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" ABSTRACT,

‘

) This study.desoribeu an endogehous ;ectin present in

]

early stages of Xenopus laevis embryos. Extr&gts of
embryos at cleavage, blastula, gastrula and neurula stages

contained lectin activity which agglutinated trypsinized

"rabbit erythrocytes. This activity was found to be eigpih o

fioently higher in gastrula embryos compared to thgﬂlevels.
found in embryos at cleavage, blastula and neurula stages.
The highest activity, therefore, correlated with the stage
of active morphogenetlc movements. tectin;mediatéo,

agglutlnatLon nequlred the presence of calcium and was

L]

‘lnhlbited by o= anduB—galactosldes. The best soluble

¢

inhibitors of haemagglutlnatlon were lactose and thlodl-

galactOSLde.‘ VWthen saccharldes bound to an lhsoluble
matrix were tested, the disaccharide DGal(al 3)DGaIBl -R
~—__was the most potent inhibitor.

\

___Eeot}n act1v1ty was\burlfled by batch adsorption to
aGal—Immunoadsorbent or afflnlty chromatography on e
column containing Sepharose 4B llnked tonpara-aminol
.pheny1-£3sD-lact031de. Purified lectln was examined by .

SDS—polyacrylamlde gel electrophoresis. Samples which had

not been treated with chloroform-m,thanol contain d
associated lipid-like material. This mater;al agpeared as

a -number of bands on SDS-PAGE, the most promineny of which



e

was observed when .

by gel filtration,chromatography in the5

~immunohistochemlstry uslng antlbody,bound‘to glucose

N .
c e

»

: wae a diffuse band at 37, 000 to QS 000 molecular weight.

‘A single band with A molecular weight of 65,500 + 2,780

L4

lactose was §;esent as an aggregate. The size of the

aggregate was 495 000 before treatment w1th chloroform-

methanol and 371,000 after treatment, indicatlng that the

. chloroform-methanol treatment extracted some associated

”material from the lectin aggregate.

Purified, chloroform-methanol treated lectin was used
to raise antiserum in rabbits. The antiserum, exposed to
crude or purified lectin showed a single érecipitin_lihe

ln agar diffusion tests. It also inhibited lectin-

ool e .,\/

medlated haemagglutlnatlon., The lectin proteln was
7 7
denatured by the sample buffer used for SDS-PAGE, and dyd

-not.etain with antiserum in immunoblotting‘experiments.A.

However, when.dotted‘directly‘onte nitrocellulose paper, a

‘4‘; :

lectin eample which appeared at 65,000 molecuiar.weight on

SDS~PAGE, stained with the antiserum.
The antiserum was used to determine the iocation»of

the lectin protein in cleavage and\blastula embryosg,

Sectloned embryos were studied by 1mmunof1uorescence or

. A
oxidase-antigluqose oxidase complex. The lectin .appeared

-— !
N

vi



in the vitelline membrane, underneath~the vitellfﬁe A

‘membrane on the blastomere surface.vin'the‘blaatocoele
.cavity. within cleavage furrowa and between membranes qf
adjacent cells. In some sectiong,.stain Was observed in

,1ntracellular deposits which may have been associated with

yolk granules or lectin in’ the process of being external-

-

ized, At thls time, the localization reflects the distrif
bution of ‘the 65, OOO molecuylar weight lectin and the
37,000 to 45,000 molecular weight associated material.
,The'distripution of lectin, together with the fact
that lectih‘activity is elevated at the gastrula stage,

o

suggests a role for this molecule in cellular 1nteractions

during‘morphogenetlc movements in XenoEus embryos.
Possibly, the externalized molecule may be a component of
the extracellular matrix or it may modify adhesive inter-

\ ;
actions between blastomeres. Alternatively, an intracel-

lular-role In organization or utilization of yolk cannot

at this time be excluded.

J P .
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INTRODUCTION:

-

_ 1., THE AMPHIBIAN EMBRYO

1.1 The Organization of thelﬁgg:

Thé“ﬁnﬁertilized egg of Xenopus laevis is a. spherical
o . et » P

cell approximately 1.2-ﬁ§4 m& in diameter (Gerhart,

' 1989). It already hasqan evident polarity shown by-the'
1d$rkiy pigmented upéer hemisphere (the animal pole) Qnd
the light iowef hémisph;re (the vegetal bole). This
polarity is due to £he'une§ual distribution of cytoplasmic
components. At least four ihfefnal,fegions of the egg can
b€f¥;;¥in§qishéd on the basié 6f.cytoplasmic organizétion;
“;fhe‘éértex'is the area underlying~the plasma membfane
which is devoid of yolk platéléts but cohtains numerous

" pigment granules, corti;al granulﬁg éqd.actiQ;containing
ﬁicréfilaments; The‘deeper cytoplasm of gpe?;nimal pole
qontainé loosely-packed, small yolk platelets (2-4'pm) and
bigmént granules, The.deep.cytopiasm of the vegetal pole-
'contains'farge, more Eoncéntrated yolk plqtelets . |
(10-14 pm) but bigment gréhulesyare less numerous in this
;;gipn. Between the animal and vegetal hemisphefes a N

N

transitional area exists known as the;ﬁirgin&l zone., It

o N

}-is.chAracterized by the‘presence of intermediate-~size yolk

platblets-ahd an intermediate number of pidment grahules.

-5 -



- The yolk platelets are ovoid, membrane-bound 7ﬁruc-
tures'théught to originate from the Gélgi complexlénd the

endoplasmic reticulum (Kress and Spofnitz, 197£). They -

consist of a central crystalline matrix surrounde?_by more

amorphous material (Wischnitzer, 1966). In the early

stages of oogenesis, yolk proteins and lipids are synthe- .

sized in the oocyte. Later on the precursor yolk protein

vitel'logenin is synthesized in the liver and transported

to the oocfﬁe (Dumont, 1978). The breakdown products of "
viteilogenin include a lipophosphopfotein; lipovitellin

and a phosphoprotein, phosvitin (Wallace and Bergink,

v

1974). These proteins accumulate in small yolk platelets
which later fuse together to form larger platelets-
(Karasakl, 1963).

Cortical granuled are produced in the endoplasm of

-

the egg and migrate to the cortex as.the egg matures.
Precuféors of cortical granules afe.membrane—bound orga-

_ nelles derived—from the G0191 complex (wlschnltze:, 1966).
The mature cortlcal granule coutalns 20% by weight neutral
and sulphated glycosamlnoglycans and 80% protelns (wOlﬁ et

al, 1974). The contents of the cortical é}anules,are"
——
vextruded by exocyt081s from the egg membrane at fertlllza-

P

©

The enlarged nucleus of the oocyte is known as the

germinal ,vesicle. The initial stages of meiosis occur. .

s
i



*juét underneath the plasma. membrane.

/ \;\//\J )

eafly in oogenesis but meiosis is suspended at diakinesis
of prophaée I. During this phase, most df“the growth and
differentiation of the oocyte takes place. The chromo-

somes. during this time are in the form of lampbrush

" chromosomes and considerablevtfanscription occurs in this

state. Large amounhts of polyadehylate§¢messenger:RNA is®

stored in the'cytoplasm in the form of ribonucleic acid~-

protein Rargié;es_(RNP). These components are thought to

'b& an informatlon store which remain inactive in the egg -

until fertilization.
| Maturation of the oocyte.ocﬁurs in resanse‘to

steroid ho?mones. This process has beeﬁ extensively

studied by Masui and coworkers and is reviewed by Masui

and Clark (1979). During this stége, the germinal vesicle

breaks down and the chromosomes condense and proceed to

metaphase of the second meiotic division. Maturation also

induces changes in ion permeability.of the plasma membrane

. and the movement of the cortical granules to a position

The mature oocyte is released from the_ovafy and
passes down the oviduct. It is surrounded. by the vitel-

line ehveIoée“Which is composed mainly of giycoproteins

and is laiq;dowh initially as a product of the growing

"oocyte and the follicle cells (Dumont and Brummett, 1985).

As the obcyte passes down the oviduct a 57,000 molecular

— [
o
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Ahe vitelline envelope with
%4 a fibrillar, porous

' e
LA

!
L 8 1

without pores (Schmell,

2

1983). The added chﬁ '

to increase fertiliza-
bility of the egg. tee iaer;L.; jelly are also laid
down arcund the egg iniﬁhe oviduct. The jelly is largely
composed of sulphated glycoproteins, wi%h galactosamine,
glucosamine, galactose:and fucose being the major carbo-
hydrate components (Yurewicz et al, 1975).

At fertilization, the cortical granu;e contents are

exocytdsed. At;leagt some of the cortical granuleoexhdate
o ) ; N

'passes through the vitelline envelope resulting in a

change in structure of this membrane. .erick et al (1974)
have described a leéiin in this exudate which, in the
presence of Ca++, combines with a sulphated, galac-,.
tose-containing gly&oconjugate present in the innérﬁost

jelly layer. This reaction forms an F layer which becomes

‘the outermost component of the envelope, now known as the

fertilization membrane (Schmell et al, 1983). Osmotic.

. changes brought about by changes in the permeability of

the envelope raises the fertilization membrane away from
the surface of the egg, forming the perivitelline space.
The above alterations are thought to provide a block to .

polyspermy.

.



1.2 Early Amphibian Development: Y

The unfertilized Xenopus embryo is radially symmetri-
cal about its animal-vegetal axis. Fertilization occurs
in the animal hemisphere and the point of sperm entry is
marked by an éécumulation of'pigment.‘ Opposite to the \
side of the sperm entry point a differential redistribu-
tion of pigment leads to the formation of the grey
crescenﬁ. Accérding-to Gerhart (1980) the formation of
the grey crescent is important only insofar as the vegetal
cytoplasm is- displ {d.' The result of this displacement
is a yolk-free cytoplasm at the dorsal régioq. This
reorganization of cytoplasmic materials induced by
fertilization may determine the eventual dorsal-ventral
organization of the embryo. The QYgote after fertiliza-
tion is bilaterally symmetrical and the first cleavage
plane passes through the sperm entry poinLtgﬁd_bisects the
éref crecent. The grey crescent side of the embryo
becomes the dorsal side; the Qentral side forms opposite v
the grey'érescent.A | l '

The blastula stage is a perlod of rapid cleavage
during which the mass of the embryo does not change\\
jMid-blastula, w‘én‘the embryé has approximately 1024\"
cells, i?”garked by a transition involving several si\ﬁl4

" taneous changes. These changes include ‘the activation\pf

transcription, a reduction in the rate of cleavage, a loss



of synchrony‘of cell division and the beginning of cell
. motiilty (Newport and Kirschner, 1982). At the end of the
blastula stage, the eQbryo consists of approximately .
15,000 cells (Gerhért;'l986). vTﬁe animal hemisphere is
composed of several %gyers of sméll gells forming the roof
of a fluid-fflled cathy Rnown as the blastocoele. The
floor of the blastocoele is formed of several layers of
large, yolk-laden cells (see Figure 1, stagels). Vogt
(1929) uséé vital dye stéining to trace the ultimate fates
of the cells of urodele blastulas, He was able to iden-
tify three regions: Presumptive ectoderm (including epi-
dermis and neural plate) formed from darkly pigmented,
small animal hemisphere cells, preéumptive notochord and
hesodermvformed froﬁ’marginal zone cells and presumptive
endoderm formed from thé large, yolky, vegetal hemisphere
cells._ Xenopus blasthiae may differ somewhat from the
aboveyérganization.. Recent studies conducted by Keiier
(1975, 1976, 1978 -and 1984) indicéte that the'presumptivé
mesoderm cell§ in Xenopus are located in the deeper 1aye:s
rather than on the surface of’the blastula.

The first indiéation of gastrulation in ahphibians is
the appearance of the blastopore at.the lower edge of the
grey'crescent. The blastbporé is an indenﬁation formed by

the inward sinking of endoderm cells. The first cells to

sink into the blastopore are known as "bottle cells"



y

becauie of their distinct shape. As éastrulation contin~.
ues, cells converge on the blastopore and turn inward |
(involution). The layer of presumptive ectoderm overlying
Ehe blastocoele thins and increases in'igfface\érea (epi-
’boly)tngéreading vegetally to replace involuting endoderm
cells (Kélier, 1975). At the same time, presumptive meso-~
‘derm and notochord cells of the dorsal marginal zone
‘undergo involution beneath the surface ectdderm c;lls.
The blastopbre edges extend in an arc, eventualiy,formin;
a complete circle venﬁrally. The endoderm cells encircled
by the blastopore form the yolk plug.‘ These cells are
withdrawn into the interior later in gastrulation when the
Elastoporé closes. -~

fhe role of bottle cells in gastrulation has been the
subjéct of s§me debate lateLy. ?he classical view exprés—
sed by Holtfreter (1944) is that the bottle cells pull»
adjacent cells into the interior. However, Cooke (1975)
 and Keller (198i) demdqgtrated that removal of fhe bottle
célls before or during gastrulation does not preVenﬁtthe
subsequent cellular movements of gastrulgtién{ .If,_omgthe

other hand, éeep cells of the doréal marginal zone are

replaced by cells from the animal pole or are rotated 90°

with respect to .their-original orientation, involution and

‘epiboly do not occur. Keller believes that the force-



generéting proéesg responsible for the movements of
gastrulation originates from the meiod;rmaL cells of the
dorsal marginal zone. "Medio-lateral interdigitation" of
these cells is the force which drives epiboly and involu-
tion (Keller, 1985). :

i"At the preésent time, not mﬁchwis known about the cel-
1u1;r and molecular events responSible for the mov;;entl’
6? gas(;uiation. " Amphibian embryos at the gastrula stage
incorporate radioactively-labelled glucosamine and

A
galactose into glycoconjugates wh&ph become predonminantly

localized in the extracellular matrix material (Johnson,

¥

-t

1984). Also, hybrid Rana embryoé,défective in the‘gynthe-
sis or secretion of this material are unable to complete
gastrulation (Jéhnson, 1977). In amphibians, the movement
of mesodermal cells along the blastocoele roof is an
essential part of Qastrulaﬁiop‘ Johnson (1984) found that .
radioactively—labelied galgxtgﬁe is accumulatea in'XenoEus
laévis embryos on the roof—of t%e\?lagtocoele cavity,

@i;hin the blastocoele and around 5}grdting mesodermal

cells. The appearance of this material viewed in the
scanning eiectron microscope changes from a granular form

in the Slastufé‘stage to a more’fibrillar form in gastrula
"embryos (Nakatsuji and Johnson, 1983; Johnson, 1984),.

Further studies by Nakatsuji_et al (1982) and Nakatsuji

(1984) examined the arrangemefft of these fibers on the



ey

/,lnnér“surface of.thE“ECfo

-;blastocoele cav1ty.. They

al layer overlYingathehf
B . (. L

o ncluded thatbthe fibersﬂwere“
' M

aligned along an axls runnlng from the blastopore to the

‘. ’”},’
anlmal pole 1n these embrYos. These authors belleve that
dthe dlrectlon of the mlgratlng mesodermal cells alongéthe'

N

iroof of the blastocoele ls determlned by contact guldance,

.G

'fprov1ded by these flbers._ Although the blochemlcal nature

""‘of these flbers 1s ‘not known,‘lt 1s p0551b1e that ‘the

vgalactose-contalnlng glycoconjugates referred to above may . f
be 1mportant components of these structures.

A recent study by Boucaut et al (1984, l985) 1nd1—

cates that flbronectln is- an lmportant functlonal compon—

ent of the extracellular materlal located on the lnner

5

',roof of the blastocoele. In both Pleurodeles (Boucaut et

al, 1985) and Xenogus (Boucaut et al, 1984); monoclonal

'antlbodrks raxsed agalnst flbronectln 1nh1b1ted gastrula—

.>

vhtlon, 1nd1cat1ng that thlS glycoproteln is, necessary for'

'cell attachment and mlgratlon along the blastocoele roof

'ﬁdInwaddltlon, these authors have 1dent1f1ed a decapeptlde

5

‘bfrom the cell- blndlng domarn of flbronectln.v When

¢

'”Ln]ected 1nto Xenogus blastulae at a concentratlon of

10 pg/pl,,thls decapeptlde 1n'm:1ted gastrulatlon.

At the end of gastrulatlon, the yolk plug dlsappears.°'

'and the nervous system beglns to develop from the dorsal L

~ectoderm. . The dorsai 11p of the blastopore, named the

e



’7goverly1ng ectoderm cells._ The result ls the formatlon of

Ad

: u"brjanizer“ by Spemann end\Mengold‘(l92§)4§;ems to have a
N special influeﬁ%e on this prooess.. At‘the‘ehd,of gestrﬁ*

,‘lation, th1s tlssue establlshes the. axial organlzation of

the embryo by 1nduc1ng neural structures to form fromv

'vthe neuraL tube whlch 18 the rudlment of the central ~< 

-
.

i , nervous system. Durlng the neurula stage, the embryo also

dundergoes 1nternal reorganlzatlon and anterlor-posterlor :

elongatlon. The archen%eron, a 1arge 1nternal cav1ty
S .

. ;;neduby_endédérm,‘bec0me§7the'prlmltlve gut. The’ noto—;,.

‘.'chordﬂpeoomes the cx}indricel supportihg rod~andyseoarates
‘bloéks.of mesodEQm(on either side of it,' DorSal'meSOderms
.becomes somlte tlssue and 1ateral mesoderm spllts and |

wforms ‘the coelom;\VCells,_orlglnatlng from the neural‘

crest begih'to migrate laterally and ventrglly.' These

- cells giv?drise‘to a number of cell types in the later

~ embryo, including pigment- cells, sengory .and autonomic-

gehglie:.cartilage,“connective tissuefahd SchWanh cells.

Although‘Cellkdisplacement ahdfshaoe chahges do occur

s

E durfng the'neurula stage, ".the majdr morphOQenetic move-

fments respon31ble for the formatlon of the germ layers

s

‘,have been completed by the- end of gasttuha&bod: The tlS',

N

sues brought 1nto Juxtaposltlon durlng gastrulatlon now

- begin to'dlfferentlate,;ln some‘cases in:response to

PO Y



2. - THE CEhL SURFACE - AND -CELL ADHES ION

! \ l ].Lo0

iﬁauction from other tissues.- ‘The role of glycoconjugates n

-~

and the extracellular matrix in these processes is now

“"belng investlgated (Slack, 1985 Goulandrls et al, 1985).

™

D
e

=

. ‘\\ .
. ’W' ' ’ T ) - . - .
Cell adhesion is the process ereby cells attach to

* ‘oné another. 'It,is‘important in embryonic development
: ant : n

«

because embryonic cells during morphogenesis are continu-

ally‘hodifyingjtheir adhesive properties., Original obser-

vations by Moscona and Moscona (1952) and Townes and

Holtfreter (1955) established‘that_eﬁhryonic tissues can

L%

be diesociatea,into suspenslong'of siﬁgle cellsiand\the
_agérééation of those cells can be studied lgivitro. !Since°
' then, the promotion or inhibition of aééregatfon in cell
‘culture.under a variety of conditions has been investi-

'gated (reviewed by Trinkaus, 1984) ~ In these experiments;

cell adhesxon is identified as the formatlon bf stable
bonds between cells or between cells and the substratum

An 1mportant,aspect of adhe510n ln‘studles involving

\ emhryonic tigsue is the.jdea of specificity. Specificity .

is the preferential‘adhesion of a_cellhto’one«cellvtype'
over another. In many experiments:with embryonic cells

from dlfferent tlssues, the cells lnitially stick together.

"Egn—spec1f;cally but eventually they sort_odf'into'iSlands

of shﬂilar cellsiwithin the aggregate (Moscona7'1962;\ ~



12,

.‘Steinbefg,_1964: reviewed in T;inkaus, 1984).‘ These
reshlts shggestjthat Sell'tecognition operates within cell
.'E§§fe§ate§ resulting in tissue-speeific of Cell-epecific

sorting  aut (Moécone and Hauemeh, 1977). It is becoming

clear that-cell recggnition involves cell surface compon-
ents aléﬁbﬁgh.the complexity end'diQersity_cf'the process
g lndieatee that<adhesion'ahd'sortinq oﬁt are unlikely to ‘be
e#plained by a single moleculeiﬂmechaniém.

The importance of cell‘surface cafbohydretes ln.adhe—
- sion was recognlzed by Roseman (1974) who hypothesxzed
that transxent attachments between cells were the result
of the ectlon of axglycosylt:ansferase on lts substrate
.(reviewed by>Shur, 1982). The result éf‘this.reaétion
would be the elteratieniofxa terminal glycosyl reeidue and
‘theAultimate-dissociation of the interacting éele,
Although th%§§>1s no concluslve proof that glycosyltrans-
ferases dlreczly mediate cell adhesion, it is now reeog- |
aned that cell-to-cell and‘cell-to—subetratum attachments
are certainly influenced by the complex carbohydrates
;loéated on the cell surface; that is,‘glycoproteihs,
glycolipids and‘glycosaminoglycahs. |
It is not possible in this Introduction tobprovide an

exhaustlve review of all the cell sur%ace molecules cur- .
rently being 1nvest19ated. Some of the molecules whlch

- >

have been implicated in cell adhesion and_which pertain to
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the work~described'in this thesis will be briefl; reviewe;
here. - ‘ A» |
;2.14 The_Extraceliular%Matrii:

The extracellular spaées of most’adultbvgrtébfate |
tissues contain an exfracellular mat;ix (ECM) qpnsisﬁiqg‘
of protein‘and.carbthdraée ;;Ieéules’asgembled intg ;n
.otéanized mesh&ork. Highly séeciélized structures such as
cartilage, tendons ‘and basement membranes are formea fromd
ektracéllular ma£rix mate;ials. In aédition, neérly all
of the cells of a‘mulﬁicellular organism are cbgtéd with a 
thin layer‘of'maté:ial containing carboﬁydrates. " The
extr;cellular méteriai becomes'organizéd in the vertébrate_
;‘embrYO at about tﬁe‘timé'ogxgastrulabion (Hay, 1981). 1In
embryoé, loose1§‘orgahﬁzed mesenchyme contains abundant
ﬁCM. In avian émbrybs;’migééting mesenchymal cells move
unde: the ectodérm along a basement membrahe during |
prihitive streak formation. Similéfly, in ampﬁibian
embrfos, as mentioned prgyiously,’ECM'is detected on the
roof of the blastocoele during mesodérmal_celi migratiOnv
(Johnson, 1984). | |

Bgsal-laminae (otherwise known.és bésement membranes)
ére mats of  extracellular maﬁrix maﬁiiﬁal which generally
underlie éndﬁthelium, smooth muscle4¢ells ahd‘epiihelium

(Fa;quhaf, 1981) . They occur in the form of a meshwork of

2



lfiue fibrils.and serve ée‘en anchor for the.overlking
. cells. Collagen and other non-collagenoua glycoproteins
such as laminin and fxbronectln are major combonents of
the basementrmembranes., Proteoglycans also occur in these
structures (Hascall and Hascall, 1981) as do glycosamino—
glycans (Toole, 1981).
lncerescfin the molecules comprising the ECM has been

stimulated by the observation that they hay serve esca
substratum for cell migrations in vivo. Materials
isolated from the ECM in some cases specifically promote
Afhe edhesion of cells or their ettachment‘to the substra- -

tum. Some of these molecules are described briefly'

below. . ’

‘2.1.1 Collagen.
Collagen is the major etrucrural protein of the

ECM.{ It provides tensile strength‘tovthe connec—'

 tive tissue'and is a major compOnent of cartilage and
borie (Hewitt.and Martin, 1984). Collageh molecules

: are‘olycoproteins, having a variable number of
attached ;anr resldues (Mayne, 1984). Collagen
molecules exist in their uative state as a triple
»hellx containing three polypeptlde chains. The

conformation is stablllzed by 1nterchain hydrogen



15,

—

Collagen occurs in pissue-specifié patterns and
different forms are produced aﬁ difféf;htnqevelop—'
méntal times (Miller, 1977). At %east five kinds of
collagen have béen described. . Thése forms differ,in
their biochemiStry and di;:;ibution. Basal laminaen
possess both Type 1V and.Type'V'collagens |
(iinsenmayer,\l981). These collagens are fOund‘in
‘high levels in lggs,cgpéd;e, kidn;y g}bmerulus and
’human placenta. |
' Collagen polymerized in the form of three-
“dimensiOnal géls serves as ad.adhesive‘éubstratum for
cells and promotes cell migratiob (Yaméda, 1983a)._
The effect of collagen on cell édhesién depends on
‘ the inte:action between this molecuie and other ECM
componéntsf For example, collagen was foﬁnd tof ‘
“inhibit the spreading of BHK cells oweu fibroneqtih-
coated substratum (Nagata et al, 1985). Collagen
also- binds proteoglycans and laminigkiType v
collagen) ih addition to fibronectin (Hewitt and
ﬁartin, 1984).

Collagen matricés promote the g;owth and differ-
entiation of Ce;is_in culture (Héy, 1981). For |
example, in vitro differentiation of myoblasts to.
_Amyotubes‘hés been‘shown to depénd upon the,pfesence

. : : f
of a collagenous substratum (Keézgy et al, 1976).



g
The effects of collagen on cell adhesion has been
recently reviewed (Hewitt and Martiﬁ, 1984) .

“

2.1.2 Fibrongctin. H

fibronectin is a glycoprptein fouqd on the-cell
surface of many cells, in thefextracellular ma;rix
and in the plasma. It is a di;;r of two similar
subunits, each having a molecular weight of approxi-
mately 230:000, with 5% carbohydrate. The structure
-of the fibronectiﬁ molecule haé been recently \
reviewed by Hynes (1985). It aggregates to form
_ fibrillar hé£works around those cells which secrete
it. Both the dimer and the aggregate are held
together by disulphide bridges.. Fibroblasts, myo-
: blasts, endothelial cells and amniotic ceils‘all:
produce fibrqhectin in culture. The secreted mole-
cule becomés‘lécalizéd between adjacent ceils and
betWeén cells and their shbétratum; Some cells,
including transfé?med cells, moving cells, cells in
mitosis and neurons appeanktd have véry little fibro-
nectin; Fibrils of fibronectin are often left behind
‘when célls éreydetached froﬁ ghe substratum, The

fibronectin molecule has binding sites for the cell

surface and also fqr\fibrin, collagepféﬁd sulphated

L 2NN

le6.

P

-
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’proteoglycans,(Furcht, 1983; Yamada, 1983a). The
evidence that fibronectin is a cell adhesion4promot-
ing molecule comes from the laboratories of Hynes

(Hynes, 1981) and Yamada who have shown that isola-

ted, electrophoretically pure fibronectin promotes

the non-specific aggreéﬁtion and attachment of sever-—
al types of cells inciuding Ekansformed fibroblasts,
Fibronectin appe;rs to act as a mqltivaient ligand.'A
Also, yheh healthy, attached cells in culfure arep
treated with anti-fibronectin antibodies, theré is a
rapid wi;bdrawal of cell extensions, a rounding of

cells and a detachment from the substratum (Yamada, .,

1983 a and b).

2.1.3 Laminin.

. Lmni&in is a large glycoprotein (molecular
wéiéht 1 x 10%) which is a méjor compohent of the
basement membrane (Hewitt and Martin, 1983). It is
composea of one large polypeptide chain (molecular
weight 440,0001 and three smaliér,chainsn(molecular'
weight'ZZO;OOOX held together by disulphide bonds.
Lémipin binds . to Type»IV collagen_éé&laiso has bind-

ing domains for certain glycosaminoglycans, including

.hepariﬁ'andnheparan sulphate (Kleinman et al, 1985).

By‘binding‘to these basementvmembfane components,

17.
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laminin may hélp to organize the matrix of the base;
ment membrane. Both the large and the small polypepr™
tide chains have been described in mammalian embryos’
ég early as the l6-cell stage (Leivo et al, 1950).

" Like fibroneétin, laminin appears to be an, attachment
molecule.. Localizétioﬁ studies have determined that
laminin is present in the basgmené membrane aqfacent~
to the basal surface of epithelial éells (Hewitt and
M;rtin, 1984). Receptors for laminin are present on
epithelial, muscle and tumor cell surfaces (Kleinman
et al, 1985). The role of lamiﬁin seems t? be to

attach epithelial cells—to the basement membrane.

