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©ABSTRACT ot

Early chick embryos (stages 1 and 4 53 Hamburger and Hamilton._ J

'¥1951) were used 1n this study to e]ucidate u]trastructura] and b1ochem1ca1

’fﬂv changes occurring on the ce11 surface dur1ng the gpveiopment of the

pr1mit1ve streak Pr1or to the formation of the pr1m1tive streak the

‘i ‘b1astoderm consists of two ]ayers, the ep1b1ast and the pr1mary hypo-
-:blast ( tage ) Dur1ng the f1rst 22 hours of 1ncubat10n, different1ationg"
: and morphogenet1c movements occur which br1ng about the format1on of the

pr1m1t1ve streak a structure reSpons1b1e for the format1on of the three L

' germ 1ayers At the t1me of pr1m1t1ve streak fonnat1on, the blastoderm a

C s threelﬁayered. ep1b1ast (presumptive ectoderm), mesoblast (presumptive_

| mesoderm) and'hypoblast (presumpt1ve endoderm) However, th1s hypoblastv_'

| has rece1ved ce]]s 1nvag1nated through the pr1m1t1ve streak and hence _

Vt'1s now termed the secondary hypob1ast The pr1mary hypob]ast has moved ‘.

‘perxpherally and will become extra embryon1c endoderm o
The ce]l surface has been 1mp11cated in the processes of

&

morphogenetic n%vement and d1fferentiat1on as possibly being a contro]

o s1te for cel] movement, cell recogn1tion and ce]l growth The d1str1- :

‘rrgbut1on and b1ochemical compoS1t10n of o}1gosaccharide reSTdues present f”Jffff
‘as g1yc0proteins have been studied as poss1b1e mo]ecu]ar mechan1sms for |
psuch contro] In this context 1ect1ns such as Concanava11n (Con A).
4w1th the abl}ity to: b1nd spec1f1c o]1gosacchar1de residues on the cel]
,“surface, have been used to study the dwstrlbut1on of g]ycoprotelns on ’
A.the cell. surface. | |

Con A which binds o- D-mannoside and u—D—g]uc051de reswdues,

._‘

vy



f-was used in. this study to label the cell surface. Cytochem1cal tech- ‘

iniques were then used to render the Con A electron dense and visible
" by means of electron microscopy Horseradish peroxwdase and d1amino--

‘benzidine were used to 1abe1 ce11 bound Con A moIecules tn Sttu and

"ferr1tin coupled covalently to Con A prior to treatment of tissue was |

[ also used These two techn1ques a]]owed for appropr1ate compar1sons o

V_between protocols to ensure - that the patterns observed were not /

/artefacts._

t

i?' B The d1str1bution of Con A on the surfaces of the eplblast

and hypob1ast was stud1ed in tage and tage 4-5. (:was found thatf""

» al] surfaces wh1ch were access1b1e to Con'A showed'the presence of

']» Con A b1nd1ng sites (CABS) 1n tage 1 embryos The. ventral surface of7e

' the epib]ast d1sp1ayed a very 1ntense stainlng/reaction, wh1ch may

&

ref1ect the deve]opment of a basement Tamvna on th1s surface " The"

?; d1str1but1on of CABS in tage 4- 5 was dlfferent from that expressed by‘

' tage 1 embryos The dorsa1 surface of the ep1b1ast d1sp1ayed more :
b'fCABS and the ventra] surface of the hypoblast d1sp1ayed v1rtua1]y no

'CABS’ As we]] the vent'al surface of the eplblast and/the dorsa] |
:;3fsurface of the hypob]ast d1sp1ayed no CABS, a]though th1s may ref]ect

b'an alterat1on in the ce]]u]ar Junct1ons wh1ch occur between hypob]ast

I3

"'ce11s hence render1ng these surfaces 1naccess1ble to the 1ect1n probe.'w

The a]terat1on 1n blnding pattern found on the ventral surface of. the’

hypob]ast 1n tage 4 5 embryos ref]ects b1ochem1ca1 d1fferent1at1on.

'The s1gn1f1cance of a]terat1ons in CABS is. d1scussed w1th respect to '

l

v?ceT]uTar movement and ce]]ular commun1cat1on‘dur1ng morphogenet1c ‘

movements and d1fferentiat1on in deve]opment.

S
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INTRODgCTION ‘ \

o

_ . :__pr | |
. The current concept of the plasma membrane 1s.embod1ed in the _

";fhfluid mosaic model Stnger and Nico]son (1972) envisaged a fluid 11p1d

b11ayer'1n wh1ch globular 1ntegra1 proteins are embedded. either spanning

" “one. or both leaflets of the b11ayer A second group of proteins. :

| fperipheral Proteins 1s attached to the membrane by weak non- covalent '\,V
*bonds. The gIobular protein mo]ecu]es as well as the lipids are _';« o

Z:: amphipathic that 1s they have a hydrophilic gpolar) and a hydrophobic

'av(non.

bolar) end. This alTows for an’ asynmetry 1n the membrane as a \ '197

‘result of the1r 1nteractions 1n two phases, i. e . aqueous and hydrocarbon

; A third class of membrane components. o]igosaccharides, is present mainly

as Slde chains attached cova]ent]y to _protein- or 11pid These s1de

‘f'chains are. hydrophi]ic and are genera]ly found on the non cytoplasmlc -
side of the membrane (for examp]e, Nicolson and S1nger, 1974).  The , ’_\i.

.pr1ncipa1 monosacchar1des of these’ side chains 1nc1ude ga]actose,amannose.

.'»fucose, galactosamine. glucosamine glucose: and sialic acid (for a review

E”of glyc0prote1ns 1n membranes see Hughes. 1973) A]though ‘these side
ﬁl chains are usual]y no more than\flfteen sugar residues Iong, they are
f’ branched and bonded through a varlety of linkages which can g1Ve rise -
| ) potentia]]y great numbers of structures As such these carbo- -

hydrate side chains 11nked to elther proteln or lipid are attract1ve '
ncand1dates for endowing spec1f1c1ty to cell surfaces. ' ' _,5'

LD o .
' Recent studies (for a review see Nicolson. 1976) 1nd1cated P

that these g1ycoprote1ns are mob11e in the. plane of the membrane. The‘(

re]ative mobi]ity of" these groups could be modu]ated by any. comb1nat1on




v\'.\

of the'foiiowhng protein or 1ip1d assooiations in th plane of the

membraﬁL sequestratipn or exclusion of components in or from specific K

lipid regions. association either at the inner or outer surface with
"peripheraI proteins, or control through membrane associated cyto-
'.skeietai components As weii ‘the fTu"idity of the Hpid bilayer may
1also be aitered for exampie. by the addition of choiestero] whlch
‘could affect lipid phase transitions (Nico]son 1976) Any of these :

‘-;mechanisms could affect the mobiiity of these g]ycoproteins in the =

fluid Iipid matrix and thereby chaNge the tdpographicab distribution

 of surface groups 'f‘; ' ' b

' - The possibiiity of- regu]atory mechanisms existing to- control

"the distribution of oligosaccharide reSidues reiateS’directly;tU~the ‘?

B pOSSibIe contro] of cell movement celi recognition and cel] growth

' :and hente to 6rob1ems in morphogenesﬂs and differentiation in deve]op- uf”"

’fmental systems. "For’ examp]e, the structura] organization andYor the
v:topographira] distribution of these oligosatcharide Side chains could
. directiy affect speCific adhesion betweeh cells or cei] groups or may
' aid in cel] recognition or communication ‘between- groups° Aiterations

'in‘%ither structure or distribution of a subpopu]ation of émbryonic “

| ce]]s cou]d conceivably change the manner in which these subpopu]ations;

re]ate to each other. whether or not these oligosaccharid roups are. N

ydirectly re1ated to the process of. morphogeneSis, it is pOSSible that

they mightxgerve to aiiow discrimination between cel] populations _i

g

hitherto conSidered as- undifferentiated a . e .

v_{ Therefore. lectins such as Concanavalin A. (Con A) which bind

to speCific cell surface groups can be used asprobes ,With which_to

4

[ A

. °



¢

\\

study éhanges in distributioﬁs of these reéeptof sites. It was the

‘ purpose of this study to elucidate the. distribution of Con A binding
sites (CABS)‘on’thé»cell surface of the early chick embryé.”‘The
‘relat}vé amounfs Qf_rééeptdrs'éodjd‘b compared on Suffaces of
correspondinch;j1s in'hnincubatgd‘apj gastrﬁ]ating embryos by the |
use of uffrasfructural.cytochemica1,techniques, A change in the
binding of Cdﬂ A on any surfafe’WOuid«ihdicafeAa]terations 1n the
.cdmp1emeﬁt of cei] sufface receptor éites,‘whi;ﬁ'cqy1d in furn felate;
~to the morphbgehétic events of that pértféular cell group‘or to the

state of differentiation of subpopulations of the embryo.



