the area vitellina where new cells are formed. In this
area nuclei are scattered sparsely in the yolk aﬁd nc cell boundaries

jare distinguishable. The more mature or fully differentiated siages are
\found medially in the area vasculosa region, where a single layered
epithelium is present: Transitional stages ;n the development'of the
endoderm are found between these two regioné, where there is a zone of
irregﬁi%rly stratified cells composed of tﬁrge to four léyers (Romanof f,
1960). N L
By the end of the second day of incubation, the mediaf‘stragifnqd _
zone of cells has moved distal to the area vasculosa and ;s partipf ?hq

» ¢
inner.region of the area vitellina. This stratified zone spreads

*

centrifugally by the.addition of cells from the peripheral zone, while
cells at its mediagl border differentiate as columnar epithelial ce{ls
and join the epithelial zone, which is p;esent‘below the area vasculosa.
The stratified zone of cells is completely transformed into epithelium

at some time after the twelfth day obf incubation (Romanoff, 1960).)

L4 -—

bl

3. THE CELL SURFACE

5

1

@ A widely held view contends thét glycoptoteins and glycolipi&s n
the surface of cells are implicated iﬂ the procésses of ca%fﬁ{jr
recognition and adhesion. The cell surface is th; site of a cell's
interaction with other cells és wéi} as its extracellular-enéironment in
both embryonic &evelopment=and in adult tissues (Cook and Stoddart,
1973; Hughes, 1975; Lackie, 1980). ”

Cell surface carbohydrate consists of short oligosacéharide chains -

of membrane boupd glycoproteins and glycolipids. In addition, it ,often

e
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a

includes both glycoproteins and proteogfycans that have been secreted
and absorbed on the cell su;¥§ce (Hughés, 1976; Luft, 1976). Isolated
plasma membranes typically contgin 2 to 10 percent carbohydrate
localized on the outer surface. Nine monosaccharides generally occur in
membrane glycoproteins and glyocolipids, the principal ones being
galact§se, mannose, fucose, galactosamine, glucosam;pe, glucose and
:E}?{;;\9C1d° The sialic acid residues are usually located on the
///terminu;\Uf»the carbohydrate side chain and contribute, for the most
part, to the net negative surface charge of eukaryotgc cells. ‘
Although the oligosaccharide side chains of glycoproteins and
glycolipids contain fewer than fifteen sugar residues they are usually
branched and joinédrb; a variety of different linkages which can confer
_great complexity. There can be considerable diversity in the saccharide
side chains and the variation from one cell Eype and speéies to another
can give the cell a unique identity, with carbohydrate moieties possibly
seriing as discrete sources of information or reéognitidn (Hughes,
1975). : ’
»
The biological function of the qa;boh&ﬂrate moieties of‘
glycoproteins has not been fully Jludicated. However, the wide
distribution of these macromolecules and the c&hserved structure of the
oligosaccharide units suggests that the} are importént in some universal
physiologiéal process in animal cells (Olden ;1 al., 1982%-)Roth et al.
(1971) have suggesfed that‘speciﬁic intercellular adhesion coitld be
mediated by the interaction of carp;ﬁ?drate moieties of membrane or
. o
extracellular protein on the surface of one iell with a carbohydrate~
binding protein, a glycosyltransferase, on another cell slirface. The

L

%



complexity of oligosaccharides and thelr position at Fhe cell surface
makes them suitable candidates for recognition and/or adhesion.

Olden et al. (1982) have proposed tﬁat the covalently attached
carbohydrate of glyco‘p'roteins acts as a 'chemical tag' which directs the
glycoprotein to certain locations‘or organelles within the’ce\ll, througz{gi
its interactions with specific intracellular membrane receptors. In
this prqposal, glycosylation is not absolutely necessary for ;ecretion
of glycobfotein nor is it always required for the biolagical activity of
the protein. Eut it does appe%r tos be iﬂvélved ine the proteolytic
stabilization of the proteln molecule. Evidence to‘support this

Mg,

proposal comes from work done with theﬂa‘ ibiotic, tunicamycin, which

Y Ly

inhibits the glycosylation of ésparaglne—llnked glycoprotelns and with
mutants that are deficient in glycosyltranéferases (revieweq by Olden et
al., 1982). These autﬁgrs present a model in which the carbohydrate
moiety fugggions in the 1ocﬁlization of glycoprotein intracellularly
fhroug@@f&é iﬁt;raciion with endogenous carbdhydrate binding protein.
Such proteins located on- the luminai surface of the Golgi-endoplasmic
})reticulum complex, biﬁd and concentrate the appropriate oligbsaccharide
moiety in specific aréas of this internal membrane system and then

transports them via vesicles to specific membrane organelles, including

the cell surface.

3.  LECTINS

' .
33.1 Definition and Historical Background -

Lectins are a class of dlvalent or multivalent. carbohydrate-binding



grouped together because of their ability to precipitate glycoconjugates
and/or agglutinate cells. Lectins bind to cell surfaces throughthelir
interactions with specific oligosaccharide determinants exposed on the
surface of cells. The sugar-binding specificity of these proteins is
normally defined in terms of the monosaccharides or simple
oligosaccharides that inhibit lectin induced agglutination of cells or
lectin induced precipitaﬂ’bn of polysaccharides, glycoproteins and
glycolipids (Goldstein et al., 1980).

Proteins aﬂie to agglutinate animal ythrocytes were first
identified in plant seed extracts. They yere studied dntensivei;
because they have a number of unusual chemical gnd biological properties
which make them useful biological probes in research. In particular is
their specificity forqurticular sugar residues and their divalency or
polyvalency (Lis and Sharon, 1973). These agglutinins were first called
lgctins (from the Latin, legere, to’pick out or to choose) by Boyd and
Shapleigh (1954) after the discovery that some ;1ant agglutinins are
gpeqific for certain human blood grohps. For example, the lima bean
agglutinin was shown to selectively agglutinate human type A
erythrocytes and nét type B or'type 0 (Revaéwed by Boyd, 1970). | t

.Two important discoveries in the 1960's set ihe pace in plant [—
lectin research. In 1960, Nowell described the ability of
vphytohaemagglufinin (PHA), from the red kidney bean (Phaseolus
vulgarié); to transform small resting lymphocytes into large, actively

'
growing blast-like cells which sometimes divide. Subsequently in 1963,

“Aub et al. reported that wheat germ agglutinin (WGA), from Tritjicum

)
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vulgare, preferentially agglutinatéd malignant cells at low
concentrations, while higher concentrations of this lectin were
necessary for agglutination of normal cells. Cells transformed by,

{
mitogenic lectins, such as PHA, have been used in the visual examination
of chromosomes in humans and otﬁZrcanimals. Also, the stimulation of
lymphocypeé by these lectins has facilitated the study of mechanisms by
which sign?ls are transmitted from the surface of the cell to the
nucleus gﬁd the metabolic machinery of the cytoplasm, and the
examina%(gn‘of the biochemical events involved in the activation of a
‘resting cell. Lectins have also been used for studying changes at the
cell surface during growth, differentiation and malighant
transformation, Otherimpqrtant uses of plant lectingin biological
research included their use in typing_humaﬁ blood and in the study of
the structures of the blood group antigens (Shargn-and Lis, 1972; Lis

and Shéron, 1973, 1981; Nico{son, 1974; Goldstein and Hayes, 1978).

3.2 Detection and Carbohydrate Specificity

As mentioned previously, the initial identification of plant
léctins was by their ability to agglutinate animal erythrocytes.and this
is still the common method of choice for detecting the presence of
lectins (Goldstein and Hayes, 1978; Lis and Sharon, 1981). This
property of lectins suggests that these proteins are at least divalent
and possibly multivalent with regard to their carbohydrate-binding sites
and serves as the Basis for their detection and quantitation.

The agglutination reaction is not well understood and it-can be

~

influenced by a variety of factors including properties of the lectin

{
molecule such as its biochemical nature, the number of saccharide-

N



binding sites it contains, the strength of saccharide binding and the
concentration of lectin activity in the extracts. Properties of the
cell surface receptors such as the number, accessibility, distribution

and mobility of receptor sites also affect the agglutination reaction.

In addition general cell surface structures such as microvilli, cell

\\\Qifface rigidity, net cell charge and transmembrane linkages of
receptors to components of the cytoskeleton may also affect this
reaction (Nicolson, 1974). Desbite the lack of information on this
reaction, agglutination assays are used because they are a rapid and

convenient méthod for the detection and quantitation of lectin activity.

The saccharide-binding specificity of a lectin is usually

determined by the ability of specific sugars to inhibit lectin mediated

agglutination. 'And for some time it was general{y accepted that the
lectin bound exciusively to terminal sugar groups and that the best
inhibitor was similar to the cell surface receétor. However it has
since been shown that some plant lectins can interact with sugar groups
' at core sites in oligosaccharides, in addition to interacting with
terminal residues. For example, concanavalin A (Cén a), caﬁ bind to
terminal & -D-mannose or (-D-glucose residues or internal -D-mannose

<

residues (Goldstein et al., 1973). And it has also been shown that the
interactions of lectins with complex synthetic oligosaccharides or with
oligosaccharides isolated from cell surfaces are stronger than with

simple sugars.' This suggests that the actual cell surface lectin

receptors are most probably complex oligbsacsharides (Niéolson, 1974).

G
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while there are limitations to the saccharide inhibition assay some

information on the lectins carbohydrate-binding specificity can be

obtained from such studies. TAlkyl «- and ;3—glycosides are often used

as hapten inhibitors to give information on tRe anomeric specificity of
»

a lectin (Lis and Sharon, 1981). Some lectins have been found to be

specific for only one anomeric configuration, wh as\others do not

‘.

appear to distinguish between the two. .Con A fs an 6xample of the

former situation with specificities for (X-D—q?nnose and (x-D-glucose

only. Ricinus cpmmunis agglutinin (RCA), and soyhean agglutinin (5BA),
on the other hand; do not appear to exhibit anomefic specificity (Lis
and Shqron, 1981).

From;studies with plant lectins (reviewed by Lis and Sharon, 1981)
it appears that the carbon-2 position of the sugar is not of crucial
importance to the interaction for most plant lectins. Thus lectins suc
as Con A, which exhibit a primary specificity for «-D-mannose also bind

_ -
-D-glucose and N-acetyl-D-glucosamine to a lesser extent. Conversely,

several lectins have a primary specificity for galactose and also bind

N-acetyl-D-galactosamine to some extent. However, the carbon~4 position

t
i

~of the sugar aﬁéears to be critical to lectin binding. Thus iectins

which bind galactose do not normally interact with mannose or glucose

4
v

“and vice-versa.
The sugar-lectin binding réaction appears to involve hydrogeﬁ bonds
and nodpolar interactions. Because most sugars are not charged, the
. - ) .
inte;action is not théhght to 1nvolvg_e1ectrostatic forces (kis and

Sharon, 1981). Higher affinity constants are generally observed for

lectin binding to cell surface carbohydrates, as compared to simple

.
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'sqgafsf And it has been assumed that the interactions between a lectin
. . ,
molecule and cell surface carbohydrate is through multivalent
(-S4 -

interactioné'invo],ving‘more than one combining gite (Lis and Sharon,

1981). FprEber, the cell surface glycoconjugates are thought to

E
L o

~ probably be fupctionally multivalent, since univalent glycoconjugates

.

can move and form clusters within the plane of the membrane. ‘Thus"
s <
/ . | . .
lectins can bind well to these clusters altHough they may not interact
. ° N * 2 .9 L
with high affinity to the ‘individual carbohydrate molecules (Barondes,’

1983). - ‘ o

3.3 Endogenous Lectins

Following the detection of lectins in plant tissues, similar
carbohydrate-binding proteins were isolated from a wide variety of
micr@prganisms, invertebrate and vertebrate tissues. Béﬁause endogenous

carbohydrate-binding proteins or lectins possess div gﬁp or multivalent

by
- binding capacities and are carbohydrate specific, these macromolecules
! . ' .

aré obvious ;a;didates for tq.'binding of specific oligosaccharide
* detérminants on a cell's surface and may play a part in the processes of
rarfogn.ition énd/of adhesion. Studies so far indicate that endogeno.us
lec‘i:‘ins are fpred;)mins;ntly intracellular but are also found on the cell
surface or extrgcellular'ly, In a recent re\;iew by Barondes (198}1),
severai pr'c);p"'erties of ,1ect;ins that suggest biological functions were
evgl.ua'ted.v--“They inclyde the following: a) the specificity of the

sacctgg{'él“ide—b'inding sites of lectins suggests that endogenous receptors

8 L3

areﬁ:pxeSegt., either on the cells which contain the lectin or on other

~cells.or glycoaonjugates with which the lectin is to interact; b) the’

.v-.',".
U

@
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possess&on of multiple carbohydraté—binding sites suggests that the

lectin could organize glycoconjugaies on the cell surface and

extracellularly, by cross-linking glycoproteins or glycolipids; c) the

- -

’agglutination activity of lectins suggests they could function by
binding together cells of the same or &iffer;nt species, thus promoting
adﬂesion in the morphogenesis of embryos or tissues, or promoting
bhagoéytosis or infection; d) the high levels of lectin activity
’
generally found indicates a structural role for lectins, as opposed to
an enzymatic function; and e) the finding of lectin ativity in ;oluble
1 P
aqueous extracts of tissues suggests lectins_%re not generally

integrated into membranes but are probably bound to membranes by

oligosaccharide receptors. )
~

~

Some experimental approaches to identifying the “function of lectins
include: a) determining the localizgtion and distribution of lectin in
tissues by histochemicalrmgthods, using labelled habtens and antibodies;
b) determining lectin concentra;ion and changes in levels of activity in
developmental siudies; c) studies of mutants that possess abnormal
lecein or which gre deficient_in lectin; d) studies on in vitro and in
vivo biological effects of lectin antagonists such as antibodies to
lectin and haptens that inhibit lectin; and e) the identification and
purification of possible endogenous receptors (Barondes, 1981L

Vertebré&e endogenous leétins have been .divided into -two groups on
the basis o£ their solubility properties (Barondes, 1984). Saguble

lectins do not require detergents for their extraction ahd can be
. ! ‘
extracted from tissues by specific saccharides which remove them from

their endogenous ligands. These- lectins are probably loosély
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associated, peripheral membrane proteins and are believed to b? able to

; move freely within and between cells. They would thus b@ able to
interact with:both‘soluble and membrane bound glycoconjugates; Because
of these properties, a function for soluble lectins has been difficult
to infer. Integra1>membrane lectins, on the other hanqL/;equire
detergent for extraction and are thought to function in the binding of
'glycoconjuéat_gs to membranes at @2 cell surface or within vesicles.
This mechanism would result in the localization of specific
glycocon jugates at particular membrane sites or their trgnsbort to other
cellular compartﬁents (Neufeld and Ashweli, 1980; Barondes, 1984).

Information on the molecular mechanisms that mediate cell
;ecognition and adhesion has been obtained from studies on sbonges and
cellular slime molds. These two systems are discussed below because
they have contributéd to an.understanding of these cell surface
phehomena. .

3.3.A. The Sponge Lectins

A number of lectins have been identified in sponges, the majority
of whith‘appea; to be galactose-binding proteins. These lectins can be

isolated and purified from the supernatant in which the sponge cells are

dissociated (MUller, 1982). In the sponge Geodia cydonium, a_major B-—
D—galactoside—binding lectin (MW 36.500) has been isolated from tissue
extracts (Vaith et al., i979; Millet et al.,r 1983). In addition, three
other adhesion related componenFs including an aggregation factor
(Mﬁlle;‘aﬁd Zahn, 1973), an aégregation receptor (Miiller a£ al,, 1976)
and an anti-aggrégation Teceptor (Mﬁllér et al.,- 1979a) have been

-~/
. . 1
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isolated from this sponge. In aggregation assays, the anti-aggregation
receptor inhibits aggregation factor-receptor formation by binding to

..

the aggregation factor. This effect can be abolished by pretreating the
anti-aggregation receptor with B—galactosidase, wiich suggests that
terminal galactose is the active site of this molecule (Muller et al.,
1979a). The galactose-binding lectin precipitates the anti-aggregation
receptor and abolishes the inhibition of aggregation caused by this
glycoprotein. Thus the lectin does not appear to have a direct role in
promoting aggregation. But it does‘appear to play a regulatory réle and
could, 1in principle, control the processes of sorting out and
recognition in aggregation, by allowing fransitory adhesion or
deadhesion to occur (Miller, 1972; Miller et al, 1979b; Miuller and
Moiller, 1980).