2.1.4  Glycosaminoglycans. T
G;ycosaminoglycans (GAG's) are carbohydrate
polymers of h{gh molecular weight composéd of
repeating amino sugars and uronic acids. Examples of
GAG's are hyaluronic acid, chondroitin, chondroitin
“sulphate, heparin, heparén sulphate and keratan'pul-
phaﬁe. These large mpleculeé are further complexed
to proteins resulting in proteoglycans. Their com-
plexity is almost limitless. GAG's occur at the

surfaces of cells and have been postulated to be

k4 ' . !
N
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involved in cell contact pﬁenomena (Hook, 1984). .
GAG's interaétiwith«other molecules of the ECM énd
"possibly influence the binding of cells to fibro-

% ~ nectin or collagen. Heparan_sulphaté is an integral
membrane component in hepatocytes, fibroblasts and
" éudo{he1i§l éells (Bernfeld‘et al, 1984). A possible

ggnc£ion of this GAG is to link intracellular and
eiifaceliular fibers by interacting with both actin
filaments in the cytoplasm and externally with ECM

components. In support of this idea, heparan sul-

; H
o
%

phate proteoglycans are located in focal adhesion
‘sites of rat fibroblasts in eulture. These sites,
described ‘by Singer (1979) are special regions on the
underside of cells wﬁich form t%ght attachments to
thé‘s;bst£;;um. As well as\?lycosaminoglycans, ghis
regioﬁ also contains fibronectin.

2.2‘ Aggregation Promoting Factors: \2%
Mo;&ona and his‘coworkers began the isolation of

~lehble factors thch promote the aggregation of cells .

in culturé in a tiséue-specific manner (Lilien and

ﬁoséona, 1967). Since then, such factors have been des-

cribedAinymany systems, including embryonic nervous sysﬁem

(Hausman and Moscona, 1976), teratocarcinomas (Meyer and

Oppenheimer, 1975) and embryonic liver (Sankaran,m1977);

G
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In spite of extensive work, it is not yet clear whether
these molecules are true components of a ceéll adh;sion

mechanism or only indirectly influence cell adhesion.

2.3 .Cell Surface Antigens:

One recent approach to the problem of identifying
molecules involved in cell attachment and aggregation is
to prepare antibodies against cell surface molecules. If

the molecules are involved in cell attachments, then anti-*'
‘»

*%

bodies“?aised against them, in the form of monovalent Fab
‘fragments, should inhibit cell aggregation. This aproacﬁ
was first used by Gerish to investigate slime mold aggfg;
gation (reviewéd,in Section 3.5.3), (Huesgen and Gerish,
1975). Edelman and coworkers have used this method to
desc:ibe}two celi adhesion molecules (CAM). One of these
is a large surface sialoglyc0pro£ein‘isolated from neural
retinal cells and called N-CAM (Brackenbury et al, 1957;
Thiery et al, 1977). This molécule is an integral
membrane protein with a molecular weight between 120,000
and 140,000. In additién to neural retinal cells, it is
"found on the surface of brain an@ muscle cells of the
chick an&mrat (Edelmap, 1983). Monovalent antibodies
prepared againét éhis'molecuiz-inhibiﬁed'thé side-to-side
attachment of neurites, which is a necessary step in the

’

formation of nerve fascicles (Rutishauser et al, 1978).



‘Also, neural retinas from 6-day chick embryos placed in
culture in the ;resence of anti-N-CAM were disrupted in
their tissue organization and“lacked sharp boundaries.
- Compared to control cultures, there were few areas of
cell-to-cell contact in the treated retinas"and large
intercellular spaces (Buskirk et al, 1980);

A second cell a hesion molecule L-CAM, has been fouhd
in chick and rat liver tissue (Bertolqtti et al, 1980)/
The hypothesis has been put forward that both L-CAM and
N-CAM are primary binding molecules which attach cells
together (Edelman, 1985). Howeve:, since N- CAM 1tse1f
does not. appear to plock cell adhe31on of neural retinal
cells, the situation may be more complex than this

hypothesis indicates. The precise role of the CAM's

remains to be determined.

3. LECTINS

3.1 Definition of Lectins:

21.

The name lectin, from the Latin word "legere" feaning

to choose, defines a class of proteins or glycoproteins

which can selectlvely agglutlnate vertebrate erythrocytes

because of their blndlng properties for spec1f1c ce11 sur-

face carbohydrates. Lectins are d1va1ent or polyvalent

proteins and binding of-these molecules to erythrocyte
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N\ . ot
surfaqep leads to agglutjination of the erythrocytes. =~
Thus, lectins are also known as agglutin}ns or haemag-
glutinihs. The most widely used method for identifying
lectin activity is the haemagglutination test. Th; speci-
ficity of.a lectin is normaliy defined with respect to the

monosaccharide which most effectively inhibi;g its

~

agglutinatind activity. X
: \

- Lectins were initially isolated from seed plSnts. In

1888, Stillmark discovéred that extracts of the castor

{
bean Ricinus communis could agggutinate animal. erythro-

cytes (reviewed in Goldstein and Hayes, 1978). Since -
then, lectins have been described in a wide variety of
plant species {(Jermyn and Yeoy, 1975; Lis and Sharon,
1981). JInterest in the properties éf lectins was éreatly
enhanced'by three separate discoveries. Firstly,
Landsteiner'discovered That erythrocyte agglutination by
somé plant lectins was blood-group %gfcific. This speci-
fic{ty is in moét cases related to éhe ma jor carbohydrate
dq&s;miﬁate.on the surface of the”et;thr?cyte (Boyd and
Shaplfigh, 1954). The‘second discovery, by Nowell (1960),
was fﬁat Some plant lectins ha?e a mitogenic effect on
various lymphocyt; cells. 1In paftieular the lectin from

the jack bean, concanavalin A (Con A) and thtohaemag-‘

glutinin (PHA) from Phaseolus vulgaris stimulated mitosis




. in thymus-derlved 1mphocytes (T cells) but not bone

t-

‘marrow-derlved lymphecytes (B cells) @Blomgren and"

Svedmyr, 1971) The thlrd meorfant dlscovery, made by

o a ; ".,

lgarls agglutinated transformed cell llnes‘but dld not

Ya

agglutlnate the correspondlng untransformed cells. The

"causatlve;agent was‘found to;be a lectln,_wheat:germ

agglUtlnin5(WGh)‘(Burger and'bedberg; 1967);‘ These

: discoverles led to the w1despread use of plant lectins as

-probes for 1nvestlgat1ng normal and tumor cell surfaces,'

cell surface glycoprotelns and the structure of blood

§

o group substances (Nlcholson, 1974 Sharon and Lls, 1972)

S The functlon'of these lectlns in the plant tlssues;

from which they aré 1solated remalns obscure (for rev1ew,
see Goldsteln and Hayes, 1978 Toms and western, 1971)9
- \

Recent work by Dazzo and coworkers (Dazzo et al, 1982)

suggests that a lectin functlons ln the attachment of the

’ symblont Rhlzoblum to root halrs of the qlover, Trlfollum
repens.
: The studles w1th plant lectlns led to-an 1nterest in

fendogenous lectlns in other blologlcal grOups. Since -

then, lectins have been descrlbed 1n many bacterlal,

anlmal and fungal spec1es.,-

- 23.

' Aub and coworkers in 1963, was that extracts from Tr1t1cum
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.3;2 LeotineBinding Properties? ,
The aaccha;ide'bindihg_speé}fiCity Ofla‘leetih ie_
normally detefmined-by ;esﬁiggfvafioos.a- ' oB:Qlyco-‘
‘sides;,free eogaré, di—~and\higher oiigosaCCharioee,and.
cell Surfaoe’glycoproteine for the apility'to‘ihhibit
'lectin;ﬁediated agglutinae%on.’_The bindingfbetween
‘ ’1ectins,and their sugars is geherallyithought to involve
hydrogen bonds and . non—polar 1nteractlons., |
Accordlng to Goldstein and Hayes)(l978) the blndlng
siﬁe of most well—studled'planthlectlns accommodates a . .
- 51ngle glycosyl residue. Lectiae interact primarily Wilﬁ’
the nonreduc1ng terminal groups of poleaccharldee and
_glycoprotelns but, ln many casesi the-nature‘of the glycoQ(
51d1c llnkage of the term1na1 sugar and lts anomerlc ‘con~
flguratlon are also 1mportant.{~Alkyl O ande—glyc081des
are: frequsntly used as 1nh1b1tors to prOV1de lnformatlon
‘about the anomerlc spec1f1c1ty of a lectln.‘ Some lect1n33

: squ_a preference for one»anémerie‘forn[yyerﬁthe other.
'Cohbﬁ,‘for exampleiéhoﬁs a.specii&city for a-D-mannose or:
a-D-glucose. Othef’lectins do not exhibit such a speci-
ficity. For example, soybean agglutlnln (SBA) will bind
equally well to a-D—galactosamlne orB‘D—galactosamlne.

| It also appe;rs from saccharlde inhibition studj €8s
tﬁat the carbon-2 positionaof the»sugarvis not criticalfin
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deté:ﬁining the specificity of many plant lectins (Lis and
Sharcn, 1981). Thus, Con A shows a specificity for
a-D-mannose and also blnds well to’ a—D—glucose and

Y

N-acetylglucosamlne. Variations at the carbon-S'and

‘carbon-4 p051t10ns, however; have a more cruc1al effect on

1ect1n blndlng.k Lectins which blnd galactose, forﬂ
example, do not normally ;nteract with mannosc c: glucose
and vice-versa.’ | | |
éiant‘lectins va:y alsc in their fequiremehté for
;boundcmctal iOns.“Some lectins, such as Con A and PHA;
requlre both Mn andYCa++*for full'actihity ‘ ﬁhers

require only Mn++ (lent11 1ect1n) or Ca++ (pea lectln)

for activity, Whi;e'other'Lectlns have no requirement for

. metal'ions, such as WGA (Lis and Sharon, 1981), Where

metal ions are necessary for 1ect1n activity, they

?probably ‘cause a conformatlonal change which creates or

<4

stab¥ttzes the saccharide binding site (Doyle et al,
@ ‘ \ v
The binding of lectlns to glycoprotelns and cell

surface glycoconjugates often occurs with hlgher afflnxty

Hhan the binding of_the same lectln to. simple sugars.

There are several possible reasons for this observation.
Lg%tins are capable of forming multivalent'bonds to their
llgands and glycoprotelns or glycocon]ugates may provxde

3

multiple blndxng é%tes. Thus, lectins may bind well,to



clusters of saccharides although }hey might not interact
“with high affinity to the .same carbohyérate in,a monosac-
'charide form. Lee and coworkers (1983) have observed this
effect with the mammalian nepatocyte lectin; This lectin
binds strongly‘to.ligands bearing.polyvalent clustered
galactose‘resldues but the binding to monovglent galacto-
o . .
. sides is relatively.weak. In addition to this cluster
effect, it is likely that some lectlns can bind to
1nternal sugar groups as well as termlnal ones. Con A is
‘known to bind intern annopyranosyl groups and WGA also

interactg. W1 th int‘er:!

And flnallyﬁanon—speCLflc lnteractlons and sterlc factors

esidues'(Lisfand Sharon, 1981).

probably play an important role in the attachment of

&

lectlns to macrdmolecules (Goldsteln and Hayes, 1978).

Slnce cell surface receptors for lectlns are most llkely

T

,complex ollgosaccharldes, all of the above factors are-
expected to influence the agglutinatlon reaction and also
the’interaction of lectins with their endogenous |
receptors.

3.3 The-Occurrence of Lectins in Invertebrates:-
’.Lectins have been discoVered in all of the major
classes of 1nvertebrates (Yeaton, 1981). They . are most
-often found in hlgh concentratlons in_haemolymph ‘Bt can

also be lsolated from whole body extracts or tissue



extracts. A single invertebrate species frequently

contains more than one lectin which may dlffer in molecu—

lar welght, carbohydrate specificity, isoelectric p01nts'

or mitogenic properties. Lectihs isolated from inverte—

brates show considerable diversity in their sugar speci-

ficity, including some which are specifiéAfon glucose, = '«

galactose,'fucose,”N-acetyl neuraminic acid, N?acetylgiu-
cosamine and N-aaetylgalac;osamine. In otﬁer words,.allv
of the mbnosacgharidas present on ﬁhe‘surﬁace‘of mammalian
erythroc&tes are recognized by invertebrate lectins with
the exception of)mannose. }Indeed, since vertebrate
efythroqytes are used to aasay for- the presence of inver-
tebrate lectins; maﬁybleétins;which bind‘ta sugars not
prasent on these erythrocytes mayvgo undetected. Some

invertebrate' lectins appear to be.developmentally regu-

lated since the level of activity changes at different

~stages of the life cycle. For example, in the silk moth,

»
A

‘lectins may ‘act as a primitive immune system. (Acton,

Hyalophora cecropia a major lectin present in'the-hemo-

lymph peaks in activity. from the_ fourth instar to the
adult stage but it is not detectable in the eggs (Yeaton,
1981)«  In the obinlon of Yeaton,ﬁ?robablx all inverte-

brates possess lectinsg at aame stage of their‘iife‘cyélé.

Tha function of invertebrate lectins is uncertain.

One possibility advanced by séveral authors is that these

[y
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1974), perhaps as antibody-like molecules which can agglu-
tinate yaéferia, viruses or parasites by binding;to_the-
surface cargbhydrates of these organisms (Marcha1onis,
.1978){ _Other possible functions suggested for‘inverte-
brate lectins are; as épsonins wﬂich enhance phagocytosis
 (Prowse and Tait, 1969); as a mechanism for maintaining
steriiity in the periviteiliné space surrounding the egg
‘(Pembertoﬁ, 1974)3 to mediate‘sjmbiosis'(Ratanaraﬁ- '
Brockelmaﬁ, 1977): to function in the deposition 6f chitin
(Cohen, 1970): to regulate glyc0protein-o:dereibmultie
_enzyme complexes (Sharon and‘Lis,-1972) and to mediate

cellular adhesion (Gold eﬁ al, 1974). These-various

functions have not as yet been clea:ly“demonstrated for

any invertebrate lectin, but it is possible that these mo-

lecules‘may play diverﬁe“réles in different species and at

different stageq,of”the:life cycle.

31§,~Thé10c¢u:rence of Lectins in Vertebrates:

i Lectins .also occur widely in vértebrdtg species. The
situation'is probably similar to the one in igverte-
bfates in that probably éll species possess lectins in

some tissues at some developmental stages. In'vertebrate

studies, however, the assay used for testing the presence

-and activity of lectins involves vertebrate erythrocyteq.

‘Thus the results are more l&kely to be relevant to the’
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3
iﬂ'zizg'AQtiviti of éﬁe lectin than is the case .for
invertebratellectins; '

Vertebrate lectins are foqnd as both membrane-bound
.‘Snd soluble préteins,'and accoFding to Barondes (;984)
this difference probably reflects a fundamental diffe;gnce
in theirlfunctidn. Membrane bound'lectiné.appear to
function/in“the transport of glycoconjugate§ and their
lbcalizatiqnﬂat particular hembrahe sites (Ashwell and
Harford, 1982). Solubié lectins on the other hand, méy
play a wider role in modification of the extracellular
environment théreﬁy influencing céll;cell interéctions
during specific de&glopﬁent stages. In_support‘of this
idea, many sq}uble lectins are developmentally regulated
and their activity is maximal At times of tissue organiza-
tion. 'As wéll, soluble lectins which afe initially
lotated internally in cells are later éec:eted 6u£§idé
where they become Aséoéiated with external glycoconjugates
;(Barondes,41954). — =

Spme verﬁebrgte lectins which have been studied most
thoroﬁghiy and are thought'go play a role in determiniqg,

cell behaviour during development are reviewezd belcw.
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Léctins -in Cell Recognition and Development:

LY .

* 3.5.1 ' The Mammalian Hepatic Lectin.

This protéin, first described by Stockert‘and
coworkefsA(l974); was tﬁ¢ first lectin to be iso-

' lated from a mammalian species aﬁd is still the only
animal ledtin with a known function. The hepatic
-binding protein is a membrane—bqund glycgprotein and
can be solubilized'from the ﬁembranes of rabbit
hepatocytes in the presence of detergent. The oligo-
meric protein in aqueous sblution has a molecular
weight of 560,000 (Ashwell and Morell, 1977) and is
composed of two subunits of 48,000 and 40,000 mole-

( cular weiéht. Bound carbohydrate, including Qialic
acid, galactose, mannose and glgcosaminélresidges,
make up 10% of the dry weight of the protein
(Kawasaki and Agshwell, 1976). This lectin is sp?ci—
fic for B-galactose andvit agglutinates human and ‘
rabbit erythrocytes and neuraminidase-treated
erytﬁrocytes from Quinea pig, rat and mouse (stockert !
et al, 1574). Intact sialic acid residues and the-

++

presence of Ca’’ ions are important for the

activity of the lectin (Hudgin et al, 1974).

- _.This lectin functions in the specific recogni-

i

tion and clearance of circulgﬁihg aged glycoproteins

A

which have lost their terminal sialic acid residues.

(o E
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According to(the'hypothesis of Ashwell and his
coworkers'(&shweli and Morell, 1974), serum glyco-
proteins mu;t have an intact terminal sialit acid
residue to remain‘in circulation. Upon the loss of
this sialic acid, a B-galactose group is exposed.
Thé asialoglycoprotein is recognized, bound and
removed from the circulation by the Hepétic leétin.
In éqpﬁort of this hypothesis, repla?emént of the
terminal sialic acid residue by thé act;oﬁ of a
sialyltransferase results in tﬁe resthaiionbof ﬁhe
nofmal serum survival time of these proteins
(Hickman, 1970). Also,'treatmgn; of the asialoglyco-
proteins with galactose oxidase or f-galactosidase

increases their survival time (Mo:elfﬁet al, 1968).
: s r R

=
5

These elegant experiments, /1ewed by Neufeld and

Ashwell (1980) have est

e .
g-galactosyl residues and ‘the hepatic lectin in the

clearancémggidéSiélylated glycoproteins from the
serum“by.theﬂliver; A similar carbohydréte;binding
ﬁrotqin is found in chicken liver, but in this case
the specificity is fbriN-acetylglucosamine and in
cbick~§erum, asialoglycoproteins have a ﬁermiﬁal

N-acetylglucosamine group (Lunney and Ashwell,

1976). -
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3.5.2 Sponge Lectin.

| Sponges, although they are the simplest of all
muL;icéllular animals, have evﬁlved a compiex

number of recognitiob and adhesion systems involving
macromolecules at the cell periphery. Early studies
by Wilson (1907), Galtsoff (1925) and later by
Hhmphreyé (1563) have determined that single cell
suspensions obtained from many species of marine
spongés eithe; mechanically by squeezing them through
a fine mesh-cloth or chemically by proteoiysis will

readily form small aggregates in the pgesehce,of \;

catt

+ .The earlier workers reported that cell

.

adhesion in sponges was species specific, but the

more recent findings indicate that although there is

7§orting out of cell types invheterotypic aggregates,

separation into separate monotypic aggregates does
not occur in all cases (Humphreys, 1970; Van de Vyer,
1975). Aggregation is mediated by a éoluble, high-
molecular weight aggregation factor, ana was found t§
be‘gpecies-specific for several marine sponges
(Mcélay, 1974). The aggrega;ion factor fromr

Microciona parthena has been purified and charac-

*ierized (Henkart et al, 1973). It is a large glyco-

protein complex consisting of approximdtely equal

parts of carbohydrate and protein.” Electron
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microscopy of these large éomplex molecules shows a
fibrous circle abéut 800 R in diameter with 11-15

. radiating arms about 1100 % long, resulting in a
sunburst configuration. Removal of calcium dissoci-
atés this structure into glycoprotein subunits‘of 2 x
‘105 mdlecular weight. It appears that aggregation

in Microciona involves at least two distinct steps

(Jumblatt, Schlup and Buréer, 1980). The first step;
is a calcium~independent binding of the aggregation
factor 'to £h; cell éurface receptors. This binding
can be inhibiﬁed by.glucurohic acid and déstroyed by
glucuronidase, indicating that the binding of ﬁhe
aggregation factpr depends upon terminal glucuronic
acid residues. The second step is the formation of
‘calcium-dependent bonds between the aggﬁggatibn
factors on adjacent cells.

In the sponge Geodia cydonlum the adhe§§bq i

system is somewhat dlfferent (reviewed by(ﬁuliet,
1982). Aggregation in this species also i ;;ves a
‘sgluble extracellular aggregation factor of high
‘moleculér weight. The following components have been
shown to be'involvediin’cell aggregatibn ih‘Geodia by
Muller and his coworkers: Firstly, an aggregation

factor which is a glycoprotein of approximately

23,000 molecular weight (Miller and Zahn, 1973) and



secondly, a cell surface aggregation receptor of

15,000 molecular weight (Muller et al, 1976). Bind-

4.

ing of the aggregation factor to the receptor, depends

on intact terminal glucuronic acid residues on the

receptor. This activity is modulated by an endoge-:

nous membrane-associated g-glucuronidase of molecular

1 .
-weight 25,000 which blocks cell aggregation by

inactivating the receptor (Muller et al, 1979). A

glucuronyl transferase enzyme, also found at the cell

surface, activates the receptor by the addition of

glucuronic acid, allo&ing aggregation to proceed.

Also involved. in this- interaction is an anti-aggrega-

tion receptor; a glycoprotein of 180,000 molecular
weight, which, in its active state, can interfere
with the binding beﬁween the aggregation factor and
the aggregation receptor. The anti-aggregation
receptor contains galactose as a major compdnent of
its active site and binding to thevaggregation
‘receptor is abolished by g-galactosidase. The

in vivo activity of the anti-aggregation receptor is
‘modulated by a B—galactése specific lectin (Vaith et
al, 1979; Mﬁllerlet al, 1983) of molecular weight
36,500. The binding of the lectin to the anti-
aggregaéion recepﬁor inactivgtes the latter molecule

and allows cells to aggregate via formation of the



aggregation factor-aggregation receptor complex.
When lectin is notvpresent the anti-aggregation
receptor inactivates the Agé;egation receptor, allow-

.

ing cells to separate. 1In addition, this lectin can
also bind to the aggre;ation factor, and tg‘itseif‘ L
(Conrad et'al, 1984). 1In the opinion of Muller, the
lectin is probably not directly involved ih aggrega-u
tion but the interaction of the lectin Qith the |
anti-aggregation receptor most likely allows for cell
sorting out. It is intérgsting to note the complex-
ity of ctell recognition mechanisms in sponges and
also the involvement of lecﬁin—carbohydrate binding
reactions in this process.

3.5.3 The Cellular‘SIime Mold Lectins.

The cellular slime molds are simple eukaryotes
which undergo a developmental cycle of altérnating
single-celled amoebae and multicellular fruiting
structurqu&FThe sxngle vegetative amoebae exist
independently. When food 1s w1thdrawn, the cel}s
differentiate into aggregatlon—competent éells,;whéch
‘then streamatogetﬂ;r‘on the substratum and aggregate

to form a stable, multicellular plasmodium. Cell o

movement is directional and comes under the influerce
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of a chemoattractanﬁ.— The aggregation phase is
complete when all the cells in a given area have
concentrated together in one center. Cell movements
occur within the center of thi; aggregate causing it

to elongate into a motile slug. The slug differenti?v

ates further in the next 12 hours to form a fruiting

#ls have been extensiveiy studied by immunological

(Gerish, 1980) and biochemical (Bartles et al, 1982)
methods. Soluble carbohydrate-binding proteins haQJ..
been isolated from extracts of aggregation-competent '

cells of Dictyostelium discoideum (Rosen and

' Barondes, 1972) and Polysphondylium pallidum (Rosen

et al, 1974). These lectins 'are specific for
‘D-galactose and have been affinity purified from

coiumns of Sepharose 4B by. elution with D-galactose.

In Dictyostelium discoideum, two distinct tetrameric

lectins are found. ‘These are known as discoidin I
(subunit molecular weight 26,000) and discoidin II
(subunit molecular weight 24,000}—%Pfazier et aI:S>V/

1975). The lectin from Polysphondylium pallidum,

called pallidin, ﬁas a.subunit molecular weight of
25,000. These lectins appear to be developmentally

regulated, since extracts ofuvegetative cells were



~.found to contaln llttle or no lectln act1v1ty and - the
act1v1ty lncreased 400-fold in aggregatlon(competent-f‘

cells (Rosen et al, 1973). Based on lmmunofluores-

‘y' . ¢

‘cent“and immunoferrltln labelling studles, abo 0%

. of the proteln was found on the cell surf ce (Chang

»

et al, 1975). Further ev1&ence indicated: that hﬁ_
cross-linking of the cell surface lect1n~by blnding
to antlleotln antibodies or glycoconjugate receptors

;ellcited dellvery of new lectin’ molecules to the cell

surface (Barondes,_1981)

Endogenous receptors have been shownato_b“

‘ present on the surface of aggregatlon-competenﬂ‘cells

,“.;

(Reltherman et al,vl975) ; Bartles and Frazler

/ .

(1980), u81ng radlo-lodlnated lectln/as a: probe,‘

identlfled two types of receptors on the surface of

'cells of chtyogﬁvllum dlsc01deum tha

" with- giutaraldehyde. One ty%e (c sltes) bound
dlsc01d1n 1 by 1rct1n-carbohydrate 1nteract10ns and’
this b;ndlng was;lnhlblted by D—galaot?f

,Jnumberrof C sitemy

- -

\

"became aggregat1 n—competent. The second type of

ﬁv‘ receptor bound dlscoidln I by ionic lnteractlons (1

~

SLtes) and thls blndlng was detectable only under

-

‘ conditions of low lonlc strength (Bartles and

Frazier, %982)f‘ 81nce thls blndlng could not be
- T ; o 5
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. 1nh1b1ted by D-galactose but could be reduced 70~ 90%

by treatment of the fixed cells with chloroform—'

;methanol, the authors suggested ‘that .the I sites were

_ ionic’ llplds. Mo/e‘fécently, Barondes and coworkers,

: e :
"have descrlb/g/other endogenous receptors for the

- endogenous receptor for discoidin II (Cooper et al,

chtyosteylum dlsc01deum lectlns. A polysaccharide

synthesize late in development by»the prespore‘cells

and localized in' the spore coat waslfound to be an
’ . | . T
. &.’
1983)..- This po%;saccharide contains.galactbse and ¢

; N_acetYlgalagtbsamine residués and interacts with- the
'lectln durlng maturation of the spore coat. The S

\_sllme coat surrodﬁdlhg tﬁe cells in the early

A

aggregate/phase appears to contaln an endogenous

£

receptor for dlSCOldln I. Accordlng Lo Barondes.

(l983)g thlS lectln mlght be 1nvolved in. the organl-

vzatlon a@i excretlon of the extracellular sllme

tralls left on the substratum by mlgratlng amoebae.‘

Dlsc01d1n I also promotes attachment and spreadlng of

e

aggregatlon-competent cells (Sprlnger et al, 1984)

’

'It has been suggested to functlon in a mannﬁr 51m11arqa

..°.

.S@;ﬂjz; -
to flbronectln.‘ R AE N f;; o Y
Barondes (1981) and Bartles et él (1982) have e

hypotheslzed that specres-spec1f1c cell adheslon 1n

rsllmebmolds is achleved through 1nteractlon between '

+
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&
endogenous lectins and cell surface receptors. 1In

support of such a role. for the lectin, mutants of

D1ctyoste11um dlsc01deum have been isolated whlch
’ 9

syntheslze a defectlve alscoldln I molecule lacklng

the - carbohydrate—blndlng actlvity (Shlnnick and

Lerner: l980%§ Thls mutant does not, dewelop beyond :
‘the loose aggregate stage. ,In other studles,

' antagonlsts of pallldln such as unlvalent antl-palll—

dln antlbodles ornmacromolecules»contalnlng‘galactose

. resldues were found to 1nh1b1t aggregatlon of

1
Polysphondyllum pgllldum cells.‘_Thls 1nh1b1t10n,

however, occurreg only under permissive",chditiohs,
' . o T P e Lo
' such as, the presence of:antimetabolites or inthyper—

tonlc“medlum (Rosen et al, 1977). - In contrast to

L these flndlngs, celi-to-cell adhe31on of chtyostel-

ug dlsc01deum cells cannot . be blocked by antldls—'

1d1n antlbodles or by galactose—contalnlng mole-
z"!' "’ ‘

"cules. Although many lnvestlgators support the

.- notion that>lect1ns are dlrectly-lnvolved as llgands :

'lln sllme mold cell adhe31on, a regulatoty ‘role for

WS

these molecules, siﬁllar to the functlon proposed for
.the sponge §ggt1n, cannot at the present time’ be
ruled out."'h

‘At leest three other cell surface proteins

‘gdlstinct frem the lectins are also believed{to be

A
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involved in elime mold cell adhesion. These include:

fﬁirstly, the contact sites B-described’by‘Swan et al

h(1977) ‘which appear to be 1nvolved in the EDTA-sensle.