- BACKGROUND .AND LITERATURE SURVEY

|
l

1. Ehrly C%zck Development

‘The chick embryo undergoes c]eavage as 1t passes down the
hen's oviduct.. At the t1nm of 1ay1ng, the germ 1s a d1sc ith two
areas genera]]y dnscern1b}e, the center th1nner area pé;::§:;;, ‘
surrounded by the th1cker ‘area opaca. _The area pe]]uc1da, in a
freshly laid egg, is essentially a single layer of cells (Eya]-G11adi-

\ and Kochav, 1976); a]though there isAwide variability as'hens‘retain’j
their eggs in their ov1ducts for greater or 1esser per1ods of t1me
Be11a1rs 01971) suggests hat externa] factors such as 1ength of
day]1ght at d1fferent t1m::]of the year or even a traumat1c exper1ence

'may affect the hormona] contro] of the laying cyc]e Neverthe]ess,

Eya] G11ad1 and Kochav (1976) have dev1sed a manual extraction tech-

nnque y1e]d1ng germs st11] undergo1ngc]eavage which they claim
1rcumv nts these prbb]ems It was. found that eggs cou1d be removed
from t e ov1duct by pressure app11ed to the abdomen appr0x1mate1y
- 5.5 h0urs after the prev1ous eqq was 1a1d However, by the time mgst
1nvest19ators rece1ve their fert111zed eggs, the area pe]iuc1da has
-.become two- layered (Fig. 8): Th1s 1s ‘due to slow- deve]opment of
Aun1ncubated eggs 1eft at room temperature The germ 1in the reg1on of
" the area pe]]uc1da has become two- layered the superf1c1a1 ep1b1ast
a ]ayer of co]umnar ep1the]1a like cel]s, and the under1y1ng hypob]ast |
wh1ch is’ not yet a coherent layer except in. poster1or reg1ons of the '

embryo As wel], in. the poster1or region of the area pe]]uc1da, a

small opaque crescent, the embryonlc sh1e1d, is found. This is an area



. @':'
in wh1ch the ce]ls are as much as f1ve deep (Be11a1rs, 1971) By th1s
t1me the embryo has attalned b11atera1 symmetry, as Judged by the
'appearance of the area pe1]uc1d5 (Eya] G11ad1 and Kochav, 1976) This

- 1s tage accord1ng to Hamburger and. Ham11ton (1951) but others have

“,;lsubd1v1ded Hamburger and Ham11ton s stages 1 ‘and 2 1nto as ‘many as

'Q'fourteen stages (Eya] G11ad1 and Kochav 1976) encompass1ng three

'd1st1nct deve]opmenta1 per1ods , c1eavage, format1on of the area..

\pe]1uc1da (perhod of symmetr1zat10n) and per1od of hypob]ast format1on‘

':'It shou]d be understood that the f1rst two per10ds have ]arge]y been .

';1gnored 1n the 11terature due part]y to the prob]ems of co]]ect1ng ,'
these early stages and partly due to a lack of understand1ng of‘the
1mportance of these early stages in deve]opment Most of the o '
exper1menta1 stud]es have. 1nvo1ved ch1ck b]astoderms a]ready at the "‘b
| pr1m1t1ve streak stage and older, based on the tac1t understand1ng

that it was at these. stages that d1fferent1at1on and morphogenesis

' started Recent work has 1nd1cated the need to take a c]oser 1ook

at ear11er stages as . 1t TS becom1ng 1ncreas1ng]y ev1dent that‘

"d1ffereht1at1on occurs 1n what was prev1ous]y cons1dered to be

¢

' und]fferent1ated stages (Be11a1rs, 1971 Bancroft: and Be}1a1rs, 1974
Jacob et al. 1974 Eyal- G]]ad1 and Kochav 1976).
The mechan15m~of.format1on;of a coherent:]ayer of hyboblast
s a cbntroversialtooint in the 1iterature To.add'to the'confusion,‘
it is now genera]]y agreed thatgthere are at Ieast two contr1but1ons
to the hypob]ast wh1ch form pr1mary and secondary hypob]ast respect1ve1yf
| dur1ng development (Rosenquist, 1966 Vakaet, 1970; Be]]axrs, 1971)

It is the format1on of the primary hypoblast which is most controvers1a1

A



since most workers agree that the addition of ce]]s from the primitive
streak to the secondary hypob]ast is by invagination: of epib]ast cells
) through the streak v )
| Réter (1938). as cited by Be]]airs (1971), nitiated the |
n theory of de]amination which proposed that the hypoblast resuited from
e a separation of a continuous sheet of cells from-the 1ower surface pfgf
Lthe epibiast. This separation is,SUpposed-toistart invthe posteripr
vregionvof the'embryo and progress agterior]y."Absimiiar theory,tpoiyf :
5,invagination,‘supported the idea that individual‘ceils migrated' .
'ventra]]y and subsequent]y JOined to form a coherent Tayer - (Merbach

. v1935, as c1ted by Eyal- Gi]adi and Kochav, 19765 Vakaet, 1962; Spratt

" and Haas, 1965 Eya1 Giladi and Kochav, 1976). Merbach (1935)

proposed an additional mechanism, that of an 1nvaginat10n of ce]]s / ,
‘at the posterior end of'the embryo, Vakaet (1962) and Spratt dnd Haas
(1965) suggested that in addition to'poiyinvaginatipn,‘there was an
anteriorly—directed"moVement of hypoblast cei]s from'Koller;s‘sickle,l
agposterior concentration of;cells. ‘ThesesauthOrs'agree oo the.i
existence of Koiler's.sickle, but- do not agree that a.furrowiis
present homologous to the amphibian b]astopore, through which
1nvaginat10n occurs, as originally suggested bylkoiler (1882 as c1ted ’
by Eyal- Giladi and\Kochav, 1976) Others have also proposed the'
existence of a "b]astopore" in some region of the blastoderm (for
example Duval, 1884, as cited by EyaI Gnladi and Kochav, 1976
Jacobson, 1938). o "

A#\Opposed to these'two.theories.(pb]yin?agination and

'de]amination)'ofvthe hypohlast originating from-the lower surface of



the area pe]]uc1da is the idea of an or1gin from the germ wal] (area
‘opaca) " Disse (1878 as cited by Eyal G11adi and Kochav, 1976) postu-
: ]ated the’ 1dea of a gradua1 formation of hypob]ast from ‘the. per1phery
towards the center in a concentr1c fash1on o '
Eya] Giladi and Kochav (1976) descr1bed the format1on of the =
pr1mary hypob]ast as fo]]ows At a time when the area pe11uc1da is
comp]eted the primary hypob]ast 1s start1ng to form as 1solated
_ c]usters of Ce1ls (F1g 7), more crowded at the poster1or end of theAh
: germ Separat1ng these c]usters from the anter1or area opaca 1s a
transparent belt 11ke pure. epiblast reglon, and 1ater an 1ncrease 1n

n

ce11 dens1ty at the poster1or forms a clearly demarcated s1ck1e

(Ko]]er s s1ck1e) Anter1or1y, the non coherent cell clusters cont1nue S

to grow 1n 'size and w1th more time the s1ck1e becomes coherent w1th
aggregates of the poster1or half formwng in. the posterTor reg1on of the
: embryo, the embryon1c sh1e1d The’ s1ck1e and transparent be]t beh1nd
‘41t are well def1ned and the hypob]ast, a]though sheet- 11ke, is not
cont1nuous and gives . the 1mpress1on of being formed~Qy the fus1on of '
cell masses. Eya] G11ad1 and Kochav (1976) believe the pramary hypo- |
" blast resu]ts from an order]y coa]escence of ceIl aggregates wh1ch have :
po]y1nvag1nated They suggest there may also be an active anter1or :
movement a]though they have no data for th1s Th1s s 1n agreement ;'
" with others (Vakaet 1962; Spratt and Haas, 1965) ' Eya]-G1]ad1 and
Kochav (1976) also desgr1bed the deve]opment of a cel]u]ar bridge. - |
'wh1ch appears and connects the- central reglon of the posterlor s1ck1e |

‘with the’ poster1or area.opaca It 1s within thws db]]u]ar br1dge that -

the rud1ment of the pr1m1t1ve streak appears
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In a scann1ng e]ectron microscope study, Bancroft and
.Be11a1rs (1974) reported the appearance of "crypts“ 1n un1ncubated
egbryos These‘"crypts" separate ad301n1ng cells and have m1crovi]11 L
" from the ce]ls protrud1ng 1nto the1r 1nter1or “Ihey are found | ‘
bvrandomly over the b]astoderm, but dlsappear by Hamburger aqd Ham11ton ‘
o tage 2 Bancroft and Be11a1rs (1974) bel1eve eachﬁ”frypt" may be -
‘the s1te of .an 1nvag1nat1on v : I . B - fffh
' The prob]em of how the germ 1ayers form w1th1n the area ,n-,*;_

pe]]ucida and the ce]l movements wh1ch occuraand 1ead to- gastrulat1on
has been studwed through fate maps A var1ety of techn1ques,
| 1nc1ud1ng the use of v1ta1 dyes,-part1culate matter,‘t1me-1apse
c1nematography and graft1ng«of rad1oact1ve1y 1abe11ed t1ssue squares
.‘f to homologous s1tes in rec1p1ent embryos, have been used to construct
these fate maps (for examp1e Peter, 1938 as c1ted by Be11a1rs, 1971;
"1Spratt and Haas, 1960 Rosenqu1st 1966 !akaet 1970) There is
.ge:era] agreement that morphogenet1c movements occur w1th1n a few
-hours of 1ncubat1on and that there is a movement of ce]]s toﬁards the

fposter1or med1an end of the blastoderm (Be]1a1rs, 1971) It is

. be11eved by some (Eyal G11ad1 and WOlk 1970 EyaT G11ad1, 1970

_ Eya] G11ad1 et al., 1975a) that the hypob1ast 1nduces the format1on -

. of the prim1t1ve streak

| Fate maps have 1ed to the fo1low1ng descr1pt1on of the‘
' »format1on of the pr1m1t1ve @treak A convergence- of ep1b1ast4cells
atowards the midline 1n the poster1or ha]f of the area pel]uc1da f
E 71n1t1ates the format1on of the pr1m1t1ve streak. As th1s concentrat1on
'_of ce]]s_proceeds, the parts-of the ep1b1ast s1tuated farther out