3.3.B. Lectins in the Slime ‘Moldmeveloping System

- BN

A function for endogenous lectins as rec’ognition/ﬁlolecules in
development has been extensively 1nvestlgated using cellular slime

molds. - The hypothe51s is that species-specific cell cohesion results

from the complementary interaction of céll surface endogenous lectins

-

and cell surface carbohydrate receptors to which the Teq;rﬁ binds ..
specifically (Bartles et al., 1982). These simple eukaryotes have
served as a good modelkfor studies of intefcellular recognition and
~adhesioﬁ. ‘In their unique life cycle they ekist as nonsocial, sipgle,
vegetativeAamoebae and only differentiate to an aggregation competent
. @
stage when deprived of food. Duriﬁg this stage of development cells are
drawn together by chemotactic signalif specific cell contacts are made

and a stable, social aggregate called a plasmodiuﬁ is, formed. Further
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development results in formation of a fruiting body made up of stalk and

spore cells (Frazier, 1976).

Agglutinating activity has been detected in soluble extracts of

cells of Dictyostelium discoideum (Rosen et al., 1973) and

Polysphondylium pallidum (Rosen et al., 1974) that are aggregation

competent. Since this activity is absent from non-cohesive, vegetative
cells, it is thought to be developmentally regulated. Similar activity
has been found in all species of slime mold so far studied (Rosen et
al., 1975). Two distinct lectins with slightly different carbohydrate-
binding specificities and subunit molecular weights were isolated from
D. discoideum. Discoidin 1 (MW 26,000) is specific for N-acetyl-D-
galactosamine and discoidin II (MW 24,000) hasla specificity for D-
fucose (Simpson et al.,(1974; Fraziér et al, 19?5). Pall;hin, fhe
lectin from P, pallidum has a subunit molecular weight of about 25,000
and is specificaily inhibited by lactose (Simpson et al., 1975; Rosen et
al., 1979). These lectins are tetramefic and can be further
distinguished by their isoelectric points and amino acid compositions.
Both discoidin I and pallidin appear to exist in multiple forms or as
isolect£ns with differing isoelectric points and electrophoretic
mobilities. In both species, the lectins appear to be presert on the

cell surﬁace of aggregation competent cells. This has been demonstrated
by‘the ability of these cells to bind enythrocytés in the presence of
non;specific sugars which‘do not interact with lectin, but not in the
vpresence of lectin-specific sugars and by immunofluorescent and
immunoferritin labelling .studies (Lhang et al., 1975, 1977; Siu et al.,

1976).
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Some evidence for a role in adhesion for these lectins hié&been
obtained from studies showing that certain factors thatoinh;bit
haemagglutination activity also inhibit intercellular adhesion of
aggregation lompetent cells. Certain potent macromolecular antagonists
of pallidin, including asialofetuin, a glycoprotein with terminal
galactose residues and specific univalent anti-pallidin antibody,
inhibféed aggregation of P. pallidum cells under 'permissive
conditions,” in which cells wéfe exposed to hypertonic conditions or to
antimetabolites (Rosen et al., 1977). These workers suggest that
pallidin is directly involved in thé déveloping cohesiveness of these
cells becausg competitive inhibition of the lectin would be expected to
interfere with cell adhesion, if such lectins were to mediate cell-cell
adhesion by binding to oli@oséccharide receptors ét the cell surface.

Further evidence used to support a role for these endogeﬁous‘slime
mold lectins in species-specific, celﬂl—cellxrecognition and adhesion
during development comes from studies with mutant slime molds (Ray et
al., 1979; Shinnick and Lerner, 1980). The mutants appedr to synthesize
abnormal or functionally impaired leétin and exhibit|reduced adhesion
and abdrted develdpment. In addition, developmentally regulated
species-specific receptors for th% slime mold lectins have been
demonst;ated on the surface of;differentiating cells (Reigherman et al.,
1975; Chang et-al., 1977; Breuer and Siu, 1981; Drake and Rosen, 1982).
These high affinity receptors are thought to be either extracellular or
integral cell surface glfgésgnquates. This has been shoyn by several

Studies, including cell‘aggih{ination by purified lectins and binding

measurements in which lectin binding to cells was quantified.

—

~
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Recent work on the discoidin lectins shows that synthesis of these
proteins is regulated differently (Ma and Firtel, 1978; Cooper and
Baréndes, 1984). A spore coat polysaccharide that appears to be an
endogenous receptor for discoidin 1I, is synthesized and secreted from
prespore cells late in development. This macromolecule is composed of
mainly galactose and N~acety1—b-galactosamine and_binds well to the
lectin in competitive binding assays (Cooper et al., 1983). "The lectin
and receptor appear to interact with each other both inside and outside
the prespore cell, but the lectin is absent from mature spores (Barondes
et al., 1983; Cooper and Barondes, 1984). A macromolecule in the slime
coat of early aggregates appears to be the endogenous receptor for
discoidin 1 (Cooper et al., 1983; Cooper and Barondes,> 1984). This
lectin appears to be synthesized during aggregation and is secreted into
the slime coat of maturing aggregates. Barondes et al. (1983) have
suggested tﬁat the lectin functions in organizing the extracellular
material around the aggregate or in slime trails. And it was
subsequently’sﬁown that discoidin I acts like fibronectin, a cell
attachment molecule, with which it has amino acid sequenceé in common;
it appears to promote cell -attachment and spreading; as well as ordered
migration of cells during morphogenesis (Springer et al.,, 1984).

The hypothesis that élime mold'leﬁtins are involved'in cellular
recognition and adhesion has been questioned recently, since evidence

for such a role is inconclusive and since other cell surface

glycoconjugates appear to be involved in adhesion (Bartles et al.;

.1982)., The major argument against a direct role for lectins comes from

I oD
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the inconclusive and negative results of cell adhesion experiments 1in
which competitive inhibitors of the lectin are used. The results
reported by Rosen et alt‘(1977) for the effect of univalent anti-
pallidin antibody were not osserved under standard physiological
conditions. And §B§inger andABarondes (1980) were unable to obgrain
inhibition of adhesion of D. discoideum cells with similar univalent
raéﬁibodies. On the otner hand, univalent antibody against the cell
surface glycoproteins, contact site A, gp 150 and gp 95 which have been
implicated in cell adhesion, do inhibit adhesion. These results have
led to the speculation that the lectins may have a regulatory role,
rather than a direct role in intercellular adhesion. This regulation
may be o% the expression or activity of the glycoproteins gp 150, gp 95
and contact site A (Bartles et al.,-1982L

Bartles et al. (1982) have also suggested a possible alternate role
for the slime mold lectins in intracellular functions. This-is based on
the predominantly intracellular logalization of thesé lectins. For
example, Springer et al, (1980) determined that up to 98 pe;cent of
lectin in D. discoideum is obtained in soluble form following cell
lysis. At least a part of the intracellular lectin seems to be bound to
intracellular réceptors,.because higher yields of lectin are obtained
when cell lysis is performed in the presence of hapten sugars or high
ionic strength buffers. Almost no additional lectin could bé
éﬁbsequently extracted with non-ionic detergents (Sprihger et al.,
1980). Barondes (1984) has also suggested an alternaté role for slime
\moldAlectins based on the recent studies on discoidin lectins reviewed

earlier. The lectin-receptor interactions may function in formation of

»
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large macromolecular complexes that shape the extracellular environment,

which is important in morphogenetic processes.

3.3.C. The Mammalian Hepatic Lectin

In 1974, Stockert and coworkers isolated and characterized what was
believed to be the first lectin of mamm?fian origin. It was a cell
surface glyeoprotein purified from extracts of rabbit liver membranes
(Hudgin et al., 1974). This lectin binds specifically to
asigloglycoproteins and it also agglutinates untreated human and rabbit
erythrocytes as well as neuraminidase treated erythrocytes from guinea
pig, rat and mouse. Both of these effects appear tolinvolve reaction at
the sa@e acpive site of the protein (Stockert et al., 1974). This
hepatichbinding profein functions in carbohydrate and glycoprotein
metabolism by the speﬁific recogﬂition, binding and uptake of
desialylated glycoproteins from the blood.

In a series of experiments, (reviewed by Ashwell and Morell, 1974;
Neufeld and Ashwell, 1980) it was shown that the carbohydrate moiety of
certain serum glycoproteins function; in their_éurvival or clearance
from the blood. The hypothesis advanced by these workers was that
sialic acid residues han to be present on the glycoprotein for it to

remain in the circulation. The degradation of tefminal ﬁii;}t acid

residues causes the immediate clearance of the desialylated molecules by

A,
-

the liver. The specific recognition of desialylated glycoprotein thus
depends on the prgsence of non-reducing terminal B-galactosyl groups

 which are exposed on removal of sialic acid. ’The key role for galactose
. ¢ a4

in the recognition event was demonstrated by treating the protein,
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bearing the exposed galactose groups, with galactose oxidase or 3 -
galactosidase, which restored the native survival time of the serum
* glycoprotein molecule (Morrell et al., 1968). In addition, restoration
of sialic acid residues by the action of sialyltransferase prolonged the
survival time of the glycoprotein (Hick;an et al., 1970). .This
observ;tion further supported the idea that terminal galactose residues
are recognized. The binding and uptake of desialylated_glycoproteins
also requires the presence of intact sialic acid residues on the hepatic
binding glycoprotein membrane receptor, as ;éll as the presence of
calcium (Pricer and Ashwell, 1971; Hudgin et al., 1974; Stockert et a;"

1977).

3.3.D. The Electric Eel Léctin

Teichberg and coworkers (1975), described a ‘3—ga1actoside binding
protedn isolated {rom extracts of a variety of mammalian tisshes and
tissue culture cells. They specifically purified and characterized this

protein from the electric organ of the eel, Electrophorus electricus and

called it électrolectin: They showed that the llectin agglutinates
trypsin treatéd rabbit erythrocytesrand is specifically inhibited by
saccharides containing non-reducing, term@nal.6—galactoseresidues,
such as thiodigalactoside and lactose. This 1egtin also requifes the
presence of a reducing agent to maintain agglutination activity. The
protein which has a subunit molecular weight of about 16,500, is a dimer
which appears to be stabilized by the presence of lactosé (Levi aﬁd

Teichberg, 1981). These workers did not suggest a function for this

lectin.
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However, the work done by Teichberg and coworkers stim:lated a
great deal of work on other vertebrate tissuei lecting. In particular .s
an interest in cellular differentiation and the possible mechanistic
role for lectins duriﬁg the development of tissues. The term,
developmental ly regulated lectin, first used with slime mold lectins, is
wsed ‘here for lectins that are shown to be particularly prominent at a
specific stage in the development of the tissue. A developmentally
regulated lectin plays a specific role and is required at a specific

o ™ /

time and then d/igi)rfshes in importance after the differentiative process

has ended (Ba{ondes, 1981).

3.3.E. The Edbryonic Chicken Pectoral Muscle Lectin

T

AN

Recent studie;\Qf the role of lectin(s) in development-have focused
on muscle because this tissue has been widely used in in vitro studies
of vertebrate cellular differentiation. Nowak et al. (1976), found that
soluble extracts from embryonic chick pectoral muscle and a myogenic
cell line derived from rat ékeletal muscle could agglutinate trypsin
treated, glutaraldehyde fixed rabbit enythrocytes. This agglutination
activity could be specifically inhibited by thiodigalactoside and
lactose aqg,variedbwith the stége of development, suggesting a
developmehtally regulated lectin(s). Lectin was present at low 1eJe1§

\

during early‘stages of development and increased with muscle

-

‘differentiation, reaching its highest 1eve{s at 16 days of development.
Lectin levels then declined to- very low levels in adult tissue. A
s{gilar increase with development was found in differentiating L6

myoblasts in culture. The muscle lectin has been purified by affinity

chromatography and is a dimer with a subunit molecular weight of about

—
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15,000 (Den and Malinzak, 1977; Nowak et ;L&, 1977). Immunof i uorescent
techniques h;ve been used to demonstrate the presence of "lectin on the
surface of cultured myoblasts, however the predominant location of the
lectin was intracellular (Nowak et al., 1927; Podleski and Greenberg,
1980). .
The rolg‘of this develépmentally regulated lectin in myoblast
fusion is controversial. The presence of high concentrations of lectin
during myoblast fusion, its extracellular location and the inhibition of
myoblast fusion by thiodigalactosid; has been used as support of its
role in early muscle development (Gartner and Podleski, 1975, 1976).
However, thiodigalactoside was subsequently found to have no effect on
fusion of chick mxoblasts in culture (Den et al., 1976), which conflicts
with the results reported by Gartner and Podleski (1975, 1976).'h5iher

recent studies report that repeated addition of purified chick muscle

lectin to embryonic chick myoblasts in culture inhibits myotube
-+

L

formation (MacBride and Przybylski, 1980). However since various plant
lectins also impair muscle fusion, these results have been diffjcult to
interpret (Barondes, 1981). Recent work by Barondes and Haywood Reid
AL‘;(}981) indicates that theimuscle lectin, which is concentrated

.G

intraecellularly in Heveloping muscle, is secreted into the extracellular
matr1i by polynucleated myotuﬁes. This has been interpreted as evidence "
against a role for the lectin in the earlier pprocess of myoblast fusion.

The apparent secretiqa of lectin into extracellular matrix suggested a

function in binding glycoconjugates at this location. Thus at the



7}

present time no specific role for the soluble [J-galactoside-binding
. ?
lectin in myoblast fusion has been established.

3.3.F. Soluble Lectins from Vertebrate Embrygnic and Adult Tissues

The finding of similaiusoluble, dimeric (3-galactoside-binding
lectins in extracts of a variety of embryonic chicken tissues including
brain, heart and liver (Kobile; and Barondes, 1977; Kobiler et al.,
1978) Fnd adult chicken tissues including liver, pancreas and intestine
(Be}er et al., 1979, 1980; Beyer and Barondes, 1952a) suggests that
lectins are not tissue specific. The lectin purified from adult chicken
liver appears to be immunologicaliy identical to that from embryonic
skeletal muscle (Beyer et al., 1980). Thus it appears that this lectin
may have different roles in different tissues and in addition to a
developmental function in embryonic tissue, it may have a different role
in adult tissues of the same organism (Barondes, 1981).

Chicken lactose lectin I (CLL-1I) is a dimér and can be
distinguished from a different galactose-binding lectin chicken lactose
lecfin II (CLL-II) which is a monomer (Barondes, 1981, 1984). The
latter is also developmentally regulated and has been pg}ified from
adult chicken intestine gﬂeyer et al., 1980). It is found at very high
levels at this location, but "is present at only low levels in the
embryo. It is also found in embryonic liver and kidney where it is very
prominent, but is scarce in adult liver and kidney as well as in
embryonic muscle and braih (Beyer and Barondes, 1982a). CLL—II'differs
from the dimeric CLL-I, in subunit molecular weight, isoelectric point,

peptide map and it is also immunologically distinct (Beyer et.al.,

1980). Because CLL-II is a monomer and can agglutinate erythrocytes'it



1s thought to either have Uwo carbohydrate-binding sites per monomér or
to be able to dimerize to some extent (Barondes, 1984). Although a
function for this lectin i1n development has not been elucidated, a
possible role in the secretory function of intestinal goblet cells has
been suggested (Beyer and Barondes, 1982b). CLL-II has been
immunohistochemically localized in the secretory granules of these cells
and on the mucosal surface of intestine. And intestinal mucin, which is
a highly glycosylated glycoprotein containing many terminal g -
galactoside residues, is also localized in the same secretory granules
and it appears to be an endogenous ligand for CLL-II. The mucin and
lectin bind well to each other and it has been suggested that lectin-
glycoconjugate interactions in the secretory granules may block mucin-
mucin interactions prior to secretion (Barondes, 1984). Uponvrelease,~
the individual mucin molecules may associate through carbohydrate-
carbohydrate interactions to form complex struct?res that ultimately
exclude the lectin.

Similar lectins have since been isolated from many different
vertebrate species. These soluble (J-galactoside-binding lectins are .
éimilar to CLL-I. They are dimeric proteins, with subunit molecular
wgights:hlihe range 10,000-16,500 and they have a requirement for a
reducing agent to maintain carbohydrate-binding activity. Suchklectiﬂs
have begn identified in a variety of adult bovine tissue incluaing heg:t
and lung (DeWaard et al., 1976), thymus, liver and spleen (Briles‘st

v

al., 1979). These lectins are indistingﬁishable by physical,

immunological and carbohydrate-binding properties.
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Rat tissues also contain a dimeric, ‘3—galactoside—binding lectin
which has been isolated from lung tissue, where it reaehes a peak of
activity during development (Powell, 1980; Powell and Whitney, 1980),
and from skeletal muscle (Gartner and Podleski, 1975, 1976). 1In lung,
this lectin is present intracellularly, as well as extracellularly in-

all the elastic fibers of this tissue, including those of the lung

1 parenchyma and blood vessels, and thus may have a function in tissue

©

elasticity (Cerra et al., 1984). Another lectin found in rat lung
- S

e ' v
tissue reacts with'"heparin and related glycosaminoglycans (Roberson et

al., 1981), and a similar hebarin-binding,lectin has been detected*in
- <

embryonic chicken muscle and adult liver (Ceri et al., 1979§7l981).