» —— o

‘tive cohe81on of vegetatlve cells- secondly, the
l': contact sites A identified by Gerlsh (1980) whlch
| appear to be 1nvolved in’ EDTA-reSLStant cohesion of
aggregatlon-competent cells and fﬁnally, a olasma
membrane glycoproteln. Gp 95, (St an and Parlsh, "
‘1980) whrch is mellcated in EDTA-res1stant aggrega—'
. tlon of slug-cells. Antlbodles to any of these cell
edffacefnnlecules tlock adhesxon'of slime mold cells.'
f,x It .is pOSSlble that all of these molecule%, 1nclud1ng
' .the lectlns, operate at dlfferent developmental times
lto ‘allow gor the’ aggnegathn and sort;ng out of slime
.ﬁoldlcelle.‘ o | |
3.5.4 a,' Lectins in éertllization}
o 'In'sea'urChins, wnere fertilization haewﬁeen
most exten31vely studied, gperm-egg adheslon
appears to be mediated by the 1nteract10n between egg 1
surface gly;oconjugates and the acrosomal protb1n
-m.? «"-.bindln (Glabe and Vacquler, 1978) Bindin (molecular
| weight 30, 500) is liberated by exocytosis from ghe

acrosomal granule upon activation of the sperm. It

. has been localized by unmunohlstochemistry using

‘anti-bindin antibodies and is present’ at the site -
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epermeegg'attachment‘(Moy and Vacguier, 1979).

- Insaluble bind&n particles prepared from sperm *

“n

‘membranes agglutinate sea urchin eggs in a species-

'surface receptor for b1nd1n 1§'a hlgh moIecular

specific manner (Glabe and Vacquier), 1977). The egg

Ao

weight polysaccharlde ‘component of the egg;Jelly

'containingf?arge'amounts of fucose and xylose (Glabe

and Lennarz, 1981). 'Bindin can de prepared in‘a

soluble ﬁorm frgm the ihsoldb e pamticles by sonica-
tion. The solub]e form of thls proteln agglutlnates’
glutaraldehyde-flxed trypslnlzed erythrocytes (Glabe
et al, 19825 Lndln-medlﬁé;d erythrocyte agglutina-
tion is 1nh1bited by the same - carbohydrates which

inhibit egg agglutlnatlon; namely, fucoidin, (a

" sulphated heteropolysaccharide consistinglof;predomi-

nantly’L-fﬁcose) and xylan (B(1-4)-linked xylose

‘_homopolysaccharlde) However, inhibition of the

haemagglutlnatlon reactlon is more sensitive. than
lnhlbltlon of the egg agglutlnatlon and therefore

occurs at lower concentratlons of 1nh1b1tor (Glabe et

s e

.al, 1982). This result could reflecé a higher affin-

ity of . blndln for the egg surface glycoconjugate than
for the erythrocyte receptor.

The above authors have 1mplicated lectin-poly-

sacdharide binding in the specific'recognition

\ e
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between sea urchin gameﬁes, the outcome of which is
the immobilization of the sperm and‘thg‘fusioﬁ of L
gametes. Oﬁher investigators have described lectin-
fucose interactions occurring during fertilization.
In thg\broWh alg;e, chus. fertiliiation’iﬁvolves egg
.receptors‘containing Sulphated fchée réq{dues .
(fucoidin) and lectin proteéins from sperm'(Boiwell et
1a1)v1980).“chtins from spetm and corréspondingk
fucose residues on éggs have also been reported in ‘
the tﬁnicate Ciona (Rosati and DeSantis, 1980).- It
is noi known at the present time how widespread
leétinfcarbohydraﬁe interaétioné are,in‘ferﬁilizatiqn

in other organisms.

3.5.5 . Gaiaptins. ’ : B |

The most thoroughly studied group of veftebrate
léc;iné have been Lalled "Galaptins™ (Harr;sdn and
Chestérton, 1980a); They are solub;eiig:aalactosé'
bihdingrlectins-éf'ﬂéw molecular weight (13,000 to
;15,666).-‘Their'activity is not dependent on the

! presence of divalent cations. They have been
descfibéd in- a number éf gdult and embryonic'tissues,
including chick embryonic muécle,thea;£, 1iver and

) Srain (Kobiler'and‘BarOndeg,‘1977; No?ﬁk»et al,

Vs

1977),.calf brain, muscle and liVe:'ﬁiséue (Briles et .
' ' ' : ‘- ' .
. ! . s
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al, l979)\aﬁd neonatal rat lung (Powellvéﬁd Whitney,
1980). These lectins may‘represént a group of struc-
turally and functionally.related proteins. Some 6f
them show antigenic cross—reactivity'kChilds'éﬁH

[} . ’ 52 8
Feizi, 1979). Many of the galdétins appear to be

[V

T

' dé§élo§menta;1y regulated since‘tﬁe;r maximal lectin
activipy is pres,enx*t stages ot tiss'ue ,'difgrentia-
tionj(ﬁbbiler and‘B%fondes, 1977). An»éxample of
this type of galaptiﬁ.is the erythroid developmental
.agglutinin (EDA) which hés been isolated from adult
raﬁbit bone marrow bj Harrisbn and Chesterton
(1980b).» In some tissues, galaptins héve been
localized at the cell sur face using immunohisto-
chemical techniqugé‘(Gremé et al, 1978). A function
ﬁaslbeen propds;d fé; ;his group‘of;léctins in the
regulation of ce11 behaviour‘dpring_de?elopmeﬁt
A(égrondgs, 1984). However, the actual manner }ﬁ
whicA the galaptins carry out‘such a function remains

abscure.

3.546 Lectins of the Early Chick Embryo.

Early ghiék embryos at the.pregastrul; and
gastrula stages havé been shown £o possgés sur face
carbohydrateg whiéh»can be égglutinated by Ricinus

communis agglutinin (RCA), wheat germ agglutinin

o~

<
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(WGA) and Con A (Zalik/én; Cook, 1%76),,'mhese g

, o |
' results suggest that galactose, mannose and N-acetyl-

/

] . A
galactosamine*éontaining receptors hre present on the

urface of fhick embryonic cells fﬂom these early

stages. In addition, soluble endogenous lectln can

be extracted from homogénates of trese embryos (Cook
et al, 1979). The lectin aggluthates glutaralde-'
hxde-flxed, trypsLnlzed rabbit erythrocytes and is
specific for B-galact031des. Thls_lectln appea;s to

be similar to the galaptins described above although

. + . ¢ : ) .
the early chick lectin is present in’both a soluble

form and a particle:associated form which differ in
molecular weight but show eimilar specificities
(zalik et al, ;983). In a recent study, a lectin
with similar properties has been-isclated from the °
area vitellina and'areé vasculosa of the developing
yolk siac in 2-day old chick emcryos (Mbamalu, 1985).
Investlgators have - succeeded in isolating a pure
populatlen'ofﬂextraembryonlc endoderm cells from the
area opaca of gazasulatlng embryos (Milos et al,
1979). ~ These cells reorganize in vivo intc a single
leyered'epi;helium surrounding the yolk sac during
gastrulation. Dissocieted extraembryonic eﬁ@oderﬁ
— .

cells in tissue culture readily reaggregate to form

large aggregates which subsequently hollow out into

--
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vesicles with very thin walls (Milos et al, 1979).
The early phase of aggregation ofzﬁhése cells |
i;;;1§%§_5oth Ca++—independént and §g++—éegendent
mechanisms (Milos and Zalik, 1981) but the exact role
of ca*t in this system i§ unclear.
T Thé level of adhgsion of extraembryonic celis-in
rotating é;lture is significantly'decréaseq in the
presence of thiodigalactoside (Cook_et al, 1979). |
Under theée‘conditions, chaﬁges in the morphology of
the aggreéates compared to aégregatés formed-ih
-coﬁtfol.cultures, was also observed. Inﬁerestingly,
adhesion pfﬁthese cells has been corréiated to thg
level of lectin activity presenf in the medium (Milbs
;nd'Zalik,-l982). Increased levels of lectin activ-
‘ity due presgsumably to the liberation of soluble
lectin by the cultured gells, was associated Qith
decréased cellular adhesion. In other expefiments,
the pfesence of séluble blastoderm iectin‘or TDG
added to the cultures also‘decreased the ability of .
‘thesé endoderm cells to*attacﬁ to the substfatum and
to fo;h contacts betwéen adjacent cell (Milos and
Zgl%ﬁ, 1981). The morphology of the cells in the
prggence of lectinlor TDG was noticeably different
igﬁan control cells. doqtrol cells were epithelial in

7 ;
;&orm. In the presenbe_of TDG,or lectin, cells

f
f
o f o
e
»f
Vi
g
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apéeared more fibroblast-like. These experiments
euggest that lectin secreted by these cells uneer
cQIQure conditions reduces their aﬁili;y to form
attachments either to the substratum ot to each

other. Recently} these authors have shown that

leeﬁih activity can be;deéected in the flqid in the ‘
cgntral cavity of the Sggregates.n Activity of the
#ectin is higheStAat the'time when the‘aggregates are
endergoingicavitation (Milos and Zalik, 1986).

Zalik et al (1982) have loeaiized the blastoderm
lectin by fluorescent staining of cells in gUleure
with polyvalent antiserum. ' In common witﬁ soluble
lectins in other systems, most of the fluorescence
was located intercellularly. In migrating cells,
retraction—fibers—were also stained and,where cells
had detached frqp the substratum highvfluorescence
was found in the “footprints". These authors suggest
a possible role for this4lectin either in the forme-
tion of short-term transient adhesfve bonds or in the
cell attachment and rearrangement'taking place during
'gastrulatiodﬁ" The lectin may act by masking cell
surface B= D—galact031de receptors and thus preventing

the formatlon of adhesxve contacts between cells.

vanother possibility is that the lectin may have.a
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modulating effect on primary adhesive molecules
gimilar to the function proposed for sponge lectins
(reviewed above). '

Another lectiﬁ.has been described in unincubated'

¢

chick eggs (Rutherford and Cook, 198f§ 1984). This
“lectin is located in the vitelline membrane and is
specific for mannose-containing polysaccha:ides. Its

relatidnship,‘if any, to the B-galactoside binding

lectin from chick blastoderms is unknown.

N

4., PURPOSE OF STUDY
| Amphibian embryos'during’gastrulation undergo
extensive cell rearrangemehts as a result of the ndgfa—
tion of cells to new locations and the formation of new
adhesiVé contacts.u These morphogenetic movements are most.
Likely Tediated by cell surface mac?omolecuies. ‘Galac-
jﬁose-containing receptors for the lectin from Ricinus
communis are present on the surface of these cells just
prior to éastrulation'(Fraser andealik, 1976). 1t is
therefore possible that en&ogenous-lecﬁins may be involved
‘in éel; sur face-mediated phenomena at,tﬁiﬁ’critical stage
of amphibian development. ' At the initiation of this

: Etudy, endogenous lectins had A;t been described in

amphibian'embryos, althoggh-it was known that chick

blastoderms at the time of primitive streak formation

PO
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contained an endogenous lectin which@ébundfilgﬁlactose
residues (Cook et al, 1979). Therefore, the first

approach was to examine embryos of Xenopus laevis for the

presence of soluble lectins identifiable by their haemag-
glutffiating ability. ‘'Once the presence of these molecules
was established, othe; qeestions were fo:mulated for
study. It was important to determine if the level of

lectin activity changed durihg the time of morphogenetic

movements. Levels of activity were tompared during

N

. It was’

cificity of

-

also necessary to determine the saccharide
f .
the leetin being investigated and the optimum conditions
necessary for lectin activity. Further work involved the
burlflcatlon and characterlzatlon of the' Xenopus embryonic
lectin, in order to. compare this lectin’ with other 91milar;
molecules from different tissues and organisms. Another
approacboto this problem was to raise antiserum against
purlfled 'lectin and, using immunohistochemical techniques,
to descrlbe the location of the lectin in sectloned

embryos of Xenogps laevis.

Results from this study indicate that galactose-bind-

ing lectin is present in high'levele in Xenogus'embryos.

The'activity of this lectin -peaks at the gaatrula stage,
prec1sely at the time morphogenetlc movements are taking

place in the embryo. The lectin is a soluble protein of

N
e "

L
%
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65,500 molecular weight and requires calgium for its

activitﬁa_ These properties indicate that the Xenopus

embfyonic lectin is unlike lectins’described in other

embryos and other vertebrate tissues. The Xenopus lectin

appears to be locatéd extracellularly in vitelline
membranes, in the blastocoele cavity ané in cleavage
furrbws.in}the early embryos which have so far been

. ex&m}ned. An attémpt to identify the endogenous receptor

for this lectin is also presented.

49.
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MATERIALS AND METHODS:

1. SOURCES OF LECTIN

1.1 iChemicals;

) ﬁuman chorionic gonadotropin and B—mercapt¢@thanol
were obtained from Sigmé Chemicals. All solutions were
prepared in distilled water. In the experiments described

2 ,

here Milliporé~fi1tered water having a resistance of 1;&5 .

Y

s
3

than 0.05 megohms is referred to as distilled watg!i e

1.2  Xenp Laevis Ehbryos:

N s
Xerdopus laevis adults were selected from a colony of

~ +

frogs maintained in the -aquatic facility of the Depart-
ment of Zoology. Individuals in this colony originated
either from the South African Snake Fafm, Fish Hoek, South
Africa, or from tadpoles raised in the Department of
‘”ZooLogy. The‘frogs were kept in running water at constant
temperature (18°C) and undef artificial light set at a 12
hour ligh{ and 12 hour dark cycle.

To induce spawning and fertilization,ﬂhealthy.pature
frogs of both sexes were injectedzintraper;toneally with
hﬁman cﬁorionic gonadqtropih.. Females received 1,600 I.U0.
;n % ml of distilled water and males received.soo I.U. in
0.5 ml of distilled water. The frogs>were paired

- R Y

» 50. .

e



“1mmed1ately follow1ng 1n3ection in clean dechlorlnated

tapwater. Amplexus occurred overnlght. The“éﬁbryos were.

- imately 30% of the tlme and any clutch whlch d1d not

<contain at’ least 70% V1able embryos was . dlscarded.

Xenogus embryos are-surrounded by a dense ]elly coat
»'I \ .

Q}whlch was removed before further extractlon procedures ’
were carrledwout,. The embryos were washed 1n modlfled
N Steihberg’s phosphate bufféred sallne, SPBS, (Hamburger,’

-1960),.wh1ch contalned NaCl (58 mM), KCl (0 67 mM),

w'buffer (O OOSM) adjusted to pH 7.5. The phosphate buffer
‘ystock solutlon was prepared by addlng KH \PO4 (O 2M) to
6L of NaZHPO4 (0 2M) uﬂtll the pH reached 7 2._ Flfty |

-mL of the stock solutlon was added to lL of SPBS.AyThe

-4

Jelly coats were removed by swlrang the embryos in SPBS

-

contalnlng l% B-mercaptoethanol, pH 8 3 (Johgfon, 1976)

«“.

until v1sual examlnatlon showed dlslntegratlon of the ST

. ‘.>

Jjelly Cbat, usually no- longer than 20. to 30 seconds." The

-':brlefly and.the mlxture was decanted.~:Thls washlng was

repeated at least: ten tlmes to ensure that no re31dual

‘ﬂ'mercapt?ethanol remalned 51nce it adversely affects the

‘g'
i

51,

' collected 18 to 20 hours later.‘ Spawnlng occurred approx-.A

'1 CaNO3.4H20 (0. 45 mM), MgSO4.7H2QJ}O 83 mM) and phOSphatef"V"

"4embryos were 1mmed1ately rlnsed in 100 ml of SPBS; swirled



e
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.

e

' total, approxlmately 48,000 embryos were used to prov1de

2. LECTIN EXTRACTION ~ =~ ~ -

21 ChemlcaIS"

A4378 and trypsxn, Type III, 10, 000—13 OOO BAEE“UnltS pe,'

i . 52.
r" .‘ ) .
further development of the embryo. W1th adequate washlng,.
embryos left in dechlorinated tapwater develop normally.
'\<" The embryos were staged atcordlng to NaewkoOp and ;‘7

;

;)(Pube\“Tl967) Only v1able, healthy‘embryos at the_proper ‘\)u
fstage wére used for each experlment. In;general..four‘
j‘groups of embryonlc stages were used cleavage, stages

" 3- 5 blastula, stages 7- 9-‘gastru1a, stages 10 and 11; and

neurula, stages 20-22., These stages are shown in

T

Figure 1. Sonetimes, experlments were performed with -

fembryos at stages other than thosg/descrlbed here. Inﬁ

}such cases the exact stage wlll be noted in the text. In -

-~

/
lectin extracts for the experlmentswdescrxbed ‘here.

Lactose, phenylmethylsulphonylfluorlde (PMSF), bov1ne -

serum albumln (BSA), crystalllzed catalogue number

e | ‘
mg - of protebn, were all obtalned from Slgma Chemlcals.

Glyc1ne and m;crotxter plates (Cgoke Engxnserlng) were
purchas@d from Flsher Sc1ent;£1c.' Glutaraldehyde,.70%
concentréted was, from Ladd Chemlcals/ Nltex cloth was £§~A

A S
from“B and S ég,Thompson and Co., Montreal. )

a



FIGURE 1:

[y

.‘&

St
o

Early embryonic stagesfof xéngpus laevis

used in these experiments. Stages 3 and 4

‘,are’clegmagg, 7 and 8 are,blastufé,rlo and

7 . -

'll‘qre,géstrula,andQZO and 22 are’neulea.

An::Animalquiem Veg;kVegetéi Pole.

Veptf{'Ventral'SUrfacéli Dors; Dorsal

 surface. Theqdiagrams are adapted from

Niewkoop and Faber (1967).

o



A

L

e sa S
200e

v et

.t
-

t.




2.# -Preparation of'Soluble Lectin Extracts- ,

o ~Selected embryos were homogenlzed in a 1ect1n
"extractlon solution (LES), con31st1ng Bf SPBS w1th
. NaN; (0. 02%), lactose (0 3M), and PMSF (0.25 mM), pH
7. 5, at a ratlo of 20 nl per embryo. The addition of

— L]
"lactose to the extraction solut1on 1ncreased'the level of

haemagglutinatlng act1v1ty of the extract by approxlmately ’

- 3-fold and was therefore 1ncluded in all extractlons, The
homogenate was passed through Nitex cloth (44 pm) to

filter out theé vitelline membranes. - At this point the

' fhbmogenate could be stored: frozen for a perlod of several

rmonthS'at -20 c. Follow1ng defrost;ﬁq the soluble lectin
wa( extracted at 4°C for two hours w%ih contlnual
, Lstrrrxng.‘ The mlxtd%e was then centrlfuged at 84 QQO X g

for 60 minutes 1n elther a Beckman L- 60 ultracentrlfuge

uslng“rotorqsw 28, or an IEC M=-25 centrlfuge using rotor‘f'

' 896. The pellet was stored at ;20°C and'the supernatant

Q 'was removed and dlalysed 1n Spectrapor membrane d1a1y31sn

tublng (molecular welght cut-off 6 000) agalnst flve

changes of 40 x volume of SPBS. The resultlng solutlon

~

'was used directly for the assessment of%lectln act1VLty
s,
Soluble lectln was occaslonally obtalned from mlnced‘
Q-

ovarian txssue. In these experlments ovaries were dls- ‘

sected from mature female frogs. The tlssue was minced

fin?ly with sc1ssors, remov1ng as mug% connective tlssue

°

55,
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as possible, and then added to LE (506 pl per gram-of '3 .
tissue). The mixture was homogenzeg in a Potter-Elvehjem R
tissue homogenizer and more LES added
produce a suspension'(up to 5 x wolume). Th% lectin was’“.‘
extracted as.described for embryonic homogenatesdexcept'
"that the extraction of the oVarian‘tissue was'allowed to-

&

continue for 24 hours.

2

2.3 Measurement of Lectln Act1v1ty~

“ Lectln act1v1ty was: measured by haemagq}utlnatlon
assays performed in mlcrotlter V plates_(Cooke
Engineering) at room temperature. fifty Bl of lectin
extract ‘was serlally dllutedhln 50 pl SPBS, followed by
';the addltlon of 25 pl 1% BSA in PBS (0.15M NaCl in O OOSM.
phosphate buffer, pH 7.20. Flnally 25 pl of a 4% solution
of rabbit erythrocytes, prepared as descrlbed below, was
‘hadded. The plates were,shaken ‘briefly and allowed-to
settle for one hour. Positive agglutination was assessed'
visually by the presence of a dense mat of’ erythrocytes

v

coverlng the bottom of the well., ciﬁ%rol wells containing '

b

50 pl of sallne and.ha!lng no haemagglutlnatlng activity

showedaa dlscrete button of erythrocytes at the well -

—

_Noyak’et'al, 1976)L'1°°t§§

'activftyfis@expressea;as the ﬁumherfofAhaemagélutinating
SR » j 3 o } AU . '.> lt",‘? }a ) ) ‘0 R .
oo
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units (HU)-preéent, which equals the reciprocal of the

titer or the highest dllutlon glv1ng p031tive agglutlna-
tion. All tltratlons were performed in dupllcate aLd thef‘
-average value was recorded. | A , ,

A Thé rabbit erythrocytes used in the haemagglutination

assays’were prepared from whole blood collected into

sterlle Alsever's solutlon (10.5 g dextrose,'4 g sodium
c1trate, 0.275 g c1tr1c acid and 2.1 g sodlum chlorlde,

pH 6 1). Ten ml of rabblt blood was dlspensed 1nto 20 ml
Alsever 8 i?lutlon, and further treated by one of the
‘follow1ng two methods. Inltlally, xrypSLn—treatedp
glutaraldehYde-fixed erythroeytesawere Erepared according :°
to the me;hdd ef Nowak'et,al (1977) as shown }nﬁgﬁe flqw
chart in-Fiéurgvz. Becatsé some preparatione;gf;erytbro- -
.cytes_freated in this manner gave inconsisgeht results,
later assaye were eonducted using erythrocytes>preserved

by an alternate method 1nvolv1ng 0. 02% sodlum azide and

0. 25 mM PMSF as descrxbed by Zallk et al (1983) and showd o
~in the flow_chartfrn Figure 3. Th;s 1axter method. :

frgéultedfin eells which retained their aqpiviﬁy;fer about,

wa

'ten days, compared to- 31x weeks,f»

D
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FIGURE 2: A flow-chart outlining the procedure used
to prepare trypsin-treated glutaraldehyde-
fixed rabbit erythrocytes (Nowak et al}:

1977). These erythrocytes were used in

the haemagglutination assay.
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L 10 ML RABBIT BLOOD IN 20 ML ALSEVER'S SOLUTION
| l 'CENTRIFUGE 900X G, 10 MIN.  , .
' WASH 4x WITH 5 VOLUMES OF 0:15 M MaCl in 0.005 M NaKPO, -
BUFFER, pH 7.1. ’
| 1 MEASURE VOLUME OF PACKED CELLS
INCUBATE IN TRYPSIN (0.04 MG/ML PACKED CELLS) DISSOLVED
IN 0.05 M NaCl in Q.1 M NaKPO, BUFFER, pH 7.1, 37°C. lHR. _
' §

l CENTRIFUGE 900 XG, 10 MIN.
WASH 4x. IN 5 VOLUMES 0.15 M NaCl IN 0.005 M NaKPO,

.  BUFFER, pH 7.1.
l MEASURE VOLUME OF PACKED CELLS

ADD‘Sx‘VOLUME 1% GLUTARALDEHYDE IN 0.075 M NaCl IN

0. 075 M NaKPO, BUFFER, pH 7.1, ON SHAKER, 1HR., R.T.

- oy
CENTRIF&LEp*MEASURE VOLUME, OF
PACKED CELLS

IN 0.075 M NaCl IN

ADD 10x VOLUME ICE-COLD GLYCINE, O.1 M,

’ 0. 075 M NaKPO4 BUFFE.R*% pH 7.1, WASH 3x PLACING ON

f BETWEEN EACH WASH,

!

" SHAKER 5}
ITY OF 0.15 M NaCl IN 0.005 M.

i i 1’»"
WASH 2x WITH 15x Q%

i?ﬁpo4 BUFFER, pH 7.1. a
€ .
MEASURE VGEUME OF PACKED CELLS.

'
I

ADD 0.075 M NaCl IN 0,075 M NaKPO, -BUWFER, pH 7.1,
, M NaKPO, -BUWFER, pH

TO MAKE A 10% SOLUTION. STORE AT 4°C.
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"FIGURE 3: A flow-chart outlining the procedure used
to prepare trypsin-treated rabbit erythro-
cytes, used in the haemagglutination

assay (Zalik et al, 1983):



v

10 ML RABBIT BLOOD IN 20 ML ALSEVER'S SOLUTION

1)

CENTRIFUGE 900x G, 10 MIN.

”

WASH 4x WITH 5x VOLUME OF 0.15 M NaCl in 0.005 M

NaKPO, BUFFER, pH 7.1.|

' MEASURE VOLUME OF PACKED CELLS

INCUBATE IN TRYPSIN (Q.Q4iﬁé/?LW§ACKED CELLS) DISSOLVED
Igbotos M NaCl in 0.1 M Naipd4 éUFFEB(ApH_f 1, 37°C. 1HR.
. CENTRIFUGE 900x G, 10 MIN.
WASH 4x IN_Sx VOLUME 0.075 M NaCl IN 0.075 M NaKPO,
'BUFFER coﬁTAINIné oroz%’N5N3_Anb'o;25 mM PMSF, pH 7.2

CENTRIFUGE, MEASURE VOLUME |
OF PACKED CELLS '

ADD 0.075 M NaCl IN 0.075 M NaKPO, BUFFER CONTAINING
0.02¢ NaN; AND 0.25 mM PMSF, pH 7.2, TO MAKE A 10%
SOLUTION.  STORE AT 4°C.

L 2
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The concentration of protein present in the érude
supernatants was alsoameasured The method used the
BioRad protein assay kit as descrlbed in the BioRad
Technical Bdlletin, number 1051, apd adapted from the
method of Bradfordl(1976). ‘The standard used was bovine
plasma gammd globulin. For each test, "a series of 8ix
standards were‘prepared f;nging‘in concen;ration frém
0. 2 to 1.4 mg/ml for the s?andard assay or 1 to 25 pg/ml
for the microassay. Dye reagent was added to standard and
sample tubes and after gently_voftexing the mixtures, the
optical denéit§ at 595 nm.was read in a Bedkman DU-8
;pectroéhotometer. A standard curve was plotted and used
Ito determine protein concentrations of the extracts.

For each separate clutch of embryos used for lectin
extraction, the'foilowing“parameters were méaghred and
recorded: stage, number of embryos used, total lectin
aSiivity in the exgract in HU, average HU/embryo,;;otal
 protein extracted, protein/embryo and Specific activity

- (HU/mg protein) of the extract.

2.4 'Measurement,of Lectin Activity in the Blastocoele

o “
T

Cavity:
Fluid from the blastocoele cavity was obtained from

two stage 8 embryos from which the jelly coats had been
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manually removed. Each embryo was immbbilized in one well
.. of a microtiter platé with the animal pole uppermost. The
needle of a Hamilton microsyringe (series 7,000) 5 pl

capacity, was.carefully inserted through the upper layer A

~
e e e

\\frcells'and into the blastocoele cavity. Appg&xlmately
0.05 pl of fluid was removed from the cavity of each
embryo and mixed with 75 pl SPBS. This mixture was used

for the haemagglutination assay.

3. DETERMfNATION OF SACCHARIDE SPECIFICITY

3.1 Chemicals: -——--

- All sugars wefe obtained from Sigma Chemieals;
Immunoadsorbente‘were kindly_doeated by Dr., R. Lemieux
oflthe Chemistry Department, University of Alberta.
Ethylenedieminetetraacetic acid (EDTA)‘was from Baker
Chemicals and ethylene bisiox}ethyiene nitrilo)tetraacetic

i

acid (EGTA) was from Eastman Kodak Co.

3.2 Sacchari&e'lnhibirion Tests:

fn‘drder ro determine the specificity of the lec¢tin
for certain'monobaccharides eed disaccharides, saCCharide
1nh1b1t10n tests were performed u51ng a modlflcatlon of . i

the haemagglut1nation assay descrlbed in Sectlon 2.3. For
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*

each ‘test, 25 Bl saccharide soxption (25 mM dxssolved in
sPBS) was serially diluted in sPBS, -followed by the
‘addftlon of 25 pl lectin extract containing 4 HU, 25 pl
BSA (1% in PBS) andi25 pl rabbiy erythrocytes. The lowest
saccharide concentration which inhibited 4 HU was -
recorded. ‘The following saccharides were used: lectose

(B~ D-Gal(l-4)Glc), thlodl%:laCtOslde (R~-D~Gal(1-1)BR-D-

thiogal), mellblose (a=D~Gal(1-6)Glc), methyl a-D-galacto-

pyranoside, methyl RB-D-galactopyranoside, fucose, methyl

&

~D—mannopyran051de, N-acetyl-D-galactosamine and
N-acetyl—b-gludzﬁamine.' S

“QThis’test wae“also-used to determine the effect of

e

.F.A(r'v '
., the chelatlng agents EDTA and EGTA on the lectin activity.