%

J

.kl



' 1atera11y and anterolateraIIy swing in a curve back\ards and 1nwards,
.Ltaking the place of ep1b1ast cells which have sh1fte to»the m1dline

The short pr1m1tive streak elongates by the concentration of more and

" more ce11s to the midline and contracts from a broad, .vague1y de11neated

structure to a narrower structure ca11ed the def1nit1v pr1m1t1ve
treak Dur1ng th1s process the pr1m1t1ve streak furth r q]ongates

Cells of the ep1b1ast as early as the short pr1mit1ve st eak stage

“have started to 1nvag1nate between the ep1b1ast and hypob1ast There
)
is no 1nfo1d1ng as found in amph1b1ans but rather a downﬁard movement

-~ of 1nd1v1dua1 cel]s As the m1grat1ng ce]ls reach the hypob]ast

" they 1nterm1x w1th 1t (F1g 11) At th1s po1nt the ent1re pr1m1t1ve

streak is a mass of movement cce11s m1grat1ng f1rst1y downward from ’
’the surface towards the hypob]ast and second1y, antero1atera11y

. dbetween the ep1b1ast and hypob]ast | _ '

| “Along the middle of the fully developed pr1m1t1ve streak

k. runs a narrow furrow, the pr1m1t1ve groove, and at the anter1or end

' - of the pr1m1t1ve streak is a th1cken1ng, Hensen s node (Fig.. 2) fhe

center of Hensen S node is excavated to form a funne] shaped depre551on
'fThese structures are due to the mass movement of cells from the surf;ce '
of the b1astoderm 1nto the 1nter1or Although s1ng]e ceTﬁs m1grate |
downward through the streak, sheets of ep1b1ast ce11s move towards the

' pr1m1t1ve streak in. a coord1nated fashlon, with whole areas of the
ep1b1ast mov1ng towards ‘the m1d11ne and into the pr1m1t1ve streak to be
replaced in turn by others 1

Rosenqu1st (1966) demonstrated the mlgrat1on of ep1b1ast to

the streak and movement ventrally of these cells to penetrate into the
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‘hypob1ast‘and form the‘secondary.hypoblast' At- tage (Hamburger and
Hamilton, 1951) all cells which 1nvagxnate enter the hypob]ast and are
-presumpt1ve endoderm - As development proceeds ( tage 4), increasingly -
1arger annunts of presumpttve mesoderm gain adcess to the streak. }The.
secondary hypoblast pushes forward and oEEWard, and this results .in an |
‘exten51ve area of hypob]ast around and in front of Hensen's node
orlg1nat1ng from ce]]s der1ved from anter1or reg1bns of the pr1m1t1ve
~ streak. Th1s reg1on 1ater sh1fts forward to form the foregut |
(Rosenou1st 1966, 1971) Endoderm 1ay1ng more poster1or1y in the
pr1m1t1ve streak after invagination moves more 1atera11y and even
Alaterocauda]ly to replace the pramary hypob]ast Th1s g1ves rise to
:the Tining of the yo]k/sac (Rosenqu1st 1966) The presumpt1ve
,;notochord ce]]s are concentrated in the deeper parts of Hensen's
.\node after 1nvaginat1on at the cepha11c end of the streak and. then
move’ lnrthevmtd11nevanter1or]y (Rosenquast, 1966).‘ | B
. f!Bancroftfand Be]]airsd(1974)rreported the appearance of

L L : = -
"dimples™ in scanning electron micrographs. These "dimples" were *

. found .in. the posterior end of the area pellucida of stage 5 embryos.

They were']oca]ized depressjons found at the junction of .severa]l ce]Ts,
which were»arranged'in'a’rosette-like_array surrounding‘it Bancroft
.and BeTlairs 1nterpreted these "d1mp1es“ as s1tes of 1nvag1nat1on

The pr1m1t1ve streak Wh11e act1ve, 1s a mass of cells
cont1nuous with both the epiblast and the hypoblast, with mesoderm
cells m1grat1ng between the two (Fig. 11) - It should aISO'be noted that ;
the pr1mary hypob]ast has been altered by the 1mmfgrat1on of endodermal |

ce]]s from. the ep1b1ast These new]y 1mm1grated cells contr1bute to
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"the gut and its derivatives
Morphological ev1dence based on scanning electron microscopy

has‘given further support to the.idea that’differentiation has occurred
| _in‘what wasypreviously thoughtlto be undifferentiated ce]]s’ Bancrott\

and Bellairs (1974) report that - regionai differEnces occur in the
b]astoderm as ear]y as tage 2 (Hamburger and Hamiiton) They find. that
the central region possesses fewer microvilli but more vesac]es than -

cel]s in the posterior end Vakaet (1970) had prev1ous]y noted that
when 11v1ng embryos were viewed by transmitted 1ight this centra] area
was re]atively thicker and denser than peripheral regions In the

stage 5 embryo, Bancroft and Be]]airs (1974) found that the regions
poor in microv11]i but rich in giobu]ar progections and vesicles
corresponded to areas Wh1Ch would 1nvaginate to “form neurai plate, )
some. endoderm, SOm1t€S and latera] p]ate mesoderm. The areas which i
were found to be rich in microv1111 wou]d become ectoderm and extra- .v

S

embryonic tissues. . From a corre]ation betwéen fate maps and maps

show1ng these areas, Bancroft and Bel]airs concluded that cei]s which
| wou]d,later 1nraginate to form internai organS'begin to differentiate

from futore ectodermal Cei1s a]most immediateiy upon incubation

These authors and Jacob et aZ (1974) also describe the

appearance of threads These threads vary in 1ength between 3 and

17 wm and may or nﬁy not have "beads" measuring up to 0. 75 um in | .
7d1ameter Bancroft and’ Be]lairs (1974) suggest several p0551b1e |
functions. The threads may prov1de a means of communication between

: cei]s which are not 1mmed1ate neighbours " This cou]d ‘have some

' 51gnif1cance in coordinating deve10pmenta1 act1v1ty By a]]owing,a
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cell to "communicate" with cells which are more distant nelghbours.
a better assessment of the cells' re]at1ve deve]opmenta] progress
.could be made. An a]ternate function could be to serve as an aid to
m1grat1on of mesoderm cells, a11owing the ce]l to exp]ore for
suitable pathways on which to move ‘ _

. Add1t1ona11y, ves1c1es ‘were seen. in transm1ss1on electron
m1crographs at the Junct1on of two ce11s (Figs. 56, 57) (Ba11nsky and
'Na]ther, 1961; Bancroft and Be]lalrs, 1974) Bancroft and -Bellairs
-'be11eve that these 1ntrace11u1ar vesicles are formed when processes
from two adJacent cel]s meet, enc1051ng a droplet of f1u1d During
'~the first two days of 1ncubat1on these ves1c1es develop in size and
number. Rugger1 (1966 as cited by Bancroft and Bellairs, 1978) |

suggested that these ves1c1es may be involved in. absorpt1on of a]bumen

2. CeZZ Surfhce
o The cell surface plays. an 1mportant role in the controi of
cell growth ce]] movement and ce]] recogn1t1on and is consequently
intimately involved w1th d1fferent1at1on and morphogenes1s In1t1a1
interactions between a ce]] and its 1mmed1ate env1ronment w111 occur
at the cell surface, and these "messages" rece1ved by - the cell surface

-could be transmitted to the cytop1asm, perhaps a]ter1ng cellular
act1v1t1es such as.synthes1s.-;A change in synthe51s may 1n,turn be‘?

'~:ref1ected,in'alterations-of the cei] surface. Such. sequences asnthis

“might be the driving force behind‘differentfationiand development in

| nbryon1c systems. o ‘ | ' o

- There has been some work in recent years which has d1rected
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its attention to‘alterations~in cell surface properties of chtck‘ce1ls“
at early stages of development ZaTik et al. (1972)‘reported differ-
ences in surface charge density between prestreak cells and pr1mit1ve
streak cel]s ‘They repOrted a progressive decrease in e1ectrophoret1c
ﬁbbi]ity as the pr1mitive streak deve]oped Th1s decrease in surface
charge density occurs at the time when active ce]] m1grat1on occurs
The surface charges which account for electrophoret1c mob111ty arise .
from ionogen1c groups such as carboxyl, amino and phosphate groups
(F1nean, Coleman and M1che11 1974). | | |

- Lanthanum n1trate and colloidal iron have been used to
demonstrate the presence of surface mater1a1 on chick embryos us1ng

electron m1croscopy (Sanders:and Za11k, 1972) These sta1n1ng methods

..~ do not have precise spec1f1c1t1es but it. 1s believed that they stain

‘prote1n po]ysaccharide material (for a rev1ew see Mart1nez Pa1omo,

1970). Sanders and Zalik (1972) reported that surface sta1n1ng with

o ilanthanum nitrate. of who]e embryos of s tage 1 genefa]]y showed a |

heavier stammg than embryos of stage 5. The‘]so ment1oned that , ‘-\

.j the ce]]s found at the base of the pr1m1t1ve groove of tage 5 embryos
‘show a marked]y greater sta1n1ng 1ntens1ty than the rest of the embryo
No sta1n1ng was found on mesoderm ce]ls in the pr1m1t1ve streak region.