Thesetlgctins may play a role in the association of extracellular
glycosamlnoglycans with the cell surface or in the organization of
extracellular glycoconjugates. B- galactoslde—blndlng lecé;ngzgve also

been isolated from human tissues, including lung (Childs and Feizi,

’

1979; Powell, 1980).
' ' o

3.3.G. Lectins in Embryonic Development

A maJor problem in developmental biology is elucidation of the

v

me&nism(s) by which embryonic cells migrate and or1ent themselves in

b : #

spec1f1c organized ways durigg the complex mor phogenetic movements of
gastrulation. These movements and cell rearrangementﬁ result from cell-

cel_lr and cell-extracei lular matrix interactions 1nvolving formation of

specific irn:ercellolar contacts wh.i‘ch'would suggest that the cells are

\ g
\

eblfé; to reco'gnize and distinguish between each other.

A number of studies have ghowo that embrronic cells exhibit

selective cellular affinities indicating that cel lular recognition

i . : <
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’ »
occurs (Holtfreter, 1939; Townes and Holtfreter, 1955; Moigoﬁa, 1974).

Glycoproteins on the surface of embryonic cells are assumed to play
important roles in early embryogenesis and their presence at this site
~

has been shown by a number of methods, including the use of plant

lectins (Nicolson, 1974; Oppenheimer, 1977). Sﬁecifically, these

v

. ’
lectins have been used as probes to investigate the nature and

functional significance of these surface glycocon ugates and in studying
cell surface changes during development, in a number of embryonic
systems, including the sea urchin embryo (Krach et al., 1974; Roberson
- et al., 1975), the amphibian embryo (S'Dell et al., 1974; Mor;n, 1974;
Johnson and Smith, 1976; Fraser and Zalik, 1977) and the chicken embryo
(Zalik and Cook, 1974, 1976; Phillips and Zalik, 1982).

Following the identification of .carbohydrate moieties -on the
surfage of embryonic cells, a search was made for endogenous lectins
which could bind to these surface carbohydrate receptors and couid be
involved in the processes of cell recognition and adhesipn-during
embryogenesis. Such endogénous lectins have been identified in
amphibians, spécifically in the oocytes and early emb;yos of Xenopus
laevis (H;rrispand Zalik, 1982; Roberson end Bardﬁies, 1982). Roberson
and Barondes (1982) have described a soluble, galactoside-binding lectin
purified from blastyla stage embryos and-docytes, which appears to be a
glycqprotein with a native moleculai'weight, in solution, of about
480;000.and appears to be an aggregate of two subunits.with molecular

weights of about 43,000 and 45,000._'It\fequires calcium for

agglutination‘activity and shows heterogeneity on isocelectric focusing.
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Roberson and Barondes subssquently (1983) demonstrated
immunohistochemically that the lectin ;as associated with yolk
plate{ets, cortical granules and the vitelline eﬁvelope of oocytes and
unfertilized eggs. It was also localized extracellularly in the
cleavage furrows between cells of blastula stage embryos. The most
freqﬁent locatioﬁ was in the yoik platelets where it was found near the

A

surface, but the way in which the lectin is associated with these

.

structures is not yet known. The lectin is thought to be in ;torage
form at‘this location and it may be externalized to cleavage furrows,
~where it might function by binding to glycoconjugates in the
extracel lular matrix. These workers concluded that the lectin may ﬁave
multiple functions in this developing system, one of which may be a ‘role
1n organizing the extracellular matrix.

Harris and Zalik (1982i detected an apparently identical soluble

galactoside-binding lectin in Xenopus laevis embryos of the same and

later developmeptal stages, including gastrula and neurula. Subsequent
work (Harris and Zalik, 1665) indicates that the lectin is
developmentally regulated with highest levels of activity in gastrula
stage embryos. The purified lectin which was treated with chloroform/
methanol has af abproximate molecular weight of 65.500‘and was shown to
be an aggregate with a molecular weigh£ of about 371,000 in aqueous
solution. The ghloréform/methanol treatment used in this“study removed
material-in the molecular weight range of 37,700 f;l48,Q00, whiéh.
corresponds to the molgeufhr weight for the lectin reported by Robefson
and Barondes (1982). This material is éhought to be a glycolipoprotein

that qgsociatés tightly with the lectin during extraction and influences

-
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the aggregation of the lectin molecule, Thése workers have still to
determine where thellectin is localized and if it is found at the same
sites as thase reported by Roberson and Barondes (1983). A fhnction for
the endogenous lectin in cell-cell interactions during gastrulation has
been suggested (Harris and Zalik, 1982, 1985).

Cells of the gastrulating chicken embryo have also been shown to
contain agglutinable surf;ce recéppprs bearing terminal galactosyl
groups (Zalik and Cook, 1976; éhiiii?s and Zalik, 1982). The presence
of such glycoprotein receptors at the surface of these embryonic cells
suggests that endogenouslcarbohydrate—binding proteins may also be
present.

Cook and coworkers (1979) have shown that extracts of pregastrula
and gastrula stage embryos can égglutinafé trypsin treated,
glutaraldehyde fixed rabbit "erythrocytes. This agglutination could be
inhibited by saccharides bearing a {3—D—galactoside configuration,
suggesting that the endogenous lectin binds to these groups. Lectin
activiﬁy was found in both embryonic and extraembryonic areas of the
blastoderm. In further work, Zalik et al. (1981, 1983) purified and
characterized the two {3—D—galactoside-binding lectins. One of them is
an easilytextracted, soluble leétin with an approximate subunit
molecular weight'of 11,006. This lectin is found in bothithe embryonic
area peliucida and the ectoderm and endoderm of the extraembryonic area

Y

opaca. The second lectin is 4 particle-associated molecule requiring

-

longer extructicnaieriods, with subunit molecular weights of about
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70,000 and 72,000. This lectin is found at high concentrations in the
area opaca, particularly in the endodermal cells of this region.

Milos and Zalik (1982) have suggested that the endogenous ﬁ—D—
galac\toside—binding lectins could mediate a surface related function by
combining with glycoprotein receptbrs bearing terminal galactose groups.
Cells isolated from the extraembryonic endoderm of gastrulating embryos
ahd cultured in rotating flasks show decreased cellular adhesion that is
associated with increased levels of lectin activity in the medium. This
activity is believed to be released into the medium by thg cells. It
was also shown that adding exogenous blastoderm lectin or
t'hiodigalactoside; (a potent inhibitor of the lectin's activity) to
media containing freshly prepared cell _suspens’ions in stationary culture
results in decreased intercellular and cell-substratum adhesion (Cook-et
al,, 1979; Milos et al., 1980; Milos and Zalik, 1981). This éuggested
that the lectin may be deposited extracellularly and may have a rote in
cell-substratum and cell-cell adhesion. The blastoderm lectin has been
lécaliied immunohistochemicall; to the interior of cells frem the
.endoderm of the area opaca. It was also localized to extracellﬁia:
sites of cell detachment from the substratum (Zalik et al., 1982). |

' In earfy studies on the reaggregation of cells dissociated from the
unincubated blastoderm (Zalik and Sanders, 1974), it was found that
hypoblast cells sorted out from epiblast cells,>to the outer regio; of
the aggregate. These cells werd determined to be hypoblast because of
tﬁeir morphological similarity to yolk sac endoderm. ‘"This was later
confirmed by Eyal-Giladi et al. (1975), In a later study using gastrula

\ 7
' stage embryos, similar resultg were obtained in that the cells underwent

&



cell éorting and differentiation into several recognizable cell types
including yolk sac endoderm (Sanders and Zalik, 1976). Milos et al,
(1979) developed an approach to studying selective cell adhesion in
early embryonic cells'that involved the isolation of a pure population
of single cells. Cells from the extraembryonic endoderm were obtained
from gastrula stage emgryos and their aggregative behavior ana
subsequent morphogenesis were studied. These cells were fou;q to
aggregate readily when cultured in rotating flasks. With furiher
development, they cavitate and differentiate into fluid filled vesicles
surrounded by a single layer of cells that resembles the yolk sac
endoderm (Milos et al., 1979, 1984). Tﬁis ability of endoderm cells
appeags to be intrinsic because other cell types ;re not present in the
aggregate. These workers believe that such aggregates may be a relevant

in vitro model system for the study of cell-cell interactions during

yolk sac formation in vivo.
4, PURPOSE OF STUDY

As mentioned previously, the developing yolk sac of the chicken
embryo expands to surrpun& the'yolk mass by processes of proliferation
and migration; Such celllmovements probably involve cell-cell
intéractions between celis of the extraembryonic endoderm that.afe
mediated by specificvcell surface_macromolecules. The possibility that
endogenous lectins may play some role in these migratory interactions

exists.
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As a first approach to the problem it was necessary to determine if
any endogenous lectins are present in the extraembryonic area opaca as
it develops. As mentioned previously, it has been determined that
endogenous (3 -D-galactoside-binding lectins and cell surface receptors
bearing terminal galactosyl gfoups are present in the endodermal cells
of the area opaca of gastrulating chicken embryos (Cook et al., 1979;
Phillips and Zalik, 1982; Zalik et al., 1983). These cells are the
precursors of the yolk sac epithelium. It was of interest to determine
if similar lectin activities are still present at later developmental
stages, since this tissue is in the process of epiboly, with cells
becoming rearranged from a,multilayered cell group and differentiating
to form a single cell layer around the yolk.

This study was undertaken to ihvestigate the changes in these
lectin levels during development of the yolk sac.and to determine if
such changes were under developmental‘reéhlg}ipn. Lectin activity was
obtéined from soluble extracts of the areé vitglgina and area vasculosa
of the developing yolk sac of chicken embryos(/at succéssive stages of
development up to 7 days of incubation. Levels of activity were
compared in the area vitellina and area vasculosa, at the different
stages of development. Further work involved the isolation and
characterization of lectffis from the area vitellina and area vasculosa
tissues of 2-day-old yolk sac. Possible relationships between these
iegtins and the -two galactosiﬂe—binding lectins isolated from prfmitive
streak stage tissues were evaluated. The results indicate that yalk sac

lectins,_which appear to be identical in the two areas, are similar to

*
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the blastoderm lectins in saccharide specificity, heterpggeneity on gel

filtration chromatography, and subunit molecular /weight in sodium
dqdecyl sulphate-polyacrylamide gel electroploresis. The presence of
these lectins at this stage of deyelopment and at later stages, with
continued differentiation of the yolk sac endodermal ldyer suggests that
they could have a role to play in the differeptiation of this

extraembryonic tissue.



MATERIALS AND METHODS

1. Preparation of Embryos

Fertilized eggs from White Leghorn chickens were obtained from the
University of Alberta poultry farm. The eggs were incubated at 39°C for
48-5Q hours or for 3, 4, S, 7 and 16 days, to yield embryos at the
various developmental stages used in this study. These incubation times
yielded stages 13, 14 and 15 (48-50 hours), stage 18 (3 days), stage 22
(4 day;), stage 26 (5 days), stage 30 (7 days) and stage 42 (16 days)
embryos, staged according to Hamburger and Hamilton (1951).

Embryos, with their accompanying'érea opacae or yolk sacs‘were cut
off the yolk as close to the outer margin of the area vitellina as
possible and placed at room temperature in Tyrodes saline solution, pH
7.8 (0.14 M NaCl1, 0.003 M KC1, 0.002 M CaCl,, 0.5 mM MgC1l,°6H,0, 0.4 oM
NaHzPOA'ZHZO, 0.012 M NaﬂC03, 0.006 M glucose.) The vitelline membranes
were removed, and eﬁbryos with their area opacae or yolk sac membranes
were washed extensively to remove adherepnt yolk granules. Embryos at
the correce stage of development were selected by examination under a

-

dissecting microscope.

-

2. Preparation of Tissue Extracts

Embryos were dissected out with fine irridectomy scissors and
)

discarded. The two regions of the area opaca, the outer area vitellina

(a. vit.) and the medial area vasculosa (a. vasc.) were separated by

35
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cutting along the outer border of the sinus terminalis, a large distinct
blood vessel that encircles the outer margin of the area vasculosa
(Romanoff, 1960). For embryos at stages 13-15, tissue from
approximatex( 200 area vitellinae and area/vasculosae were pooled and
transferred to a 15 ml graduated centrifué@ tube. For more advanced
‘stages, fewer embryos were used; usually a. vit. and a. ;asp. tissue

from approximately nine embryos (stage 18 and 22) and from approximately

five embryos (stages 26 and 30). For 16 day-old embryos, pectoral

~—— P

musc les were.excised from four to five embryos. Pooled tissues were
washed once and centrifuged for 6 minutes at 260 x g in a clinical
centrifuge, to determine the packed tissue mass.

The method used for lectin extraction is by Zalik et al. (1983) as
modified from Nowak et al. (1976) and is illustrated in a flow chart in
Figure 2. The washed tissues were homogenized in cold lectin extraction
solution (LES) pH 7:2 (0.3 M lactose; 0.002 M ethylenedinitrilote-
traacetic acid (EDTA); 0.02% sodium azide (NaN3); 0.25 mM phenylmethyl-
sulphonyl fluoride (PMSF); in 0.005 M phosphate buffer, 0.15 M NaCl,
0.004 M 2-mercaptoethanol (2ME). Tissues were disrupted with a Potter-
Elveh jem tissue homogenizer (Bellco) a;d for pectoral musclé tissues, a
Sprvall—Omni mixer was used. The ratio of extraction solution to packed
gissue mass was IQ&I (V/V). The homogenates were left on ice for 30
minutes and then centrifuged at 100,000 x g for 50 minutes in a swinging
bucket rotor in a preparative ultracentrifuge (Beckman model L2-65B) at
4°Q. Supernatants were either stored undialyzed at -20°C or used

immediately. For dialysis, extracts were placed in membrane dialysis

tubing (Spectrapor No. 1; MW cut off point: §,0005 which hal been



Q\ L Figure 2. Procedure for the Extraction of Lectin Activily
e

Obtain test tissue

/ A

Area Vitellina and ‘ pectoral muscle
area vasculosa

Pool tissue and wash with Tyrodes solution, pH 7.8

Cenérifuge 6 min at 260 x g

l

%
v L
"1‘!‘&,“’ ’
,Jfﬂigjﬁﬁ“Determine packed tissue mass

Homogenize tissue in 1:10 (V/V) in
LES, pH 7.2. Incubate 30 min. on ice

Centrifuge 50 min. at 100,000 x g, at 4°C

/ | A

Supernatant A. Vit. Supernatant A. Vasc. Supernatant
1 pectoral muscle
Dialyze against MEPBS pH 7.2 .

volume 100 times that of supernatant at 4°C

Change dialysis medium 3 to 5 times
at 4°C, over 3 day period <3

Measure volume of extract

Assay haemagglutination activity

)
~J
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previously soaked in distilled water. Extracts were dlaliyzed
exhaustively against mercaptoethanol-phosphate buffered saline (MEPBS)
~pH 7.2 (consisting of 0.005 M phosphate buffer, 0.15 M NaCl, 0,004 M
2ME). Dialysis was performed for two to three days against three to
five changes of medium in the cold room at 4°C. ‘The resulting lactose-
free crude extracts were used in further experiments.

In initial studies the suitability of various extraction solutions
for the extraction and preservation of lectin activity was determined.
For this purpose lectin activity was studied in the presence and absence
of 2ME (0.004 M), lactose (0.3 M), CaC12 (0.002 4) and MgClZ'(O.OOZ M).
These expef&ments were performed in tissues of the a. vit. and a. vasc.

from embryos at stages 13-15.

3. Assay of Lectin Activitz

The procedure for the preparation of test erythrocytes, used in
this study is illustrated in Figure 3 (Zalik et al., 1983). For the
semiquantitative detection of lectin activity in extracts, Aan
haemagglutination assay using rabhit erythrocytes was used (Nowak et
al., 1976). The assay uses a standard serial two—fould dilufion of

extract to be tested, in agglutination saline (0.15 M NaCl in 0.005 M

phosphate buffer, pH 7.2). This was performed in mjcrotiter 'V' plates

(Cooke Engineering). For each extract to be tested, titrations were
carried out in duplicate. Twenty-five microliters of agglutination

saline was pipetted into a serial row of wells, then 25 ul of tissue

extract was added to the first well and serially diluted by pipetting



Figure 3. Procedure for the Preparation of Test Ervthrocytes
for the Haemagglutination Assay

Collect 10 ml rabbit blood in 20 ml Alsever's solution
(0.114 M dextrose, 0.027 M Sodium citrate
0.026 M citric acid, 0.072 M NaCl)

|

Centrifuge blood 10 min. at 900 x g in a clinical centrifuge

Wash cells 4 times with 5 volumes of 0.15 M NaCl in
0.005 M phosphate buffer, pH 7.2

Estimate volume of packed cells after fourth wash

Resuspend in 1:25 (V/V) freshly prepared trypsin solution
(1 mg/ml trypsin in 0.05 M NaCl, 0.1 M phosphate buffer, pH 7.2)
(Trypsin Type III from bovine pancreas, Sigma Chemical Co.)