) ":In this case, the saline used throughout wag?“' /arfd

yMg¥i free SPBS The lowest concentratlon of chelat-

wanq/égent requlred for inhibition of 4 HU of lectin

act1v1ty was recorded. o

Immunoadsorbents (IA) were used" to fupther deflne the

“saccharlde specificity of this . 1ect1n. IA are prepared by

covalently coupllng synthetlc mono- or dlsaccharlddibto an
1nsolub1e matrlx of crystalllne sxllca. The average con~

centratLOn of bound sugars 1s 0.3 to 0.5 moles penfgram of

cimmunoedsorbent (ChemaloMed, U. of Alberta). IA bearing

l

the tEOIlOWIng attached sugars were used in these experi-t

he?'s (-R represents the solld matrix): DGlcul-R,
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DGaldl -R, DéalBlOR,vDGalNAcdf—R, lactose
(DGal(Bl 4}BGalBl R), ‘DGal (- 3)DGa131 -R,

DGaP(al 4)DGalBl -R, DGal(el~3)DGalNAca1 R), ‘
. J#v . ) -’.n.
DGal(Bl 3)DGlcNAddl-R, DGal(Bl 3)DG1cNAcBl -R,

“"DGal('Bl-tl)DGlcNAcBl R,_‘ (Lemleux, 1978) : Crude lectlnv

e

*r7extract was: incubated w1th IA at a concentratlon of 54 000 o

'

-----

~ two hours. Thls relatlve concentratlon of DGal(alh3)DGat%1 -R

.mbound essentxally all of the 1ect1n act1v1ty 1n 1n1t1a1

&‘

jexperlmentskand therefore all other IA s were used at the

ol

same concentratlcn. After 1ncubatlon, the supernatant was’“r‘

.removed and tested for agglutlnatlng act1v1ty : Inhlbltron;rﬁ
values represent the decrease in ‘the. act1v1ty ofcthe o

o

':supernatant compared'to the lnltlal extractr

s ) 5‘\ “
B . .

@-~‘

,

/ LECTIN PURIFICAWION ﬁf'fr V,f;”f'fﬂ S *,#}7

Attempts were made to purlfy the Yectln by taklng 'f,ﬂj'

v'advanmage of the blndlng between the lectln molecule and

¢

“galactose-contalnlng saccharldes.. The general procedure ":
used for purlflcatlon involved exposlng supernatants of
crude lectln to matrlces bearing termlnal galactose re31-_

e

dﬁhs and remov1ng materlal bound to the matrlx by washlng

‘_f-exteneiye;y w;th"eallneicgntarnlng_;aetoge., The detalls

@ e
, LI e e
$ A TS A
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of three separate methods carrled out durlpg thls study
Se e : R o v

_— are descrlbed here.ﬂ o ' . T g.f RN ¢
, . V"\‘B- |

o o ’.- W SRR . .

@ - ‘.“ ‘;ﬁ ) v v..‘~ i (( . L
| S N . ‘( ﬁg& Lo
o 4;1‘ Chemlcals- = o ‘
b “ ’ : ) ; et

Sepharose 4B was obtalned from Pharmac1a Fxne P & -
‘Chemlcals,«Selectln-4 from Plerce Chemicals. Para— ) .

amlnophenyl ﬁ-D-lact051de was obta1 d from Vega Fox

quchemltals, cyanogen bromlde Aldrlch Chemlcals,

sUCdinic‘anhydrlde f;om*TerOGhem._ Polyethylene/glycol

“(Carbowax, PEG 20 000) was purchased from” Flsher

R

| E e | . v o

'.l;;4.2f'Batch Adsorptlon to aGal= R—Immunoadsorbent._ ",. : 3

o

The aGal IA was added to the\crude lectln extractlkt

L

'1a ratlo of 10: mg IA per ml of extract (contalnlng an -
fQ 'average of 261 590 HU) The mlxture was 1ncubated at 4°C

'/;f,ffrom one. to two hours on‘a rotatlng shaker set at
Y AR . G ’ L -
- 200 r. pam. The IA wa, allowed to settle and the super—
: ’ % <
t{ﬁas Temoved. The acthLty of thls re51dualwguper- o

A

~"

natan

'natant was measure? and compared toﬂtheéaCtLVlty of the_
‘ orlglnal extraqt to: monltor the amount‘bg'
o ,( = "L“ e

The beads were then washed w1th sever

‘Lum &) ssz
"and bound mater1al was eluted %& a brlef washxﬁg with a
2 ml volume of NH4OH (l%) in 0,07 M NgCl w1th or. wrghout

F;lthe addltlon of O 3 M lactose. Slmllar recoveriee were Yo
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obtained~yhen elution was carried out‘in fﬁ} preSence or
:absence of‘lactose; 'To_eneureithat.the makimum‘amount of
iectin was recovered, lactose was routinelflinc1uded in
the elutlon medlum. The eluant was immédiatély dialysed :
agalnst SPBS and thefagglutlnatlng act1v1ty was measured.

This was the most frequently used method for lectln

puriflcatlon.

%

"67.

ﬁ ‘ . a »
o 4.3~«Affinity Chromatgétaphy using APL-Sebharose: f

v

The lectin co%id also bBe purlfled on a column
~'conta1n1ng Sepharose-4B coupled to para~am1nophenyl-
GbB—D-lactOSLde-(APLaSepharose). Thas.matr;x-was prepared
d‘by the method of Nowak et al (197]) 'vae procedure |

1nvolves,€f1rstly, actlvatlon of the matrlx by cyanogen

’bromlde treatment and addltlon of hexanedlamlne whlch acts

o T

'cas a spacer ‘arm. Secondly, tha spacer arm is reacted w1th

Jsucclnlc anhydrlde to £orm a derlvatlve to whicQJamlno '
o o

“ groups ‘can ‘be coupled. FlnaLly, para—amihophenyl-
"u_B—D-lactos1de is covalently attached 1n the presence of

RS

ﬂ;ethyl-3 (3-d1methyl-am1nopropyl)—carbodllmlde .at- ac1d

:__.‘§ K

'pH. Res1dual actldg roups are blocked by exposlng the.

'f' gel to ethanolamlne at%alkallne pH.. Excess uncoupled RS
: S

v_llgand is remov by severaL alternate waﬁhlngs w1th 0 1 M

%
' bLCaannate buffer, pH- 9 l andgfdﬁ M acetate buffer, pH 4,

Q;eadh contalnlng NaCl (1M) uf’tﬁ&&;‘ -

S

L

8
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: The APL- Sepharose matr1x was suspended in SPBS con- -
taining NaNgy (0 02%), pOured lnto a column (0.5 x 20 cm)
and packed at a flow rate of 10 mls per, hour.p {?‘

For lectln purlflcatién, crude extract ‘with an ’
taveragq,act1v1ty of 2 x 106 HU was added to-the ‘column
nd aluted w:Lth spas. (70 ml), ‘f’ollowed by 'sPBS containing

T M sucrose (35 ml) '’ and f1na11y SPBS with 0.3 M lactose,

til the optlcal den81ty basellne was re—establlshed.
Fal .

The flow rite wag 4‘ml/hr and 3 5 ml fractlons were

coglected.. Lectin act1v1ty 1n the flrst 20 tubes was-
' n
measured dlrectly whlle tdbes cqgtalnlng sucrose or’

{

68.

‘lactose were dlalysed agalnst SPBS before belng tested for

act1v1ty.*
4. 4 Afflnlty Chromatography ﬂSlng Select1n-4.\
<f~ . Select1n*4 con51sts of cross llnked 4% agarose beads
fcontalnlng lmmoblllzed mellblose, (DGal(al 6)DGlc) ‘ An
?fattempt was made to purlfy the,Xenopus lectln accordlng to
o the method reported by Roberson and Barondes (1982). )
iCrude extract (2 ml) conta1n1n§ 1- 5 X 106 HU was loaded
ronto a column (3 5 x 20 cm) that had‘prevxously been

"packed w1th Selectin—4 u31ng SPBS at a flow" rate of 10

. per. hour. The column was~Washed consecutlvely with SPBW

(100 ml).‘SPBS WLth 0 3 M sucrose (35 ml) and: SPBS thh

0 3 M melibi

.3 M me. _ 'e or lactose. Fraptmons were collected§?5g§§5
‘dialyged as above’. = - R R s v
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- and centrifuged at 900 x g for 10 minutes.’ The upper -

'associated with the lectin molﬁules, In an attempt to - .|

ftreatedh withﬁn equal volume of chloroform-met\hanol :

. activ:.ty measured. Eesentially all of - ther advu:y was

69.

4.5 Chloroform-Met anol Treatment-

| Crude soluble lectin extracts from Xenopus embryos
prepared Vas described aboVe are cloudy because they:
contain Vaz'“le amounts of suspended llﬁd like

L}

material. In contrast, purified extracts.appear clear but

nevertheless may retain some of this llpld material !

PR ¢

‘removze this contam:.nation, crude !ectin extracts were
\

L3 .
-

(241 V/Vi‘ by thg met‘hoﬂ of Hamaguchi and C:lev\e (],97‘.‘2) 0

The mixture was stirred ;or ISﬂhinuteg at E‘oom’h‘eﬂerature |

aqueous layer was dialysed againstﬁ’sPBS an&‘ lectin

’recovered‘ in the aqueous layer after thls procedure. 'I‘he

chl&oform-methanol treated crude extract was purlfied as

w

‘ described above. In some, experiments, the lectin prepara-'

. was dialysed against SPBS before use. ,{ e,

<

".ftion" was treated w1th chloroform-methanol after purifica-

'tion and the aqueous layer contaihing the flectin act1v1ty

Y

»

¢

(4 6 Concentration- ’ g D ST

a : '-'-- TR

The crude or, purified lectin extracts J.n some
~ o ¥ :

v exp-eriments were concentra-ted. The solution contalnxng

°
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‘ - -~ !
thﬁ lectin was sometlmes placed in dialy31s tublng and . - ly

-

eovered w1th Solld PEG. This procedure resulted in a

0 ¥

* . * nv .
fonded propprtionally, More o

S

- ‘ v v
5 mmre }yophlllzed in a freeze .
] .
.. In some experlments, g
. a-methanol treated purlfied extract was precxp}- e

centrlfuged at 900 X g in a clinlcal centrlfuge for 20 .

' mlnutes and the pellet redlssolved in SPBS.

. ';
Yo ORI

5. GEL FLLTMATION CHROMATOGRAPRY . ~ f ' - . '>

. . .
o . A
. ¥ . -

5.1 Chemi als:

LIS

. ~sepn1a 1.8-300 Superfine and Sephacryl §-200

’.Superflne were obtalned from Pharmacia Flne)Chemlcals.

The molecular.w%&ght standards were all from the Pharmacla
: “y

@

’E@& Flne Chemlcals low molecular welght gel flltratldn Call—
. &nv'bration klt. Octylglucoslde wa purchased from Sigma

Chemlcals and ‘urea was frem BloRad. Triton X-100 was freﬁ ﬁpi&a

Rphm_and'Haas.v IR T PR B



.

NaC]!i,’ sp‘ss + ‘urea (2 M), SPBS + lactose (0.1 M) A.11

“ . . »

o~ .
Yo .
‘ “1:";3,;, i : oo » ' . - '5
- % o “ ; »,‘.»Hv .

?

5.2 Gel Filtratlon Chromatography of Xgﬂogus Lectin%. @«

] The columns ‘were Qacked with Sephacn%$%$e200 or

T
»1‘ nuc- R ¢
‘,-{; s ."" X . N

SJ’Lacryl §-300 accordlng to the manufacturgrvs’

tions‘ The preswollen matrix was washed welI w1th SPBS to

‘ All buffers used con-‘-

p PN y .
tained.NaN _19.02%)‘as aapreservatiye. o /' o
- iong l g ‘ <t;;e , %
ri

Solutions containing crude or pu d lectin were

~ .
2 L

_chromatographed at a flow rate of®l15 ml/hr. Initially the’

v.‘ Y

o

elution-buffer- used deés; 'Under‘-these conditions, it

was - found that the lectln had a tendency to elute’ as.a
»contlnuum ‘of low to hlgh molecular welght raﬁ‘br than as a

) dlscrete peak\ For thls rduson the columns were subse-

quently eluted w1th “one opthe follow1ng buffers:. S‘h* i

octylgluc031de (04 25%), SPBS made l M w1th reSpect P ‘f |
a«~

buffers were adjusted to pH 7. 3. Fractlod! (auﬁ ml"bere

Jlsai

’ .
‘colLected and t e agglutinat;ng act1v1ty of each fr. oa'

1was determined separately. When the fractlons cohtalned

pop

lactose, they were dlalysed agalnst SPBwaefore belng used
for the haemaggluttnatlon tests. Wlth each of the buffers
used, the column gas callbrated with. the follow1ng ‘molecu- =

larawelght s\andards° thyroglobulln (660 OOO). ferrltln

(440 OOO). cataldse (232, 000‘“ bovine serum albumlnv

(gz 000), ovalbumin (45 000),hchymotrypsinogen (25 000)

R
. G . c
1 . : . ! . :

L - ) ) U . Sy

A .
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. 4:‘ R
CLow

_basic fuchsin from BioRad;,'

B F L
\ S . ’ 4,

‘ - . ,'
and rlbonuclease (13, 700) The partition.coefficient

3

(K ‘) was determlned for ,e‘aoh ‘»‘standard, gqusing t»hbe

“equation: L w" - e ' \
. K'av":("'e-v )/(vt-vo), - ' '
whefe ve 1s the, elution volume,
: 0 the v01d voFume, gpd »“gmkwq;xﬁﬂwsj ,f;m_éigﬁﬁ
e v, the total bgd volumesﬂ «

- : ,

- The K, values were plotted agalnst molecular weight
ik 4

»

"~ and. used to. assign apparent‘molecular weights to the

3

lectin fractions..

6. SODIUM DODECYL SULPHATE-POLYACRYLAMIDE GEL

ELECTROPHORESIS -

6.1 Chemicals;, "rf‘ o

Acrylamlde, Bis (N, N-methylene~bls-acrylamide),

' sodlum dodecylsulphate and bromophenol blue wereli

.purchased from BioRad. TEMED (N N, N N-tetramethyl-

ethylenedlamlne) was from Eastman Kodak and TRIS

:(hydroxymethyiamxnomethane) was from Eisher. Molecular

Bl

welght standardg were obtalned premlxed 1n kits from

3

BlORad or Pharmacxa glne Chemlcals. Coomassle brilliant

blue was purchased from Slgma Chemlcals or BloRad, silver

- /
nitrate and bromophenol blue.f;om Fisher Sc1entific and

72.



6.2 Procedure:

i

Polyacrylamlde gel electrophoreSLS (PAGE) in. the -

.* .. presence of sodium dodecylsulphate (SDS) was carried oqt
" [' .

'~according to the procedure of L&!hmli (1970) using 9 @b

'wnff,ll% flat bed polyacrylamide gels run on an LKB ZII;kHultl—
e | "
phor apparatue. The, gels were prepared in a .castin@y’

assembly supplied by‘LKB. The solutlon for a 10% gel was -

T
prepared from a stock acrylamlde solution (6@ g, aﬁxyl--

amide, 1.6 g blsacrylamldekand distilled water to 100 mlf,

'-\ae follows: - 13. 3 ml of stock solutlon ‘was. mlxed w1th

‘,.l

6.7 ml drstllled water. of thls, 16 ml was added to 14 ml
"""""""""" distilled water, sw1rled and degassed. Next was added
) 153n1 ammonlum persulphate solution (? mg/ml in 1% SD%x
~agd 15 ml'TEMeD’soluiiop (0.13 ml TEM;D and 18.2 g TRIS

- made up to 100 ml- with distilleﬁ:water, pH 8. 3). - This
. solution was. 1mmed1ate1y poured between the two glass
plates of: the assembly and allowed to stand overni‘ﬁ/’at "

':fature before use. -3 - .

-

Samples for PAGE. vere dlalysed exten51vely agalnst
"dlstllled water, 1yoph1112ed and solubkllzed in sample ST
buffer whlch was composed of TRIS (0. 0s M)\ SDS (2% w/v).,

.B-mercaptoethanol (5% v/v), and urea (8 M), pH 8.5. The

final proteln cogcentratlon was typlbally 1-4 pg/pl. } o -

- samples were heated at 60°C. for 30 minutes and 15 pl L
- X P
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»

7 volumes applled to the gels. In some cases lectin samples

that had not been prev1oqs}y treated with chloroform-

methanol were subjected to more drestlc procedures to

. achieve complete dissociatioh.; The methods used were

those of Kawasaki and Ashwell (1976) for the geduétiodyofkﬁ{‘

the N-acetylglucosamine binding ptoteln'ofhthe aviaﬁ" o
liver. Purlfled 1ect1n was incubated for three _days at .

£

48°C in SDS (1%) in dlBtllled water. .Subsequently,y'

»

B—mercaptoethanol (10% v/v) and urea (5 M) werenedded and
the sample was anubated for an addxt;onal 3 hours At g,
l*\ _’?. e

LD ,gk'
48° c. Alternatlvely, the ﬂectln was dlssolved i

ok
R

N32CO3 (1%) contalnlng SDS (1%) and B-mercaptoethanol .

5(10%) and dlalysed agalnst SDS (0. 1%) in NaKPO4 buffer

‘(Q.Ol-M) for 24 hours (Glossman and Neville, ;971).

Neither of the above precedures changeé tRe resurting
. ) : N h . . . u,.’,
. banding gettefhs_of the samples.:
. . . B . : N
The following prateins were used as molecular weight
) N & L. - ' } . v
Istandards. phosphorylase B (97, 000), bovine serum albumin

.(67 000), ovalbumin (45 000), carbonic anhydrase (30 000),~
soybean‘tryp81n 1nh1b1tor (21 000) ‘or chymotryg."ogen

-(25,000) and lysezyme (14,000) or ribonuclease (13,700).
sztureswef thglse standards et;individual.stahdards were' .

diluted in sample buffer at a concentration of 0.01 pg/pl

_gnd heated at 60°C for 30 minutes as above. T

Loe
. \
v
.o

Lo
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.The PAGE gel was prerun at 300 V &nd 300 pulses per

g¥cond (pbﬁ) for 3 hours or until a brown band of

&

iﬁpuéitiéh'had travelled halfway across the gel. éamples,
15 pl each, were added to the wells and the péwer was
started at 50 v aﬂd 50 pps and 1ngreased at half hour

.intervals until 300 V and. 300 pps was reached The

. &

temperaturo-was mmintained at'6°® C th:oughout the run. .The

it

running puffer contained TRIS (15 17 g), glyc1ne (72, 08 gq)

.and SDS (5 g)'i tilled water, pH 8.3. Electro- ,

phoreq}s was termi ated“when the marhgr broméphenol blue

ﬂ -
added to the standard wells had. transversed the gel.
a4 4‘»:»@@*’»'“&”"?"9 Yy o> ((\

usually in 4 to 5 hours.
T
# The gels,were stalned in either Coomassie brllllant

blue (Fairbanks, Steck and Wallach, 1971) or with silver
’ : - - .

stain (Wray, Boulikas, Wray aﬁd Hancock,; 1981) . Staining'
for carbohydrate was perfébrmed by the périodic acidechiff

method of Fairbanks, Steck and Wallach (1971). These “°

. >
procedures are as follows:

. S . ) ) ' ' )
+ .\ ) . )
Copmassie Blue Protein Stain: ‘ -

\ . L L . e s
- Soak gel overnlght in a filtered solution of Coomassie:

brllllant blue R-250 (0 04%), 1sopropyl alcohol (25%)

fad ahd glacial acetxc acid- 110%) in distilled water.

- Destain in several»changes of glac1a1 acetlc acid (10%)

and 1sopropyl alcohol (10%) in distilled water&~__ o
. -
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Silver Btain: ‘ , - : , e

Kodak Rapld F{;buntll bands weregbf dest

Soak gel overnight: 1n methanol (50%) in dlsth}led water'

*

contalnlnq formalln (0.1 ml/L).

Soak in 2 changes of dlstllled water for 30 mlnutes
each.
Soak in methanol-(50%) in disyilled water; 0.5-2 hours.

Stain 15 ninutes in silver reagent [mix 42 ml ngH

.._;.._.—-QM

A

L3

(O 36%) w‘th 2.8 ml concentrated ammonium hydroxxdeu
Add, W1th15t1rr1ng,l1 A g AgNO3 dissolved 1n 8 m.lt
dlstllled wdter, make up to 200 ml %with distilled Qateng;,
dseﬂw1th1n 5 mlnutes]..'Use constant geptle agitatlon; '

wash in”distilled water, 5 minutes.

Wash in two changes of developer [2.5 ml citric acid,

(1%) ‘and 0.25 mlL forﬂaldehyde (38%) made up to 500 ml

with disti}Ted wate;: prepered‘freshl, 10 minutes flrst'

wash, folliied by a ;ecoodqwaeh~until the desired degree v t
of staining is,;eached. ) ,;f;  $
Rinse.in-distillgd wateg for 30_%inutes.' |

Rinse in methanol (éd%)’foy lfﬁohr: - ‘: Agaa . ,.f§'

L]

Store 1n dlstllled water.

s
RS N -
s

If overstalhed, the gels were d pied

CRaTaE
s

followed by washlng in Kodak Hypoclear ﬁor one hqup- }- - \

Thls was followed by r1n81ng in methanol (50%) for one-” N

hour and storing in dlstlljﬁd’QEEZr; -

N

“ . '



- Fix gels overnight in isopropyl Vb; j?i?) and acetic
acid (10%). | | o
- Soak in isoéroleﬁQ}cohol (lo%rﬁaqd acetic acid (iQS)g
6-9 hours. o \5§: |
- Soak gels in acetic acid (16%)‘OVe¥night.and again in -’
fresh solution for 1-2 hours. "‘
- Boak gels in periodic acid (0.5%) for 2 hours.
e T .
= Wash in sodium. arsenite (015%) and acetic aeld (5%) for
36-60 mi%Ptes and again ip»sodium arsenitf (9.1%) and’
aqetic_ag}d (58) for 20 minutes. Repeat twice. wash in
 acet¥c acid (5%) 10-20 minutes.
- Soak gel ove;night in'dehiff reagent,kprepared according
to Maddy (l97§) byddis;olvingﬂbasic fudhsin_(lJS g) in
500 mI Boilidg water. The solution was filtered at B
55°C, cooled to'#O'C.and 25 ml HCl (2 M)'was added'
ffollowed by 3.75 g sodium metabisulphite. After 16
f;+s.edhours at 4° C, actlvfieg ch;:coal (1.25 g) was added anq

.the mixture shaken and,fllterede The - reagent‘was sto:ed,

K . o 12{?- . v 'i' « " v

I u‘ + K > Ve . S ) 9, i ;- - : ‘;f‘l,z.,’"
w, “E For stalnlng,,the gehg were placed lnto Pyrex glass N
ke B3 -

//f disghes except for Coomassie blue stalnlng which could alsd

A

be performed 1n a stainlesg steel stalning tray obtalned
from LKB. Thréuqhout the procedure the dishes were . o

ponstently agitated et 40 r.p.m. Inltlally the gels

4
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A

[}

were stalned in ' Coomassie blue or silver stainoqlone, but

later in thls\study gels were stalned in COOMassie blue,

silVer the next day.

-- The length of the gel was measured both before (Li)
and after (Lf) staining. The distances ;ravelled frdm
the orlgin by the standard proteins were‘leasuredgafte;">

staining and 'the moblllty values (M ) calculated uaing

the equatlon

M_ = distance travelled by protein I

. Ly
4 .
distance travelled by tracking dye xch

]

»

A}standard durve’ was determlned by llnear regression
anelysxs'of M, values plotted agalnat L°910 molecu- -
lar yeigﬁt. This curve was then used to assess the
approximate molecular'weight of ‘the samplegbands.

v

Gels were usually photographed'tc prbvide a permanent

vrquqd. Photographs were taken MLth a kaon FE camera

;;‘au* ” -

u31ng‘Kodak Teah Pan or Pan~x fllm..

.‘\ ‘ V , I ."«h Y -

[

[3

7. ISOELECTRIC FPCUSSING Y. &
;‘ L , A o N - | L - l V
7.1 ;Chemicalg:

The standards were obtained in a premixed form from

e

" Pharmacia Fine Chemicals' calibration kit for ‘ ?

* P

5

78,

destained in methanol (50%) overnight and restained in .
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1soelectr1c focussing 'Amphollnes? pH 3 5 10, were .

4 s L

purchased from LKB. Riboflav1n was from Eastman Kodaﬁnand

Cambrelle paper‘from Industrlal Chemlcal Company,»U K.
FA "y K

] L . 13

h752 Procedures.\\\‘~‘ PR ":- Y

An LKB Multlphor apparatus, model 2117, was used'fors
'rsoelectrlc foCu531ng. The gels were prepared u31ng“ ;1
stock acrylamlde solutlon contalnlng acrylamlde (28 ;}’and
;‘bls-acrylamlde (O 7 g) made *up. to 100 ml w1th dlstllled
~water, and a catalyst stock solutlon contalnlng r1bof1av1n
(7 mg) and TEMED (0.7 ml) madg up to 100, ml w1th dlstllled

water. Both solutlons were stored in brown bottles at 4 lok

' Vand used over a perlod of several months. To prepare the

gel, 14 7 ml acrylamlde stock solutlon and 1.8 ml ampho—

hllne mlvture (pH 3. 5 lO) were added to 41.4 ml dlstllled

-

'_water and the mlxture was degasSed under vacuym for

’approxlmately 10 m1nute§, ‘Then, 4 2 ml of the catalyst
'solutlon was added, the solutlon was mlxed and poured 1nto
a castlng assembly ‘ The gel was allowed to polymerlze'
overnlght in the presence of a fluorescent llght.
| ‘Purified, lyophllltﬁd lectln (35~ -80 pg) and standards
L (25-50 pg) were dlssolved in 1% glyc1ne to increase thelr

solubility (LKB Appllcatlon Note 250) The standarda

1nc1uded amyloglucosxdase (pI 3 5),'soybean trypsin

L
~

P

-



1nhib1tbr (pI 4 55). B lactoglobulln A (pI 5. 2), bov1ne

PR

carbonlc anhydrase B (pI 5 85), human carbonlc anhydrase
B (pI 6. 55), ho;se myog;obln (pI 6. 85 and 7. 35), lentll

? = / ' '
‘ ' 'lectin (pI 8 15 8 45 and é\gs) and trypslnogen (pI 9. 3) <f

‘TSamples and - standards\&l\\‘ul) were applled to small .'-‘,, ,
. /. L3
rectangular pleces of Cambrelle paper placed approxlmately
Shalfway down the gel surface.' The gel was focussed
7

‘//*/eccording to/the method of Cook (1976) usxng a LKB 3371E
~.DC power supply. The power was 1n1tla11y set at 200 Volts
and 1ncreased by 200 volts unt11 a maximum of.l200 volts

was reached. The - ‘current was malntalned'at 10 ‘mA through-‘f

7

B out theﬂexperlment. Focussxng was allowed to conslnue

| \elther for flve hours or overnlght. Followxng ‘the run,

g the pH was measured w1th a surface electrode and the power
o /n’~ 7 ¥
was again turned on. for530 minutes to sharpen the bands.

/ .
For stalnlng in Cooma351e blue, the gels were flrst flxed
\ l

/ln trlchloroacetlc ac1d (12 5% w/v) ln dlstllled water ﬁork

Qe

/* /
/ 18 hours. After several washes in flstllled water the

~

/’_ .
/’ gels were.lmmersed in stalnlng soz%tlon conslstlng of 250

., ml Cooma551e blue stock solutlon 0.5 g Cooma351e bril-

1iant blue R-ZSO diSSOlVed 1n 500 ml 95% ethanol'and

b

flltered), 950 ml 95% ethanol, 480 ml glac1al acetic ac1d
and 1200 ml'dlstllled water. ‘The gels were stalned
overnlght and background stalnlng was removed by washing

>

in destalnlng solutlon (200 ml 95% ethanol, 80 ml glacial
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acetic‘acidl=520'ml distilled water and 200'm1'glycerol);
»

‘Sometlmes'these gels were ‘stained in pemlodlc acid Schiff ‘ S
staln and photographed .as descrlbed for -PAGE gels. o
After stalnlng, the dlstances travelled LBy | the bands
‘.were measured and a standard curvd_drawn by plotting -
felther dlstagces agalnst pl values for the standard

N _
protelns, or dlstaeces agalnst pH values measured by the -

‘surface electrode. Thé‘pI of the proteln sample was'

PR
ox'S

estlmated by eomparlson to the standard curves.