, Sanders and Za11k (1972) specu]ated that the presumpt1ve ‘mesoderm

~ cells may rap1d]y synthes1ze new surface mater1a1 upon reach1ng ‘the
pr1m1t1ve streak reg1on "and upon the comp]et1on of m1grat1on th1s
‘mater1a1 is then 1ost The d1str1but1on of lanthanum n1trate was not.
~uniform on who]e embryos wh1ch Sanders and Za11k (1972) believe

ref]ects an 1nhomogene1ty of surface material. Th1s uneven d1str1but1on E
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is in contrast to the even dense layer of stain found on EDTA-

/ dissociated b]astoderms of stages 1 to 5. " The colloidal iron staining
| technique was reported to: demonstrate a similar loss in affinity for
surface.binding,with_increasing age of cells. This technique did not
. stain the surface of Wissociated cells evenly;»instead localized
patches of‘denSe“staining nere found The differences in distributiOn
of 1anthanum nitrate staining on whole embryos and dissoc1ated ce]]s
was thought to represent a redistribution of the cel] surface material'
ﬁwhich.occurred‘during.the dissQCiation procedure“(Sandersvand Zalik, |
1972). | | -
\ : . =
_i ‘More recent work has dealt w1th the aggregation and sorting ,
- _out of dissoc1ated chick cells taken from early deveiopmenta] stages.
This aggregation and sorting out is be]ieved to resu]t from surface
pr0perties which allow ce]]s to se]ectiveiy adhere and thus distinguish
between Similar and diSSimilar cells. This technique is well ‘established
(for a review see Weiss, 1967), and it is genera]]y assumed that ce]}
paggregation in vttro and the resulting sorting out is a valid experi-5
'mentallmethod for studyingfceii recognition, selective ce]i adhesion
andfce]]uiar interactiOns (MoscOna; 1974) o | |
| It was genera]ly agreed that differentiation initialiy
starts w1th the onset of gastru]ation ;nd thus initia1 work was done
‘WTth definitive streak stages of the chick (for exampie see Zwilling,
:1963). From the work described by Sanders and Zalik (1972) and the -
:nformation that the first morphogenetic movements in the chick were

the formation of the primary hypoblast (Eyal-Giladi, 1970), it was

felt that ce]ls from prestreak b]astoderms would possess surface

i
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characteristics which wou]d a11ow them to sort out 1nto two distinct o
groups and continue to differentiate (Za]ik and Sanders. 1974 |
Eyal-Giladi et al..,}975b.-Macarak,.1975, Sanders and Za]mk. 1976).
'Zaiik*andeandefs (1974) reported that aggregates'prepared
‘fYOm'cells‘dissoojated'by EDTA of tr&bsin from whole non-incubated
';biastodefhs segregated to form two ce]l populations The aggregates
were initia]]y sofdd' but with time formed cavities which were bordered
by 1oose1y packed cel]s form1ng a cont1nuous phase W1th1n th1s
continuous phase were groups of more_ tightly-packed ce]]s wh1ch
constituted the second ce]] type. On the basis of morpho]og1ca1
" s1m11ar1t1es and the observat1on that the’ Ioosely paoked phase - h{#
deferentiated w1th time into ce]ls resemb]1ng yo]k sac. indoderm, ‘
f2a11k and Sanders (1974) suggested that these cells or1g1nated from
:‘the hypob]ast The. compact phase was thought to or1g1nate from the
epiblast, based upon the formation of Junct1ona1 comp1exes found wh1ch

L
- are s1m11ar to those found in the ep1b1ast in sttu Their conclusion

B

was that two popu]at1ons of ce]]s ex1sted in the unincubated ch1ck '

' b]astoderm, each with d1sﬁ1nct surface character1st1cs (Sanders and

Zalik, 1976)

.

I“ka s1m11ar study, Eyal-Giladi and co-workers (1975b)
f .provwded additional ev1dence for the ex1stence of two distinct ce]]

popu]at1ons‘1n the un1ncubated~ch1ck blastoderm, even though there.v
were d1fferences 1n technlque These 1nvest1gators used neny prec1se
staging technfaues in wh1ch only b]astoderms with a comp]éte primary |
hypob]ast were used (Etag1ng in accordance w1th Eya] -Giladi and Kochav,

‘ 1976) As wel] al] reaggregat1on experlments were carraed out w1th
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veither the hypoblast or epiblast radioactively labelled. The aggregates
of Zalik and Sandersh(1974),attained a rounded shape; which was probably
due'to cuiture'ih suspension in a fluid medium in agttated flasks.
Eyai Giladi and her co-uorkerstcuitured their aggregates on a yitelline
membrane over a solid cu]ture medium, which enabied their aggregates to
form a flattened shape They used this technique on the assumption
that the behaviour -of cells woqu approximate more closely the normal
behaviour. - Despite these differences in technique, two]ayers of cells
‘ sorted out the uppermost 1ayer composed of epiblast and the lowermost -
- layer composed of hypobiast cells This was opposite to the expected
:'.arrangement in that it was thought that the epiblast wouid attempt to
. estabiish contact w1th the vitelline membrane These investigators
t'jsuggested that the hypobiast may tend to migrate away from the gaseous
'phase. or aiternately these ce]ls are attracted to the source of
| fnourishment The eVidence from all this work seems to be concIuSive |
in that cei]s from the ear]y biastoderm are suffiCientiy differentiated
'f'or possess surface characteristics which aiiow them to sort’ into two .
cei] popuiations (Za]ik and Sanders, 1974 Eyai Giladi et al 1975b .
__Sanders and Za}ik 1975) . | o B
The mo]ecuiar basis for the expression of these ce]i surface
’idifferences appears to 1ie in surface receptors or recognition Sites
'which may be of a carbohydrate nature (for reuiew see winzier, 1970
1Hughes. 1973) Various theories have been postulated which suggest
g that these specific(components on the ce]i surface function as receptor

‘”"sites for iigands which mediate cei] recognition and selective cell

‘ adheSion Both of . these phenomena couid be invoived in morphogenetic
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,Fbvement. . . ...4' j

“ Ear1y workers (Ty]er, 1946 We1ss, 1947, as c1ted by Moscona,
1974) had 1ndependent1y suggested that the ce]l surface m1ght conta1n
comp]eﬁyntary molecules Whlfh could 1nteract spec1f1ca1]y in a- 1ock and-v
key fashion. we1ss (1947, as cited by Moscona, 1974) postu]ated two .
ag{nctwns for these molecules. They could funct1on in 1nterce1lu1ar ‘f
,,recogn1t1on, detect1ng likeness 1f both members of each matching pair
were.bound to a partlcu1ar cell type. This would allow a cell to “"test"
its fmmediate.envirOnment andbthen'respond*in an‘appropriate manner.
. A second function of these comp]ementary molecules wou]d be 1n med1at1on
of ce]] conmun1cat1on if the re1ease of so1ub1e mo]ecu]es by theacel1
cou]d b1nd to its complementary receptors on other ce11s
» In nnre recent stud1es, Moscona has suggested a.very s1m11ar
hypothe51s. the cell-ligand hypothesis (Moscona, 1974) Ce]l—hgandsi
are ce]] 11nk1ng ;omponents at the cell surface, assumed by Moscona
to be g]ycoprgte1n,1n nature. Cells with a high degree(of 1igand
complementarity wou1d shou pdsitive'recognition throughtthe 1inking,of
: 11gands whereas cel]s w1th 11tt1e 11gand comp]ementar1ty wou]d
~exhibit negat1ve recogn1t1on The hypothes1s stated that the
character1st1cs of the cell ]1gands would evo]ve dur1ng d1fferent1at1on
“and the a]terat1ons in 11gand patterns account for differential
adhes1veness and se]ect1ve ee]]u]ar affinities. :

’ Moscona and co- workers have 1so1ated ce]] aggregat1ng

factors (for review see Moscona, 1974) which are tissue spec1f1c in

enhancing reaggregat1on and promot1ng the further d1fferent1at1on It

was found that in the case of ret1na factor obta]ned from embryonic
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retina cells that the fu]ﬁy dtfferentiated retina cells did not
‘re1ease the retjna factor. These fu11y differentiated retina ce]ﬂs‘
a]so-wou]d_not?respond tottheoaggregating‘factor obtained.from younger -
ce11§,_-It'appeared_from.thishevidence'that_uponjcomp]etion-ot L
differentiation and morphogenesis; thesemcellsﬁare"no 1onger'capab1e
~of reform1ng the surface components which were required for morpho- |
~genes1s at ear11er stages of deve]opment (Moscona, 1974). |
‘The mechanism of binding of ligand to the ce]],surface has

been under study, Moscona (1968) had suggested that the’ce11 ligands"
bind to acceptor sites on the cell membranej Neinbaum andeurger :
(1973) have also provided ev1dence for a two- component system in the
case of sponge cell aggregat1on ‘ ' e
’ While the detailed chem1stry and structure of these cell

11gands 1s unknown, there is some ev1dence which 1nd1cates that they
-are‘glycoprote1n in nature. They-conta1n relatively h1gh amounts‘of
g]utamic and-aspartic acid residues, as well‘as mannose,hgalactose,,‘_
g]ucosam1ne and s1a11c acid mo1et1es (Moscona, 1974) Howeuer, the
;rd1fferences wh1ch account for the spec1f1c1t1es, mechan1sm of. linking
‘_ce11s, the1r b1osynthes1s and d1str1but1on on the ce]] surface is.