Incubate in gyrotory water bath, 60 min. at 37°C
at approximately 145 rpm

€

Centrifuge blood 10 minutes at 900 x‘g

|

Wash cells 4 times with 5 volumes of 0.075 M NaCl in 0.075 M
phosphate buffer, pH 7.2, containing 0.02% NaN; and 0.25 mM PMSF ¢

Estimate final volume of packed cells after fourth wash

Resuspend cells to 10% (V/V) susplhsion with 0.075 M NaCl in 0.075 M
phosphate buffer, pH 7.2, containing 0.02% NaN, and 0.25 mM PMSF

h]

For haemagglutination assay, dilate érythrocyte suspension to
4% suspension in 0.15 M NaCl in 0.005 M phosphate buffer, pH 7.2

Erythrocytes prepared by this method are usablé for up to 10 days.
The reproducibility of the agglutination results in different
batches of erythrocytes was routinely tested with peanut agglutinin
(Miles-Yeda)
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and mixing of,samplé through the row of weils containing tne
agglutination saline. This was followed by the addition of 50 ul of
().5% bovine serum albumin in saline (BSA) to each well and finally 25
ul of a 4% rabbit erythrocytg'suspen51on was added. All solutions were
dispensed with a Titertek multichannel pipette. The -plates were
agitated vigorously to mix the cells and r;agents, and incubated at room
temperature for 60 minutes. Patterns of agglutination were then
determined. Agglutinated erythrocytes formed a diffuse mat on the
bottom of the well, whereas non-agglutinated cells generally formed a
compact dot (Figure 4).

Haemagglutination ac ivity is expressed as titer, which is the

reciprocal of the maximpal dilution of extract that gives visible

agglutination of test Arythrocytes. Controls consisted of erythrocytes

mixed with 25 ul"agglutination saline instead of tissue extracts. They

consistently showed a compact dot on the bottom of the well (Figure 4).

4, Saccharide Inhibition Assay

r

To determine éhe carbohydrate specificity of lectin extracts,
different saccharides,wefg tested for their ability to inhibit
haemagglutination. The following sugars were obtained from the Sigma‘
chemical company: thiodigalactoside (TDG), lactose, galactose, phenyl-
[3-D-galactopyranoside, methyl- @x-D-galactopyranoside, methyl—-B—D-A
galactopyranoside, methyl- &-D-mannopyranoside, a-D-melibiose, N-

acetyl-D-galactosamine (GalNAc), N-acetyl—D-glucosamine(GlcNAcL D-
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OYNAYECH LABDRATONES:

‘Figure 4 | .

Titration plate illustrating the appearancg_gf agglutinated and
qpagglutinated tfypsinized rabbit erythrocytes iﬁ a haemagglutination
assay. The lectin titer in row A and B is 16. Positive agg]JJtination
- can be observed- as a mat of cells in bottom of wells in rows A and B.

Observe the compgct’dots.of unagglutinated cells in control row C, which

_contains saline only.
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fucose and L-fucose. (ZR)—g'lycerol—O—6—D—ga1agtopyranoside (RGG) and
isopropyl—B—D—thiogalactopyranoside were obtained from Calbiochem. '

The sugar inhibition assay used was basically the same as the
haemagglutination assay with the exception that a sugar h_apten,:Q
dissolved in agglutination saline to an appropriate concentration, was
used in place of agglutination saline alone. Extracts of croude orb
purified lectin from the afea vitellina and the area vasculosa, as well
as from 16-day pectoral muscle were serially diluted in the sugar
solution. The plates were mi;(ed and incubated for 30 minutes at room
temperature before the addition of 0.5Z BSA and 47 rabbit erythrocytes.
Controls wusing agglutinationn saline withouti sugar were treated
similarly. All titrations were carr.ied out in duplicate.

The ability of saccharides at variou"s. concentrations to inhibit at
least 4 haemagglutinating units (HU) of‘ lectin was tested. Extracts
were diluted to a titer of either 8 or 4 HU and the concentration of
saccharide that either reduced the titer#from 8 to 4 HU or abolished 4
HU Eompletely was assessed. The saccharide concentrations tested were
as follows: TDG (0.025.to 0.4 uM); lactose (0.125 to 1 mM); RGG (0.25,
to 12.5 ﬁM); isopropyl—(3QD—thiogalactopyranoside (1,25 to 50 mM);‘
phenyl—[3—D—galactopyranoside and methyl-a-D-galactopyranoside (2.5 to
50 mM); met\l}yl— B—D—ga‘l-actopyra‘noside (2.5,‘1_’6‘10‘(2 aM); «-D-melibiose (5
to 100 mM); galactose (10 to 75 mM); and methyl-}X—D-mannopyranoside,

GalNAc, GlcNAc, D-fucose and L-fucose (10 to 100 mM).

il f L 4
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5. . Protein Determination

~

.. Protein concentrations of crude and purified lectin extracts from
a. vit. and a. vasc. tissue as well as l6-day pectoral muscle were
determined by the method of Bradford (1976) as described in the Biorad
laboratory protein determination kit. A series of standards consisting
of bovine gamma globulin at concentrations varying gradually from 0.2 to
1.4 mg/ml (for macroassay) and 1 to 25 pg/ml (for microassay) were
presared according to the instruction manual. Standards and samples in
a volume of either 0.1 ml 6r(l8 ml sample buffer,respectively, were
placed in test tubes to which 5 ml of diluted dye reagent or 0.2 ml:

. concentrated dye reagent, respectively, were added. A blank containing
sample buffer was also prepared. The solutions were mixed by gentle
vortexing and absorbance at 595 nM was read in a Beckman DU-8
spectrophotometer. A standard curve of ODggq agaihst the concentration
of standards was used to determine the protein concentrations of the
unknown sémplé§. '

. The specific activity of thercrude tissue extracts or purified

| ¢ | ‘
lectin was calculated as HU/mg protein by dividing the number of

haemagglutinating units by the concentration of protein in an extract.

6. Gel Filtratfon Chromatography

Lectin activity was further characterized by gel filtration
chromatography on Sephacryl S-200 superfine (Pharmacia). This gel
matrix has a fractionation range for proteins of moleculaf weight

S x 103 - 2.5 x 167, A column (2.6 cm diameter x 35 cm length) was

-
H
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.

prepared according to the manufacturers instructions, and packed at a
flow rate of 99 ml/h. The cglumn was connected via a peristaltic pump
(LKB microperpex) to a UV monitor with recorder (LKB 2138 Uvicord S and
LKB 2210 potentiometric recorder) and a fraction collector (LKB 2111
Multirac). The flow rate used for application of the protein standards
was 20 ml/h and that of the lectin sample was 20-25 ml/h and fractions
of a 4 ml volume were collected.

The protein standards used to calibratdfggg\bqlumn were from
Pharmacia Fine Chemical's low.molecular weight gel filtration
calibration kit, with the exception of cytockrome C, wh{;h was obtained
from Sigma. Ferritin (MW 440,000) was used to determine the void volume
of the bed, which is equal to the elution volume of excluded material,
'and because ferritin is a qolored protein, it was useful in determining
the.uniformiiy of the bed. The protein standards were as follows:
cytochrome C (MW 12,400); ribonuclease A (MW 13,700); ovalbumin (MW
43,000) and bovine serum albumin (MW 67,000).

The elution volume of each protein was determined according to the
manufacturgrs instructions (Pharmacia);‘ The value for the eiution
volume (Ve) for each standard and the values for total bed volume (Vt)
and Yoid volume (Vo) of the column were used to calculate the parameter,
Kav, a partition coefficient, using the formula KQJ;3 Ve - Vo/Vt - Vo
(Pharmacia instruction manual). - A plot of Kav versus Log MW of the
protein standards gave a s;;ndard curve that was used to determine the

molecular weights of the unknown samples.

I3



45

Crude extracts of a. vit. and a. vasc. tissue (2 ml) containing 0.3
M lactose were applied to the column and eluted with MEPBS containing
0.3 M iactose. Three séparate preparations of these extracts were
_characterized. All of the collected fractions were tested for
haemagglutination activity, and elution volumes were determined. As

with the standards, the Ve values were used to determine the Kav values.

: ] .

7. Lectin Purification by Affinity Chromatography

Lectin activity was purified by affinity chromatography on a column
v ’ S Tm—
of Sepharose 4B (Pharmacia) to which para—aminophenyl—[3—D-lactosid: was
linked, by the method of Nowak et al. (1977). The method for
de{ivatization of the column involved activation of Sepharose 4B with
cyanogen bromide, at alkaline pH and the linking of the coupling agent
hexanediamine, an aliphatic diamine compound. The free amino groups
supplied by this compound were succinylated by treating the amino-alkyl
Sepharose with succinic anhydride at pH 6.0 in aqueous media, which
increased the length of the spacer arm. The sucéinylaminoalkyl
Sepharose at a 50% suspension was then treaﬁed with the ligand para-
amimnmenyL-B—D-lactoside (APL), (Vega-Fox Biochemicals) in the
presence of l-ethyl-3-(3-dimethyl-aminopropyl)-carbodiimide at acid pH.
Finally the resin of APL-coupled Sépharose 4B was iﬂ;uﬁéted with 1M~
ethanolamine at 4°C and alkaline pH, to block residual active groups
remaining exposed on the gel after coupling. At each step, color tests
were carried out to confirm completion of each chemical reaction.

Excess uncoupled ligand was re@OVed by washing five times, alternately

with bicarbonate buffer (0.1 M, pH 9.1) and acetate buffer (0.1 M, pH

(S
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4.0), each containing 1M NaCl. The APL-coupled Sepharose was

resuspended in MEPBS, pH 7.2 containing NaNg, poured into a Pharmacia

‘column (1.6 cm diameter x 14 cm length) and packed using MEPBS at a flow

rate of 25 ml/h.

For purification, lactose free lectin extracts from tissue of the
area vitellina (10-20 ml) or of the area vasculosa (7-14 ml), or lb6-day
pectoral muscle (16 ml) were épplied to the column at a flow rate of 25
ml/h, in the cold (4°C). The column was washed successively with
approximately 100 ml MEPBS, 100 ml of 0.3 M sucrose in MEPBS, 100 ml
MEPBS, lOd-ml of 0.3 M lactose in MEPBS and then MEPBS, until the
baseline was reached. Fractions (3.6 ml) were checke%,for
haemagglutination activity either immediately (those in MEPBS) or after
dialysis against MEPBS (those in sucrose and lactose). Fractions
containing lectin activity were dialyzed against distilled water
containing 0.004 M 2ME, fro;en at -70°C and lyophilized. Samples were
stored at -20°C until they were used in sodium dodecyl sulphate-
polyacfylamide gel electrophoresis or isoelectric focusing. Purified
lectin samples (before lyophilization) were also used in the saccharide

inhibit.ion assays.

8. Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis

: <
The subunit molecular weight of the lectin(s) purified from

extracts of a. vit, and a. vasc. tissue and 16-day pectoral muscle was
determined by sodium dodecyl splphatey-polyacrylamide gel

: : . . 1 ) . !
electrophoresis. Acrylamide and N, N, N, N -tetramethylethylenediamine
¥
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(TEMED) were obtained from Eastman Kodak; N, N'—methylenebisacrylamide
(Bis), urea, sodium dodecyl sulphate (SDS) and Coomassie Brilliant Blue
R-250 (CBB) were obtained from Biorad. Other chemicals used'include:
Tris (hydroxymethyl)aminomethane, glycine and ammonium persulphate,
anal?tical grade, obtained from Fisher and 2-mercaptoethanol was from
Sigma. Glacial acetic acid, methanol and isopropyl alcohol were reagent
grade chemicals.

Horizontal thin-layer slab gels of 11% gel concentration were
prepared by the method of Zalik et al. (1983) as adapted from Weber and
Osborn (1969). Starting with an acrylamide-bisacrylamide stock solution
(60% acrylamide, w/v; 1.6% Bis, w/v in distilled water), 60 ml of an 117%
acrylamide solution was prepared by first mixing 10.7 ml acrylamide
stock with 19.3 m1 distilled water. This solution was degassed under
vacuum for 5 minutes. Then 0.27 ammonium persulphate in 0.47% aqueous
SDS solution at a volume of 15 ml and 15 m1 TEMED solution (0.13%Z TEMED,
v/v; 18,2% Tris, w/v, in distilled water, pH18.3) were mixéd carefully
with the acrylamide soluti(;n and immediately poured into a gel mold.
This mold was made up of a plastic slot former and a thin glass plate
(125 x 260 x 1 mm) segarated by a 2 mm thick rubber gasket (all from
‘LKB). Metal clamps were used to hold the mold together with a thick
glass plaite (1125 x 260 x 3 mm) supporting the thin plate. Gels were
allowed to polymerize overnight at room temperature.

| After polymerization, the gel on the thin glass plate support was
placed ori. the cooling plate of an LKiB tultiphor unit (model 2117) that
had been cooled to 5°C by a Polytemp cooling system (Polyscience). The

reservoir buffer used was an aquieous Tris-Glycine buffer (0.3% Tris,
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w/v; 1.47 glycine, w/v), containing 0.17 SDS (w/v), pH 8.3 in which the
electrodes and electrode wicks (LKB) were immersed. The wicks were
applied to either side of the gel length with an overlap of about 15 mm.
With the anti-condensation 1lid in place gels W pre—electrophoresed
for 2 hours to remove impurities.

Lyophilized protein samples were solubifized in sample buffer. Two
sample buffers were used in four initial experimen:s run concurrently
and in subsequent experimen.ts only the reducing buffer was used. The
reducing buffer contained 2% SDS, 0.05 M Tris, 5% 2ME and 8M Urea in
distilled water,' ;)H 8.3 and non-reducing buffer clontained 27 SDS and

\ 0.05 M Tris in distilled water, pH 8.3. In addition 0.3 M lactose was
added to each Sample buffer prior to solubilization of samples. The
protein samples were incubated at 60°C for 60 minutes. Protein
concentration was normally between 0.2 and 0.9 ug per ul of lectin
protein from both area vitellina and area vasculosa and 0.8 ug per pul
of lectin protein from 16-day pectoral muscle.

The following were the standards run in eac!; gel: a low molecular
weight mixture of proteins from ‘Biorad containing lysozyme (MW 14,400),
soybean trypsin inhibitor (MW 21,500), carbonic anh)"drase (MW 31,006),
ovalbumin (MW 45,006), BSA (MW 67,000) and phosphorylase B (MW 92,500)
at a concentration of 0.01 ug per ul for each standard. In additibn,
individual standards obtained from Pharmacia, at -;dimilar concentrations

including BSA, ovalbumin, chymotrypsinogen A (MW 25,000), ribonuclease A

(MW 13,700) and cytochrome C (MW 12,400) were used. All standards were
- -
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solubilized in reducing buffer, boiled for 5 minutes and a drop of 0.5%
bromophenol blue dye (Fisher) was added to each. -

Both samples and standards at a volume of 15 ul were applied to
slots in the gel. Gels were electrophoresed for 4 to 5 hours. A
voltage of 50 v and a pulsed current of 50 pulses per second (gps),
(Ortec 4,100 pulsed constant power supply) were applied until the
samples were seen to move out of the slots. Then the voltage and pulsed
current were gradually increased at one-half hour intervals until a
value of 300 v and 300 pps was attained. \

Following electrophoresis gels were placed in an aqueous 0.047%
Copmassie blue stain (0.04% CBB, w/v, in lpZ acetic acid, v/v, and 25%
isopropyl alcohol, v/v), and gently shaken at room temperature
overnight. Background staining was removed by washing the gels in a
destaining solution (coﬁtaining 10%Z acetic acid, v/v, and 10Z isopropyl
alcohol, v/v, in distilled water) with several changes (method adapted
from Fairbanks et ai., 1971).

A Y

Gel measurements were made both before and after staining. The
distances migrated by the bands produced by the standards, as well as by
the sample proteins were measured. Mobility (Mp) values for standards

were calculated as follows:

Mp = distance travelled by protein x - length gel before staining

L 4

distance travelled by dye length gel after staining

This calculation of the Mp corrects for change in gel length due to -

swelling. Mp values were plotted against the known Log MW values of the
protein standards to give a standard curve. The standard curve obtained

by linear regression analysis was used to ‘determine the molecular

-

VR



;elghts ot the unknowns using My values. Gels were usually photographed
with a Nikon FE 35 mm camera using Kodak panatomic-X fi1lm and an orange
filter.