8';'~ AMINO ACID ANALYSLS L R oot

‘ The amlno a01d comp051tlon of purlfled lectln protelm
was analysed by the - Department of Blochemlstry, ‘ - ,. -3
Unlver51ty of ;lberta, uslng a Durram D-SOO Amlno Acid- T
'analyser. | An aGal IA purlfled chloroform-methanol |

) treated sample from gastrula embryos was analysed after

hydroly51s 1n 6N HCl for 24 hours.

A | :
9. DETECTION OF A POSSIBLE ENDOGENOUS LECTIN RECEPTOR T4

v
- -

The - procedure prev1ously descrlbed in Sectlon 2. 2 for
-obtalnlng soluble lectln extracts produced a pellet
v after centrlfugatlon of the homogenate at 84, OOO X g for

%
60'mlhutes. This pellet"whlch 1n theory should contaln
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A I B L
membranes and other cellular organelles, was further .

examined for the presence of "a fraction containing a
"‘possible membrane-assoc1ated lectin receptor.. The pellets
from three clugches -of gastrula embryos were combined and
“resuspended in SPBS containing Triton x—lOO (l%) This '
-material was stirred for 24 hours at 4°C and centrifuged -
at 84;000 X g for 60'minutes. The supernatant 4as chroma-‘
tographed on a column containing Sephasryl $5300 which had

_been washed and'calibrated w1th SPBS containlng Triton ‘
x-lOO (0 05%), (T-SPBS) . A 2 ml ‘volume was added o the.i
column 4nd 3.5 ml fractions were eluted in T—SPBS.- Each

o fractlon was extensively dnalysed against SPBS and tested _;f-

! LI

for the ability to 1nh1b1t the agglutinating act1v1ty of a ;
‘Ci lectin extract hav1ng a titer of 128 HU.. For these tests,: |
25 pl of ‘each fraction of - the solubilized membrane pelLet
was added to -50 pl_of lectin extract which had been
serially diluted in a microtiter plate; ~BSA (1%), 25.p1,
and 25.pl of a 4% erythrocyte suspen31on were then added
'and the plate treated as described for the saccharide
1nh1bition tests. Inhibitory act1v1ty is . expressed as the
percent reductg~n in the haemagglutlnating act1v1ty ‘of the

_1ectingin the presence of each»fraction, as compared to, .

‘the haemagjlutinating aetivity in the presence of’ SPBS.



10. LOCALIZATION OF THE LECTIN
t AT ' , .

P

;10\1 Chemlcals. . - . ; d_ -

‘, Freund s complete and xncomplete adJUVant wWas from
ulefco Laboratorles. Goat anti-rabblt lmmunoglobulin
COUpled to horseradlsh peroxldase (GAR-HRP), GAR-HRP color.

development k1t and nltrocellulose sheets were purchased

[

. from BloRad. Napthol Blue Black was from Eastman Kodak.

Fluoresceln 1sothiocyanate—labelled (FITC) goat anti-
drabbit'IgG was from Miles-Yeda. 1, 4—D1azob1cyclo [2-2- 2]
't octane (Dabco) was-from‘sigma. OCT compound was,from

. Miles Laboratories.

0.2 Antihody Preoaration:

'A male, six-month old rabbhit weighing’4.69 kg was
used for productlon of the antiserum. ‘The lectin'sample.
(90 pg 1n 1100 pl SPBS) was emu151f1ed in complete
Freund's adqughtjilil_y/v). Subcutanepus 1n3ectlons‘Were

'glven to t:f”tabbit at 14 sites. Pre-immune serum was

_ obtalned from the an1ma1 before injection. . Sif weeks

after the 1n1t1al lnjectlon, ‘the rabbit was boosted wlth

10 pg lectln emu131f1ed in 1ncomp1ete Freund's adjuvant

(1:1 v/v)“ Slmllar boostlng was. repeated 10 days later

egFreund 8

with 17.pg leCtin mixed,l:l'v/v'with incomp

~adjuvant. The rabbit was bled on three sgparate occasions
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o

to provide immune serum. The first~bleeding*was doneﬁfivs

a

" weeks after ‘the intial 1njection and the rabbit ‘was bled ‘7

V

agein one week after each of the booater injections.

K

Pre-immune and immune serum were processed 1n the ‘same

way. The wlole blood was left overhight at 4eC and

s
cleared'by centrifuging twice at 900 p 4 g for 30 minutes in

"a clinical centrifuge. The supernafent was spun at :

pu

.84 000 x g for 30 ‘minutes in an IEC M25 centrifuge at 4 C.

The  serum was div1ded into 500‘p1 aliquots, labelled and

\ L
frozen at -70°c.. . - L,

P

10.3 The Cnaracterization of tne‘Antiserum:
10.3.1 Agar Difusion Tests. .
The agar diffusion test was one method used to
test the presenbe and the specificity of'thepentai
body in the antiserum prepared'as'described ebo€€;
e Agar plates were prepered ‘from agarose (0. 3%) in ;
" borate. buffered saline (BBS), which con31st;d of '
'NaN3 (0 2%) and lactose (0.3 M) in 95 parts
" NaCl (0.85%) and 5 parts borate puffer. The borate

,'buffer contained boric acid (6 184 g), Na tetraborate

(9.536 g), NaGl (4.354 g) and distilled water to 1 L,.

- "pH 8—8.5. The agarose mixture was autoclaved for

3 minutes and 0.5 ml was dispensed 1nto.tissue;.

; ’ . o . b ¢ )7"
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culture Aishes - (10 x 35 mm) whlch Tere theh allowed ft

to dry w1thout lids in the oven at ;Q‘C for
A45 mi utes. Followxng this,  0.6% agarose (2 mls)
prepared as . above was layered over the dry agar and

left at room temperature to set.“”Slx peripheral_

holes and one centfal hole ‘were punched out of. the =

agar when thoroughly set.

ar

Crude or pur1f1ed lectin was introduced into ‘the

.center well and antlserum diluted in BBS was added to

~the outer’ wells,,or alternatlvely, antlserum was

: added to the center well and lectln diluted in SPBS

was added to, the Outer wells. .After sitting over-

‘nlght the plates were scored for the presence of . |

'bands. Bands were in some cases ennAnced accordlng
to the technlque descrlbed by Renn ‘and Evans (1975)
iThe agar was covered with freshly prepared phospho-
tungstlc acid (0 5%) for 15 mlnutes followed by

washing with NaClm(O:BS%) contalnrnngaN3-(0.05%).

10\\\7\\lnh¢b1tlon of: Agglutlnatlon.
The 1mmUne serum was . tested to determlne if 1t

could 1nh1b1t the lectxn—lnduced agglutlnatlon of

erythrocytes. Crude lectln extract from blastula

embryos was mixed in test tubes (1 1 v/v) ‘with either

SPBS, 1nCreas¢ng dilutions of control serum or



[

’ increasing dilutlons of anti-lectin antiserum. The\\ w

#

- 86.

Ed

tubes were shaken briefly and allowed to. incubate \'

. NS
overnight at. 4° C. The tubes were centrifug%F in a :

Beckman micgpfuge at 7,000 x g for_lO minutes, and

* the supernatant was tested for haemagglutinaﬁidg

activityfas?previously~described-(Section.9).

1

10.3.3 Protein Blotting and Ilnmunoblotting.

Protein blotting was‘berformed bye;/ﬁo"fication
r

of the procedure of Burnette (1981) ude and

electrophoresiS'apparatus=or a BioRad t: nsblot cell.

The gel and the nitrocellulose papef.were,assembled

into the cdssette according to the manufacturer's
directions. The tank was filled with blotting
transfer buffer (BTB) containing TRIS (25 mM), _

glycine, (192 mM), and methanol (20%, v/v) in

 distilleéd water. Samples were run at 200 V for two

hours. Durdng this time the current was increased

from 0.7 amps to 1.02 amps. .
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After transfer the sheegg were washed for 10

minutes in TRIS buffered saline:ZTBS) containing TRIS

\.

(20 mM) in NaCl (0.5 M), pH 7.5, and then»imméréed in
blockin% solution which consisted of BSA (3%) in TBS

and'agitated gently for 30 minutes. Blots were left

_overnight at 4°C in blocking solutjon and shaken
' * -

—

- again the next morning for/30 minutes at R.T. The

sheets were washed for 20 minutes in Tween 20 wash
solution (TTBS)‘containing Twe;n 20 (0.05%) in TBsf ©
and incubated for 2.5 hours on the shaker with the
anti~lectin gﬁtiserum diiuted 1:500 in antibody -
puffer (1% BSA in TTBS). The sheets were then washed
in two changes, 5 minutes each, of TTBé and incubaéed
for "1 hour in goaﬁ anti-rabbit immunoglobulin |
conjugated to horseradish peroxidase (GAR-HRP),
diluted 1:3,000 in antibody buffer. After washing
twice in TTBSfand once in TBS, 5 minu:;s each wash,
the sheets were‘immersed in HRP color development
solution containing 4-chloro~l-napthol prepared just
prior to use. This stain (60 pg) w&s addéd to 20’m1 B
jce-cold methanol and this added at R.T. to 60 pl ice
cold 5202,(30%) in 100 ml TBS. DeQelopmeﬁt of

coior was aliowed to continue until bands were

@

visible (approximately 2-5 minutes). Development was

)
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stopped by immersing.thﬁ sheets in distilled water

5, with at least one change.
. The protein blots were photographed and
. ] e
~  “tndividual protein bands and standards weré stained

88...

with Amido black solution consisting of Napthol blue

black (0 5 g) dissolved in 225 ml methanol and 50 ml

glacial acetic acld, made ‘up to 500 ml with distilled

minutes, destained in dlstllled water for 3-4 hours

and rephotographed.. ‘
2 )

Dot xmmunoblotting was performed according to
Hawkes et al (1982) > Purzfied lectin (1.25 ng/pl)
and BSA (30 pg/pl) were dissolved in TBS. 10 pl

aligquots of each sample was dotted .onto nitro-

cellulose paper.- Duplicate papers were dottéd- in the

same mannér dnd left overnight in blockisng solution.

The next mMorning the papers were treated with control

serum or antiserum and stained as for the

immunoblotting procedure.
10.4 Immunohistochemistry:
10.4.1 Fluorescent Staining.

" The jelly coats were removed manuaiiy from

healthy embryos, which were then further processed

in
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one of sevaral ways. In some cases, they were
oriented in OCT compound and frozen at -20 c.
Sections were cut on a histostalt (A0 855) at -17°C
and mounted on acid-cleaned microscope Blideo which
had been previously coated with rubber cement.
Sections were stored at 4'C until use. Prior to
staining these sections were fixed‘in ethanol for

1 minute. Aiternatively, whole embryos Qeré fixed
prior to sectioning,in either 3.7% paraformaldﬁhyde,

(prepared by adding 3.7'g paraformaldehyde to 70 ml

distilled water and heating to 60-70°C, followed by

~

the dropwae addition of 0.1 N NaOH until the

solution>cleared, and 25 ml of ﬁ x concentrated SPBS
and filtered) or Bouin's fixaiiQe (saturated agqueous
picric ach, 750 ml; 37-40% formalin, 250 ml;‘oiocial

acetic acid, 3 ml). The embryos were embedded in a’

graded series of polyethylene glycol (25% 'PEG 400,

508 PEG 400; 75% PEG 400; 100% PEG 400; 1 PEG.400:
1 PEG 1,000 (v/v): PEG 1,000; PEG 1,500, and finally

embedded in PEG 1,500). Solutions were changed every _

~—

- hour. Embedded embryos were sectioned.

‘Sections were stained for one hour with

anti-lectin antiserum or pre-immune serum diluted

1:300 in PBS con%?ining BSA (0.58%). After:rinsing
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in three ghanges of distilled waten (s minutes each),

,the slidss were treated for l hour wiéh FITC—goat

»

anti-rabbit antiserum diluted 1:50 in PBS containing
BSA (0.58). The slTdes were then rinsed i; three
changes of distilled water (5 minutes each) and

mounted in. Dabco (O 25°g in 10 ml 90% glycerin in

PBS). |

~ stained sections uere_observed with phase and -

fluorsscenoe microscopy in a Zeiss photomlcroscops

III and photographed using.Kodak Tri—XQPan or
Ektachrome 400 film.
\ o0 s Sy
10.4.2 Glucose Oxidase-~Antiglucose pxidase
- Stsihing. o )

- For these experiments, the staining kit

available from Vector Laboratories was used. The
staining involve@ the use of a secondary onti-rabbit C
IgG linkeo to glucose oxidase by an avidin;biotin
bridge. Glucose oxldase is detected by the reductlon
of nltroblue tetrazollum which results in a purple
color (Clark, 1982). Sectloned embryos'(stage 15

were washed'for 20 minutes in 4 changes of PBS and
incubated for 20 minutes in blocking serum (three%

drops goat serum in 10 ml buffer- 0.01 M NaKPO4 ;

containing 0.145 M NaCl, pH 7.5). After blotting



4

{;’ 1 91.

)

away the excess aerdm. th.sections were incubated in
control serum or an;i-lectin antiserum (diluted 1:300
) in~buffer) and waghed in two changes of buffer, 5
minuﬁes for”eaqh change. The sections were incubated
in biotinyl;ted goat amrti-rabbit antiserum (one drpp

Ap——

in 10 ml buffer)ifor 30 minu¥ds and washed in two
. k .

changes of buffer, 5 minutes f{r each change. The

Ty

slides were incubated in ABC-G¢ reagent, containing
avidin and biotinyiated glucose oxidase, for 30
minﬁtes and w;:§ed again in two changes of buffer.
‘lThe sections were incubatéd in glucose oxidase
substrate in the dark for 30 minutes and washed for
10.minutes in tap water. The slides were dehydrated
in alcohol followed by ﬁwo changes of xylene and

P

mounted. -
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© 1. LECTIN ACTIVITY IN XENOPUS LAEVIS EMBRYOS -

h'e_Eoluble lectln‘

L

”_(1979L_ Howeve_

e L R S

1.1 ExtractLOn of Crude Soluble LECtln Act vity{ ,j“mﬁ _l‘"

The flrst prbblem addressed .in thls study was~%hetheff,

or, not lectln activ1ty could be detected in early _n*tﬂg'f.

~ 1

> 2
embryos of Xenopus laev1s. Although lectlns\hgd been

reported 1n early embryos of other vertebrates (Cook et

D

PR

al, 1979), and from other amphlblan spec1es (Roberson and

Ar%strong, 1980), at the t1me that tﬁls pro;ect was’ ?1..Ty

1n1t1ated, no lectlns had been reported from early Xenopus

embryos.' Inltial'y, the procedures used to prepare

xtracts were modlfled from Caok et al pr

R the lectln extractlon solutlon used by

'fthese authors whlch lacked calc1um and contalned EDTA was

"hfound to 1nact1vate lectln act1v1ty from amphlblan

: extradtion‘

embryos.

-

'amphlblan lectln act1v1ty. In7Xenopu5-embryos a'saline o

r

utlon containlng 0. 45 mﬁ Ca++oand lacklng EDTA and

‘rcaptoethanol extracted\the max1mum amount of stable

‘lectln. The aésay used to measure 1ect1n aot1v1ty in the

soluble extracts was essentially the same as the one

descrlbed by Cook et al (1979), Wlth the exceptlon that .

v 92,

N,
A-\"
R

N

!ercaptoethanol,.whlch was also 1ncluded in the hh’

ffioh'ef the abOve,authors. had no ef feect on.
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SPBS was the sallne used in thls study. In‘spiteﬂof‘thef_

R A

fact that the haemagglutlnatlon assay\ls w1dely ‘used fo o

the measurement of lectln act1v1ty,'1t 1s only semlquantl-z

A tatlve 1n nature. In order to make the assay as ac ‘te

~
-

N

as p0951b1e, the agglutlnatlng act1v1ty in. each sample was',

~

R

tested ln dupllcate and the results of the two measure-
f ments were averaged. Flgure 4 shows an assay of agglut1 -

atlon act1v1ty in a’ crude emb;yonlc extract. The t1ter of

— thls extract was 256 E : ‘ ~'ﬂ \x§ ! ,,v;f

Soluble crude lectin extracts from Xenopus laéwls

, embryos at cleavage, blastula, gastrula ‘and neurdla stages
e /

agglutlnate trypSLnlzed rabblt erythrocytes w1th hlgh
/.
tlters (Tables 1- 4) Thls lectln act1v1ty was stable ‘for

"one week at 4 C or for several months at™ -20 C.

S 1.2 Levels of Lectln Act1v1ty Durlng Early

P DevelOpmeni ‘:A 7- f fi ~,/’ : ;\ig \f‘ '“; x'fg”

. s

v W1th the knowledge that lect%n act1v1ty was present
. 1n these embryanlc extracts, the/éhanges ;p the level of
lectln act1v1ty durlng early deéelopment waS‘examlned._

:The results frOm 1nd1v1dual e{terlments 1nvolv1ng ‘the

<solubx11za¢10n of - lectln from dlfferent clutches of erg

embryos are shown in Tables 1- 4 Table 1 shows the

=

”results of elght extractlons from cleavage embryos

f(stage 3-5). A total of 6., 310 embrst—had a- mean act1v1ty

A
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FIGURE 4 An assay of haemagglutlnatlng act1v1ty.

well. 25 ul BSA (1%) and 25 pl rabbit R

50 pl allquots of crude lectin in SPBS was '’

added to Sq_pl S?Bs_ln the‘flrst\we;l of
rows 1 ‘and 2;.'Incredsing diidtions were

prepared serlally for each subsequent\\

//

erythrocytes (4%), prepared as descrlbed

in the'text, were added to each well. The

6

4

'plate was read after.one hour of 1ncuba-~‘

tion at rooma‘emperature. Haemagglutlna—[

»dot at the bottomrof the well.- The tlter

of the’ flrst weLl4ls consldered to be 2.

The-tlterrof_th;s lectlnvpreparatlon_ls’

. 256, the reciprocal of -thg final dilution

shgwing.haémagglutinatigd;"
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'i‘ABLE 1:

Soluble lectin activity extracted from

cleavage ‘embryos. - Eight experiments on

different. clutches of embryos are shown

" here. A total of 6,310 cleavage embryos

" (stage 3—5)'were used. - Activity

(HU/embryo), spec1f1c act1v1ty (HU/pg
-

”proteln) dnd protélnyembryo were‘

transformed to Loglo vaﬁues, .and the

mean + standard error error is given for

these values. Act;v1ty (HU) and protein

were measured as described in the text:
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—

Soluble 1ec£in activity extracted from - '

‘ plaétula embryosf Thirteen experiments

‘each perférméd_sn a different clutch of
embryos greﬁéhOyn_here. ‘A to;al_of 5,é16
blastula embfyosﬁ%stage 7-9) were uééd.

wLogio mean values + standard error aré
shown for HU/embryq, HU/ pg pfotein and

‘protein/emﬁryo,'as in Table 1.

)
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TABLE 3:

Soluble lectin activity extracted frbm

gastrula embryos. Fifteen experiments

each performed on a different clutch of

embryos are shown. A'total of 8,715

gastrula embryos (stage 10,"11) were used.
Log;o mean values + standard error are
giVZn’go; HU/embf&d, HU/png éroteinfand“

. n N
protein/embryo, as in-Table 1.

- e '
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TABLE 4:

\

Soluble lectin activity extracted from

neurula -embryos. Eight experiments each
from a different clutch of embryos are

shown. A total of 4,213 embryos at the

_neurula stage (20-22) were used. Log)q

mean values #+ standard error are given

 for HU/embryo, HU/pg protein and

protein/embryo, as in Table 1.
i

F

S
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of 36,341 HU per embryo and a specific'activity of
3,090 HU per pg protein. An average of 18.14 pug of
soluble protein was extracted per embryo. Table 2 shows

the values obtained from 13 extractions of blastula

104.

embryos (stages 7-9). The 5,816 embryos used showed a ___

mean actiyity of 73,398 HU per embryo and a specific
Activify‘of 2,125 HU pe; pg protein. An average of
24.4 ng of soluble pfotein was extracted ugﬁer tﬁese

conditions. Table 3 shows the values obtained from 15
extractions of gastrula embryos (stages 10 and.li). A

total of 8,715 embryos had a mean activity of 206,050 HU

per embryo and a specific activity of 11,677 HU per ug

protein. The average amount of soluble protein extracted
under these conditions was 22.15 pg per embryo. Finally,

Table 4 shows the results of 8 extractions carried out on:

a total of 4,213 neurula embryos (stages 20-22). These

embryos had a mean activity of 26,004 HU per embryo, a

‘gpecific activity of 1;205 HU per pg protein and an

average yield of 27.9 pg of soluble‘protein extracted per

- embryo.

Of approximately 120 lectin extractions Epvolving

48,000 embryos undertaken during the course of this study,

the experiments shown in Tables 1-4 were selected becahse

N '

they were conducted under the same conditions, the embry-

onic stages fell exactly within the ranges indicated and
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they all involved a single clutch of embryos. Even with

these precautioné, hoWeve;TNthere is considerable varjia-

tion in lectin activity and in the amount of protein

extracted within A singlé stage. When the data are con- <

verted to Log),’ values and plotted against time of

development after fertilization, the embryos show a

stage-dependent change in the 1eve1‘of sofLSle ;rotein

extracted, (Figure 5c¢), lectin activity per embryo

(Figure 5a) agg-lectlh actlv1ty per pg of protein

(Figure Sbl. Gastrula embryos showed the highest level gs,

activity and neurula embryo had the lowest level. This

difference was found to be significant (0.01<p<0.025 for

gastrula embryos versus all others andAd.OI<péO.025 for

gastrala versus neurula embryos). There was no

significant difference between blaséula, cleavage or

neurula 4;bryos with respect to activity. Lectin activity

(Hvaer Hg proteinybr’HU per embryo) was found to increase

linearly from 2 to 12’hours>(p<0.0§\ and to decrease

significantly from 12 to 18 hours (p<0.0i for regfession

against hours). ' ~ 3
In c%?trast to lectin act1v1ty, the 1eve1 of protein -

solubilized under these conditions anreased gradually

from ‘the earllest stage studied (cleavage) to the latest

(neurula).

L



.proteln),(b), a
‘eXtracted/embry
Imental stages. 7Numer1cal~data ‘were trans-

dformed to Loglo‘values.' Eacn poinc B

Vrepresents the mean L°910 4 standard

~

JChange in levelsﬂof’iectin activitY/embryof"

;(a), spec1flc\act1v1ty (lectln act1v1ty/pg_

pg soluble proteln

(c) at succe551ve develop- BT

yho

error at one of four stages- cleavage .

(8‘experiments):_blastula}(13 experl-‘

~f men£s):7gastru1a (lS’ekperimentsk:cand

-31ng1e experlment ranged fpgm 45 to

“neurula (8 experlments) >EaCh'eXperiment

was conducted on a dlfferent clutch of

‘embryos. The number of embryos .in a

3,761,
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Hours From Fertilization |

Cleavage__ T Gas*trula- S T ,'
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’l 3 Lectln Act1v1ty in Xenopus Ovarlan Tissue:

“ff Legtln extraCts prepared from mlnced ovarlan tissue
also contalned a hlgh level of. lectln act1v1ty. The -
"supernatant obtained from one extractlon contalned ;\_
©'0.077 pg/pl of soluble proteln and 8 x 106 HU in 50 pl.
inhe spec1f1c act1v1ty of this extract was\2 X 109 HU fld
’per mg proteln. ‘A dlrect comparlson tO‘the embryonlc“

extracts is not p0551b1e sxnce Only o;e\hom\gtnate of thls
of

lSSUe mass

\t

: tlssue was prepared and because the ratio
*®
: to the volume of" extractlon solutlon used was not the same - .

ln,bothbprocedures. » ‘ , R

- t.i:.ﬁeotin‘hotivity in the Blastoooele.Cavityi‘ S
. A gma}l‘volume‘(Owl nl) of'tluid~was withdrawn:froﬁ
the blastocoeleECaVities'of'two-Xeaogus embryos :
(stage 8) w1th a Hamllton syrlnge. Thia volume‘vas
- diluted in 75 pl of SPBS and 50 pl was used in the‘7 ' :h <
haemagglutlnatlon assay. The tlter of‘thls solutlon was -

12048, or 3.07 x 104 HU per pl of blastocoele fluid.

'Slnce the volume of the blastocoele fluid contents is

;
\
3
!
unknown, it ‘is not pOSSlble to calculate the total HU - S\
«preeent-there. In thls experlment, however, 1.54 x 103
HU was removed from each embryo,_compared to the average

value of 73.4 x 103 HU removed from entire blastula

-

’embryos-(Table:Z)a
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2. ANALYSIS OF CRUDE LECTIN SUPERNATANTS

’

2.1y Lectin Specxflc1ty . T
. The presence of lectln activity was assessed by the‘
ablllty of soluble extracts to agglutlnate erythrocytes.
‘The Xenopus embryonlc lectin was further deflned by deter-
mlnlng 1ts carbohydrate spec1f1c1ty. Generally, lectln
molecules show'a capac1ty to b1nd to spec1f1c monosaccha-
'rldes.‘,In addition, they may show an lncreased preference
for a- spec1f1c sugar if it is present in a partlcular
'conflguratlon in .a disaccharide or a polysaccharlde. The
‘spepificity of a.lectin is usually measured by the ability.
of sinpléésugars in'solution»to inhibit the agglutination
reaction. However, the ability-of a”soluble:saccharide to
",inhibit the . aéglutinat&on reaction may change’when that
sugar is attached to an 1nsoluble matrix. The three-
dlmen51onal presentatlon of the carbohydrate molecule

- P

appears to be an 1mportant factor 1nfluenc1ng the degree

- of binding by a partlcular lectln (Lee et al, 1984)my

wTherefore, two approaches were, undertaken to deflne the
spec1f1c1ty of the Xenogus lectin, flrstly, a measure of
the inhibition of.agglutlnatlon'by sxmple monosaccharides

‘}.

and,disaccha%§§es and secondly,_the ability of sugars
bound to an insoluble material (immunoadsorbents) to



0
.remove the agglutinating activity of crude Iecti@

A

extracts(

.. 2.1.1 Inhibition by Simple Sugars.
The lgctin activity in crude supernatants of

Xenopus laevis embryos“cou;d be inhibited by '

‘galaétose and saccharides céntaining a- or R-D-galac-
tose residues. The concentration of simple éaccha-
ridés (mM) required to;ihhibit 4 HU of 1éctin‘aCti- .
vity is shown in Table 5. The'diaacd@aride'thibdi-
galactoside having two Banlactggé regidues i; the
most effective inhibito}. Lactése, which bas;one
ﬁB-gdlaCtoserfgsidpe is.thé second most effective,
© - followed by‘meiibiése which has one-a-gélactoge
~residue. ”Qf‘the monoéacchérides tested, methyla-
‘D-galactopyrahos%de'was a more effective inhibitor
than its Bﬁanomef;  N-acetQ1-D-galaétosamine;
ﬁ-acetyl-D-glucosaminé,‘me nyl-a_D-mannopyranoside
and.L-éucose did,nothhanqe the lecgin acti&ity when
testéd at concentrations of 25 mM, indicéting‘thatl
“ the léctinfhas_littlé'affinity‘for these suéars, Tﬁe
saccharides tested inhibited extracts of the four
different stages to a similar degree. The results
shown here are gimilaf to ﬁhqse.reportedypy Roberson

and‘Barondes (1982) who tested the ability of the



TABLE 5:

" substance required for complete inhibition

Inhibition of lectin activity in extracts
. . : ~
of embryos from cleavage to neurula stage.

Values represent concentration (mM) of

of 4 HU. The figures in parenthesis

represent the number of experiments

showing these values.