1arge1y unknown As we]] the nature of the acceptor s1tes and the
smechanlsm of . the two- component 11gand acceptor complex is also 1arge1y
.unknown However, recent work (McDonough and Lilien, 1975b) has
1suggested that aggregat1on-promot1ng material which is specific for
the'retina,and'cerebraltlobe (RAPM and CLAPM)'bind'to the respective
}tissue>by‘sugar'residues Spec1flca1]y, the b1nd1ng of RAPM to retina

‘cells was dependent on a terminal N-acetyl- ga]actosam1ne res1due and
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/

and1ng of CLAPM to cerebral Tobe cells was dependent on a terminal
mannosamine res1due |

If the nature of the ligand is glycoprotein, then the
mechan1sm of interaction wh1ch would 11nk cells cou]d be either
:prote1n prote1n, prote1n -carbohydrate or carbohydrate carbohydrate
1nteract1ons The presence of g]ycosy]transferases and their acceptors
on the cell surface has been suggested by some (for example Roseman, 1970
‘Roth et az » 1971; for a recent review see Shur and Roth, 1975) to be
a poss1b1e mo]ecu]ar bas1s for these 1nteract1ons . i

G]ycosy]transferases are enzymes wh1ch catalyze the transfer
of monosacchar1de res1dues from a sugar donor (sugar nuc1e0t1de) to the
4non reduc1ng terminus of a 'specific sugar acceptor. They are named o
accord1ng to the sugar donors they ut111ze (Shur and Roth, 1975)
Although no transferase can utilize more ‘than one sugar donor, the
acceptor spec1f1c1t1es are 1ess str1ngent A wide range of poss1b1e.
functions for these enzymes has. been suggested; inc1uding”termination
of carbohydrate portion of 11gands, stab111zat1on of membrane components
by cross- 11nk1ng, transport of sugars across the ce]] membrane,
degradation and turnover of cell 11gands as we]1 as ‘the binding of
1igands-to acceptors There has been ev1dence for the presence of o
transferases on. the ce]] surface in a number of developmental systems
1nc1ud1ng gastru]at1ng ch1ck embryos (Shur and Roth 1973) Using
3H ]abe]]ed sugar nuc1e0t1des and autoradlographs of ser1a1]y sect1oned |
chick embryos (stage 9+- 14) 1t was found that the migrating and

1nduct1ve cell types expressed the most active surface transferase

activities (Shur_and Roth, 1973, 1975). It was concIuded that sugar
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-nucleotides were the substrates‘and that the f%na] giyc0sy1ated
'products of the various transferases were externa]ly located at the
cell surface. The most active g]ycosyltransferases were ga]actosyl-
N-acety1 g]ucosam1ne- and fucosy]-transferase. The age of the embryos
assayed was relatively. 1ate but these authors conc1uded that the
temporal and spatial patterns of spec1f1c act1v1ty of g]ycosyl—
transferase was suggestive of the 10ca11zat1on of these enzymes on
cells undergoing migratory movements orbinductire interactions (Shur
and Roth, 1975). | '

DR Studies 1nv01v1ng g]ycosy]transferases are often cr1t1c1zed '
for the lack of proper controls. Controls must be done to ensure that
hydrolysis of sugar nucleotide has not occurred’extracellulariy, and
the breakdown product internalized for synthesis;_ As well, it hust be _
determined that 1abe11ed sugar nuc]ebtides’are~not simp]y binding to
the'ce11 SUrface' It has beenvsuggested that excess unlabelled sugars
and sugar phOSphates, assays for. the rate of free 1abe1]ed sugar
1ncorporat1on,»use of metabo11c,po1sons_and tests for the-hydro]ysis'
of sugar nucleotides.are required before the identity of the sugar
donor as sugar nucleotide can be estab]ished (Shur‘and Roth, 1975).

If the presence of these enzyme systems is conffrmed at the cell
surface, then the g]ycosy]transferase nodeI_may'still not be the
molecu1ar basis for the cell-ligand'hypothesis. Alternative inter-
pretations of the data could be the fo11owing:’ the transferases may
not be dtrectly invoived in controlling cellular interactions But' ®
rather may funct1on to synthes1ze other surface molecules which would

| be~d1rect1y 1nvo]ved.v It is also poss1b]e that other types of



enzyme- substrate pa1rs could medwate most of the ce]lular 1nteract1ons, .
for example glycos1dases, prote1nases or k1nases (Roth, 1973). _
| ‘~Taken together; the evidence seems to indicate the involvement
of cell surface components'in morbhogenesis and differentiation. The
prob]em exists whether the subtle d1fferences in ce]] surfaces can- be
so]e]y explained by s1mp1e ‘chemical d1fferences between 11gands It
~ has been suggested that the. requ1red d1vers1ty of ‘ce surface |
spec1f1c1t1es could be met if tempora1 topograph1ca] d1str1but1on |
patterns were added to the dtmens1on of chemical d1fferences. Thus,
the biochemical .comp_bsiqtion_oflthe ligand plus the distribution of it
over the cell surfacebat any point in time may.bqth be inportant-in
the invo]yementjof the cell surface during deve]opment (Moscona, 1974).
j |
3. Lectirw and Concanavalin A
In recent years, 1ect1ns have been used as molecu]ar probes
for sugar. res1dues on the cel] surface Lect1ns are a d1verse group
of protein mo]ecu]es isolated from a w1de var1ety of plants as well ‘as
“sone invertebrates, fish and m1cro‘brgan1sms They f%are in common one
feature: b1nd1ng sites for spec1f1c sugar re51dues, to wh1ch they
| bindhtightly and revers1b1y Th1s b1nd1ng can be 1nh1b1ted by the
fadd1t1on of thg\spec1f1c sugar to the assay. The spec1f1c1ty-of the
sugar gs a hapten 1nh1b1tor is taken as evidence for the presence. of |
'sugar-receptors for the 1ect1n on the cell surface with a similar but -
not identical structurevto-the hapten inhibitor. TheSe,receptors are
either g]ycbprotein and/or glycolipid; both are important eonstituents'l

of the cell membrane (Bretscher and Raff, 1975).
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Lectins‘have been found'to have a wide variety of'effects'on
ce]]s, 1nc1ud1ng cell agg]utinat1on, induction of m1togenes1s and.
tox1c1ty ~ Due to: thelr sugar-binding spec1f1t1es, they have a]so
) been used for stud1es on b]bod group substances, analysis of surface
structure of norma] and transformed ce]]s, spec1f1c 1solat10n of
g]ycoprote1ns or other sugar -containing molecules and in ant1gen—

" antibody mode1s (see review. see Lis and Sharon, 1973; N1co]son, 1974)
As well, . varipus techn1ques have been deve1oped which 1abe1 the lectin.
“to facilitate the m1croscop1ca1 detect1on of fhe lectin bound ‘to the
‘ce11 surface The v1sua11zat1on of a lectin perm1ts the study of not
oh]y the presence but a]so the d1str1but10n of the 1ect1n receptors "
on the ce]l surface. v. ot |
| It has been accepted that the nature of the sacchar1de b]nd1ngd
spec1f1c1t1es could be adequate]y descr1bed by 1nh1b1t1on stud1es
vut111z1ng e1ther s1mp1e sugars or g1ycos1des as hapten-1nh1b1tors
’However, the best inhibitor is not necessar11y 1dent1ca1 or similar
to the ce]] surface 1ect1n receptor, nor: does the lectin necessar1ly
bind on]y to terminal non- reduc1ng sugar res1dues These 1nh1b1tors
“may only m1m1c a carbohydrate which occurs 1n the 1ect1n receptor on
) the cell surface._ It is now known that cell surface o]wgosacchar1des
are‘compTex structures which may.be'infTuenced'by neighbouring oiigo- .
: sacchar1des through non-covalent 1nteract10ns such as hydrogen bonds,
. the nature of the 11nkages of the saccharides in- the 011gosacchar1de
cha1n and the properties of the protein backbone to which the chain
‘is Tinked (L1s and Sharon, 1973 N1co1son 1974) Ev1dence has been '

: presented which 1nd1cates that some 1ect1ns can 1nteract w1th term1na1

o
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residues as well as w1th 1nterna1 core sugars (for exapp]e Go]dste1n et B
als, 1973) A]though no stud1es on glycolipids as lectin receptors
have been done, 11ﬂws probab1e that these may a1so function as lectin
‘receptors Nork is current]y in progress 1n severa] 1aborator1es to
h isolate cell surface 1ect1n receptors and 1t would be expected that
. .these 1so]ated receptors would be potent 1nh1b1tors of lectin b1nd1ng
~ (Sharon and Lis, 1975) R R '*:‘ -
| One of the most w1de]y stud1ed lectlns is Concanava11n A
A(Con A), which has been 1so]ated from\the Jack bean Canavalia - -
. engiformis. The b1o]og1ca1 act1v1t1es of Con A can be inhibited by
the‘addition of a-methy] D-mannos1de Go]dste1n and his co-workers
(1973) have reported that Con A b1nds spec1f1ca11y to non- reduc1ng )
- term1na1 a- D mannopyranosy], a-D- g]ycopyranosy] and a-D fructofuranosy]
residues as well as non-termana] u—D-mannopyranosy].reSJdues (asiwe11
as»their §1ycosides andvother.sterically related structures). |
- Con A is a protetn composed‘of‘identical subunits,.each with
a nnlecu1ar'weight of-25 500 The association of these subun1ts 1s
pH- dependent w1th dimers form1ng predom1nant1y be]ow pH 6.0 and
| tetramers above pH 7.0 (Reeke et al. , 1975). At h1gher pH the
format1on of tetramers 1s accompan1ed by the t1me dependent development
»of turb1d1ty which 1nd1catesmthe formation of higher aggregates- Ai