In some experimeants, UO further visualize proteln bands a s1lver
staining me£hod by Wray et al. (1981) was used after Coomassie blue
staining. Gels were fixed. in an aqueous solutlon contalning S0%
methanol, and 10% acetic acid (v/v/v) overnight and then incubated for 1
hour in an aqueous solution of 5% methanol and 7% acetic acid (v/v/v).
This was followed by incubation in am agqueous solution of 5%
glutaraldehyde (v/v) for 1 hour and exhaustive washing In distilled
water for 2 hours. This initial treatment of the gels, suggested by
Oakley et al. (1980) minimizes background staining and enhances protein
band staining. Gels were then stained in an ammoniacal silver solution
prepared as follows: 8 ml of silver nitrate solution (Lb g AgNO4 1n 8
ml distilled water) was added, dropwise, to 42 ml of 0.367 sodium
hydroxide and 2.8 ml concentrated ammonium hydroxide, and made up, to 200
ml with distilled water. After 15 minutes in staining solutien, gels
were washed in distilled water for 5 minutes and citric acid developer
(2.5 m1 of an aqueous 1% citric acid solution, w/v, and 0.057%

‘formaldehyde, v/v, in distilled water) was added and the gels were
allowed to remain in this solution for 4 to 5 minutes at which time
bands had usually become visible. In some cases high background
staining was removed by washing briefly (5 to 10 minutes) in Kodak rapid
fix (film strengih) and then incubating for 1 hour in Kodak hypoclear

(1:4, v/v) to remove rapid fix. Gels were washed briefly and placed in
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S0Z methanol (v/v) for 30 minutes to stabilize band staining. Molecular

weights were determined as in gels stained with Coomassie blue.

.

9. Analytical Isoelectric Focusing in Thin-layer Polyacrylamide Gels

Electrofocusing in thin-layer polyacrylamide gels by th? method of
Cook (1976) was used to determine the isoelectric points:of lectin
samples. Acrylamide, Bis, and TEMED used were the same as for SDS-
polyacrylamide gel electrophoresis. Riboflavin was purchaéed from
Eastman Kodak and Ampholine, pH range 3.5 to 10, was obtained from LKB.

Horizontal thin-layer slab gels of 6.87% gel concentratioA/were
prepared as follows: 14.7 ml of acrylamide-bisacrylamide stock solution
(28% acrylamide, w/v; 0.7% Bis, w/v, in distilled water), 1.8 m] of
ampholine and 41.4 ml distilled water were mixed and degassed under
vacuum for 10 minutes, A volume of 4.2 ml of catalyst (0.007%
riboflavin, w/v; 0.7%Z TEMED, v/v, in distilled water) was carefully
added to the acrylamide soluti;n, mixed and poured into a gel mold
(LKB), and left overnight to polymerize under fluorescent light. This
results in a 2 mm thick gel slab. Electrode strips (LKB) were moistened

o

with either 1M potassium hydroxide for the cathode or 1M phosphorié acid
for the anode. Standards were obtaine; from Pharmacia's isoelectric
focusing calibration kit and resuspended in 1Z glycine (w/v in distilled
water). "_I‘Hey included the following: amylog\lucosidase.(pI 3.5),
soybean.t'rypléin £nhibitor (pI 4.55), [3-lactoglobulin A (pI 5.2), bovine
carbonic anhydras.e B (pI 5.85), human carbonic anhydrase B (pI 6.55),
horse myoglobin, acidic (pI 6.85) and basic (pI 7.35), lentil lectin

14

’trimer (pI 8.15, 8.45 and 8.65) and trypsinogen (pI 9.3). Samples (30-

’
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80 ug) and standards (20-50 pg) were loaded on 10U mm x 5 mm

”

rectangular pieces of cambrelle (Industrial Chemical Company) at volunes
ranging from 50 to 100 ul and applied to the gel approximately 3 cm
from the cathode wick. With the electrofocusing lid 1n place, focusing
was performed over the length of the gel (25 cm) for 4 to 6 hours at a
constant temperature of 10°C. Voltage was increased from 600 to 1200 v
during the first hour, while the current decreased from approximately 20
oA to about S mA at the end of focusing (LKB 3371E DC power supply).
Gels were fixed in 12.5 trichloracetic acid (w/v in distilled water)
for 18 hours and then soaked in distilled water. Séveral washes with
distilled water preceded overnight staining of the gels\dn a 0.04% CBB
stain (0.047 CBB, in ethanol-acetic acid-distilled water, 5:2:5, v/v).
Gels were washed several times in destaining solution consisting of
ethanol-glycerol-acetic acid-distilled water (5:5:2:13; v/v).

Photographs were taken, and band distances for standards and
samples were measured. The pl values of the proteins used as standards
were plotted against the distance migrated from the cathode by the bands
produced by these proteins. A standard curve of pH versus distance
migrated from the cathode was used to determine pl values for the
,ggkga;ns. i

The silver staining method used in SDS-polyacrylamide gel

electrophoresis was also used to further visualize bands and pl values

were calculated in the same way.
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10. Histology

Samples of area opaca tilssue contalning representdative regions of
the a. vit. and"a. vasc. were dissected out from 2d, 3d, 44, %d and 74
embryos, washed and positioned on the concave surtace of a watth glass
for fixing. Tissues were fixed in Bouins fixative (an aqueous solutlon
containing picric acid-formalin-acetic acid, 15:5:1, v/v) overnight,
dehydrated in a seriesvof alcohols and embedded in paraplast. The
procedure used is illustrated in a flow diagram in Figure 5. Par:fi.n
blocks were mounted on specimen holders and 5-7 pm sections were cut
using a rotary microtome (American Optical, No. 820). Sections were

deparaffinized and stained with Haematoxylin and Eosin, using the

procedure outlined in a flow diagram in Figure 6.



Figure . Procedure tor tmbedding Area Upaca T ssue

Area opaca tissue--a. vit and a. vasc.

|

Fix 1n Bouins, overnight

Tissue in 30%Z ethanol for 60 minutes

1

Tissue in 50% ethanol for 20 minutes, twice

|

Tissue in 60% ethanol for 20 minutes, twice

g

Tissue in.70% ethanol for 20 minutes, twice

|

Tissue in 80% ethanol for 20 minutes, twice

- |

Tissue in 957 ethanol for 20 minutes, twice

| .

Tissue in absolute alcohal for 20 minutes,.3 times

|

Tissue in absolute alcohol:Chloroform (1:1, v/v)
- for 30 minutes, once

Tissue in chlaroform for 40 minutes, twice
Tissue in chlorofqrm:paraplast (1:1, v/v) for 40 minutes, "once

Into paraplast for 40 minutes, twice_

Embedded in fresh paraplast
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Figure-6. Procedure for Haematoxylin and Eosin Staining of Embedded
Area Opaca Tissue

Sectioned Tissue on microscope slide (a. vit. and a. vasc.)

. ! T

o Into Xylene I for 5 minutes

Int‘ene 11 for 3 minutes

Into Absolute alcohol, 30 seconds

IS

[

Into 95% ethanol, 30 seconds

*

Into 702 ethanol, 30 seconds

Into 50% ethanol, 30 seconds

Wash in distilled water, Qriefly

\"

Into Haematoxylin stain for 3 minutes
Rinse in distilled water, briefly

¥ .

"Bluye' if Scotts tap water substitute .

-

'Differentiate' in acid alcohol, 2 to 4 immersions

1

%“Blue' in Scotts tap water substitute
’ , ' ‘t . : o 6
‘Wash in distilled water, briefly

g

Immer8e in Eosin for 30 seconds

.
e !
.

. Into 95 ethanol, twice
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Figure 6, continued

D

In absolute alcohol, twice

|

In Xylene III for 5 minutes

l

In Xylene IV for 3 minutes

|

Mount sections with mounting medium

!

Examine tissue sections under
micrgscope and photograph



RESULTS ’ : )

. Histological Examination of Area Vitellina and Area Vasculosa

Tissue from 2 Day, 3 Day , 4 Day, 5 Day and 7 Day Yolk Sac

Membranes

Hisfological sections oﬁithe a. vit. and a. vasc. were prepared
from 2day, 3day, 4day, Sday and 7day yolk sacs. Representative sectlions
are shown in Figures.7—11. These light micrographs show the structure
of these tissues at subsequent stages of devel;pment.

During the spreading of the yolk sac over the surface of the yolk
mass, it consists/of a medial vascularized region, the area vasculosa
and a peripheral, ndﬁ—vascul;r region, the area vitellina. This latter
tissue consists of ectoderm and endoderm and shortly after being invaded
by mesoderm is transformed into the area vasculosa. Sections taken from
wi£hin the area vasculosa (Figures 7A, 8A, 9A, 10A, 11A) show the three
cell layers; ectoderm, mesoderm and endoderm; The ectoderm in this
region is usgally'a monoiayér of_squamous cells which may overlapto
some exgent; Af progressiVely later stages of development,sthe
orgahization éf this cell layer remains much the same. Occasionally the
‘ectodermal ce}ls are observed to be thickened and appear to have assumed
a biléyergd arrangément. In some instances the ectoderm has separated
from the endoderm leéving a space between these two cell layers. The

~mesoderm in the region of the area vasculosa is composed of two distinct

components, the somatic mesoderm and the splanchnic mesoder®. The

: . : 57
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Figure 7.

Light migrographs of representative: sections through the ai’ea
vasculosa (A) and the érea vitellina (B) from the yolk sac of aA 2-day
chick embryo. The cell layei‘s- present in both of these areas aAr’e .the
ectoderm (Ec) and the endoderm (En). A third cell layer,' the mesoderm
(M) containing blood vessels can be observed in the area vasculosa only.

Observe the endodermal nuclei (arrows) in both A andﬁ B. Large yolk

g‘xja;lules (*)ﬁcan‘ also be seen in the.endoderm. The bar is 50 pum.
, : i

*
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Figure 8.

Light nvlicrograph.s of representative sections through thé area
vasculosa (A) and the area vitellina (B) from the yolk sac of a 3-day
chicl; em‘br‘yo. 'The .ecfoderm (Ec), mesoderm (M) with blood vessels and
endoderm (En) can be clearly séen in' these sections. Endodermal nuclei

(arrows) and yolk granules (¥) can be ‘seen in the endoderm of both A and

B. The bar is 50 um.
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Figure 9.

Light micrographs of representative sections through the area
vasculosa (A) and the area vitelliné (B) from the yolk sac of a 4-day
chic& embryo. . The cell layeré'are ectoderm (Ec), mesoderm (M) .
containing blood islands aﬁa endoderm (En) containing yolk granules (*x

Endodermal nuclei (arrow) can be clearly seen in A. The bar is 50 ;lm.

A
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Figure 10.

Light micrographs of represehtative sections through the area
vasculosa (A) and the area vitellina (B) from‘the:yolk sac of a 5-day
chick embryo. Observe the ectoderm (Ec), the mesoderm (M) in A only and
thef endoderm (En) which contains yolk granules (*) and 1n ‘which nucélei

(arrow) can be seen. The bar is 50 pum.
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Figure 11.

Light micrographs of reyresentati@é.sections through the area
" vasculosa (A) and the aréa vitellina (B).from the yolk sac of a 7-day
éhick/embryo. The cell layers are ectoderm (Ec), mesoderm (M) with
blood vessels and endoderm (En). Numerous yolk inclusions (*) can be
.seen in the laéter cell layer. Endodermal nuclei (arrow) can be

observed dispersed between the yolk inclusions.‘ The bar is 50 um.
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latter cell layer is usually observed adhering to the endodermal layer
and it is conspicuous because of the presence of the blood vessels,
which form within it. This layer consists of flattened cells. On the
other hand, the somatic mesoderm was only occasionally seen adhering to
the undersurface of the ectoderm and it is also a layer of flattened
‘cells, The endodermal layer of the area vasculosa is morphologically
more differentiated than that of the area vitellina and is usually
composed of columnar cells organized as a monolayer. The cells are
closely packed and contain many yolk granules whiéﬁ make it difficult to
discern cell boundaries. At the earliest stages of development these

cells are relatively small and at later stages of development they
idEreag; in height and contain numerous yolk inclusions.

Sections taken from within the area vitellina show two cell layers,
the ectoderm and the endoderm (Figures 7B, 8B, 9B, 10B, 11B). The
ectodetmal cells, at progressively later stages of development,
generally retain a monolayered arrangement, although in some cases a

!
bilayered arrangement can be observed. The endoderm in this region is

less;;ifferentiated than that of the area vasculosa and is composed of
several layers of cells with many yolk inclusions. These cells are
loosely packed in an irregular manner and are separated from each other,
by extracellular yolk granules such thai the plasma membrane boundaries
are not distinguishable. At the later stages of development, the yolk

inclusions are diminished in size and so numerous that cell membrane

boundaries are also not distinguiéhable.
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2. Extraction of Lectin Activity

y

A first approach to the problem of isolating lectin activity from

a. vit. and a. vasc. tissue of stage 13-15 embryos was an investigation
of the effect of different components of the extraction solution on
extractability and preservation of lectin activity; this has not been
done previously. The lectin extraction solution (LES) wused 1in
@tracting (3-D-galactoside-binding lectins from primitive streak stage
éhicken embryos (Zalik et al., 1983), was used 1in initial experiments.
In addition to this complete LES, three other extraction solutions were
used; LES (-lactose), LES (-2ME) and LES (-EDTA, + CA** and Mg**). The
mean lectin titer values (HU/ml) for a. vit. and a. vasc. tissue

. f extracted with complete LES were taken as a standard and the values
obtained with the other three extraction solutions were expressed as the

S percent of these standard values. Tissue from about 25 to 35 a. vit.
and a. vasc. were extracted in each ekperiment and three separate
determinations of lectin titer were made for each of the four extraction
solutions. 'In each éxperiment, a. vit. and a. vasc. tissue were
prepared simultaneously and both extracts were assayed at the same time.
Lectin activity was assayed in the same extract immediately after
extraction, (To) and aﬁ;er four'mog hs at -20°C, (T4mo)’ The résults of
this investigation are presented in Table 1. Higher lectin activities

] .
were usually observed in extracts obtained from tissue of the a. vasc.

.

-&:commred with extracts of the a. vit.

Because of the limited amount of tissue available different sets of

embryos were used in each’xper,liment. - In addition different



Table 1.

Fffect of different components of the extraction solutinn on vée
extractability and preservation of crude lectin activity. Tissues were
dissected, washed and homogenized in extraction solution at a ratio of
1:10 (packed tissue mass:volume of extraétion solution). Lectin
activity was agsayed in the same e;tract immediately after extraction
(To) and aftey 4 months of storage at -20°C (T[‘mo). Tn each extraction
solutton, thrée different experiements each with a different set of
embryos was performed. Area vitellina and area vasculosa tissue were

extracted andrassayed simultaneously. }gf
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Table 1.
Titre (HU/al)
Extraction Expt .
Solutions No.
Area Vitellina Area Vascalosa
To TAmQ To /Témo
LES® complete 1 1920 5120 1840 10240
2 1280 ' 1280 7680 7680
3 640 © 1280 5120 10240
1280 + 370D 2560 % 1280 5547 * 3202 9387 * 95420
10.18 + 0.46€ 10.99 + 0.67 12.38 £ 0.29 13.18 * 0.14%
LES (-Lactose) 4 1280 640 2560 2560
5 640 40 2560 640
6 32Q 0 2560 5120
. . 747 + 282 227 ¢ 207 2560 t 0 2773 t 1601
58%¢ 8% g 467 29%
(30%) -
@%® ®
~—9.32 t 0.58 4.88 t 2.7 11.32 £ O 10.99 t 0.88
LES (-2ME) 7 960 0 5760 2560
' 8 2560 640 5120 2560
9 640 640 5120 1280

1387 + 594 427 + 213 5333 ¢ 213 2133 t 427
108% 162 96% 23%

(30%) (%02)
10.18 + 0.59  6.22 + 3.11 12.38 % 0.06 10.99 +-0.33

LES (-EDTA 10 640 1280 . 2560 5120

+Ca 11 10240 640 10240 2560
+Mg) 12 5120 1280 10240° 5120
5333 + 3079 1067 + 213 7680 t 2560 4267 t 853
416 427 1382 45%
(20%)- (55%)

11.65 = 1.2 9.99 i 0.33 12.65 ¢ 0.67 11.99 t 0.33




Table 1 (Continued)

8l ectin extraction solution consisting of .15 M NaClL, 0.005 M phosphate
buffer, 0.002 M EDTA, 0.004 M ZME, containing 0.3M lactose, 0.25 mM PMSF

and 0.02% NaN4 pH 7.2. "7

bIn all columns, this value represents the mean and standard error of
three experiments,

k]
CIn all columns, this value represents the percent of the mean lectin
titre obtained with complete LES

dyalues represent lectin activity remaining in extracts after T&mo' when
compared to activity assayed at TO.