BLASTULA

GASTRULA

100 (1) .

d—
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INHIBITOR CLEAVAGE NEURULA
LACTOSE r 6.25(1)  1.56(1)  6.25(1)  3.13(1)
B-D-GAL(1-4)GLC ' 6.25(2) 3.13(1) 625(1)
12.5 (1) :

THIODIGALACTOS IDE 1.56(1)  1.56(2) . 1.56(1)  3.13(1)
B-D-GAL(1-1) B-D-THIOGAL _ 0.39(1).  3.13(2) 0.78(1)
MELIBIOSE 12.5 (20 .25 12.5 (1)
a-D-GAL#1-6)GLC" '
METHYL a-D-GALACTOPYRANOSIDE 6.25(1)

12.5 (1)

~ METHYL B-D-GALACTOPYRANOSIDE 25 (1)
50 (1)

FUCOSE 50 (2) 100 (1) 100 (1)
METHYL o-~D-MANNOPYRANOSIDE  25(1) 25 (3) 25 (1) 25 (1)
N--ACETYL-D-GALACTOSAMINE 25(1) 25 (3) 25 (3) 25 (2)
N—ACETYL-D-GLUCOSAMINE R 50 (3) 100 (1)
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same sﬁgé?s to inhibit the actiQity of Xenogus'bocyte
"lectin. The values shown here are: not directly
 comparable to those of the above authors, however,
since they repo:tudwxhe concentration of sugars
necessary to inhlblt 50% of the lectin actlvity The
chick embryonic iictlns show a similar pattern of
1nh1b1t10n by gi}actose, although in this cafb
. B-galactose residues appear to be more effective than
q—galactose residues (zalik et al, 1983 and Cook et
al, 1979). |

.(
2.1.2 -Inh;bition‘by Bound Sugars.
| The ggund sugars uéed in these studies were
immunoadsorbéﬁté which were kindly donafed by"
Dr. R. Lemieux of the Chemistry Depaptment,
Uhiversity of Alberta and obta;ned from ChemBioMed,
U. of Alberﬁa. These substances bear synthetically
deriQed sugars of known strucﬁure attached to an o
lnsoluble 5111ca matrix. Table 6 shows the ability l
of these 1mmunoadsorbents to remove the haeﬁag—
. glutinating activity from lectln extracts, expressed
;.aS percent inhibitioﬁ. In this table -R represents
the linking arm to the solid matrix. ' Results from
blastula and gastrula stages are shOWn. At both —

stages, the dlsaccharlde DGal(al- 3)P"w!°1-R is the

best'inhibitor, since it removes ™y f 2 lectin



'ABLE 6:

2]

jhe effe;t of different saccharidﬁ—linkeé
iﬁmunoadsorbents on the égglutinafing /
activity of crude lectin extracts. For
each test, soluble e#traé;é.Weré incubated
W£th,IA (54,000 HU/mg IA) for 2 hours at
4°C with constant shakiné. The % ihhibi-
tion’represehts the deErease in activity
of'thé'supefnatant after incubation with

the IA compared to the activity of the =

‘original extract. =R represents the

linking arm to the solid matrix. Each
value is the mean of three separate
measurements using éxtracts from different .

clutches of embryos.
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v

% INHIBITION

—_ 3

Saccharide , Blastula * T Gastrula

None 0 ' ' 0

'DGlcal-R ’ - 0 o
DCalBl-R . 66 61
DGalal-R 65 76
Lactose (DGal(Bl-- 4)DGlcRl-- R) T 50
DGa INACGL-R - o 28" 1l
DGal(al-- 3)DGalBl-R ’ - 88 94
DGal(ql-~ 4)DGalBl-R . 79 . 88
DGal(Bl-- 3)DGalNAcal-R .. 84 92
DGal(Bl-- 3)DGlcNAcBi-R o S0 .. 75
DGal( Bl-- 4)DGlcNAcBRL-R 67 ' 57
4
A~ L
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activity from the ext;act (88-948). strong Lahip;-
tion was also shown by DGal(Bl-B)DGa;NAcal—R (84,92%)
and DGal(al-4)DGalfl-R (79-88%). Weaker inhibjej .
was obtained with DGal(Bl1-3)DGleNAggl-R (50~ 75%)
DGal('81-4)DGLcNACBL=R (57-67%8), lactose (44- 50%) na
the monosaccharides DGalgl-R (61-66%) and DGalQ1~R

(65-76%).

2.2 The.Requirement for Calcium:
| The divalent éation calcium is necesséry to maximize.
and.stabilize the lectin activity. The inclusiof of
cai@ium inlthe buffer used during the haemagglutinatiOn
assay increa?ed thg lectin activity i6-f01d compareqg to
lectin diluted in ca*t Mgtt-free BiAffer. 1In addition'
the chelating agents EDTA and EGTA were found to be strong
inhibitpés of agglutination. In two ASSays invOlVing
crude blastula extract, EDTA or EGTA at a concehtratioa of
P)25 to 0.25 mM, completely inhibited 4 HU lectin qay o
ity. Not éurprisingly, when lectin extracts were dialysed
against Ca++ZMg++-free SPBS containing EDTA or EGPA,
© lectin activity'wasﬂcompletely abolished (Table 7). When.
these inaqtiyated }ectin extracts Werq dialysed furﬁher ;
++

against SPBS containing Ca** and Mg™* the inhibition

was reversed. As shown in Table 7, the activity ©f

L4



TABLE 7:

—

The reversible effect of chelating agents
on the activity of soldble leqﬁin extracts.
Theiactivity of,sii supernatants was
measured before treatment (A), after
dialysis against five changes of CMF-SPBS
containing EDTA k0f502 M) or EGTA

(0;002 M) (B), and again after dialysis

against five changes of complete SPBS (c).

‘Supernatants 2 and 5 were crude soluble

extracts and supernatants 1,3,4 and 6 were

purified extracts, all from gastrula
) |

embryos.



A
INITIAL TITER

B
TITER AFTER DIALYSIS
AGAINST CMF-SPBS
WITH CHELATING AGENT

118.

C
TITER AFTER DIALYSIS
AGAINST -SPBS

\
- T .
i EDTA .

2048 0 1024
4096 0 2048
8 0 | 8

EGTA
102& 0 1024
2048 0 2048
8 o 8

\
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EDTA-treated extracts returned to 50% or 100% of the
original value and extracts exposed to EGTA completely

regained their activity:

2.3 The Effects of Temperatu:e and Trypsin %reaéﬁentx ST
Table 8 shows that the lectin activity is sensitive
to heat treatment. Heating at 100°C for S minutes"M
Eomp}etely abolished the activity of a crude gastrula
‘&upefnatant containing 48 HU in 50 pl. The titer was
unaffected by heating_at 37°C for 60 minutes and sﬁowed an
.~ increase of 50% when heated at 60°C for 50 'minutes. This
incfease may represent a slight activation of the lectin
but more likely it is due to the semiquantitative nature
of the assay. A 50% change in activity is‘bfought about
Qy a difference of a single dilution and the repeat ti;ra—
tions“undertaken for these tests quite frequently differed
by one dilution. 1In spite of the care taken in seﬁting.up
the assay minorlinequities in pipetting or erythrocyte_j
activity could produce quantitatigi variations of this
nature. S - ’ .
The act1v1ty of the Xenogus lectln is also trypsin
sensitive. ' When treated with trypsin at a concentration
of 1 mg/ml at 37°C for 60 minutes the activity of 50 pl of
gastrula lectin waé reduced from 4,096 HU to 24 HU. This

represents a 99.4% decrease in activity.



TABLE 8:. -

. ) :
. \‘y
R
e
il

‘;' A -17

The effect of heat treatment and tryps1n‘

.’;treatment on lectln act1v1ty. The

: act1v1ty in 50 pl crude gastrula extractw

" Ay
S

%

‘~was recorded at room temperature (L 3),

after heatlng (2 4 and 5) and after

"'o

A«lncubatlon thh an equal volume of SPBS,f

‘um .

contalnlng tryp51n,~81gma, type III, at a _ﬁ

coacentratlén of 1 mg/ml,‘at 37°¢C for

vt

f60 mlnutes,f(G)
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-

.
TREATMENT | INITIAL TITER FINAL TITER

C(HU/50 pl) . HU/S0 pi)

'R.T. 50 min. L e4 L. B4
60°C 50 min. C te4 ’ 96
R.T. ‘5 min. ' ,‘b” ' 48 . ) 48

’ O ) : N - ‘ . N . 5 N \. v‘. . B
~1007°C 5 min. 48 : , o -
37°C 60 min. ¢ nose - 4096

‘ 37?C 60tmin.rTrypSin, ‘ _4096" . . 24
.  1mg/ml - |
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‘to isolate pure,lectln fractions from this heterogeneous

ficient quantltles to be used for_afflnlty pwflflcatlon.

- A 122,

3. LECTIN PURIFICATION

Approxlmately 25 protelns can be resolVed by SDS-PAGE

" of crude soluble extracts Of Xenopus laeVLs embryos

.(Flgure 13). SeVeral dlfferent approaches were undertaken

-}

mixture. All of the methods took adVantage'of the speci-

ficity of thétlectthmolecule for a- or.B~D-galactose.

@

3.1 Batch Adsorption to aGal—Immunoadsorbent: .
-Gal IA, whlch removed 65 76% of tHe lectln act1v1ty

from crude supernatants (Table 6) was avallable in suf—

The IA was added to 1ect1n supernatants in a ratlo of

10 mg- IA to 1 ml:of crude extract hav1ng an average titer

of 261, 590 HU/SO Hl. ound 1ect1n was eluted from the IA

.by washing w1th NH4OHA(1%) in NaCl (0.07%) with or

" without lactose (0.3 M), as desdribed in Meterials‘and_

=

Methods. The - results of flve pu-1f1catlons_uglng a total

. AN

of 1,114 blastula embryos are sh in Table 9;a. The '

‘crude extracts had a mean act1v1ty of 1, 394 976 HU. Of

this, 94 463 HU (6 8%) remalned unbound Xn solutlon and

| 1,063.354 HU (76.2%) was‘recovered after elutlon of the

adsorbed materigl. The anrease in spec1f1c act1v1ty of

‘the pgg&fled magerlal over that of the crude extract (the *

relatlve speélflc act1v1ty) was 19 fold. Table 9 b shaows



d’

TABLE 9:

“#%. Extracts from gastru¥geembryos. The

Batch adsorption‘df galactSSe-spécitic
lectin on immUpoadsorbents_pogséésing
d-DGal ;esiddes (0.3-0.5 moles/gm). Bound
ha;erial was eIuted/with NH4OH (18) in |
NaCl (0.07%) with or without 0.3 M lact;lb.
Values shown for adﬁivify (HU) and .
~spec;fic-éctivity of the saméle (HU/mg
pfétéin) repﬁféeni the Teaﬁs of five‘ 
separate purification :/éﬁaagard error of
the mean. a. Extra¢t§ from blaétula“ ?
embryos; At this stage,xpurified lectin

represented " of crude soluble protein.

Lo ‘e

-y

:purified lectin represented 8.8% of crude’
,asolub}e protein. The reLagiye specific
aéti&iéy in the activiéy of the fraction

over that of the-original crude extract.
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the'results‘obtained from five purifioations ‘using a>tota
0 f 2,565 gastrula embryos. é?he crude extract had an
’;nitial activity of*4,8$7,920 HU.. ~f this, 807, 520 HU
(16.7%) remained‘unbound and 3,371,936 HU (69.7%) wae

'recovered after elution.) The increase in the relative

spec1flc act1v1ty was 43- fold.

3.2 Affinity Chromatography: |
3.2,1 p-Aminophenyl- B-D lactOSLde, Sepharose 4B'
’ Column. - A
The Xenogus galactose-blndlng lectin could also
be successfully purified on an afflnlty oolumn
containing APL-Sepharose 4B, One such_porification
ihvol&ing 164 gastrula embryos,is shown in Eigure 65A
The activity of the orlglnal crude extract was
1, 721 440 HU.. of this,* 55,624 HU (3 2%) passed.
.through the column without blndlng. 1,656,720 HU.
(96.2%) were‘fécovered after elution with SPBS + 0.3M
lactose, repreeentlng a 34hfold 1ncrease in the rela-

tive specific activity.

3.2.2 vMelibiose-Selectin 4 Column.
Several attempts were made to purify the lectin

by affinity chromatography u31ng a column contaln-



FIGURE 6: Affinity ch:pmaﬁography of'crude gastrula
lectin on a column (0.5 x 20 cm), of
“p-aminophenylB-D-lactoside. 1,721,440 HU
was added to the column wbiqh was washed
with 70 ml SPBS (a), 35 nl seBS + 0.3 M

‘ sucrose (b) andVS?BS + 0.3 M lactose (c).
‘ﬁgyactions:were separately diélysed against
_SPBQ %nd the:total activity in each
jfraction wa s measu;ed (—--;—-?. 96.2% of

the original activity was recovered in

this experiment (1,656,720 HU).
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_.ing Selectin 4. -This matrix possesses bound melibi-

ose‘resldues and was succéséfully used by Roberson

and Barondes (1982) to purlfy the galactose-blndlng

lecnlq from Xenopus oocytes. The results of one

] -
expériment with extract from 65 blastula embryos is

{

sho@n in Figure 7; 2 mL of'extract containing

5, L84 000 HU was added to the column. Of this,
2, 300 HU was detected in the various wash steps ané‘

7@,261 HU (1.47%) was eluted by -washing with SPBS °

éctivity could not be recovered. A second attempt
iﬁsing this procedure and another extract from
{blastula embryos gave similar results. )

B
g

The method of ch01ce for the purlflcaylon of the
1ect1n throughout this project was byzgatch adsorption to
a-éQT\IA. This method gave good recoveries of lectin
activity and was easily.agd qﬁickly carried out. 'Experi—
ments_conducted with lectin purified on columns of either
APLQSepharose or Selectin 4 will be noted in the text.
This investigation involved the purification of crﬁde
'_extracts from a total of 35,000 embryos from 65 separate

‘clutches. Each-pysification was conducted with‘embryos'

from a single developmental stage.

cﬁntaining 0.3 M lactose. The remaining 98.5% of the

128.
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’FIGURE 7:‘Affiﬁity chromatography of cruae blastdia
| extract on a column (0.5 x 20 cm) of“
Selectin-4. 5,184,000 HU was added to the
column which was washed with 100 ml SPBS
(a), 20 mliSPBS + 0.3 M sucrose (S), and
20 ml SPBS + 0.3 M lactose (c). All
fractions after number 30 were dialysed
separately against SPBS and the total
activity in each‘Tractioﬁ was measured
C{mmm———— ). 14.7% of the 6rigina1 activity
was recovered in this éXperiment

et e A i
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3.3 Chloroform-Methanol Treatment:
" The' amphibian embryo sgntains considerable amounts of
yolk, ‘The yolk platel;ts §;3Xenégus are composed

) largely'of~the phosphoprotein phosvitin, the lipophos-

' phoprétein lipovitellin and bound lipid (Wallace, 1963).
Much of this yolk material is liberated upon exﬁraction of
the soluble sub?tinces,of these embryos;"The liéid from
yolk granules and other qgilular lipids result in a crude
extract with a very‘turé;d appearance. Following'purifi—
cation by any of the methé&é described above, the lectin
solution appears clear. However, some of‘these lipopro-

teins may be closely associated with the lectin molecule.

Alternatively, some lipid might bind non-specifically to
o’ ' :

the matrices used for purification. In either case, the
contaminating material could be.expecqed to appear in the
purified superﬁatahts along with the lectin activity.
- That tﬁis was indeed thg\cése was suspected when poly-
»acrylamide gel electropﬁqresis of purified lectin gave

variable results involving a number of bands (described in

Section 5.1). Therefore, a final purification step

involving the treatment of lectin supernatants with a
éhloroform—mefhanol mixture (2:1, v/v) wa§ ihtroduced.
The results of this treatment are shown in Table 10. The
first experiment (a) involved the treatment of crude

_gastrula extract and resulted in the recovery of 60% of



TABLE 10:

Tfeatmen; of crude and pdrifiéd lectin
samples, all from gastrula embryos, with

chloroform-methanol (2:1 v/v). Equal

‘volumes of chloroform-methafiol solution

were shaken with the lectin extracts for

15 minutes at room temperature and the

mixture was centrifuged at 900 x g for
10 minutes in a clinical centrifuge. The
upper aqueous layer was removed and

tested for haemagglutinating activity.



EXTRACT

-

4HU . ", RECOVERY

BEFORE TREATMENT AFTER TREATMENT

5.9 «x 106 3.9 «x 106 60
Q.98 x 106 1.97 x 106 200
6 & r

10.12 x 10 0.06 x 10 50

133.
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o the act1v1ty. A second experlment (b) lnvolved crude

4, - GEL FILTRATION CHROMATOGRAPHY

physiologlcal condltlon of the

T T e Yoo 1.

» :

~gastru1a+extract«and resulted in. a 2- fold 1ncrease 1n the

actlvity after treatment. In the thlrd tr1a1 (c), purl— ‘;“"

; fled lectln frg% gastrula embryos was treated and 50% of

the actlvlty was recovered.g The results of these exper&—ﬁ‘

U

'v‘ments vary from one another and the flnal HU are not the

S

’same as the act1v1ty of the orlglnal extract. However,’f¢4w¥-

because of the semlquantltatlve nature of the agglutlna-.

--tlon assay whlch 1nvolves serlal 2-fold dxlutlons of the °

lectln extract, these va%ues 1nd1cate that essentlally all’

»,of the act1v1ty was recovered after treatment. - The; treat-'

ment was equally successful using either crude or pur1f1ed

s extracts but for convenlence ‘most oﬁﬁthe treatments were

uf carrled out on crude materlal. .Chloroform-methanol

treated extracts used for experlments in th;s study w1ll

be noted 1n the text.

Gel flltratlon chromatography was carried out 1n¢

oA s ,.A"
N )

order to determlne the nature oﬁ ‘the lectln underv;g

hnon-denaturlng condltlons.' In partlcularhlxt is 1mportant S

| , Vol
to self-assoc1ate, 51nde theseliropertles ma

?

A
ectin. Sephacryl

(Pharmacxa Flne Chemlcals) was chosen as a- ge



Y

mediumfbecause it.is composed of déxtran’¢rosselink€muwith

blsacrylamlde and therefore, unllke Sepharose, contalns no
‘galactose units to which the‘lectln may bind. Inltlal

experiments were performed us1ng a column contalnlng

;.250 000 molecular welght (Pharma01a) When . crude or

purlfled lectln act1v1ty from,all stages was: lntroduced to

~ the column and . eluted wlth SPBS it appeared almbst

exclusavely in the v01d volume. Several attempts were .
made to reduce the aggregate size of the 1ect1n molecule,

1nc1ud1ng elution in the presence of the detergent. octyl

“gluCOSLde (O 25%), and also elutlon with SPBS contalnlng

NaCl‘(l M) In all cases the results were s1m11ar to

“those obtalned by elutlon with SPBS alone. o s

‘ﬂ
& Later experlments were carrled\out u51ng a column of.-

pSephacryl S-300 SF whlch has a fractlonatlon ‘range Of
v_1o 000 to 1.5-x 106 molecular welght (Pharma01a) The

"dlmen51ons of the column were 2 6 x 40 cm. Standard

'curves for the determlnatlon of molecular welght were .
Iy ’ . b '

' prepared for each elutlon buffer used. . A typlcal standard
:: curvé is shown in Flgure 8. In this case the elutlon'
.;buffer‘Was SPBS w1th lactose (0.1 M) n all cases the

) volume of the fractlons collected was 3 .5 ml."
e

135. -

: Sephacryl S2OO whlch has a fracflonatlon range of 5, 000 to




~a

FIGURE 8- Molecurhr welght standards for gel
._flltratlon on Sephacryl S—300 SF. The
»cplumnl(2.6 X 40'cm) was equ111brated with.~

- SPBS + lactose (0.l—M). Fractlons of

3.5 ml wereﬂcbllected.‘ Kav“(Ve‘Vo)/(Vt o)

Whé;e.§e=e1ut10n vqume {vo—v01d vglume, !
Aaﬁd‘v£=tqtélibgé'volgﬁe.T The molecula;'
,weight standards wéré: thyroglobulln.
669,000; ferrltln, 440,000; catalase, h

232,000; BSA, 67,000; ovalbumin, 45,000;

chymotrypslnogen{ ZS,OOO'and ribonuc1éase,-.

, - 13,700.
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o 4, l ﬁiutlon with SPBS~ .

A H%Pncal.experlment showing lectln act1v1ty eluted

k4 o Y
e g

~from the gel filtration column with SPBS xé'EESGE‘Ih
Flgure 9.‘ Purlfled lectin ﬁfom cleavage embryos (0 23 mg)
" was added to the column. Only 6.3% of the orlglnalhactl-"
v1ty was recovered. The apparent molecular welght of the
peak fractlon in Flgure 9 is 440, 000._ There is ev1dence,
however, that the protein is belng retarded by the matrlx
of the column. Flrstly, becauge of the low recovery lt is
ipossible that much of the §rotein lhteracted non-speclfi—
- cally with the columh_material and was not eluted with
SPBS. Secondly, some activity contaues to‘éppear in B

By

fractions well beyond the volume necessary to elute the . ..

"

j’Smallest standar&ﬁproteina. Other‘experiments using crude
orapurlfled extracts showed results similar to these: when. -
chromatographed under the same condltlons. The apparent

»molecular weight of the peak fraction shown in Flgure 9

g P

&.was notqcons1stently obtalned. ' In some runs, no peak
LY .

fraction appearaﬂfand the lectin act1v1ty was eluted more
ﬂ'»

’ or less as a continuum from hlgh 20 low molecular welght{

4.2 'Elution in the"Presencefof Urea:

In order to reduce the inteﬂgction between thq[,

protein and the column matrix which could be responsible.

.
~

) . N t . ’ - N



FIGURE 9: Purified cleavage extract containing
0.49 x 106 HU and 0.23 mg protein was
eluted in SPBS. 0.031 x 10 HU were
recévered whiéhvrepresents 6.3% of the

initial ‘activity. The apparent molecular

weight of the peak fraction (arrow) is

440,000.
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for the trailing seen in Figure 9, the lectin'was eluted
with urea (2 M) in the elution buffer. ,Figure 10 shows
the elution profile obtained when O.i;/ng of protein from
purified gastrula extract was eluted in SPBS with urea

(2 M). The arrows p01nt to the presence of three peak
fractions a mclecular’welghts of 207,000, 148,000 and
97,000;' Inrali, eight'expe:iments were performed under

' éhese conditions.ﬂ Peeks of lectin activity eluted from
the column ranged from a low of 2,500 to a high of 374)000@'
molecular weignt. No two experiments“showed the same
,elution profile. Some trai;ing.oflthe leccin activity

into the small m&lecular weight range was again noticed.

4.3 Elution in the Presence of Lactose: *

*  The elution proflle for crude gastrula €xtract in the
presence of lactose (O.l M)-is showr in Figure 11, Gel
filtration under these conditions resulted in the appear-
4‘kan§e of a, slngle peak of activity with an apparent molécu-
3n}a;:;e;ght of 495 000. The results obtalned using crude
and purified materlal from other stages were similar. Six
experiments conducted under these condltlons gave a mean.
molecular welght of the peak fractlon of 490,794. The,

estimated'molecula: weight in the presence of lactose -

agrees with the velue'recently reported by Roberscnvand



'FIGURE 10:

I ]

Purified gastrulé.extract conﬁainiﬁg
0.34 x 10% HU and '0.12 mg protein was
eluted with SPBS + urea (2 M).‘A

0.094 x 10° HU (27.6%) were recovered.

The apparent molecular weights of the

peak fractions (arrows) are; 207,000,

148,000 and 97,000.
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FIGURE 11:

Crude gastrula extract eluted with SPBS

containing lactose (0.1 M). 1.64 x 10 Hu

and 1.4 mg protein was added to the

column and 0.39 x 10% HU (24%) was
recovered. The apparent molecular

weight of the peak fraction is 495,006.
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Barondes (1982) for lectin extracted from Xenopus i

oocytes.

4.4 Gel Filtration of Chloroform-Methanol Treated Extracts:
Figure 12 shows the elution profile obtained with
crude lectin from galtrula embryos treated with chloro-

fotm—methanol and elute@gﬁrom the column with SPBS con-

L
&

taining lactose (0.1 M). As in the pfevious figure, a

oy

single peak of activity was obtained. The apparent mole-
cular we%§ht of this fraction was 371,000. This value is

lower than the molecular ‘weight obtained when untreated

- [ i
extract from the same clutch of embryos‘Was eluted under

the same conditions (Figure 11). It is evident that some'
materlal associated with the lectln molecule or included

Ln the lectin aggregates is removed by thls treatment.

©

]

This experiment was not repeated using’ extracts from other

developmental stages.’

5. MOLECULAR PROPERTIES eE Tﬁ%.XENOPus LECTIN

Several bxochemlcal proc dﬁres wefe employe t
gdu %
r o i K.
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FIGURE' 12:

. &
Crude gastrula extract treated with'

chloroform-methanol and eluted under the
same conditions as Fiéure 11. 1In this
experiment O.S x 10° HU were added to
the cblumn (0.25 mg protein).
0.2 x 108 HU were collected (38.8%).
The specific dctivity of the original
Sample was 2 X 10° HU/mg and that of.
_ the peak fraction was 2.93‘x‘10HU/mg,
representing an increase in specific
activgty of 1.5X. The peak fraction has

an apparent molecular weight of

371,000.

1

g ~
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e

1 poxnt of the poLypeptlde was - examlne /by isoelectric,'

; .focussxng %y thln layer polyacry 'mlde gels._ Thlrdly, the

 amino acid. comp031tlon was estlmated. jv17~~ : P .'Jf”

-"el Electrophore31s (PAGE)
PAGE was car led out in 10% flat bed gels ‘in the

presence of SDS accordlng to the procedure of Laemmllf

“(1970) as’ descrlbed 1n Materlals and Methods.‘ All of the

-Jsamples loaded on the gels were solublllzed elther in
sample buffer contarnlng SDS, urea and mercaptoethanol or

by follow1ng the methods of- Kawasak1 and Ashwell (1976)
The patterns of the bands obtalned depended to a large.ﬁ

extent on the method used to purlfy the proteln samples.'

4. -
£ L Te

“=5.;}1 Crude Soluble Proteln Extract;

Crude extracts of Xenogus embryos at all’ stages"‘
rshowed a number of proteln banﬁs ranglng from low 5 |
to hlgh molecular welght. Crude samples untreated :

';(‘k‘ w1th chloroform-methanol show a. pattern whlch 15 |

n L4

fa%‘f'f_; compllcated by dlffusely stalnﬁd areas (Flgure 13A)

-’ﬁx FE Such areas may be a;;';; glycoprotelns or 11p1ds'
P | .ﬂ;; whlch ‘do not mlgrate as a dlscrete band under,ﬁhese_d
| ‘ -condltlons (Dzandu et al, 1984). Crude protelg‘

' extracts treated with chloroform—methanol show fewer

bands than untreated mater1a1 (FlgUre 13B) t.In two



FIGURE 13

kS

T -

SDS-PAGE of crude lectln from gastrula

embryos solublllzed in 2% SDS 5%

K

Bnmercaptoethanol, 8 M urea and heated

t 60 C for 30 mlnutes. ~Lane A:

2

extract (28- pg proteln) Lahe B:

extract treated w1th chloroform—'

3

-methanol, 2:1 v/v, (20'ug proteln).

this experlment four bands were regolved

Crude

Crude

In

‘(arrows).‘ The gels were stalned with

Coomassie'Blue;‘u
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\'/

experiments, these‘hapds ranjed in number from 4 to 8

_ &nd in molecular weight from 10,000 to'100,000. The .
- . : - w ' . . o i . '- A .
diffusely staining material characteristic of
. N - .o . . ‘ . ] . . 1 .
untreated samples was. not noticeable in chloroform-

. methanol treated samples. In both'cases;'some

'materlal remalned in the wells and,dld not enter the

- gels.;

S

.5 1 2 aGal IA-Purlfled Materlal. p .

+

Lectin from all stages purxfled on aGal IA gave

+

rise to a pattern of bands whlch was notvcon51stent

. My W .
betweenfpreparations. In all, ninedgroups of pro-

teins can be dlstlngulshed accordlng to their molecu-

L)

lar welghts-as follows, A(10-14 000); B(ZO-ZQ,OOO),
,C(34 000), 5(43448 000); E(51-55,000);'F(61F64,000){
lG(7O 000) H(90 95,000); I(ioo.000)'firypica1 pat-

terns obtalned from samples of d}fferent embryonlc"

stages ‘are shown in Flgure 14. Lt ,can be seen from
‘ : d o
thls figure that con51derab e d@screpanc1es exlst

z\between samples and the dif efeg%es were not con-
" : .
’ slstent between (o} 3 w1th1n ages. ‘The frequeefy of '

occurrence of these bands found in many samples from .
“the different developmental stages is shown in -

Table 11. Band D (frequency 0. 98) ‘was fouhdpmost

donsistently and wai's pfesent in all stages. This

-



' FIGURE 14:

SDS- PAGE of aDGal-1lA purlfled lectin. Vi “;'* o
Samples were solublllzed in 2% SDS, 5%  ’ :?%f*;@l
B-mercaptoethanol, 8 M urea and heated ‘)f%ﬁ’ N
at 60°C for 30 min. cOoma351e brllllanti ‘ffif;

blue staln.. Bands are labelled

‘arbltrarlly accordlng to thelr range of

molecular welghts- A(10—14 000),

B(20 -24, 000), C(34, OOO), D(43~48 OOO),

-E(Sl 55, 000), F(6l- 64 000), G(70,000),

H(90-950900) and I(lO0,000). Lane 1,
cleavage and early blastula (st. 8,9);

Lahe 2, blastula (st. 8 9)} Lane 3,

mldgastrula (st. 11,12), Lane 4“.late

gastrula‘(st.a 13, yolk plug), Lane 5,
blastula (st. 6;7,8);'Lane 6, standards;

BSA (67, ,000). ovalbqtfn (45,000),

; .
chymotrypSLnogen (25 000), rlbonuclease

3 -
(13 000), Lane 7, BSA_standard.