(McKenaie Sawyer‘andrNichol 1972) This can be eliminated at pH 7"
J by-- e1ther an 1ncrease in 1on1c strength or by the add1t1on of g]ucose
‘(McKenz1e, Sawyer and Nichol, 1972) ‘

 Low reso]ut1on crysta]lograph1c stud1es have 1nd1cated that

the protomers are "gum drop“ shaped with the base measur1ng approx1mate1y '

»“
i



40x39 A and with a height of 42 A (Reeke et al., 1975). The Con A
subunit is globular, composed of 238 amino acids, nith four of these
units 1nteract1ng to.form a tetrahedra] shape. The predominant |
structura] feature .of each subun1t 1s an/e;“ended polypeptide cha1n
arranged in two ant1para11e1 sheets (8~structures) Oneuof these
'sheets"1nteracts w1th other subunjts to stabilize d1mer and tetramer
, structures.(Lis and Sharon,‘1973;'Nico1son,A1974;‘Reeke et al., 1975).
Reiidues which are'not included in the 8 structure are in regions of
random coil. | '_ N | |
Each subun1t binds one calcium and one manganese 1on plus -

“one saccharlde mo]ecule The metal 1ons are necessary for saccharide
binding act1v1tyz It has been shown that treatment of Con A w1th
}ethy]enediamine tetracet1c ac1d (EBTA)'destroys sacchar1de b1nd1ng ‘
'act1v1t1es which can be restored by add1t1on of MnC]z and CaCl2 (Yar1v
et al., 1968; Uch1da and Matsumoto 1972) These b1nd1ng sites have .-
been proposed to be 1ocated in the subun1t as indicated in Figure 1.
‘It was believed that the sacchar1de binding s1te is located in a |
pocket 1ocated on each subunit and surrounded by hydrophob1c amino ac1d
“tres1dues, but recent evidence ra1ses some doubt as to whether these

: cav1t1es are the actual sacchar1de spec1f1c b1nd1ng sites. Becker et-aZQ
9(1976) have proposed that a second s1te 1ocated near the ca1c1um and -
‘~manganese binding s1tes is respons1b1e for b1nd1ng specific sacchar1de
residues. There is some controversy in the literature 1nd1cat1ng that :
binding s1tes observed in the crystal may not be ‘the same as the
1nh1bitory sugar-b1nd1ngts1te jn solution (for review sesﬁgeeke et al.,

1975; Becker et al., 1976).
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'Fig.'l. ( Schemat1c representat1on of tetramer1c structure of Con A.

The proposed binding sites for~manganese and. ca]c1um are

indicated by Mn and Ca, the saccharide b1nd1ng s1te near

. the meta]s is 1ndrcated by s and the hydrophob1c b1nd1ng

sites in the-cav;ty by I. (Erom Becker et al., 1976).

Recent evidence (Huet et al., 1975) has suggested that the
Con A mo1ecu1e undergoes quaternary structure trans1t1ons at d1fferent
temperatures At 37 C, the tetramerxc form is predom1nant but at 1ower
temperatures it d1ssoc1ates to form dimers. It was found in this study ’
'that the dimer did not 1nduce agg]ut1nat1on at low temperatures but |
~ that it d1d bind free exogenous g]yc0prote1n This study suggested that
caution shou]d ‘be used when determ1n1ng the effects of temperature on
“cell surface receptor,s1tes and agg]ut1nat1on, as the interpretation

1

cannot be solely based in terms of cell surface properties. The steric ’

[y
AY
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effects of dimer tetramer tranSitions of the Con A,nnlecule should. also
be taken 1nto account ‘ | |
Con A has been used to“lahe] cell surfaces in’a specific
manner. A variety of suitable markers have been deveioped 1nc1ud1ng
various radioactive 1abe]s and other compounds. The binding of radio-
active labelled Con A can be estimated by scintillation counting‘or its
~ distribution fo]iowed by‘radiOautography. Several other procedures
have been‘deveioped'which allow the visualization of reaction product
by light or electron microscopy These latter labeis enable the pattern-
of Con A binding to be observed on the ce]] surface (for rev1ew see |
Sharon and Lis, 1975). The use of techniques de51gned to render the
. Con A binding sites "(CABS) electron dense are especially powerful due
vto the uch greater resolving power of the electron microscopet Thus,
it may be_determined whether the CABS are randomiy.distributed,
aggregated'into c1usters or capped'at one pole of the cell. Such
variations 1n distribution may account for A variety of cell surface-
mediated effects |

}

There are two ways in which a label may be attached to the
lectin. A 1abe1 may be cova]ent]y attached to the lectin prior to :
reaction with the cell, or the marker s sugar residues may be attached
to the ce]l—bound lectin. F]uorescein,,tetranethyi'rhodamine, B
ferritin and microperoxidase have‘been covalently bound to Con A
Examples of the second type of labeliing procedure-inc]ude fiuorescent
tantibodies, peroxidase and hemocyanin (for reviews see'Sharon and Lis,
1975). | | |

~ One of the first labelling methods employed peroxidase



(Bernaro and Avrameas, 1971). In this method, Con A is allowed to
bind to sugar residues on the cell surface, but‘because these sugar
‘residues are in an insoluble form. the remaining binding sites on
Con A remain unoccupied. "'Horseradish peroxidase (HRP), a glycoprotein,
then 1nteracts ‘with the rema1n1ng one or more binding sites on the .
Con A mo]ecu]e via its sugar residues.. The catalytic activity of the
‘F:HRP is reveated by thevmethod of Graham and Karnovsky (1966). The -
ce11—1ectin-HRP complex is treatéﬁ with hydrogen peroxideand
'3,3'-diaminobenzidine tetrahydrochloride. The oxidation of the
‘ diaminobehzidine leads to a depositiOn of an e]ectroh opaque reaction
product after osm1um tetrox1de It is be11eved that there is some
reduction of the osmium tetrox1de by the react1on product wh1ch
renders the reaction product even more e]ectron dense (Sharon and L1s,
1975) : Th1s method is sensitive because the enzymat1c activity has an“
amp]Tfy1ng effect, that is, a few molecules of HRP at a s1te can |
generate a much larger ‘amount of reaction product

As 1n all cytochem1ca1 techn1ques, 1t is necessary to
-:ascerta1n that the observed 1ect1n binding is spec1f1c for certa1n '
sugar res1dues. It is therefore necessary to carry out each series
of experiments with su1tab1e contro]s In the HRP techn1que, an excess
of a- methyl -D- mannos1de is added to compete w1th the enzyme and the
sugar present on the ce]] surface for the b1nd1ng sites. of Con A.

‘ A techn1que has been descr1bed in wh1ch ferr1tfh is cova]ent]y

bound to the Con A (N1co]son and S1nger, 1971) Ferr1t1n conJugated
Con A was prepared by the glutaraldehyde coup11ng method of Avrameas

(1969). In ‘the present work, Con A was purchased ‘already conJugaﬂed to
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ferritin vbut the conjugation‘procedure is as follows. The conjugation
was carried out prior to. incubation uﬁth the cell and does not involve
any specific interactions between the ferritin and Con A. Con Avand.
ferritin_were incubate _together in theApresence of glutaraldehyde
which stabiiized any.cov Tent bonds formed. More recent studies »
(Nico]son and:Singer, 1974) have added the.specific sugar‘inhibitor-

. at this point to‘protect the active sites of Con A. The'miXture was ‘t/'
then extensive]y dialysed to remove the sugar inhibitor and 1arge |

\~‘\~aggregates are separated by centrifugation Separat1on of ferritin-

"Con A (ferr-Con A) from unconJugated proteins was achieved by column
chromatography and the ferr-Con ‘A was then concentrated. Al]of these
procedures were carried out in sodium phosphate buffer w1th the pH
lowered to 6.8 to prevent aggregations of: Con A forming The ferr-

' ‘Con A compiex was v1sualized directly\in the eiectron m1croscope and
seen as discrete part1c1es Spatia] reso]ution of th1S ‘technique was

I 11m1ted by ‘the dimen51on of ferr-Con A complex (approximately 150 R),
and the spec1f1c1ty of the Con A (Nicoison and Singer, 1974) The

' technique prov1ded a more st01ch10metr1c re]ationship between the

number of reactive 51tes and the amount of ferritin bound than the .

AHRP technique ) »'_"f N '_ ' S . f\a‘ |

A third technique has been described which uses iron dextran
- to 1abel Con A (Martin and Spicer, 1974) It 1s a 51mp1e two step .
procedure in which 1ncubation in iron dextran follows Con A binding
.to the ce]] -surface. " As. the 1ron dextran coqg]ex contains an e]ectron '
dense core- w1th carbohydrate re51dues ‘which can bind to Con A, no.

\ further treatment;is required to visuaiize the_reaction roduct in the
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‘electron m1croscope It was, however, necessary to use re]atively'high
magn1ficat10ns tork#tw these relatively sma]] particles.
A]] of the above techniques are used in conJunction with

electeon microscope. It should bejnoted that these are only a few of
a number of techn1ques whlch can- be found in the 11terature (for a:
review see Sharon and Lis, 1975) for use with transm1ss1on e]ectron
microscope. Hemocyanin has been used in conjunction with shadow cast
replicas to view entife'upper_5urfaces of ee11 membranes\(Smith-and

Revel, 1972). It has also been reported that the nemocyanin mo1ecu1e_
.'is large endugh to be viewed with a scanning electron microscope
| (wener, 1974; Brown and Revel, .1976).
| | As well as electron ‘microscopy stud1es, Con A has been
labelled with fluorescein. _This allows yisua1iiation with the ultra-
-Violet Micnosecpe without any fnrther treatment Con A is conJugated ’
‘to fluoresce1n isothiocyanate (FITC) by the method of Smlth and Ho]]ers .
'_(1970),»1n which Con_A and FITC are allowed to react-and free FITC is
~ removed 6} passage through a Sephadex»colnan In the present work the

FITC-Con A was obtained commercially.