©In all columns, this value represents the mean and standard erPor of
individual titer values converted to logj. This is performed bgcause
the dilution of the extract is doubled in the process of sertally
diluting it in agglutination saline.
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preparations of Test erythrocytes were used to assay act;vlt:v. These
factors and the semiquantitative nature of the haemagglutinatlon assay
may account for the variability »nf the data obtained Iim repeat
experiments.

In Table 1 it can be seen that lectin activity increased or
remained constant in extracts obtained with completg LES, after being
stored at -20°C. Extracts of tissues obtained 1n the absence of
.lactose, LES (-lactose), showed a reduction in lectin activdty; a. vit.

extracts were 58% and a. vasc. extracts were 46% of the values obtained

i

e$*th-v
with complete LES. After 4 months, the t‘i"t)er in extracy¢s of t’\e a., vit.

was only 307 of that of the original extract, whiz:e\' at of the a. vasc.
did not change notice%b‘ly. When compared to extracts obtained with
complete LES and maintained for 4 mor{&hs, lectin activity was much
lower, 8% ar'ldv 29Z_in the a. vit. and a. vasc. respectively.

Tissues extracted in the absence of 23&, LES (-2ME), had similar
activities to t in complete LES, however the preservation of lectin A
activity was not as efficient, In the a. vit. the lectin activity of
stbred exiraéts was 30% of- the original extracts, while in stored
extracts of the a. vasc, only 40%Z of the'lectin activity remained. When
compared to extracts stored in complete LES, those stored in absence of
2ME had only 16% of lectin activity, for the a. vit., while in extracts
of the a. vasc. only 23% of the lectin activity remained.

Lastly, in the gresence of Ca** and Mg** (LES - EDTA, +Ca‘** and
Mg++) initial extraction of lectin activity appeared to be enhanced when
compared to complete LES extracts, but the préservation of lectin

activity was not as efficient, In this case, after four months the
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lectin titers were only 20% and 557 of the original extract, for a. vit.®

<, hd N
-
and a. vasc. respectively. And extracts stored in the presence of Ca++;/~

and Mg*tt had 427 and 45% of lectin activity of extracts stored in

complete LES, for the a. vit. and a. vasc. respectively..

These results show that the components of the extraction golution

necessary for efficient extraction of lectin activity and preservation -

of this act1vity over time, 1nclude lactose, ZME ahd EDTA. The addition
ot
of lactose to the extraction solution fac;lltated the extraction of

"lectin activity from both tissues. This component was alse required for. .

the preservation of “activity. The ‘ulphydryl reducing agent, 2ME was

: . ' . . : -
also an #mportant extrattion solution constituept for the preservation
: . N _ P A

r

) .
of activity, as was the absence of Cs++ and Mg ions. Onp the basis'of
these preliminary experiments, complete LES containing lactose, 2ME and
i t
EDTA_was selected for use in_all subsequent extraction procedures.

f -

]

- -

. o £ T - - o - o
"3, Specific - Activity ~ of Crude -Lectin Extracts from Several

o . . N .

9 . FE v .
Developmental Stages

) : SN ‘ , o - ® -
Following the.detectidn of haemagglutlnation act1v1ty in- crude,

Ny 0

. ~ )
solubl.e extrects of tissues from the a. vit. and a. -vasc, of embryos at
stage 13-15" an attempt wqp made to determine if changes in lectin

}Jactivity could be detected in these tissues at sqbsequent developmental

stages. Some end-ogenous chicken lectins, such as thét from e(mbryonic

. <
®

;'-‘;pectoral muscle. have J)een shown to be developmental ly regulated (Nowak

B

et al., 1976) It wds. ielt that an investigation of - possible_

.
i : . . . ' “ . ’ “ s
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developmental-regulation of lectin from developing yolk sac tissue would
be of value in elucidating its function.

The stages of'developm%pt studied in addition to stage 13-15 (2d)
embryos, were stage 18 (3d), stage 22 (Ad), stage 26 (5d) and stage 30
(7d) embryos. Between four and ten embryos were.used in these
experiments. In each case, separate déterminations’ of specific activit}
from three different extracts of a. vit. and a. vasc. tissue were made.
. The results of these determinations are shown in Table 2.

In all of the extracts examined the specific activities of tne
lecti; obtained frnm a. rasc. tissue extracts were ;ignificantly higher
than those froa a. rit. extracts, as judged by an analysis of variance
(p<0 01) \The differences between the specific actigities of‘ee five
d1fferent stages were then examined by a Least Significant Difference
test. The specific lectin activity was significantly different in
R extract° of 2 day, 3 day, 4 day and 5 day tissues (p<0 05).- The
differences in specific activity between 5 day and 7 day -extracts were

‘

not significant.

[

o

4, Effect of Different Saccharides Qn~Haemag§lntinaticn Activitp f ::
. S 4 o ' 3 t} L .

" The effects of differenenSQCCharideS«on haemagglutination acti&ityl

was determined in extracts from tissues of the a. vit. and a.:anC. of

,fstage 13;15 embryos. This was a necessary first step in the selection

' of an appropriate saccharide 1igand for. the p:eparation of an affinity

‘>chromatography cdlumn for lectin purification, béged on ability of the

;ilectin:to bind i’ides speJifically'and reversibly. It was alsov

.lf”tant*to e;hdicate,ttg saqshﬁride-binding specificity of th 1ectins



-
Table 2.

Specific activities (HU/mg protein) of crude lectin extracts froam
-different developmental stages. In all experiments tissues were
N
dissected, washed and homogenized in extraction solution at a ratio of
1:10 (packed tissue mass;volume of extraction solution). Afte{ dialysis
at 4°C, extracts were titrated and their protein c9ncentra£ions wé\g
- determipned as described in the text. For each deve}opmental stage,
three experiments were carried out each with a. different set of embryos.

-

Activity was assayed simultaneously in area vitellina and area vasculosa

-

extracts. .
r

Forvqtaﬁ}stical'?Qalysis, the indiyiduai values for specific
activities were converted to the log, (Finney et al., 1955) and
subjecteq_Fo an anaiysis of variance.. When this was performed the
differences b;tweeh;the two afeas as well as between the five stages
were_s@gnificant (p<0:01). The differences in;specific activities
betwegh ﬁheaétages were then examined. by élﬁeasg Significant Différence

'tésp and were found to be siénificaht (ﬁ(Oﬁfsfbetween 2 Aay, 3,day,‘4'

day'andIS day extracts. The values Betweén‘S and 7 days were not
- S : ..

significant. \
- e 4
5 i .
AN
\v o s .
N /‘/" '



Table 2.

Specific Activity (HU/mg protein)

Stage xpt. No. Area Vitellina Area Vasculosa
’ ) LOgZ Logz
13-15 (2 days)? 1 v 539  9.074 3151 11.621
-2 1028 10.009 2926 11.517
B 3 1180 10.205 4935 12.270
A 9.763 t 0.349° 11.803 + 0.236
18 (3 days) A 2639 11.366 6059 12.565
5 1900 10.892 5705 12.477
6 1177 10.205 7516 12.877
10.821'% 0.337 12.64 t 0.121
22 (4 days) 7 3122 11.607 8533 13.058
8 2901 11.502 6827 12.738
. 9 6073 12.568 9910 13.275
11.892 + 0.339 ° 13.024 t 0.156
26 (5 days) 10 9470 13.207 16708 13.385
, 11 . 4708 12.202 . '7938 "12.955 - .
12 . 6827 - 12.738 20480 14.323
oo 12.716 ¢ 0.29 " 13,554+ 0.404
30 (7 days) - 137 4995 A12.288 112457 13.610 «
| ° - 14 15754 13,948 13213 13.688
_ 15 3821 11.899 21113 14.365
12.712 £ 0.628 .13.888 £ 0.240

. -." - - ) od S '.‘.QE“
8Days of incubation __ ‘ ) L

pr %11l columns, this value represents-the mean and standard error of
three experiments in which the individual specific activity values wére®
converted to Logj S S . B

-

T ) ’ e ' .
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isolated in this study, because of the importance of this property to®
the biological activity of these macromolecules. The saccharide-binding
specificity of crude extracts of 16-day chicken embryonic pectoral
muscle was also dete.rmined for comparative purposes:- This tissue source

has been previously shown to contain soluble ﬁ -D-galactoside-binding

lectin activity (Nowak et al., 1976).

~

The saccharide-specificity of lectin extracts from the a. vit. and
a. vasc. of stage 13-15 embryos as well as of 16-day pectoral muscle is

~shown in Table 3. In this table, the sacch;;ide concentration (mM)

" necessary to-inhibit at least 4 HU of 1ectin is presented. The three
crudelectjin extracts showed similar results, *ce the three most )
potent inhibitors of haemagglutinatiqn'activity in oréer of decreasing
poten.cy were the same; TDG [f)’—D—gal (1—->1) ﬂ-ﬁ;thioga'l], lactose [6-

% D-gal (1—>4) glc] and RGG [(ZR)—Glycerol-O-B—D—galactopyranoside], 0f
the three” sources ‘of lectin, a. vit. extracts were 1nh1b1ted by the ‘
lowest concentration of saccharides\ 0.16 mM, 0.56 mM and 3.18 mM for
TDG, lactogse and RGG respectively. Extracts from the a. ‘vasc. were
inhibited by 0.25 mM, 0.66 mM and 8.38 mM for TDG lactose‘end RGG,

respectively. And for embryonic pectoral muscle the concentratlons of

these saccharides were 0.29 mM, 1.0 mM and 12.5 mM, for TDG, lactose.and

RGG respectively. S : ) - \
Other weaker: inhibitors of these lectins were iSOpropyl B ~D-

' S
:"jﬁthiogalaetepyranoside methyl O!-D-galactopyranoside, pﬁenyl B D-

galactopyran‘oside, galactoge, methyl-—B-D—galactopyranosi_deand a-D-

- ‘
4 .



Table 3

Effect different saccharides on the haemaggiutination activity of
crude e:f;acts of stage 13-15 area vitellina and area vasculosa and 16-
day embryonic pectoral muscle tissues. Extracts were diluted to a titer
of either 8 or 4 haemégglutinating units (HU). Each §accharide was useé

at decreasing concentrations to determine which of these reduced the

,

titer from 8 to 4 HU or abolished 4 HU completely., The lowest

i a

concentration of saccharide with inhibitory activity‘was recorded.
% i o N .

Values represent the mean of 4 determinations, each obtained with.ip

extract from a different set of emabryos. For each sugar four to five

different concentrations were tested (see page 42). .
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. four experiments

N4
L

4]"

3
.

Y

Table 3.
Concentration (mM)
Area Area Pectoral

Saccharide . Vitellina Vasculosa Muscle

Thiodigalactoside s 0.16 £ 0.05% 0.25 ¢+ 0.00 0.29 £+ 0.04

Lactose . 0.5t 0.02 0.66+ 0.20 1.00 + 0.00

(2R)-Glycerol-0-( 3.18+ 2.90 8.38 t 2.50 12.50 £ 0.00

D-Galactopyranoside

Isopropyl- 3-D-thio 20,00 £ 11.30 34.00 + 9.40 38.00 £ 7.20

galactopyranoside o

methyl- -D- 18.00 + 10.80 38.00 + 7.20 34.00 + 9.90

galactopyranoside - ’ S '

'y ) ..
.phenyl-f3-D- 39.00 £ 11.20 38.00 t. 7,20 44.00 & 6.20
galactopyranoside ’
' ¥ ’ .

methyl- 3-D- 32.00 ¢+ 23.10 62.00 ¢ 21.60 81.00 + 18.80

galactopyranoside '

-Galactose 3.0 * 16.00 56.00 ¢ 12.00 75.00 % 00.00-

o -D-melibiose 78.00 £ 22.50 62.00 t 12,50 75.00 t 14.40

methyl-ox-D= 5100.00 - .. >100,00 .  >100.00

mannopyrarioside . . '

N-Acetyl-D-galactosamine >100.60 >100.00 . >100.00 °
. N-Acetyl-D-glucosamine >100:00. ~  >100.00 >100.00..

L-fucose © >100.00 >100.00 >100.00

D-fucose . 5100.00 ~. »100.00 . . »100.00
e ’ ’/:/,/',‘" T '."." - .

)\’.'

81n all columna, this value represents the mean and standard error. of .

- ’-4\1:..
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melibiose. The relatively higher inhibitory capacity of methyl-Q-D-
galactopyranoside as ' compared to 1ts B—anomer is not understood, but
has been reported previously (Nowak et al., 1977; Zalik et al., 1983).
Several other monosaccharides tested including GlcNAc,.GalNAc, methyl-
a—D—aannopyranoside, L-fucose and D-fucose did not” inhibie
haemagglutination activity at concentrations up to 100 mM, the highest
tested. The concentrations of saccharides needed to inhibit crude

lectin extracts from 16-day pectoral muscle were somewhat highet than

those freported by Nowak et al. (1976), for this tissue.

-

5. Purification of rhe Soluble Lectin by Affinity Chromatographx

e
Extracts from tissue of approximately 190-2é0 area vitellinae and
area vasculosae of stage 13-15 embr&os and from 4~-5 pectoral-muscles
f:'om 16- day embryos, were used in each purificatien experimént. These
extracts were purified by affinity chromatography on a column bearing
the 11gand p—am1nophenyl B -D- Lact031de (APL) Lectin activity was
eluted with 013 M lactose and the elution patterns of the three 1ectins
were very 51milar (gee Figure 12). No detectable act1v1ty was ‘.uted
with 0.3 M suerose, thUa it would appear that theae lectins bound

fspeciﬁgally and rever,é.iublx to the terminal }actosyl grbuﬁs of APL.

i s‘ummary‘ of the purificatiorr of oluble lectin from the three

. v 1] ; . .
t’issue-s is pr’esented in Table 4 ues reported here represe‘-;;,t_'the

' means and ranges of six separate (leterminations for a. vit. and a. vasc,
lectins and oné determination for the muscle lectin. The specific
a‘ctivities of crude lectin extracts were quite \iariable. rang 8 froug

156 to 900 leU~/mg protein_for,a.- vit. extracts_ and from .1670 to 731_4'-

. . . . . : : ’ 4
. . o - . \

Tt s



Figure &2.

Affinity purifigation of soluble lectin extracts f;gm area
vasculosa (a) and area vitellina (b) tiésue of stage 13-15 embryds and
"from pectoral’muscle tissue (c) of ﬂ6—day.embryos on an APL-Sepharose 4B
,coluhn. At the point indicated by: Arrow 1, 0.3M sucrose in MEPBS was
added; at Arrow 2, MEPBS was added and at Arrow 3, 0.3M lactose in MEPBS.

was added. Extracts were ebtained from 190 to 220 a}ea vitellinae and’

area vasculosae tissue and 4 to 5 pectoral muscle tissue,.

t
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Table 4.

Summary of the purification Jf soluble, (3-D-galactoside-binding lectins
from area vitellina and area vasculosa tissue of stage 13-15 embryos afd
from 16-day embryonic pectoral muscle tissue by affinity chromatography
on an AéL—Sepharose column. Values represent the means and tanges of
six determinations. Extracts from 190 to 220 stage 13-15 embryos and 4

to. 5, 16-2ay muscle tissue were normally used.
R

.
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Table 4 (Continued)

. . A
81n all columns, this value represents The range of six determlinations
2

bOnly one determination was made

o
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HU/mg protein for a. vasc., extracts. €he mu8cle extract had a specific
activity of 954,613 HU/mg protein. After "pyification specj&x‘c

5

activities ranged from 9.9 x}lO[‘ to 5.4 x 10° HU/mg protein for a. vit,

and from 6.07 x 10% to 2.91 x 10° HU/mg protein for a. vasc. Purified

%‘lectin from the pectoral muscle had a specific activity of 7.8 x 10°

HU/mg protein. Although the specific activities of the purified chick

lectins were quite variable, in general higher levels were fdund in thegy.

a. vasc. ‘preparathions, 9.26 x 105 HU/mg protein (mean specific activity)
as compared to the a. vit. preparation, 2.28 x 10S HU/mg pgotein (m¥gn

specific activity).

“’v ‘ . LY
6. Saccharide Specificity of Purified Lectin ~ )

N
Purified lectin extracts were ‘tested for saccharide specificity.

*
Four separate determinations were made for purified lectin preparations
. Y - s

from a. vit. and a. vasc. and one determination was made for the muscle

lectin. The results of these assays are reported in Table 5 (al with

Ve

the results for crude extracts for.comparative purposes).

As was observed for crude EXtracts, théd-three mositkt_potent

r

1nhib1tors of lectin activ1t"y were TDG lactose and RGG. “In general, ‘

e concentrations were necessary to inhibit the

somewhat highe(r sacchark

purified lectin from a. Vit. tissue as compared to the results for crude

%

lectin extracts. However, the a. vasc. tissue, lowet coneentrations

H

of the same saccharidres were found to inhibit the purified lectin

N .