5
1Y

F<4
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stage.

The frequency of occurrence of lectin
bands Bbtainéd by SDS-polyacrylamide gel

electrophoresis at different stages of

development. Values represent, the number

of times a given band appeared divided by

"the number of samples run for any given
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t

band‘corresponds t0jthentwo subunits of moleculak - -
'Qeight 43,000 and 45,00Q;reported by Roberson and
Barondee (1985) for the lectiﬁ from Xenogus oocytes.
-Seven bands were obtained from cleavage extracts.
Be51des D, band A was the most frequenr; while bands
G and H were aogbnt. Blastula extracts showed all
nlqe bands, the most frequent being bands D and C.
in*gastrula expracts the most conspicuous bands were
‘D; c, E and G. Under our condirions, band B which
,sﬁowed:a'relatively high ﬁrequenCyiat gastrula (0.63)
disapoears from neuruia’srage ertrac;s.‘“f_“‘——"”‘
5.1,3 APL-Sepharose Purified Lectin.
\ The reason for the high variabiliry and the,high
ndmber o% bands observed in samples purified with
aGal IA is not fully understood. For oomparisopf
iectin purified b} affiaity chromatography on AﬁL—
Sepharose was also run oh PAGE under the same condx-
tions used for the aGal-IA purified material.
| Gastrula lectln purlfled on APL Sepharose gave rrse
to a distinct band at 64, 000 and a broad band ranging
from 37,000 to 48,000 (Flgure,ls, lane 1). The lat-
ter band corresponds to the band D whlch occurred
with the highest frequency in samples purlfled w1th

aGal IA. ) » . 2



i
!

FIGURE 15:

SDS~-PAGE of embryonic lectin. Samples

were solubi;iied in sample buffer

éohtéining sDS (2%), B-mercapﬁgfthahol
is#y, urea (8 M) and heated at 60°C‘for
30 minutes.b Lane 1l: Gastrula,lectinv’
purified on APL*Sepharoée gave rise té a
distinct bénd at 64,000 énd a broad band

at 37,700 to 48,000. Lane 2: Gastrula

- lectin treated4wi£h'cbloroform—methanol.

and purified on APL-Sepharose. One band

at 64,000 is evident. Lane 3: Early

‘blasﬁula.lectin'tréated with chloroformé“

‘methanol and pUrified on 0Gal IA gavé

rise to a single band at 65,000, @
10-20 pg of purified lectin was added to-
each well. Thfse gels are stained with
silvef. Molecular we}ght markers‘are

indicated by arrows.
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<f band was observedi, Flgure 15 *1an&n2.&shows SEstnuLa

h ﬁUI Tdeated Lectln. g
nr "‘\"’".“.}.‘:)_‘_ s

ectin treated with chloroform-metha ol ‘a% subse-;— ’ %Qﬁw

hy % ORI L
N ”

vquently purified on APL-$epharosev O.éﬁﬁﬁnd at
64,000 molecular weight is ev1deh¢a Slﬁ&larly,
blastula lectin treated with chloroform-methanol and
pqrffied{with aGal IA gives rise to a single band at
65,000 molecular weight (Figure 15, lane 3). From>
five separatehdeﬁerminatiohs; the molecularJQeight of"

: this‘protein which was cleaned of associateﬁ?m&terial
by éhlorofo;m-methanol treatment was,gs,soo_i 2,780.
Similar vaiues were obta?ned from preparations of .
'cleavage and gastrula lectin.  One determination of
chloroform-methanol treete& purified oocyte lec;in
resulted in a single band at 72,443 moleeular

weight.

5,2 -1soeltectric FOCUSSlng.

Single bands on SDS PAGE .may actually consist of more
than one component whlch can be resolved by 1soelectr1c

focussing.  To determlne 1f thlS was the case w1th the

riectin from,Xenggus embryos, ;eoelectrlc focussing experi-
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8.

ments‘were carried out using the procedure of Cook (1976)
as described.id Materials and Methods. All experimants %
were performed on lect‘&%samples purified with aGal IA.
When lectxn from blastula embryos was focussed, two bands
?%were resolveﬁ,at'pl 4.3 and 4.5 (Figure'16). A similar
| ?esult Qas!obtained with‘lectin from gastruia embryos.
The pH range shown by the embryonic lectin under these

te

condltlons is simflar to the range in pI values reported
by Roberson and Barendes (19822‘f°? the lectin from;
Xenopus oocytes, although four'bangs were resolved Gnder
the conditions used by these authors. When the lectih
sample used for Flgure 16 was gubjected to SDS- PAGE it
gave rlse to elght bands. Presumably, some of these bands
are due to materlal in the sample which is solubilized by
the SDS in %he sample buffer and—the dissociating condl-
' tlons used‘for PAGE, allowxng_thls material to enter the
'gel. Under the mllderkcoqdltlons used for isoelectric .
focussibg rnclading tbe TRIS-glycine buffer, only the
water soluble material entered the gel.
Isoelectrlc focussxng of chloroform-methanol treated’
.lectln resulted in two bands 31m11ar to those sﬁbwn in
Flgur.e 16.- t appears that the two compone;‘Lthat
t,»separate at pI 4.3 and 4. 5 are derived from a slngle
:a(proteln band of 65 500 molecular weight observed in the

- -

; PAGE samples of chloroform-methanol treated extracts.

“#

.



- FIGPRE 16:

R

;(pI »5 85). human carbonlc anhydrase=

i -
e
Isoelectric focussing of purified lectin

'from~hla9tuladembr§bs‘(stage:8é9) . The TS
’ésample (50 Pg) was dlssolved 1n glyC1ne
.;;((l%) 1n dlstllled water and was focussedf'
';;vat 1200 V and 10 mA for Zb hours over a
V_TpH range of 3,5 10. The graph on the |
:"left shows the pH gradlent in the gel

‘-measured w1th a surface electrode. The‘

i

;bands produced by the standards Qlane l),‘

and the sample (lane 2), are shown 1n~them;

: photograph on the rlghtt The p01nt of

l

:,appllcatlon of the samples ls marked

o and the two bands produced by the lectlnpl"

'sample are marked A (pI 4 3) and B u;

"?(pI 4 5) The gel was stalned w1th o
: Coomas91e blue.' The standards from ac1d

Jto ba51c oH' are-n soybean tryp51n,f

.thlbxtor (pI 4 55), B 1actoglobu11n1 ,f

£

: (pI 5 2), bov1ne carbonlc anhydrase -

ﬁf(PI 5 551. horse myoglobln (pI 6 85 and

"7 35), lentil lectlns (pI 8. 15._8 45 .f

.~,,8 65) "A‘,T'[”¢«'~j‘f,jé;2>%f’
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,'5:3} Amlno Ac1d Composltlon. | - #Yd'. 1».%?\1 |
i The amino acid composltlon of lectln treated w1th ;h .
chloroform-methanol and purlfled w1th aGal IA is: shown
yln Table 12., No hexosamlnes were detected in thlS ad(ly—y
- sis, a findlng Whlch 1s considerably dlfferent from the
,‘results reported by Roberson and Barondes (1982) for the 1ge~4’
‘ernoEua oocyte 1ect1n. ‘This lack of carbohydrate is con—-
flrmed by the. absence of stalnlng of purlfled chloroformr‘
";vmethanol treated 1ect1n W1th perlodlc ac1d Schlff staln on
 PAGE gels.» ke x’t - '_‘,‘-u'-'.- = o
. i I . .‘\1'
6. THE LOCALIZATION OF THE. XENOPUS EMBRYONIC LECTIN

Jf.kV The experlments descrlbed in this sectlon were ‘ﬁ -

‘deslgned to lnvestlgate the locatlon of the lectln in’

a
#

:early embryos of Xendgus laevis.' Inltlally, a. polyclonal

‘antlbody was produced\\h ragPlts agalnst IA afflnlty d

| y'purlfled lectlnstha; had been treated w1th chloroform—

Qmethanol (See Materlals and Methods, Sectlon 10. 2) Thls

,?antlserum was charaq}erlzed by agar diffusxon, by its

o ablllty to 1nhib1t lectln-lnduced haemagglutlnatlon, and

,;by proteln 1m3unoblott1ng. These antlbpdles were subse-' J\

B4

ST quently sed to detect- the lectln in sectlons of early L
B - e
Xenogus embryos usxng 1mmunoflubrescence.‘

Yo "‘f T “'//‘~ B S



'TABLE 12:. The amlno ac1d composxtlon -of the Xenoggg
4 2 o >

embryonlc lectgn.' Chloroform-methanol

s treated —Gal IA purlfled lectln from
s vy

'_gastrulw embryos Jgs hydrolysed in

&, =

.‘vﬁ . L b0111ng 6N HCl and 1% phenol for 24 hours'
(3. T S . \
and analysed 1n a Durram D-SOO amlno ac1d
analyser: ND}=;not determined.
s . b
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AMINO ACID RESIDXBS/GS.OOOMOLE&ULAR WEIGHT

i . 0

— " Asp’ B oo 51
. Thr 5/ ) 26

R ; ‘ ) {
: - Ser. ~ ; 80

T B c T !

T Glu R ' 66
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o oma T 67 =
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6.1 Agar lequIOn Tests. _
_ E :
' 'Agar dlfquLOn experlments was one method used to

.

'test for the prqpence of spe01f1c anfibodles in the
1 antLSe;um. In one experlment a 81ngle precipltln line was .

seen. In this plate, antleerum was ggged to the center

\

' well and crude Xenogus lectln extract was added in

‘\-

rpcreaslng dilutions to'the external wells. ‘phe orlginal

‘éoncentratlon of/ine crude 1ect1n Was 0. 2 pg/pl and the

"

£ f1na1 dllutlon of the lectln extract showing a precxpitln.

u&lne‘was 1:8. QUTY e w1th antlserum in the center

&

swell and a;ca1'1,~

o lectln frOm gastrf n‘lq‘dlluted in the outer lels

ilar reéultf. Mn thls case,,the orlgrnal

s

5

“atlon of the lectin was+<0. 09 pg/pl and - the flnal'dl

o

6. f The Inhlbltlon of Lectln-Induced &gglutlnatlon
e

by An*um‘: ‘-‘i,‘ ’ 1‘ v’ ‘, v' N )‘ - ““v J.‘»“ ,"
. The abﬁtity of the polyclonal antlserum-to 1nte’!ere

. o w1th4;ﬁe lectln-mediated agglutinatlon of rabblt

erythro ytes was examlned. Antlserum of lncrea51ng

edxlutloh. was 1ncubated overnlght with equal volumes of

.\,‘. ¢ P

crude lectln extract ffom gastrula embryog. After centri-

fugat;on to remove any precxpltate formed, the supernatant
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‘dnfor haemagglutinatlng act1v1ty. The-results of

this experiment are shown in Table 13.‘ There is a dlffer-

‘\

5if# ential thibition of lectin act1v1ty by the antibody i T
preparation. Controy Serum inhibiteéfgﬂ% of the agglutin-._

‘ating activ1ty at a dilutlon of 1 10 and had no inhlbitory‘MV

»
-

activ1ty at dilutlons of‘i 100 In contrast,-the anti- - ﬂ 8
serum inhiblted 64 HU at dildtions of 1: 100 and 1: 1 000. P

e
It is apparent that the polyclonaﬂ antiserum contalned

!,\4 .4»’3'7, Vot
Qﬁ; , - a tibodies which interacted with.the 1ect1ﬂrmolecule in

t%gweftract.

" - - Co. 5 . : 8

_6,3v Protein Immunoblottrng. | P ;;“?f

;nu

Crud'Kaq@ purified lectin samples were electro- - .

fPAGE in duplicate and ‘trangferred to njfrocel—

B R o
- lulose paper. @Blots stained w1th anti ectin antiserum,‘

arecshown ln FLgure l7a.,.The samg blot'subsequently

- . v v
B ' stained w1th Amido Bl‘lg shown - in Figure l7b. In both <
| '~photographs, LaneuA is.’ rified lectln, Lanes B and C are

P,
' crude 1ect1n samples, and Lane D is the standards. In. :

both purified and crude preparations, antl—l"tln k

,‘f‘ind of . approximately «)OW

47 000 molecular weiqht. e 65 500 lectin protein is_pot

antiserum stains a broad»

stained by- this procedure. R ’ e a,v'
| ’@’Wpurifled protein dqissolved in SPBS aid d’o:.t.ed &W
e direetly onto nrtrocellulose paper followed by sta g
. T S 55 - .

‘e . : .
i - R > e PR ; .
-‘! ) L RSN I i ) ' - Y



TABLE 13: -Inhxb&;ionvot agglutlnation by -

i

antlserum» «R, COntrol lectln mlxed
1 1 (v/v) w1th SPBS. B, Lectin mlxed

& 0 - l:l (v/v)° W1th 1ncrea51ng dllutlons ofs"
.~ ,)
.control-serum 1n SPBS. C, Lectln mlxed

l: 1 (v/v) with lncrea91ng dllutlons of

antx-lectin antlserum in SPBS. Tubes.
L8 " S
were shdwﬁn brlefly,'anubated overnight
e s T “aF . s, gt &b aww
o o at 4 C and centrlfuged at 9 000 X g for o

. &
a.- , 10 minutes before ;estlng. The resulta

of two inhiBition tests‘ére averaged here
(the antl-lectln antlserum dlluted

@ .Y

1:1,000 gave a tlter of O in one test and
A
- 2 in the second) CQntrol serum was
taken from the rabblt before lnjection of

the lectln'antlgenm‘ . “ e s



SAMPLE

Control (lectin extract 1:1, SPBS)

b

Lectin + Control Serum

Lectin

. Lectin

Lecﬁin

e

. Lectin

Lectin
" Lectin
(ﬁ%ctin
Leétin

b
Lectin

+

+

+

Contréi Serum
Control Serum

Control Serum

(1:1):
(1:10)
(l:f&b)

Anti-lectin Antdiserum

Anti-lectin Aﬁtiserum

Anti-lectin Antiserum

Anti-lectin Antiserum (1:10,000) -

T

1

Antdi-lectin Antiserym

(1:1) "

‘Anti-lectin Antiserum (1:10)

(1:100) ¢
(1:1,000)

LI

170



FIGURE 17: - Protein immunoblotting of xanoEus

L

< .

embryonlc lectin. 'Samples~yare

" b
electroghoresed on PAGE gels and bands
were transferred to nitrocellulose

papef. (a) shows thé,gel sta;péa With'

ant1 ~lectin antlserum, (b) shows the R #
- FI 9 Lo ' :
same gel stalned w1th Amldo black. In : R 3

both photographs, Lane A is purlfled 3

lectin, Lanes B and C are crude Aectln

.

and Lane D. is protein standards.

Molecular weights of the-standards are - .

: . = , \ : K .
: e . S < T

indicated. .. :i. T o T A

L3
P



-- 67000
--45000"

+25000

--13700

e
:
.
tohesw
-
. ey
[
Ll
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with anti-lectin immune serum shows gositive staining
(Figure laa). No stalnlng of this matexxal is shown with
pre-immune serum (Figure 18b). The-sempaf used in this
.expe;%menﬁ shoded~a single bandwa:VGSJSOQ"molecular weight
on PAGE, however, when thie eemple wae E§ahsferred to-

nltrocellulose paper and stalned with 1mmgne serum, no.

o,

stalnlng ‘was detected. The same sample used for PAGE,
'dotted'direétly onto'nltrocellulose paper,wg}d not stain.

6.4 Immunochistochemistry: . . o . T

. 6.4.1- flhoresceht_Staining.
Cleavage embryos (stage 1%-5) and biasgula
embryos (stade 7-8) were ﬁ}xed,'seetiened,_labelled
'with‘impune or pre~im@une serum;and stained with
AA'fITC-goaﬁ‘aqti—rebbit antibodies, as described ‘in

ce : _ e
“~,Materials and Methods. A control section treajed

with/brehimmuhe serum is shown in Figure 19. ﬁéqmeiﬁt
. ’béckgrpuna”autofluoresceﬁce, particularly in the yolk
granuies, is fvident in this section. Such

[

autofluorescence 1s usually prevalent in yolky ~
embryos. ’ Two 11Hhstratlons of the organlzatlon of

“*

staine materlal 1n early Xenogus embryos are

-

presented here. Figure 20a 'is a phase contrast

phdtomicrograph'of a cledvage fqrrOW‘pre%:ntJin'g
. Y > Ry
‘

. . y .
. § Lo . .
. L . . . ' o
: s e .
, i . ) w

RARLEEN
s 2"

N 4



FIGURE 18:

<3¢

‘amino acid analysis, the result; of

. . ~ ! i
\-1‘!\ "
‘k A 9 . )
v '3. W
" L
o % ' l el
. ' S <
\'\ A - T;'
NS " .
. : R &
- 3 o ’ s
Dot immunoblotting of embryonic

@Mised in this

o

lectin. The lectin sapm

eipefiment appeared aﬁ?giﬁinéle Pand of

65,000 molecular weiif§ on SDS-PAGE

ggls. This sample was also used for

whichﬁare'shown‘in Table %2. '(a)"shows
anti-lecﬁin antisérum staining of puri-
fled gastrula lectln dotted dlrectly

onto nltrocellulqse paper. (b) shows ;

the same sample,treated'with pné—iﬁmune
N s Yo -

serum.

L = Lectin.,12 5 ng IO

SA = Serum Albumln. 300 pg
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FIGURE 19: Control sectlon of a stage 5 Xen

.- embryos Thls embryo was flxed in

1

!
i-
, ’

T “Bouin's flxatlve, embedded in polyethy-

lene glycol and the sectlon was stalned
. .Wlth pre—lmmune serum. -Th;s sectlonp
iobserved w1th fluorescence mlcroscopy,

shows some autofluorescence, partlcu-

larly asigsiated thh the‘yolk granules.






FIGURE 20: c1e'ava"ge furrow.of a stage 5 embryo

hwhlch was fixed in paraformaldehyde,

sectloned and stalned w1th ant1 lectin:

antiserum. ,This section was viewed with

4
N phase—contrast optlcs (a) and fluor- .-

-

esqence optlcs (b) .Extracellular
material lying on the surface of the
blaStomeré undeér the vitelline membrane

and deeper in the cieavage_futrqws .

e éppears stained.

wn
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——t

bstage 5 embryo. ‘The vitelllne membrane (arrow) is
promlnent in this- sectlon. Flgure 20b is the -same
-nsectlon v1ewed with fluorescence mlrcoscopy.l Antl-;
lectln antlbodleg stain the external surface of the _
» & oy
blastomeres, material located petween the~cells_ T
deeper in the cieavage«furro&s}&and looge material |
lying above the cell surface but unuerneaﬁhurhe‘ A
vitelline membranef In thisgeection, thefyitelline'
membrane does not aopear ro be srained. However, in
other experiments the v1te111ne membrane was also -

sta;ned by the antlserum.: Thls dlscrepancy could‘be

pe - to ihe differential cross—linking of material by

fixation.
Flgure 21 is a section showing a 1obopod1um
extension ‘facing the- blasdocoele cavity. The phase

contrast mlcrograph (Flgure 21a) shoqs the many yolk

1granu1es typlcal of these cells, Under fluorescence

mlcroscopy (Figure 21b), the
R 4 - o
is labelled (arrow). This material

trace)lular material -
process of being secreted ér phagocyto
Figure 22 shows fluorescent staining of a whole
. . \ ’ )
embryo at theweerly blastula stage.. In this section, -
anti-lectin antibodies s$tain the vitelline membrane

and extracellular material located under the vitel™

line membrane in’ those areas where the vitellihe_



FIGURE 21:

LA

Lobopodium of a cell from a stage-5

embryo, facing the blastocoele gé%ity.

This embryo was: frozen in OCT befq;e

e e @ -

'hwgééiiégiﬂé.”wké) shows the appearaﬁéé of

/ . \ i
the cell extension using phase contrast

. . ,
optics, and (b) shows the same view

~-using fluorescence optics. Positiive
staining"is apparent in yolk-free

' cytoplasm adjacent to the blastocoele

cavity- (arrow). . . e
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 FIGURE 22; Fluo;eécence micrbécopf‘of a stage 9
embryolwhich was £ixedlfﬁ paraformalde-
o hyde and embedded in ﬁolyethyléne glycol!
K2 ~ prior to sectioning. Aregas of‘ﬁtaihing

-

are indicated by arrows and include’ the

vitelline membrane (smalllarrow),
Tz extraceldular @;terzgl iying unée? the
/‘ . vitelline mémbrane, and intercellular {/
/ ‘ A deposits (large arrow). ’M ' .

~
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‘membrane remains intact. Staining is élqo syen qléﬁq
A\ ;

the fopf“of'gﬁélblastoboele cavity, in yolky endoderm
cells belbw {&e bliﬁgocoele cavity, and some 'discrete
deposi;s”1ni§egetalfhémisphere cells. It was not - °
,poesibie tg &?ﬁermine if yolk gfanules contributed to
ghé 5t;ihing‘bbsérved\here, although other sections

,sﬁawed‘sggiﬁinévassociated with the periphery of sth’

}olk‘g;énules. ' .

6.4;2 Gl@éosE'Oxidase-Antiglucose Oxidase Sﬁaiﬁing.

N The location of the lectin was also.determined
by'tfeatment of sectioned material with glucose
‘Qgidasé-antiglpcose oxidése.s:Figure'23a shows a .
control section through surface blastoperes of a.
égage's émbryo. No vitelline membrane is present.

‘Some dark granules representing either pigment .
granules or-areas of endogenous glucose oxidase

activity are shown at the surface of these cells.

Yy

Figdré 23b is a section of surface blastomeres
stained with anti-lecéin antiserum, H;avy deposits
appear on 'the surface of tfese cells and within the
cleavage furrowg.

Deéper blastomeres of éhbrfos at the same stage
are shown in Figure 24. Figure 24a shows a section

F

4 ‘q ) I



) | ‘
FIGURE 23: Glucose oxidase-antiglucose oxidase
‘ étaininglbf surface bléstoﬁeres of a
stage S‘ehbryo fixed in:Bouin's iixative
and embedded iﬂ polyethylene glycol.
Some staining is seen in the controi )
section treated with pre-immune ;erum
~(a), but heavier deposits are evid;nt in
4the material treated with anti-lectin
antiéerum‘(b). étaining is enhanced -
along the external surface of the

blastomeres and in the cleavage furrow

between adjacent blastomeres.






FIGURE 24:_ Glucose oxidasé-antiglucose oxidase

J staining of deeper blastomeres of a
stage 5 embryo treated as in Figure 23.

- The control section {(a) shows light
staining. Heavier staininy is seen in
the section treated with épti—lectin

~ antiserum (b), particularly along the

' membranes of these cells and between

adjacenE cells. ~
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, - . RN

Htreated with control'serumf' The-section in

Flgure 22b was treated with immune serum and shows,an

At

.W'.Q_'x 1ncreased amount of stalnlng between adjaiént

o /
o membranes of deeper cells. T o/ : C

7. DETECTION OF A POSSIBLE ENDOGENOUS LECTIN RECEPTOR

The membrane—enrlched pellet obtalnéd by cenuglfuga-

/

tlon of the embryonlc homogenate was further examlned

for the presence of a posslble membrane assoc1ated

/.

endogenous receptor for the lectr? act1v1ty. The pellet

. was extracted w1th 2% Trlton X~ L60, stlrred overnlght at

4 C,‘centrlfuged at 84, OOO x'7 for 60 mlnutes "and. a 2 ml

j sample was. applled to a Sephacryl S 300 column. Fractlons

IS

were-eluted=w1th OﬂOS% Trxton X—lOO 1n SPBS. Each frac-
‘tion’ was dlalysed separa ely to remove the detergent and
tested for the ablllty to anhlblt the agglutlnatlon of~ .f_\~,

raqblt erythrocytes by crude gastrula Lectln extract. The
%
results are shown in Flgure 25 A 51ngle peak at approx1-~

mately 140 000 molecular welght 1nh1b1ted 128 HU of lectln

act1v1ty.' No otber fractlon showed any 1nh1b¢tory

-,

acthlty. R ' R P

'»-_« Thls 1nh1b1t1ng fraction- was 1yoph¢llzed, soIUbili;edo

1n sample buffer ‘and applled to SDS PAGE. The results are &5

-

shown 1n Flgure 26. Lane 1 shows the- resolutlon of two

o bands in a gel stalned in Cooma351e blué (arrows) =One

: .
-
Te,
Vv
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FIGURE 25:

‘of Sephacryl S-300, dlalysed separately

agalnsthPBS and tested in an agglutina- .

tion 1nhib1t10n test. This . assay
. ,- llncluded 25 pl- serlally dlluted lectln,
25 pl 'SPBS for cqggrol wells or 25 pl
‘ffraetionated; solublllzed membrane
ma"tei?iéal ’for".test w_ens,'zs pl BSA (1%)

'wand 25'pl rabbip,erythrocytes’(4%'solp-

tion). Cohtfoljwells had a titer of 128.

AN

-

fie
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FIGURE 26:

b

SDS- PAGE oféTrlton-solublllzed membrane
pellet.. Samﬁigs were run in dupllcate
on a 31ngle gql ‘Lane A shows two bands
resolved in.Coomassie blue stain; one at
es,bdo and one at 9,700-11,000 molecular

weight. Lane B shows a single band

- resolved by PAS at 9,780-11,000 molecu-

lar weight. The molecular weights of
ﬁﬁe bands prodqéed by thejstandards ére
indicated. Samples and standards,ﬁére
sdlhb;lized’in sample buffer containing
SDS (2%), mercaptoethanol (5%) and urea

(8 M)'add'heated at 60°C for 30 minutes.
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band has. an apparent molecular weight of 65,000 and the

second is a broad band between 9,700 and 11,000 molecular

weight. Lane 2 shows the same samplés run on the same gel

as-inllane 1 but stained Qith periodic acid Schiff (PAS)
stain for‘cafbohydrateg. Only one band is stai%ed, cor-l
responding»to the broad band at 9,?00-11,006‘ﬁ01eéu1af g
Qéight.ﬂ it is péssiﬁte.that the 65,000 molecular'WEight

bénd appearing in lane 1 is the Xenopus lectin and the

endogenous receptor is a small molecular weight

glycoprotein. R ' o o



§
DISCUSSION:

1. THE OCCURRENCE -OF AN ENDOGENOUS LECTIN

-

IN XENOPUS EMBRYOS

C¥lls of the amphibian'embfyo just brior to
.gastrulation can bé agglutinated by treatment with the
plant Lecﬁins WGA( Rcé, Con A and to a lesser extent §§A
(Fraser and Zzalik, 1977),‘indicating fhét surface glyco-
cénjugateé with exposed N-acetylglucoaamine, galactose,?
‘acting as receptors for these lectins. This study{

‘ together with the fact that an endogegous B-galactose

binding lectin had been reported'ih gastrulating chick

N-acetylgalactosamine and glucose or mannose residues are

P U

embryos\(Cook et al, 1979) enqouféged the present investi-

~

gation into the occiurrence of ‘endogenous lectins in
- R '

-

Xenopus embryos.AﬂTth study‘reports on the ‘presence and
the ‘partial characterization og an eﬁdogenous galactose
binding lectin in Xenopus embryos'at skéges prior t0»§ﬁd
Quriné gastrulation.'-The.roie of this lectinemay be to
modify the cell sﬁ}face duringfthé;g early developmentalJ
stages. When this work began, no reaprf existed in the
literature of endogenou§4sdTub*é~TéEiins in amphibian:"

embryos. _ Ci//x

J
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“in amphibian embryonic development or if this situation is

"éoluble extracts.pfepared from Xenopus embryos
agg;utinate trypsinized'rabbit erythrocytes which heQe
been fixed with_glutaraidehyde or st;bilized oy treatment
with azide and‘PMSF; ’Tné”hpecific activity of the Xenopus
embryonic lectin is higher than specific activities
reported for other embryonic or adnlt tissues. This
indicates either that this lectin shows extreme potency or
that it ia more abundant in embryos of this spec1es.
Unfortunately, the spec1f1c act1v1t;;s of soluole lectin

in early embryonic stages of other emphibian epecies have

not been reported so it is impossible at this time to

determine if lectins of this type are a general phenomena

peculiar to Xenopus. ' Lectin activity with high titer is

1
also detectable in extracts of Xenopus ovarian tissue and

in fluid withdrawn from the blastocoele cavity of stage 7

embryos.  Early work on the characterizatién of the
Xenopus embryonic lectin has been published previously

(Harris and Zalik, 1982; 1985).