4. The Uee of'Con'A in Deveiqpmental Systems -
a)  Effects on Development - S St o '
' .Con A has been used in a w1de var1ety of deve]opmenta]
Studies: Developmenta] changes have been reported to occur if the
lectin 1s ‘allowed to 1ntenact w1th ]1v1ng cells during deve]opment
',Generally, Con’ A had de]eter1ous effects on development e1ther s1ow1ng’v

deve]opment or caus1ng abnormal deve]opuent and death Vacqu1er and

-
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© 0'0e11 (1975) reported that Con A 1nhibited the dispersion of cortical
granule. contentsein‘sand dollar eggs fo]lowing fert1]12ation‘ During
normal fertilwzat1on, these granu]es fused with the egg membrane,
extruding their contents into the perivitel]1ne space. The resulting
corticalogranulematerial p]uS'the vitelline layer formed the |
"fertilization‘membrane. If fertilization occurred in the presence of
Con A, the v1te]11ne 1ayer elevated and the cortlca] granules fused
' w1th it, expe111ng the dense cort1cal mater1a1 1nto the per1v1te111ne
space, but 1nstead of d15per51ng it, this dense mater1a] remained
attached to the elevated v1telline layer Therefore. th1s 1ayer
“remained thin and weak The eggs do not deve]op norma]]y, w1th on]y
d Tow percentage c]eav1ng ‘ A N u

_ La1]1er (1972) stud1ed the effects of high doses of Con A
’(0 5-1 mg/ml) on fert1112at1on and c]eavage 1n the sea urchin embryo
He reported that fert111zat1on was. 1nh1b1ted or the formatwon of the:
fertl];zat1on membrane was d1sturbed 0! De]1 (1972) reported that Iow';:
doses of Con A (10 ug/m]) affected not on]y the format10n of the

fert111zat1on membrane, but also restrTcted c]eavage to nuc]ear

d1v1s1on s0 that syncytIa were produced

The effects of Con A on vertebrate deve]opment have also been'~ .

studied, for examp]e in the anmh1b1an (Ambystoma maculatum) (Moran,
1974a). At high concentrat1ons (0 5 1 mg/m1) deve1opment ceased and
death resulted but at ]ower concentrat1ons (25 ug/m]) deve]opment
. cont1nued but at ‘much s]ower rates Thls effect_cou]d.be reversed by
i;remov1ng the embryos from Con A. o ‘ | | |

k4

Moran (1974b) reported that in vitro. m1grat1on of neura]
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: crest'cells from Ambystoma mexicanum\ Was inhibited by Con A. Neural
“crest cells in vsua\dlsplay exten51ve m1gratory capab111t1es and -

—

d1fferent1ate to form a varfEtY‘of~€eJJa_ypes, for examp]e p1gment
Y cells, mesenchyma]_ce]]s and\sympathet1cﬂzanglja._,In.vttro cu]tures.
of amphibian.neural'crest Ce]Ts undergo two distinot phases Firstly,
Athe m1gratory phase, in which rounded cells detach from the eXplant |
and dlsperse from 1t in an ameboid fashion. Fo]]ow1ng the cessat10n“
of m1gratory movements, a d1fferent1at1on phase beg1ns ' The cells
become‘v1sua1]y differentiated, with a reductlon in yo1k content,and .
become. dendr1t1c and/or pwgmented Moran (1974b) reported that Con A
' 1nh1b1ted m1grat1on 'in a concentration- dependent manner.’ At 1ow
‘concentrat1ons of 1ect1n (12 5 ug/m]) the cel]s wh1ch were capab]e
of m1grat1ng were unable to d1fferent1ate ' Treatment w1th Con A after
| mwgrat1on resu]ted in a reversa] of- d1fferent1at1ng ce1]s, w1th s]1ght1y
' spéc1a11zed ce]]s returnlng to rounded form, wh1]e cells wh1ch had |
éomp1eted d1fferent1at1on to the ste]]ate and/or p1gmented form d1d
not undergo th1s reversal Moran (1974b) conc]uded that upon the
Icessat1on of m1grat1on and comp]et1on of d1fferent1at1on, theeffects
of Con A become d1m1n1shed
Lee (1976) showed that Con A at Tow dosages (12-24 pg/ml)

cou]d 1nh1b1t c]osure of ‘the neura1 tuhe in exp]anted ch1ck embryos

(s tages 4 7, Hamburger and. Ham11ton, 1951) by 1nhjb1tjng 1nterk1net1c
"nuclear migration. Erythropo1es1s, migration of precardiac cells to -
form’tubular heart regress1on of the primitive streak or somite

-formation were usually not affected. In control. exper1ments, ce11s

. Tabelled with tritiated thymidine were initially located at the outer
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_ zone of the neuroepithelium, and then these labelled cells migrated to

. : L \ . :
the neurocoe]e for mitosis. These cells then returned to the outer.

’fffzone to start new DNA synthesis in preparation for the next division.

“Lee found that th1s m1grat10n was 1nh1b1ted in Con A-treated embryos,
where nuc1e1 were found to divide throughout the neuroepithelium. It

“has been suggested that this interkinetic nuclear migration is 1mportant'

~.. for closure of the chick neural tube (Messier and Auclair, 1974).

. b) - Distribution of CABS and Agglutinability
Con A has been used to mon1tor ce11 surface changes ina

'fnumber of developmenta] or differentiating systems The pattern wh1ch

has emerged from these stud1es indicates that d1fferences, usua]]y a éé
"reduct1on in CABS, occur in the cell surface as d1fferent1at1on proceeds
vThere are a w1de range of poss1b1e exp1anat1ons wh1ch may account for
the differences in Con'A b1nd1ng. The CABS on the ce]] surfaCe may be '_‘
a]teredvin such a way as to be no longer available for~b1nd1ng, they
may be Tost through ; turnOVer in membrane,'or alternate]y.the distri-
‘bution of the sitesymay be altered so they are noslonger'capable_of
jnteracttng in the same manner. |

| During fert111zat1on and maturat1on of eggs, a change in the

_amount.or d1str1but1on of CABS has been found in the Asczdia egg and
:-mouse egg. 0'Dell et al. (1973) reported that CABS were undetectab]e
in the unfertilized and newly fertilized Ascidid egg, but they made a
~ Sudden appearance at the surface of the egg at the time of maturation.
It was found that a two- to four-fo]d increase in Con A was bound at

the time of expuTsion of the second polar body. This level of binding’
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remained relatively constant“up'to the four-cell stage. As there is no
_significant change in cell surface‘area, this is believed to represent -

an 1ncrease in the numbers  of CABS (0'Dell et al., 1673) Johnson et

. (1975) reported an uneven d1str1but1on of FITC- Con A over the
surface membrane of unfertilized mouse eggs. An area of weak 0 nt
staining wh1ch covered approximately one-fifth of the egg s surface was
found. This was assoc1ated with the under1y1ng second metaphase body.
Newly fertilized eggs at pronuc]ear and ear11er stages displayed a
smooth sta1n1ng pattern. The membrane cover1ng the midbody connection
between the polar body and the ‘egg was intensively sta1ned but the
polar body was either always negative or stained in a sma]] cup- shaped
E region which joined the midbody Tt was suggested that the mosa1c1sm
of CABS dtsp]ayed at the ce]1 surface might ref]ect the underlying
1ntrace11u1ar organ1zat1on The mo]ecu1ar bas1s ‘for the mosaicism
cou]d be due to either a mask1ng of Con A residues in the negat1ve1y
sta1n1ng heg:on or exclusion of CABS.from this region. It was experi-
menta]]y determined that mask1ng was not by neuraminidase- sens1t1ve
‘mater1a1 (Johnson et al.., 1975).
. As well as at these re]at1ve1y ear]y stages of deve1opment,

studies done on a w1deﬁxar1ety of 1nvertebrates and vertebrates 1nd1—4 .
| cated that there are alterations 1p the binding of Con A as deve]opment
'proceeds These stud1es have used FITC-Con A to map the d1str1but1on _
of CABS over the cell surface or have used agg]ut1nat1on assays It
“has been assumed that agg1ut1nat1on assays are indicative of the presence
of CABS on the cell surface. Gen%g§11y, it has been found that as cells

become more d1fferent1ated they become less suscept1b1e to agglutination

re
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by Con A.