»

prepara;ions as ‘compared to crude lectin extracts. Higher saccharide

cp‘ncentr_ation's; were also .needed to inhibit’ purified musclé lectin, The

saccharide specifigity of the tshre‘e"i‘ifiéd lectins was the same as

i



Table 5. .
Effect of different saccharides on the haemagglutination activity of
pure and crude lectin obtained from tissue of the area vitel lina and

area vasculosa of stage 13-15 embryos and from the pectoral muscle of

16-day embryos. Extracts wére diluted o 8 or 4 haemagglutinating units

(HU). Each s{gar was used at decreasing concentrations to determine
' ) -~

~which of these reduced the titre from 8 tb 4 HU or from 4 to O HU. The

N

lowest concentration of saccharide with inhibitory activity was
recorded. Values represent mean concentrations (mM) of four different
determinations except for purified muscle lectin which was assayed only

one time. Four to five different concentrations were tested for each

sugar (se% page 42). .

E}
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that for the crude extracts, with an affinity for saccharides bearing a
(3-D-galactoside configuration. However of the three lectins, purified
lectin from the a. vasc. required the lowest concentrationé of
saccﬁarides bearing a D-galactoside configuration, to be inhibited. The
increase in affinity of lectin for the saccharides, TDG, lactose aqd RGG
over crude extracts Sugggsts that some contaminating material affecting
the affinity of the lectin may have been removed during the purification
step.'.Aléo, in purified lectin of the a. vase. the differ;nces in:
'a,.ffinity bdpween methyl-cr- and methyl- B—D—'galactopyranos‘ide wa,sqﬁd‘
longer obwvious. Other weaker inhibitors of gbe_g. vasc. lectin include
isbmwpr—B-D-thiogalactopyranoside, galéckbse, phenyl—ﬁ?—D—
galactopyranoside and fx—D—melibiose. " For lectin purified f;om the a.
vit.,, the increage in saccharide concentrations neededAto inhibit
activityrcompared to grude extracts suggests some loss in affinity. The
specific activity of purified lectin preparations from this tissue

L

source was one-quarter t@at of ‘the area vdsculosa (Table 4), which may
ind;caée the pre;qnc? of contaminating ma#eriai in thlf extraét. As
reported ﬁreviously for crude lectin preparations, methyl—(XQD-'
éalactopyranosidé seemed to be é_b%tter inhibitor of.the’pufified lectin
than its'j3-anomer. The monoséégharidesvmethyl-cx—D-ﬁanﬁppyranoside,e
GKlﬁAc, GlCNAC,<LanCO§é and D—f&cdse again showed no inhibitory effect

on the purified lectins from these.three tissues at the concentrations

testedd. This suggests that these lectins do not have an appreciabie

|

Y _ )
af iq}ty for the above saccharides. . -

[
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The inhibition of purified lectin -from a. vit. and &, vasc. tissue

‘extracts by the saccharides TDG and lactose are comparable to results

obtained for the soluble lectin (LI(sﬂ and the particle associated
lectin (Lll(p)) purified from prim{tive streak stage embryos (Zaiik et

al,, 1983). The concentrations of TDG and lactose needed to inhibit

puriﬁied‘lectin extracts from pectoral muscle were higher than those
. © reported by Nowak et al. (1977). However since thése workers reported)

the concentrations of sugar needed to inhibit haemagglutination by 50%

. .
— .

-~ .\’J .
these results are not strictly comparable to-those-réported here.

7.7 Subuwit Molecular Weight Determinations . o
o

\\“‘//EE?Ified lectin preparations of area vitellina, area vasculosa ané
pezgoral muscle were éxamined by, ‘DS-polyacrylamide gel electropﬁoresis .
(Figufg 13). Lectin protein ¢oncentrations of 3-14');g tétal for{a.
viﬁ. and a, vasc, preparatidns nd about 12 }Lg for muscle lectin weée
normally used. Gels 'were stained with Coomassie blue and subsequently .
witha silver étain. Staining of protein bands iq Coo@assie blue was
generally very faint probably because,thefe was insufficient protein for
detectibn by this'dye. The use of the silver stain?ng method aftét
Coomassie blue staining generally resulted in b;tter visualization of
the protein bands (g;e Figure 13), and in general bands ébgerved in\\
Coomassie blue were also found on silver staining. ’

| Lyophilized protein samples from a. vit..andia; vasc. tissue
solubilized in buffer containing SDS, urea and 2ME (reducing conditions)

gave two bands (see Figuré 13). The moleculat weights of these bands

were estimated to be 68,100.% 700 (mean * SE) and\]4,200 + 100 for a.



T

Y Figure 13.

~ : SDS-polyacrylamide géi electrophoresis of purified lectin extracts
frém area vitellina and area vasculosa tissue of stage 13-15 embryos and

from pectoral muscle of - 16-day embryos. A representative gel stained

-

- with Coomassie blue (A) and silver (B) is ‘shown. Samples were

) . .
solubilized under reducing (2% SDS, 8M urea and 5% meréajfﬁechanol) and

A4

“non-reducfng (ZZ:SDS) conditions. Lanes wfth samples in’reducing
o S 5 .
conditions are indicated by an asterisk (*). Laneqxl and 2, pectoral -—

%

\ - mﬁécle lectin; Lanes 3 and 4, area vasculosa leﬁtin; Lanes 5 and 6, area
vitellina lectin. Arrows poift to the high molecutar weight protein

‘ ' component deer reducing condifions and the low mélecular weight protein

-
-

. . .. . |
component under both reducing and non-reducing conditions for the area

L

vasculosa and area vitellina lectins. Standards were: Phosphorylase B

(92,500); BSA (67,000); ovalbumin (45,000); ribonuclease A (13,700) and
L ] ] . .
cytochrome C (12,400). : : —
- .q’ : :
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vit. iectin preparation, based on five independent studies using two
different purified batches of material. And for the a. vasec. lectin
prepatations the. molecul% welights were 68,700 t 1,200 and 13,700 * 300,
based on ‘ten independent studies using five different purified extracts.
In some gels, the lectin preparation from a. vit. gave a high molecular
) -
weight-dedblet, with molecular weights of 71,300 % 1,300 and 62,700 %
i,lOO ae opp/osed td a single band. This dc‘ublet was obse‘rved in four
separate gels using three([different extra‘ts. Howev;r it was peVer\
observed in'a. easc. lectin eparations anj&yzed in tﬁe same gels, \///

-*

probable reason for the appearance of the|doublet was due to the
separation o.f the generally broad, dark sta&\ning band recorded as a
single band in silver stained gelﬂe. “From‘-these’ studies it was
determined that the af‘;‘.inity,-purified' lectin preparations from the a.
vit. and a. vase. consist of at least two protein componénts.

- When iyophilized lectin preparatione v}lere’ 'sol'ubilized in buffer
containing only SDS (non-reducing condltlonsx,a 1ow_molecu1ar weight
band similar to that reported above appeared ::ehswtently with a
molecular weight of about 13,400 + 300 '-for a. vit. lectin and 13,7;00 +

200 fvfn' a, vasc. lectin preparatioAns.' In the a. vit, lectin -

- preparation, a new band not seen previously, with a molecular weight of

© about 127400 % 2,000 was observed in four indepenﬂdent stddies usi‘ng. two

different extract:s. For the ‘a. vasc. lectin, this band had a molecular
weight of about 124,000 % 6,700 and it was observed in two of five

independent studies using two different extracts (Figux_‘e 13).
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The pectoral muscle lectin had a molecular weight of about 14,300 ¢t

200 in three independent experiments using one purified extract. A

minor band, with a molecular weight of about 12,7QO t 200 was also

observed in these gels. These results were obtained when lectin was

solubilized in buffer containing SDS, urea and 2ME and they agree with

those reported previously (Nowak -eti.al., 1977). .On’ the other hand when

lectin was solubilized in buffer containing only‘SDS, one band with an

estimated molecular weight of 12,800 £ 400 was observed (Figure 13).

y X -

8. Analysis of Lectin Activity by Gel Filtration Chrdéétography

- N
" To determine the molecular configuration of the lectin in aqueous

N

‘solution, t¢rude extracts from a. vit. and a. vasc. tissues were analyzed

by gel filtration chromatography on. a Sephacryl column)’under‘non_

dissociating conditions. The column was calibrated with a series of

standards in the molecular wgight_range'from 67,000 (BSA) to 12,400

(cytochrome C). The extracts were examined in the presence of lactose,

ig three separate determinations. ) .
- P

A

Haehagglutinatiqn activity eluted as a continuum in the molecular

4 . A
weight range from 56,000 to 35,000 for a. vit. extracts and from 65,400

to 10,000 for a, vasc. extracts. In the latter extract a peak of |

activity eluted just behind oéélbumin with a molecular weight of about
{

41,000, This was determined from the fraction with the highest lectin

titer. However most of the lectin activity was detected in a large‘

t:ailing tail with molecuiar.weights down to about 10,000. Recovery of

activity from the column was very low which could be as a result of
inactivation Gf  lectin dctivity, or to non-specific associatign of the

v



lectin with the Sephacryl beads. Due to these difficulties, the results

of this investigation were inconclusive.

}. Lectin Characterization by Isoelectric Focusing

~

Purified lectin prepérati;)ns from a. vit. and a. vasc. tissue were
analyzed by isoelectric focusing in thin layer polyacrylamide gels and

stained with Coomassie blue followed by silver stain. These

.
pr_eparati.ons were found to be heterogeneous as was expected from the .

o

rés-ult's with SDS-polyacrylamide gel electrophoresis.

‘In the purified extract from a. Qit. tissue, a ma jor band with a pl
value of about 6.4 .t 0.4 ’(mean t SE) was ob;erved in two _gels of s‘ix
that were stained with Coomassie p}ue.! In addition, tw@ minor.bar\;ds
with pI values. of 5.0 and 5.2 Yhich stained very faintly were observed

in only one gel. The a. vasc. purified lectin appeared as a band with

an approximate isoelectric point of 6.8 when stained with ‘Cooxtassie

' _blue. This band was observed only once. The lack of positive staining

‘in this stain is probably due to low progein concentratidns because many”

~ more bands”were observed when gels were stdined with silver. When gels

. S ’d&__ -
were examined after gilver staining, a main-band with pI 6.64 £ 0.16 in

‘addition to several minor bands in the écidic*pI range from 4,1 to 5.5

were observéd for a. vit. Iec'tin extracts. Lectin-preparationé from a.
vasc. tissue gave similar résults; a mqiﬁ band with a pI value of about
6.61 £ 0.13 as well as several bands between pl values of 4.05 and 5.1

were observed.

92
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In summary, the most consistently stained band in both Coomassie

blue and silver had an average pl value of 6.58 t 0.14 for a. vit.
lectin preparations. Two to four minor bands were observed between pl
values of 4.1 and 5.5. For a. vasc. lectin preparations, the average pl
was 6.65 t 0.11 for the main band and two to four minor bands were

observed in the acidic pl range 4.05 to 5.1. Because of the variability

in the staining patterns these results were considered inconclusive.

a

[ 4



DISCUSSION

Tﬁis>study has focused on the isolation and characterization of
sbfcble,‘endogenous lectin activity from the area vitellina and area
vasculosa tissue of the developing yolk sac of the chick embryo.
Soluble proteins extracted from thése, tissues agg}utinated trypsinized
‘rabbit erytﬁrocyteﬁ in‘a'haeeagglutination assay used to detect and
~ quantitate lectin activity, The specific activity of the lectin(s)
extracted from the area vasculosa tissue of the yolk sac was

-

\\\\ significantly higher than that from the area vitellina tissue in all of

" the~extracts that were examined. Lectin activity extracted from 2-day
area vitellina and area vascelosa tissue was purified and characterized.
The preparations from both tissues-appear to be very similar by all
criteria tested, including sacchar}de specificity, subunit molecular.
weight and isoelectric point, suggesting that the lectin(s) "in these two
tissues is'simiiar, if nct identical. | <

Several charactftistics ‘of these proteins Qere determlned in this

study. The endogenou§ haemagg ination activ1ty from area vitellina

% 4

-

and area vasculosa tissue is et&ractable ‘in-the presence of lactose, 2-
mercaptoethanol and EDTA. And these conditions are the most useful for
the extraction and preservation of this activity; Lectin preparations
from both areas have simiiar saccharide-binding affinities, reacting
with saccharides bearing a ﬁ-D-galaCc ide configuratioe. The
specificity is defined in terms of the most/potent inhibitors of lectin

o

94
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activity which were thiédigalactoside | B—D~gal(1-’—>l)B-D—thiogg\i],.

lactose [B—D-gal(l——?&)glc'] and (ZR)—glycerol—O—B—D—igalactopyranoside. _

b

Purified lectin preparations from both tissues appear ‘£o be

heterogeneous, containing at least two protgins. For the area vitellina

'

lectin préparation,) the molecular weights of these two proteins,

estimated under reducing conditions, are approximately 14,200 for a more.

prominent low molecular weight protein band and 68,100', for the high
. !

molecular weight species. In the area vasculosa lectin preparation™the

°

molecular weights of these pfoteins afe 13,'700 and 68,700. In-

preparations obtained from the area vitellina, tl;e high molecular weight
protein sometimes appears as a doub—let with molecular weights of about
71,300 and 62,700. The appi'"oximate iso‘el'e(':éric pbints of a major band
determined for each lectin preparation arg’-"6.58, for the area vitellina

and 6.65, for the area vastulosa. In addition two to four minor bands’

in the acidic pH range of 4.1 to 5.5 for the area vitellina lectin and

. - N
4.05 to 5.1 for the area vasculosa lectin, could be detected. -

The Ie;c:x:,ins from the yolk sac tissue are similar to a group of

57 ]

soiuble, B;D-galactoside—biriding lectins isolated from the tissues of a
nuﬁber of ?ertebrates, incl.uding the eléctric gel (Teichberg' et al.,
1975; Levi and Teichbérg’: ©1981), ca}§ gBriles’et al,, 1979), rat
(G‘arfner and Podleski, 1975: 1976; lso,wéll, 1980)"and‘chi;:kén (Den and
Malinzak, '1,977'; Nowak et al,, 1977; Kobiler et al., 1978).\ ;I'hése

soluble, endogenous lectins share a dimeric structure and similar

subunit molecular weights in the range 10,000 - 16,500, They also have:

a requirement _for a reduting agent to maintain carbohy&rate-binding

activity and appear not to require the presence of divalent cations.

-,
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In the methods used to extract lectin activity in this study, the

requirement for lactose éuggests that the binding of an appropriate
saccharide to the lectin's active site facilitates extraction. The
lectin is possibly bound to some component within the tissue, such as an

’ endogenous, ligand which is displaced by lactose during homogenlzatlonn
» N
The binding of lactose to the active site of the lectin also appears to

bevimportant in maintaining the activity of the lectin. This may be by

stabilizing the structure of the lectin or by protecting its active
site. The requiremept for lactose in the extraction of lectin activity

has been reported previously for the chicken embryonic pectbral muscle

) ) N
lectin (Nowak et al., i977) and the lectin of the eel electric organ

(Levi and Teichberg, 1981) - The apparent requirement for a reducing
agent to maintain the haemagglutinatlon activity of the lectins studied
here, may “be explained by sinilar factors'to those reported for the eel

. R . . 1
lectin. Levi dnd Teichberg (1981), proposed that the reducing agent was

e
- -

. necessary to prevent the oxidation of a tryptophan amino acid residue
¥ \Q

determined to be present in the, lactose binding s1te of the lectin. The

reducing agent is believed tq function by reduc1ng molecular oxygen
;present in*éeiution, chus preventin;‘it from oxldizing the tryptophan.
)These :erkefs determined that exposutre of thg 1ectin to. oxygen destroys
‘its he%n?gglutin;tion activ1tv;:JHowe;er since nelther the amlno acid
comb&%ition<of the lectin ﬂbr theioxidizing effect of oxygen were

a’"/,e; ;mined in the present study, it is not possible to say. 1f this is

»

ase for the lectins studied here. There appears not to- be a

s » .

* “ s
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yolk sac. This was determined on the basis of the efficient extraction
andlmainCenance of the lectins carbohydrate-binding activity in the
presence of EDTA, over a period of time in storage. Other gaiactose—
specific vertebrate lectins appear to require the presence of calcium
iohs to maintain their carbohydrate-binding activity including the

N

lectin of Xenopus laevis embf;os (Harris and Zalik, 1982).