In this study, the presence of lactose in the extrac-

tion medium was found to release the maximum amount of
lectin from the homogenate. The presence of competing
saccharldes durlng extraction may prevent binding of the

lectin to other cellular components exposed during homo-

genization or it may release lectin bound to endogenous

o

197.



198.

membrane-bound. receptors. . his situation has also been

found to be true'for oth ;‘blubie lectins (Mbamalu,‘1985f

Harrison et al, 1984).

\ ‘ i "ﬂ : . ‘
The experimey R Se fhere show that the Xenopus'
| ey : &
lectin is developm€ntally r ggted during earfy embryonic

stages. The level of activity is significantly\higher at
the gastrula stage tﬁan at the cleavage, blastulA or
-ﬁeurula stages. This is an impo:taﬁt finding because -
gastrulatioﬁ is the time of active cell movements and
theée results suggest that this lectin may be involved.
somehow in the fegulation‘of these movements. This is the’
first clear demonstration that high lectin activity cor?e—
lates with the time of gastfulation in any species. There
have been other reports of ‘the developmental regula;ion of
1éctins during differentiation. One example is ﬁhé slime
imold lectin which reéches a peak of actiQity as ihdividual.
éells aggregate to form a fruiting structure (Rosen et él;
1973y). Ahother example is tﬂé erythroid developmental
agglutinin (EDA) ‘'which is present in bone marrow on the .
sdrface of developing erythroblasfs but not on matuée

reticulocytes (Catt et al, 1984).
. ™

>, o
Roberson and Barondes (}952) detected a similar

lectin activity in Xenopus oocytes, blastula-stage embryos

and in adult ljver. In their Bthdy, lectin from oocytes

and embrybs had the same saccharide specificity as the

>
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lectin reported in this work. However, the spe:{ffh\
activity reported for their lectin extract is noésas high
as the one reported here, possibly because of dlfferences
used for extraction and purlflcation” In‘partlcular, |
these autﬁorsvused an acetone extraction of the crude \.‘
material and they purified the lectin on a melibiose-
linked affinity?column. AJgalactose-specific lectin
activity is.also“present in cortical granules of unfert-
ilized Xeﬁogus eggs (Wyrick et_?l, 1974) but since this
activity has n 'Vbeen characterized, it is not possible to
say if the corEfcal granule lectin is the same as the

embryonic lectin.. Other lectins reported in amphibian

embryos include a lectin in the oocytee of Rana japonica

which agglutinates Ehrlich ascites cells (Sakikibara et

al, 1979); a lectin in oocytes of Rana catesbiana which

agglutinates tumor. cells and sialidase-;}cated human
erythrocytes (Nitta et al, 1984); and a ngaiactoside
-« .

binding lectin from Rana catesbiana tadpoles which .

1 .

agqlgtinates A, B and O human erythrocytes (Nitta et éi,f
1983). -A detergent-soluble lectin with ollgomannosyl-
binding properties has been described from early Qleavage

embryos of ‘ana pipiens (Roberson and Armstrong, 1?80)

,The stquctural and functlonal relationships between\fhese

various lectins is not clear at the present time. \

\
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2. LECTIN SACCHARIDE SPECIFICiTY4

Y

Since the‘eﬁbryonic Xenopus lectin agglutinates
erythrocytes, it ié‘iﬁ all probability at least divalént
with respect to its carbohydrate binding sites. The
specificity of thss lectin was défined in';erms of the
saccharide which was able to inhibit agglutination at the.
lowest concentration. The best inhibitor in solution,
however, is not necessarily identical to the‘carbobydrate
which ac;s as a receptor on the‘cell sur face. The inter-
pre;ation of this data is‘;omplicated by the fact that
iectins ingfract with complex oligosaccharides and this
interaction may involve internal as well as terminal’
residues. "The three-dimensional presentation of the
terminal groups on the surface of cells is an important
factor‘influencing binding of a lectin, as is the nature
of side-chains, saccharide linkages and the steric effects
ofiadjdcent molecules. Thus; a rather Weik solublé inhib-
itor may in fact be a strong lectin réceptor in vivo under
the rightlset of conditions. 1In spite of these reserva-
tions, saccharide inhibition studies provide sohe useful
information since they make it possible to compare lectins
from different Eigéﬁgé on the basis of their specificity'
for simple saccharides in solution. In this study,

/
Xeﬁggus lectin isolated from cleavage, blastula, gastrula

and neurula embryos showed the same characteristics with



4 - 201,

respect‘to‘saeeharide ebecificity, suggesting that embryos
- at these stages contain the same lectin molecule. The |
embryonic lectin in all stages showed a specificity for
terminal galactoae groups. Thus, lactose\and thiQdi-
galactoside (TDG) are the most potent leEtih inhibitors.
Compared to'other saccharides, they block lectin-mediated
egglutination at the lowest relative concentrations. Both
of these disaccharides have terminal non-reducing
B—D-galactoeyl residues. The fact that lactose and TDG
are better inhibitors than galactose suggests that the
active site of the lectin can accommodate more than one
saccharide residue. Similar results have>béeh found’with
endogenous lectlns in unincubated and ggétrolatiﬁg chick
blestoderms (Cook et al, 1979), diffefentiating tissues of
later cnick embryos (Den and Malinzak, 1977; Nowak et al

1977; Kobller and Barondes, 1977) and the galaptins in

" general. Unlike the above examples, however, the Xenopus

PO e i ¢

...lectin appears.to lack strict anomeric‘specificity. It is
Eﬁ‘ainh:lbited to a greater extent by methyla—D-gelactopyrano-
side than by methylB-D—galactopyrénoside.' However,

lactose anS/TDG are better inhibitors than.melibiose,
aDGal(1-6)DGlc. This latter result seems.to/indicate that
the saccharide linkage is an }mportant factor in lectin-
carbohydrate binding. No signifieant lnhibitlon was

-

observed with N-acetylgalactosamine, methyla-D-manno-
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i

pyranoside or fucose. This suggests that the hydroxyl
groués at carbon position 2, carbon position 4 and‘caquh
position € of galactbse could be important to lectin
binding. | ) |
The specificity of the Xenopus embryonic lectin was

"’ffurthe: examined by using immuﬁaagsorbent materjals
posfessing bound monqsaccharidé or disaccharide residues.
The‘use of~immunoadsofbents confirmed the specificity of
this lectin for a- and B8-galagtose. Of the sugafs tested,
the disaccharide DGal(al-3)DGal(Bl-R) ‘was the most effec-
Five inhibitor of the agglutidiiing.acﬁivity. ‘This part%g
cular disaccharide occurs naturally'on the surface of . =
human B erythrécytes (Lemieux, 1938). - It has also been
reporteh on the surface of rabbit erythrocytes (Hodma et
al, 1981). 1In this speciés, it forms the terminal non-
.reducing sequence of a large mbleculqr weight, water | i
soluble macroglycolipid. Tgis molecule contains éarbohy-
drate, sphingosine and fatty acids, but no amino acidsa.
Possibl},'this macroglycolipid may be the receptor for the
Xenopus lectin in the haemagglutination assay. Honma et
al (1981) also point éut tﬁat a ceramide comprising a

ma jor prop;ftion of the glycolip}d fraction froﬁ rabbit
~erythrocyte membranes po;sesses the terminal trisac¢charide
Gal(a1—3)Gal(Bl-4)élcNAc. ‘}t }s not known whether lipids

-

of this nature exist in amphibian embryonic cells, either

\wﬁ\\ \ o .
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or as part of the yolk materlal. The 1nvestlgat10ns W1th

‘1mmunbadsorbents showev

v‘DGal(Bl 3)DGalNAcal‘Rvalso effectlvely bound soluble '

203.

'on the cell surface as components of the plasma membrane -

-

that DGal(al-4)DGalBl R and

7
lectln. The fact that- DGal(Bl 3)DGalNAcu1 R was a much '
better 1nh1b1tor than DGal(Bl 3)DG1cNAcBl—R sugge$ts agalp
that the lectln blndlng 81te may recognlze at least two U
sugar re31dues. A ! | e

The conclu51ons drawn from the saccharlde lnhlbltlon

tests are . that-crude lectln extracted from cleavage,

blastula, gastrula and neurula stages of Xenopus embryos

;vexhlbLt slmllar speclf;clty for o= and B—galact051des.

- The best 1nh1b1tor of the embryonlc lectln is the dlsac-,
AR ‘ -

-?'charlde DGal(al 3)DGalBl R._ Thls structure may resemble

the endogenous lectln receptor in amphlblan embryonlc

,cells. '

The Xenopus lectln dlffers from galaptlns in that it

~requ1res the presence of calc1um ions for its act1v1ty.

- The presencg of EDTA or EGTA reversrbly lnhlblts lectln

medlated haemagglutlnatlon. A requxrement for'calc1um has

also been reported for other lectlns, most notably the v

/"

' mammallan hepatlc lectln (Stockert et al, 1977). Some

“.plant lectlns,‘lncludlng‘Con A a150‘requ1re bound‘calcium o

e

for carbohydrate binding-activity. In the case of Con A,

-calcium stabilizes the subunits by reducing repulsisn

e
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betweenwclosely&a§§0c1ated carboxyl groups (Goldsteln and
Hayes, 1978) . Presumably, calcium also stablllzes tge
blndlng Slt8$of the Xenogus embryonlc lectin, an observa-

tlon whlch could have ‘functional s;gnlfleance 31nce early

embryonlc cells are eaSLly dlssoc1ated in calc1um—free

‘medlum. Brlck and Welnberqer (1984) have reported that an'

1ncrease in the level of calcium ions 1s aSSOClated w1th o
the 1n1t1at10n of the dorsal rlastopore llp.’ Calc1um ions

released from 1nternal stores may be a nonnal‘regulatory
B e

mechanism 1n;gastrulatlon. It is not known how fluctu—
ating calcium levels might effect lectin activity in the'

embryo. As discu55ed.by the abo§e~authors,lcalcium is -

ok

‘involved in both the formatiOn.and‘function of submembrane

vmicrofilaments.and in’adhesive\ihteractions'betweehfa cell

and its SubstratUm., Both of these\brocesses are invdlvedh
in-the changes in shape and arrangement of cells during
gastrular movements. This is. also the‘stage when lectin

activity is' highest.

oAl

. s

3. MOLECULAR-PROPERTIES'OF THE XENOPUS EMBRYONIC‘LECTIN

Afflnlty batch adsorptlon or affinity chromatography,»l
followed by elutlon of the lectln acthLty w1th lactose, )

were the methods chosen for lectin purifigation. The

“average yield-of lectin purified by affinity batch

v :
L

Ry
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adsorption was -7.2% of the total soluble extractable
. . . “ u"_ . . B ° N ] » N .
" protein from blastula stage embryos and 8.8% of the total

lsoluble protein'from gastrula embryos. These figures are
. within the range reported for other soluble lectlns. For

. -
example, the lectln from- chtyostellum 1s about 1% of the

'%total soluble proteln in aggregatlng cells (Baronges, \
\

1983). Conrad et al (1984) have reported that the IERtjns

of the sponge, Geodla cydonlum co/prlse up to 143 of the™

soluble protexn in this organ;sm. Accordlng to Barondes
1 (1983) this high value indiéates that these lectins most
likely have a structural role, since a protlein with an -

.enzymatic function would be expected to pe:present in

5
- “

mlnute quantltles.'

Purlfled lectln obtalned by batch adsorptlon and
'examlned by SDS-PAGE. resulted in a number of bands, which
varled between preparatlons from 2 to: 9. A dlffuse band
between 37, 000 and 45,000 molecular weight and a discrete
band of 65 000 molecular welght were amonq the most
frequent‘components. Purlfled lectln obtalned by
APL—Sepharose'chromatographj andyexamined“by'SDSQPAGE
resulted -in the abpearance of both the discrete band of
65{000 molecular weight-and’the‘diffusebbahd of lower
molecular weight. The,diffuse band stained with~periodic
bac1d SChlff (PAS) staln, 1nd1cat1ng that it contains bound

carbohydrate.. This band probably corresponds to the b‘ﬁd"““\\y
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“identified as the oocyte lectin by Roberson and Barondes -

(-1982)..

ﬁhen purified lectin extracts were treated with
chloroform-meﬁheool, lectin activity remained in the
aqueous phase. When aqueous phase’ material was lyophil-
ized and examined by SDS-PAGE, a single bahd of molecular
wef@hi 65;500 was resolved. .This band‘did‘not staip with

, . ¢ .
PAS,;and therefore is not likely a glycoprotein, although

it is possible that the amount of carbohydrarefié*too

" small to be detected under_the coqditions used here. The
conclusions from-tﬁeee erperiments‘ie~that the.endogenous
galactosefbinding lectin from'XenoEQs embryos ie a protein
or‘molecular'weigﬁt‘65,500 * 2,780." This protein;can_be
separated from closely associated molecuies by chioro-
form-methanol treatment without redﬁcing lectin activity.
This'strongly sdggests‘thaf the 43, odo - 45,000 molecular
welght ﬁgterlal extracted from oocytes (Roberson and
Barondes, 1982) is a contaminant Of the Xenogus lectin.
Recently, Roberson et al (1985) reported the'isolation of
a lectin’ from the serum of adult female frogs which also |

~had a galactose spec1f1c1ty and a molecular welght of.
69,000. This lect;n may be the same as the one reported
"here. o ’

- The other bahds repolved by SDS-PAGE in samples not

treated‘withmohloroform—methanol may .represent Lipopro-

= 4



etn, glygoprotein or glycolNpid jmterial that‘is'associ-
Z::i\uitﬁ the lectin éither in vivo or after cell disrup-
tioh by homogenization. High levels‘éf lipoproteins are
'éresentbin amphibian embryonic celléu%n the form of yolk,
'and;;his material might contribute to the pattern of"
‘bands. . An association of the endogenous slime.mold“lectin

with 1ipiad maﬁérial has §reviously been reported (?artles

et al, 1979). The diffusg appearance of many of these

bands is further evidence that this material gs‘not solelf

- protein. When components of erythrocyte me@Sranes are
separated by PAGE and sta -.d with'Cbomass{e blue; the
glyc@iipidband giyéopr&tein material appear as diffuse
bands (ﬁamaguchi and Cleve, 1972). Dzandu et al (1984)
o ‘ : N
report that étaining lipid material with silver also
.regulgs in diffuse bands. ’id Eomparison, non-glycosylated
proteins are résolved as discrete bands‘under/these condi-
tions.' The bands associated with the pufified lectin
proteinkwhiéh had not been treatea with chlorofofm—
mgthén&l may represent some endogenous receptors of the
, léctin. They were desoribed in the results section
because of ghis possibility.

-Twovproteins with‘similar‘bgt distinct_isbelectric
points at 4.3 ‘and 4.5 were resolved upon iébglectric
focussing of purified xénogus 1eé%iﬁ; Robersdnvand-'

. Barondes (1982) reporfed'fhe presence of at least four

)

207.
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di ffuse bands of Xenoggs ooq}te leetin'ranging in pH from
4.4 to 4.9. Under the conditions used here involving
detergent—ffee aqueous solubilization of the samples, it
is possible that contaminating-material is‘net solubilized
and does not enter theiéei. In the experiments repérted .
here, the two bands‘resol;ed by isoelectric focussigg may

represent lsolectlns. Slmllar lsoléctlns have been

Creported for the endogendus lectin of rabbit bone marrow_-

and in Dictyostelium discoideum, where isolectins of ,
di9coidin are the product of a four member gene family
(Bartles ‘et al, '1982). In Xenopus embryos, it is not
kﬁown whether the fisolectins afevproducts of separate
genes or are produced by post-tfanslational modificatien
of a single- gene product. The four isolectins reported in
oocytes may alselreflect different gene expression in.
these cells compared;toeembryos. .

Initiel attempts to characterize this lectin in
aqueous medium‘oh a column of Se££acryl $-300 SF resulted
in the activity being eluted as a continuum of low to high
molecular weight species (ZSQOOO'to 250,000). This obse;—%
vatien is;gefhaps due to the combined effects of self-
associatieﬁ‘of.ﬁhe lectin molecules aﬁd to non-sbecific

?

interactions with the column matrix. In aqueous nedla
© I

containing lactose, the lectin act1v1ty whlch had not been’

‘treated with chloroform-methanol eluted as an aggregate of

— —— y
] {
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490,000 molecular weight. This value agrees with the
moleculér weight reported by Roberson gnd Barondes (1982)
for oocyte lectin. The results réported heré-indicate |
that, in the absence of lactosé, the lectin aggregates _
into various molecular sizes. 'when sacchaflde-binding‘
sites are fully occupied; however, one aggregate size is
formed at 490,000 molecular weight. Lectin extracts
treated with chloroform-methanol and chromatographed under
.thé same.qonditionsleiuted as an éggréééte with.a moleéu_
lar weight of 371,000. Again this suggeéts tﬁa£ lipid or
glycolipid m&teriél reméVed‘by chloroform-methanol treat-
~ment eithég aésociates'with the.lectin molecule under
agueous conditions'dr otherwise influengeé the aggregation
of the_lecﬁin subunits. ‘

Th;’resultg of Ehehanal§sis of the amino acid
composition of the embryonic lectin are presented.. The
reiativg gmognts of the amino acids do not appear‘to bé
unusual. No hexosamines were detected in this analysis

supportingbghe conclusidn that this protein is ngﬁ a
~glycoprotein. The SAmple used for this test was resolved
in a single band at 65,000'molecuiar weight on PAGE.
Recently; Roberson et al (1985) reported the!amino acid
cqnteht of purified lectin.from bo;h.adult female serum

(molecular weight 69,000) and oocytes (molecular weight

43,000 and 45,000). The relative 3¥mino acid ¢ontgnt‘

iz
.- » L =
) i .
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reported here for Xenopus embryonic lectin is more similar

to the content reported by Roqérson’et al (1985) for the
serum lectin than f9£ the oocyte lectin, These results.
further suppoft the cdncldéiqn that the 43,000 - 45,000
molecular weigh£ material extfacted from oocytes is a
contaminant of the Xenpéus leétin.

&

4. LECTIN LOCALIZATION

4.1 Characterization of the Antiserum:

Two purifiéd,;ectinusamples which had been treated S
with chloroform-methanol were injected into the rabbit.
iThe first sample used for injection had reshlted in a
-single band at 65,500 molecular weight when examined by
SDS-PAGE. The second sample used for injeétion was
obtained from a different batch of‘gastrulé embryos. This
lectin samplé was purifieé by’the same method as the first
sample but was not examlned by SDS “AiiE. The pblyvalent»

\ .
antibodies obtalned from fhenrabk 1t were chﬂracterlzed in
Eseveral ways. Agar*dleUSlOA‘ e:-= unvol. -y crude lectin
extract or the purlfled lectln Sinﬂle used fFor the second—
1n3ect10n gave ‘rise to a slngle p;eglplcln Iine.‘ When the
same lectln sample or a ‘crude lectln ‘éextract were separ-

ated by PAGE and used for im@unoblottlng, a sxngle diffuse

band between 37,000 and 42,000 molecular weight were
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.stained by the antiserum in both preparations. No anti-
serum’staining was obsérveé when protein bidtting and
immunoblottiﬁg was conducted on pure lectin samples
showing a single band at 65,500 molecular weight pﬁ
SDS-PAGE gels. This same pure sampie, dissolved in
TRIS-buffered saline andldotted on nitrocellulose, wés
stained by the polyvalent aﬁtiser;m. Also, pﬁre lectin
protein dissolved and incubated in the sample.buffer under
the same conditions used for SDS-PAGE, does not stain with
the immunodotting érbcedure. These results suggest that
the antiserum interacts with the 37,000 to 45,000 lectin-
.associated érbteinhas well gs,ﬁhe'GS,OOOAmolecular weight
lectin. Tbe lectiq may be denatqred by tﬁé procedures
used in the preparation of SDS-PAGE samples, and the

epitopes no longer available for reaction with the anti-

serum, iThis phenomenon has. been reported pFeviously for
monoclonal anﬁibodies (Bérs'and'Gagfin, i985). Dot

immunoblotting indidated that the purified 65,500 molecu-
lar weight protein was recognized by the antisetum.at a .

-

concentration as low.as 1.25 ng/pl. -
4.2 Immunohistochemistry:
Although control sections showed some staining,

sections of early embryos stained with the antiserum

- e

¥
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followed by'preformed glucose oxidaéeeantiglucose oxilase
conﬁlexes showed increased levels of staining. This
staining was found extensively 6n the surface of large,
~outer blastomeres, in lengthening claavagé furfows and to
a lesser extent between the membranea of déeper blasto-
meres. Pigment granules are also present in regions of
increased staining, making the intefpretatiqn of these .
sections somewhat difficult« -
Lectin localization was also identified in frozen or
parafbrmaldehyde-fixed sections treated with antilectin
antiserum and stained with fluorescent-lab led anti-rab-
bit antibodies. In cleavage and blastula stage embryos,
the lectin was located in the vitelline envelope, in
‘cleavage fur{ows, in extracellular material below the
vitelline;envelope'on the surface of outer blastomeres and
in some intracellular deposits associated with the ekter-
nal surface of the yolk platelets, 'Staining was also
found in nascent blastocoele cavities and, in some cells,c
*;stained‘material appeared to be in the process of being w
either secreted or taken in b¥/p1nocyt081s. Sections
stained with pre—immune serum showed nd bright fluorescent
staining but a uniform paled autofluorescence was
observed.

The results reported above are preliminary. The

staining reflects the localization of both the 45,000
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K molecular weight lectin and the 37,000 to 45,000 molecular
'weight dssociated material. At the present time it is not
kno@n if the 37,000 to 45,000 molecular weight magerial is
&% associated with the cell surface or if it is localized in, -
yolk granules; No firm conclusions can be drawn from thi:\
“dékﬁ 6nrthe changes wﬁ%ch may occur in the localizatioﬁ of
“the embryonic lectin during early development since all
stades have not as yet been examined. Studieg designed to
investigate these changes are ¢urrently in éragress.
;h¢ Attempts thus far have focussed on the best méthods of
|3}fixation and staining of the amphibian embryos, as well as

€

the preparation of the antiserum.,

'S,  LECTIN RECEPTOR - . -

Preliminary resulté are presented here on exgerimenté
designed to-idéntify'the endogenous receptor for the
Xenogus/embryonic lectiﬁ; Detergent-dgolubilized, membrane
material waé fractionated on a columq containing Sephacryl
S;3OOTSF. A single fraction inhibited the lectin haemag-
glutinating activity.. When examined by SDS-PAGE, this
fraction resulted in the appearance of two bands: ’The '
first band cdrresponded in molecular weight to the Xenopus
embryonié lectin and this ﬁand aid not stain with PAS,

' ‘The second band stained with PAS, indicating that it is ®

glycosylated, and had a molecular weight beiween 9,700 and
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11,000. This material is possibly a low molecular weight
glycoprotein or a glycolipid. It is also possiblg that
this fraétion represents an endogenous membrane-bound
receptor for the Xenopus lectin. The localization of this-
material in early gmbtyds and the nature of the carbohy-
drate groups attached to this molecule aré unknown at the

present time.

6. LECTIN FUNCTION

* Three possible general functions have been proposed

for lectin-carbohydrate interactions. Firstly, they may
, .

be involved in host-parasite or host-symbiont relation-
ships. For example, proteins with lectin properties
mediate the mannose-sensitive adherence’ of gram-negative

bacteria, such as Escherichia coli to mammalian epithelial

cells (Eshdat and Sharon, 1984). Also, a multivalent
lectin has been implicated in the recognition and attach-

ment of root hairs of the white clover, Trifolium repens,

to glycosylated receptors on the symbiont Rhizobium
trifoli.(Dazzo et al, 1982). _Such a function seems

unlikely for the Xenopus embryonic lectdin, howéver.

Amphiqian embryos during the early stages of their -
development are covered by three layéré of dense jelly

which form the outermost barrier for interactioné'ﬁith

infectious organisms or parasites. It seems likely,
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therefore, that a protein responsible for the inactivation or
b;;ding of such organisms Qould be located in these outér
jelly layers (Wyrick et al, 1974). Such is not the case for
the embryonic lectin, which appears to be cbncentrated in the
vitelline envelope, the bladtocoele, cleavaée furrows and to
a lésser extent in intercellular deposits. '
The second function attributed tov}ectins is an
%nvolvement in intracellular transport of glycoproteins or
in receptor-mediated éndocytosis (Harford et al,Al984).
An example of a lectin of this tYpe is the mammaiian
.N-acetyl-galactosamine and- galactose=binding lectin on the
surfac&\of heéatocytes, endothelial cells and liver macro-
phages (Kélb-Bachofen«et al, 1984). Lectins with this
function appeér to be membrane-bound proteins which can
only be solubilized by detergent extraction. In addition,
they are located either intracellularly or as components
of the plasma mehbrane. Although'this is not the éase for
the‘XenoEus-embryqnic_1ectin, ce;ls during early stages of
embryogénesié in»amphibiaﬁs afe actively breaking down
yolk components. From the immunohistochemical studies
presehted here, some lectin appears to be associated with
yolk granules and thérefore a possible role for the lectin
in transport of tﬁe breakdown products cannot at the

y

present time be eliminated. o N

.

The third proposed function for lectins is to play a

role in tissue organization and difflerentiation. Thus,
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lectins are frequently identified as components of the
. extracellular matrix in developing tissues. Lectins. of .

this type appear o be easily soluble and are found in

intracellular stores ‘as well as secreted into the extra-

céllular matrix (Barondes, 1984). Several lectins of‘thls
type have previously been mentioned, 1nclud§ng the galap-
tins. This group includes lectins which have been impli-
cated in myoblast fuﬁion (Barondes and Haywood-Reid, 1981)
~and in the organization of the lung elastic fibers (Cerra
et al, 1984). Recently, a solfible lectin has been impll-

cated in the organization of the epithelial lining of the
?

yolk sac in the chick embryo (Mbamalu, 1985). It seems
~likely that the galactose;binding lectin from Xenoéus

embryos belongs to this fungtional group, although it is
i

.not strictly speaking a galaptin, since it hag a higher
molecular weight and a requirement for calcium ions, It

is, however, highlycpoluble and is located in both intra-
(AN o

cellular deposits and in the extracellular matrix. Since

the activity of this lectin peaks during gastrulation, i e
o * . ) '

is fpossible that it is involved in the cellular movements

and tissue reorganization taking place during this stage.

&

~

7. DIRECTIONS FOR FURTHER STUDY'

' Many questions regarding the Xenopus embryonic lectin

remain to be answered. Attention should be directed to

v v



the 7ocalization ofuthe 65 500 molecular weight protein in

sectloned materlals of embryos at different developmental

B stages. By adsorblng the antlserum agalnst thg>37 45, OQO

~molecular welght‘contamlnant,-a more specific antlserum

13

preparatlon w1ll hopefully soon be avallable.

‘ﬁ{ It is dlfflcult to dlscuss the posslbkem;oles of thlS

o lectln ln gastrulatlon w1thout knowing moreoabout the

;endogenous receptor‘molecules.w1th*wh1ch*ltylnteracts. An

~

b'endogenous»redeptorlfor thisllectin‘has been'demonStrated

N

1n thls ‘work to be present 1n the membrane fraction from ~

= pi

gastrula cells. The%nature og endogenous receptors and

217.

their locations need ‘to be further investigated. It would

aléE%be iﬁteresting to:determine'if the’lectin and recep—

'xvtor co-locallze durlng stages of early embryonlc develop—

8-, .

’, Ty

'scope level would address the questlon of where the lectln

ls\located at the cellular level., - —- -

N

thtle is . known about the nature of the cell surface

'carbohydrates of amphlblan cells. 'Slnce'embryos of

Xenopus laev15 are more abundant than embryos ‘of. many

other vertebrate spec1es, andq51nce carbohydrates appear

R

to be necessary for cellular recognltlon during early

development, thls would appear to be an ldeal system to

1nvestlgate the 1nvolvement and organlzatlon of glycocon-“

"Jugates and thelr‘carbohydrate-blndrng protelns;’

: ment.“ An. 1mmunoh1stochemlcal study at the~electron mlcro-f
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Finally, a role for this lectin in morphogenetic
movements‘is implied by the experiments described here.
However, more evidence about the effect of‘this 1éctih and

 its ‘saccharide inhibitors on the movemerfllé and adhesive
c. ' . ' + ‘ : 4

« . This evidence -

contacts between these cells is necessal

- could be provided by cell'culturg experiments such as the

ones‘cérried out by Milos and Zalik (1981, 1982) to study
A ~‘ ) ‘ . - ) ";3 T “ .
the role g£ the B-galactoside lectin in chiqk embryos.

P 3
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