The presence of lectin activity was‘detected by testingfif the
tissue extracts agglutinated erythrocytes and by showing that the
agglutination was sacéharide specific i.e.-inhibiteJ by simple
saccharides. However the accuracy of the assay is ?omewhat 1imited by
the visual détermination of end point of aggiub%?géion which to a
certain extent is subjective. External conditions ofwthe assay such as
temperature and cell number caﬁ affect the agglutination reaction (Lis
and Sharon, 1981). Other limitations of the assay include,_the
possibility that agélptinatipn is being measured in txtracts of variable
purity which may contain}mo%e Ehan one'specific aéglutinin and thé
iimited ihférmatiqn\én éhe mechanism of agglutinatiog.' The
agglutinat{on feactio&féén be influenced by the concentration of lectin
in the extracts and;the strengtﬁ of saccharide binding. In aﬁﬁition the
dccessibilityf&diggr%bution and mosilify of receptér sites élso affect
this reactién (Nicolson, 1974). ' :

The ability of the lectin to agglutinate cells s;ggesfs that the
protein is at least divalent‘with regard to its éa;bohydrate—binding
sites. Both ghe valency and the carbohydrate-binding specificity of the
lectin are c;itical'for lts biological activity, ’The specificity of the

yolkrséc lectins has been‘defined'in.terms of the saccharide that

s LT .
- R e
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inhibité lectin mediated haemagglutination at the lowest concentrations. #

It Qas been assumed in the past that the'Sest ;nhibitor is simlar or
evén jdentical to the lectin receptor and that terminal saccharide
residues are recognized. However it is now known that' a lectin
inhibitor in sqlution may only be mimicking anp(ﬂgf~carbohydrate in the
receptor site on tle cell surface. The actual interaction between
;.

lectin and receptor probably involves complex oligosaccharide
,structures. And the interaction may be 1n§k§?nced by the nature of fhe
saccharide linkages, the side- chains and the protein to which the
oligo§?ccharide chain is attached. In addition the saccharide to yhich
a ;éctin binds may not be in a terminal position in the glycoprotein
receptor (Nicolson, 1974).

Although. the interbretation of the saccharide inhibition studies is

complicated by the fact that le&tin'specificity is probably not directed

égainst simple saccharides, some infofmétion can be obtained from the
¢ ; ‘ NE

reéults of these studies. The two moét potent inkibitors of lectin
mediated haémaggluﬁination were the disacchafides; TDG and lactose,,
which both’ bea“erminal non-reducing ﬁ—D-galactosyl r%sulues. This
suggests that the lectin has an affinity for galactoside groups. RGG is
also a relatively potent inhibitor of lectin mediated haemagglutlnation

—_—

" which again suggeéts the probable imbortancé of galactoside groups. The
inhibitory cgpacity of RGfoor ‘3—D—galactoside—binding iectinSVhas/Egtf/
been reported previously. This sugar was selected for use in sacc de~——
inhibition studigs because it exhibits both a high specificity kﬁd high

affinity for the galactose-binding protein present in the B-
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methylgalactoside (MeGal) transport system of Escherichia coli (Boos,

1974, 1982). Galactose is not as effective an inhibiéor as TDG, lactose
or RGG, suggesting that the interaction between the lectin's active site
and the sugar, probably involves more than just the termxggl galactose
group. Possibly the confofmation of the oligosaccharide c;éiq or the
way in which the reactive sugar is presented to the lectin's active\§Ite
may play an important role in the interaction. With this in mind, it
is interesting to note that x-D-melibiose is a much lesc effective
inhibitor than lactose. The differences in the steric configuration of
these two disaccharides may be the reason for the differences in
inhibitory capacity. The possible importance of the anomeric

!

uration of the galactoside is also suggested by the differences in

the inhibitory capacities of TDG, lactose and & -D-melibiose. The
anomeric specificity of the lectin would appear to be fJ; the (3-anomer
of galactose. This is suggested by the relatively low concentrations of
Tbé and lactose needed to inhibit lectin mediated.haemagglutination as
g?mpared to the relatively higher concentrations of «a-D-melibiose.
Ho;ever when methyl—(x—D—gdlactopy;anOSide and methyi-B-D-

galactopyranoside are exam;ned for their inhibitory capacities, lectin

‘extracts from the area vasculosa appear to interact equally well with .

both anomeric configurations. On the other hand, lectin extracts from
the area vitellina appear to interact with the o -anomer at somewhat
lower sugar concentrations than with the 3 -anomer. The latter results

have been reported previously for both the chick blastoderm lectins

(Zalik et al,, 1983) and the chick péctoral muscle lectin (Nowak et al,,
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1977). The significance of the $esults obtained with these alkyl—cxénd
3 -glycosides is not known. . |

The absence of significant inhibition by GalNAc suggests that the
hydroxyl group at the carbon-2 position of the saccharide may be
important. In additioq, the hydroxyl group at the carbon-4 pbsitiqn of
galactose appears to be critically involved in 1ectin‘binding, since
sugars with a galactoside configuration were able to inhibit lectin
mediated haemagglutination. The absence of significant inhibition by L-
and D-fucose further suggests the importance of the hydroxyl grgpps at
the carbon-2, carbon-4 and carbon-6 positions of galactose. - )

The differences in the concentrations of sugars necessary to

inhibit lectin mediated haemagglutination by lectins from the area

vasculosa and area vitellina may be due to several factors including: -

a) subtie differences in the active sites of the lectins from the two
sources; b) the way in which the lectin subunits@aggregate, which may
subtly affect sugar binding; c) the non-specific interaction of

contaminating material present in the preparation with the lectin

A .
.molecules, which may interfere with sugar binding; and d) the

limitations of the assay, since different saccharide preparations were
used iﬁ.repeat experiments. It is also possible that the different
lectin prepara;ions may have been of,variable purity and may have
contained more than one specific agglutinin., This factor appears té be
of impoftance since it was determined that Ehg purified lectin fractions

were not homogeneous on SDS-polyacrylamide gel electrophoresis performed

unde; reducing conditions, Both lectin‘pfepanations contained at least

PaRue
A,
2

{
.
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two distinct proteins. The relative contribution of these two proteins

to the binding of the different saccharides could not be determined.

This is€ESSuming that both proteins haVve carbohydrate~binding abilities.

¢

Further, the specific activity of the lectin from the area vitellina

tissue was ohe-quarter that of the area vasculosa lectin preparations.
This may indicate that up to 75 percent of this prepg;;tion is
contaminant or that the lectin of ;he area vitellina 1s,m6re susceptible
to inactivation.

The conclusions drawn from these saccharide inhibition ;Eudies are
that the lectin preparations‘from the area vitellina and the area
vasculosa are essentially the SAme in their aféihity for saccharides
bearing a [3-D-galactoside configuration. Their pronounced affinities
for TDG andylactose ére comparable to the reeﬁ?ts obtaine& for the chick
blastodennlectinskZalik et al., 1983). Lectin activity from 16-day
embryonic chick pettoral muscle tissue also showed similar (B -D-
galact031de-b1nding ‘affinities which has been reported previoug_lﬂgﬂgwak
et al., 1977). |

As mentioned previously, the purified lectin prepar;tions from the
area vitellina 'and the area vasculosa of the 2-day yolk sac were
determined to be heterogeneous on reducing SDS- polyac;xlamide gel
electrophoresis since at least two proteins were present in the

preparations. Because of the low stainabiljty with Coomassie blue which

“was used to stain gels initially, protein bands were subsequently

visualized with a silver stain. Under the conditions of the silver
staining method, relatively strong staining was achieved. In the

Coomassie blue staining procedure, the low molecular weight protein
. "
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appeared to be somewhat more prominent than the high molecular weight
species. This may indicate the presence of higher amounts of this
protein in the lectin preparations. Althouéh sﬁainihg of the proteins
nwith gsilver is more sensitive than with Coomassie blue, staining
intensity does not appear to be stoichiometric (Poehling and Neuhoff,
1981). And it was not possible to determine differences in the relative
amounts of protein present'in the two bands based on the intensity of
silver staining.

R

When purified lectin samples were examined under non-reducing
conditions, the higg molecular weight protein observed under reducing
conditions was not present. Instead a large protein with an approximate
molecular weight of 127,000 for the érea vitellina. preparation and
124,000 for the area vasculosa prepa}ation, sometimes appeared. This
pfotein may represent a stabilized aggregate of the high molecular

-

weight protein which can be visualized under reducing conditions. In
? . . -
the presence of SDS, urea and 2ME i.e. under reducing conditions, this

aggregate may ﬂisso@iate to give the high molecular weight protein (MW
68,100 for a. vit. and MW 68,700 for a. vasc.). The loy molecular
weight protein species was always observed under fion-reducing R
conditions. ‘ . |
It was not possible to determifie from these experiments if only oney
of the two profeins (presént under reducing conditions) contains lectin
activity or if both‘proteins are lectins with similar galactoside-
binding properties. One possibtlity is that the high golecuiar weight

protein detectable under reducing conditions, is a stabilized aggregaté
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ossthe low molecular weight protein. Or this high molecular weight

pr¥tein could be a precursor molecule that gives rise, by cleavage, to

L]
the low molecular weight'protein/and the latter may be the active
lectin. Et is also posslble that the lectln actlvity is present as an
aggregate formed by these two components v1suallzed@under reducing.

conditions. Lis and Sharon (1981) in a review‘on plant lecttns, have
& 0.
suggested that lectins may be composed of subunits whi;h can undergo
complex ;ssociation and Aissociation reactions that result {n multfble'
forms of the same lectin which differ in moleéular size, |
. (]

Undervnon—dissociating’conditions_and in the presence of lactose,
aqueous‘solutions of the crude'lectin pfeparations from@thg area
vitellina and the area vasculosa appeared to be present in several
oligomeric forms. This is in contrast to other chicken B ar
galgptoside—binding lectins which ﬁarently exist a3 dimers (Nowak et

al., 1977; Kobiler et al., 1978). | wever, purified lectin preparations

were.used in these latter gel filtration studies,- The yolk sac lectins

¥

* reported in their study are more similar to the chick blastoderm lectins

a , :
in their heterogeneous nature on gel filtration chromatography (Zalik et

41,., 1983). The molecular weight range in which crude lectin from area

" vitellina extracts was present puggests'that the, low molecular weight

component of the preparation may ‘be present in several oligomeric forms.
L . -

Whereas in the crude lectin preparation from the area vasculosa, this
component may be present‘in both oligomeric and mon;meric‘forms; The
high molecular weight component of both pgeparationg may be present
either as a monomer or in aggregate forms'%hich héve lost their

haemagglutination activity. These possibilities _gre suggested by the
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absence of activity in the molecular weight ranges which would indicate

that this protein is multimeric. The recovery of lectin in these

studies w4s very low for both crude lectin preparations which could be

v
/9»34(6 inad(i:ifion of lectin activity. Because of’ the low recovery of

activity in these experiments no definite conclusiong can be drawn at

the present time.

The yolk sac lectins reported in this study have properties.in
j”;ommon with the chick Plastodérm lectins reported by Zalik et al.
(1983). Thesg properties include the ability to agglutinate trypsinized
rabbit erythrocytes, similar saccharide-bind%ng affinities, similar
subunit molecular weights and a similar heterogeneous nature on gel
filtration chromatography. The blastodeTn lectins, LI(S) (soluble form)
‘Aand LII(p) (pérti;lefassociated form) -have estimated molecularlgeighté
of 11,000 and 70,000 and 72,000 (a doublet) respectively.” These two
lectins have been isolated from the area opaca tiﬁsue of primitive
N“/;L;egk st?ge embryos. Both lectins'ang present in the dpiblast
gectodérm) and endoderm of Ehis tissue put the LII(p) is present in the
endoderm at q?cﬁ higher levels than the LI(S). ghese two lecE}ns also ,

appear to be distinguishable on-the basis of the method of extraction

from the area opaca tissue. A possible funé¢tion for the blastoderm

lectins in the cell rearrangement d~early ep%bolic proéesses during

gastrulation has been sugge .(M s and Zalik, 1982; Zalik et al., "

1983). / | ) )
In this study lectin acéﬁvitylis detdgtablejfw the area vasculosa’

-

~and area vitellina of the dqvéiopihg yolk sac. Cenerally‘higher levels

]
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of activity are present‘in the area vasculosa tissue extract§. When
extracts of these two areas were analyzed, the differences ig lectin
activify were signiticant, Dufing development of the yolk sac, the
extension of the area vitellina (composed of ectoderm and endodermﬁ’over

the volk surface is very rapid between three and five days of

developuent. At the same time the area vasculosa is growing by invasion -

L4

of the area vitellina by the mesodermal sheet of cells. The presence of-

lectin activity and changes in the levels,gf this activity in the two
areéas appears to coincide, with theseugvenp§ in the gfowth and
differentiation of the yolk sac. During the earliest stages . of

development, the cells ofigge endodermal layer are undergoing extensive

rearrangements’ ihvolving thekpreaking of contacts and formation of new

contacts be;ﬁ;éﬁ cells. These changes occur as the single layer of

,%i ;,;:

.ﬁifferentfgzed, endodermal epithelium -is formed. An irregulérly
N\ -

- . N

stratified zoﬂe of cells is recognizable as the inner boundary of the
area opaca at the primitive streak stage of embryo development
(Romanoff, 1960). By the end of the second day‘of chick incubation,
this zone of cells has widened considerably and is moving distal to the
area vasculosa, to form part of the inner region éf the area vitellina.
With development this zone of stratified cells continues to spread
centrifugally by th addition of cells from’the periphery, while cells
at its medial border d?fferentiate to form an epithelium, N

- Lectin activity is preseﬂt in the area vitellina where the
endodermal cells in a'sgratified layer are undergoing rearrangemepts as
the transition to area' vasculosa takes place. Also, a large proportion

of this area consists of cells that are just being formed
. - »

~

and which are.
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dispersed among yolk granples. Lectin activity is also present, at
Higher levéls, in the région of the arealvasculosa where cells are
becoming more differentiated as they form the epithélial lining of the
yolk sac. The r&sults of this study appear to ia_fiicate that at times
when the endodermal cells of the yolk sac are undergoing
differentiation, reigtively high levels of lectin activity are present,
‘At later developmental stages when the endodermal lining of the yolk sac

-~

is almost completely formed, levels of lectin activity in the area
\;asculosa are similar to those iﬁ the area vitellina.

In the tissue examined in the present investigapfon although
significant changes in lectin activity were found at some developmental
stages, these changes are not as dramatic as those reported for the
embryonic chick pectoral muscle lectin betwee; 8 and 16 days of
development (Nowak et a1.1'1976; 1977). It would be important to
examine the lectin activity rof the yolk ggac tissue ;t later
developmental stages to determine if changes in lectin activity occur in
this tissue with further dévelopment. This is becausé by the Ewelfth
day of chick incubation, the stratified layertof endodermal ceiIs has
been completely transformed into epithelium and is fully differentiated
and the area vasculosa continues to grow, up~until the fifteenth day - .
(Romanoff, .1960). ’

This study h;s shown that lectin activity is present in the
developing yolk sac of chicken embryos. It is possible that the [3-D-
galactoside-binding lectin. activities present igf the two—day yolk sac

are similar to those found in the primitive streak stage area opaca.”
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And the lectin may p;ay a role in the extensive cell rearrangem?nts that
occur during the epibolic ‘processes of yolk sac formation. Future
‘consideratigns could further elucidate this poime. Such considerations
would include the isolation of the lectin activity from the endodermal
layer of cells, particularly in the regidn where the cells are being
transformed from -an irrqgular, multilayered arrangemeht to an epithelium
of clogely packed, columnar cells. In addition, the immunohistochemical
localization of the lectin activityAwould be necessary to determine if

. L ]
this lectin is present on the surface of the cells involved in the

formation of the yolk sac epithglium. Other considerations include
determining the carbohydrate-binding activity of the two protein
componenté, observed in reduging SDS-gels, from purified lectin
preparations of the area vitellina and area vasculosa and eluqidatihg
their relationships to ‘each other.

TQe}e are other possible functions for the carbohydrate-binding

i

‘activity detected in extracts of the early yolk sac membrane of the
cﬁick embryo which need to beAinvestigated; Some involvement in the

-

absorption of nutrient prdfeins from the yolk is possible. A major

function of the yolk sac membrane is the transport of protein precursors

from the yolk to the growing embryo. And there is indirect evidence
suggesting that the yolk sac membrane has the ability to transport
proteins intact from the yolk and then possibly to the embryo. One

study has suggested that the area opaca or presumptive yolk sac membrane

~ of chick embryos, in culture, is the specific site of ovalbumin uptake

(Hassell and Klein, 1971). In addition, this study 1ndicate@}€ﬁ?&

-

6valbunin was primarily degraded in the area opaca and was not

.
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.~  transported intact to the embryo. Instead the breakdown products of
ovalbumin are thought to be transported to the embryo via the

N\}irculatory system or they may be used in the synthesis of embryonic
serum proteins by the yolk sac, yhich are then transggited to ;he
émbryo. Ovalbumin possesses galactose-containing sugar phainé
(Yamashita et al., 1978) and there is the possibility that B -D-
galactoside-binding lectins in the endodermal cells of the yolk sac

might be involved in the binding and/or uptake of this protein from the

yolk.
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