) | Weeks (1973) has shown that Con A agg]ut1nates cells from the
slime mold (chtyostelzum dtscotdeum) in a differential manner. Durwng
the ear]y stages of d1fferent1at1on, free 11v1ng myxamoebae aggregate
to form a mu1t1ce11u1ar organism, which then forms a fru1t1ng body It_
was found that as cells passed from the phase of exponential growth to
stat10nary growth, the susceptibility to agg]ut1nat1on gradua]ly |
“decreased (Weeks, 1973). A s1m11ar decrease in agg]ut1nab111ty was

‘ reported as the cells passed from the vegetat1ve amoebae to the - |
~aggregated form (Weeks and Weeks, 1975)

_ Krach et al. (1974) provided ev1dence for the age-dependent.
.‘d1fferent1a1 ~agglutinability of sea urch1n embryon1c celds. They
',reported that d1ssoc1ated day- o]d embryos d1sp1ayed greater agg]ut1n-
ab111ty than 7 day o]d dissociated. embryos Further studies done by \

-this group (Roberson and 0ppenhe1mer, 1975) indicated that in the case

' blof d1ssoc1ated 32/64 ce]] %ea urch1n embryos , var1ab111ty in Con A-

med1ated agg]ut1nat1on ex1sts with respect to ce]l type D1ssoc1ated
embryos were separated ‘by F1co]1 grad1ents 1nto m1cromeres and a
combined m1xture of mesomeres- and macromeres It @eported that -
the micromeres wereGs1gn1f1cant1y more agg]ut1nab]e than the other ce]]
popu]at1ons From this ev1dence and prev1ous work (Krach et aZ

1974), 1t was suggested that the m1cromeres were responsible for most
of “the agg]ut1nat1on of dissociated 32/64 stage sea urchin embryos
M1cromeres are presumpt1ve mesenchyme cells and undergo extensive

_mwgratory cell movements dur1ng gastrulatlon As these micromeres

- d1fferent1ated with increasing embryon1c age, the1r m1gratory ability |
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and agglutinability decreased (Krach et al. | , 1974).

N .
' Roberson and Oppenheimer "(1975) reported that d1ssoc1ated

- . Sea -urchin embryon1c ce11s treated with co]ch1c1ne, a m1crotubu1e-

Vd1srupt]ng agent, showed an 1ncrease in Con A-mediated agg]utinabi]ity,
Recent]y, microtobule and microfilament systems have been implicated in.
the contro] of mobility and topOgraphica] distribution of receptor

. 'sites (for recent review see N1co]son, 1976). Roberson and Oppenhe1mer
(1975) suggested that the basis for decreased agg]ut1nab1]1ty with
1ncreas1ng age may be due to any.of the fo]]ow1ng decreased numbers
of CABS present, decreased accessibility of these STtes for<ﬁnteraotion
wfthvlectin, randomization of CAES or-reduced‘receptor mobi]ity.< It
was felt that the results 1nd1cated that colchicine-sensitive. components
may be respons1b1e for anchor1ng .CABS 1n a pattern which inhibited the
mobility of these sites and hence_decreased agquttnatlon,

In further studies, the pattern of FITC-Con A was 1nvestigated ‘
on the surface of micromeres, macromeres and mesomeres (Roberson et al.,
1975). If all three popu]at1ons al] ce]]s were treated w1th FITC-Con A -
after fixation, the d1str1but1on of CABS appeared to be random
However, if the ce]ls were treated with FITC-Con A pr1or to f1xat1on,
it was found that 95% of the m1cromeres displayed FITC- Con A in a
capped or c]ustered conf1gurat1on wh11e the d1str1but1on of FITC Con.A
on the macromeres and mesomeres - remained random This evidence indi-
cated that the CABS on the mlgratory cell popu]atlon were more mobile
‘and could d1ffuse ‘more read11y in a lateral manner through the lipid

bilayer of the cell membrane This greater mob111ty may be due to a

greater 1ntr1ns1c f1u1d1ty of the 11p1d b11ayer, structural modification
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of CABS, or a]terat1ons in the structure of microfilaments or micro-
.tubu]es attached to. the inner membrane surface which may contro] the ‘
finob111ty of g]ycoprote1ns or prote1ns w1th1n the membrane

F]uorescent Con A has been used to map CABS in who1e f1xed

Xenopus embryos (0 Dell et aZ , 1974). In unfert1112ed or fert111zed
eggs,'or‘dur1ng cleavage stages, no generalized b1nd1ng was found, but
there was binding at the margins of cleavage eells In 1ater stages,
blnd1ng was observed over the surfaces of some ce]]s, spec1f1ca]1y the
cells w1th1n the b]astopore 11p and within the medu]]ary p]ate During
gastru1at1on, intense b1nd1ng was observed in cells concentrated in
the marginal zone of the b]astopore Tip and at the yo]k plug stage,.
I.fluorescence ce]]s_formed‘a ring around the yolk plug. During
_ neuru]ation; the\presumptiVe'neura] plate was 1abe11ed,‘andfthis label
1ater'became concentrated in the neural ridges When. the neural fo]ds |
fused a narrow ]1ne of f]uorescence marked the closure of the tube.

0'Dell et al. (1974) proposed that the’most obvious corre]atjon shown
by the surface~binding patterns-in'these experiments uas that-cei]s
undergoing morphogenetic movement show abhigh affinity for the lectin.
Cod‘A treatment of 11v1ng Xenopus did not 1nterfere with deve]opment
.It was ‘also” suggested alternatively that this b1nd1ng pattern may
resu]t from FITC~Con A 1abe111ng 1ntrace1]u1ar material attached to
ce]]s, or that the label may be detecting new surface mater1a] which
v‘was c01nc1dent1y attached to m1grat1ng cells. |
Johnson (1975) jncubated FITC Con A w1th EDTA dlssoc1ated
ce]]s from blastu]a and gastru]a Rana species. He reported that

<b1astu1a cel]s showed a homogeneous distribution of'bound FITC-Con A
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g after 30 minutes 1ncubation but that gastrula stage cells showed a
c]ustered or capped appearance of bound FITC- Con A. Con A—induced._
redistribution of CABS_on the cell surface of gastrula'cells was
inhibited by fixation or intubation atf8°C Furthermore, the pattern,
after 5 minutes incubation showed a uniform distribution, but w1th |
more time. became capped or c1ustered in unfixed gastru]a cells.
Johnson suggested that these resu]ts indicate that there was an
1ncreased mobiiity of CABS as Rana embryos deve]op from blastula to:
gastru]a stages. He did not find any difference'in the amount boond |
~or the pattern of binding\in cells taken from different regions of the
gastrula. | | . . o | .

A k-Lectin-mediated agg]utination has been studied in embryonic -
chick -and human ce]]s; Weiser (1972) reported that. Con A agg]utinated
cells fromihuman’fetai intestine,but>not‘adu1t'intestine. Additionally;
“both stagebl and stage.4-5.chick embryos dissociated with EDTA are
agg]utinated by Con A (ia]ik and Cookh.1976) j Tryp51n or EDTA-
.‘dissoc1ated chick 11ver and embryonic retina are a]so agg]utinated by
~Con A (Moscona, 1971) Kleinchuster and,Mosconas(1972) demonstrated
that agg]utination of dissociated 10-day embryonic chick neural retinav
cells differed with respect to stage of differentiation It was f0und
that agg]utination was greatest with cells from 8—day embryos and this
decreased w1th.1ncrea51ng embryonic agevto the sma]]est 1evei of :
agg]utination at 20-day cells. Brief tryp51n treatment of 20-day cells
- restored agg]utinabiiity with Con A. Kleinschuster and Moscona (1972) -
interpreted this to mean that with increasing differentiation CABS

become masked:or sheltered by trypsin-sensitive materia];-kThis.masking
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of receptor sites could be-due to the synthesis'Of specific'moieties

produced at particular stages in differentiation, to configurational

changes in the‘receptors,'or to architectural changes within the cell
surfgce which'position CABS more.internally.

An alternative exp]anat1on for the effect of trypsin may be
the spo:ggneous rearrangement of membrane components as proposed by
Nicolson :(1972), which could tend‘to increase the mobility of the CABS.

.McDonough and Li]ien (1975a) examined the lectin_receptor‘mobi1ity in
cells dissociated from embryonic chick neural retina. They dissociated
ret1nas from 10- day ch1cks by a var1ety of means and foT]owed the
receptor mobility by FITC Con A. Ce]]s obtained from neural retinas
by trypsin treatment and mechan1ca1 dlssoc1at1on were, ab]e to
redwstr1bute their CABS into caps both in the presence or absence of

. Con A. However, cells prepared by EDTA or 1ncubat1on in ca1c1um and

magnes1um-free so]ut1on and nechan1ca1 d1ssoc1at1on could not.

. red1str1bute the1r CABS into caps Ce]]s in 1ntact t1ssues were also

unable to show the red1str1but1on pattern |

If cells prepared by trypsin treatment were allowed to
'recoverAfor 4 hours in culture, praor‘to incubation with Con A, they

' did not exhibit a‘redfstribdtiOn of CABS tnto caps. chDonough and.

LiTien'(1975a)'suggested that as these cells originate from a tissue

"~ which 1s undergoing d1fferent1at10n the repair processes may: return

the cell surface to the cond1t1on 1n which it ex1sts in situ, that 1s,
it would be more similar to intact tissue. As it was found in this
“study that intact tissue could not redistribute”CABS, these'workers

felt on this basis that membrane fluidity may be important during the -

)



In further studies; Mcbbhbugh and Lilien (1975b) reported

early processes of tissue formation.

that fhe bihd%ng'of factors ‘isolated fromvtissues, which appegred to
mediaté reéogniiidn ahd,adheﬁion, ihhibited‘in a_tissue-épecﬁfic
manner-the redistribution of 1éctin receptors in the plane of the
- membrane. It waﬁ'found that aggregation;prdmofiﬁg materié]s (APMS)‘
cod]d-be.isélate&‘from retiné and cérebr&] lobe of 10-day chick = =
embryos which"enhancedvreaggregation of dissociated ﬁe]]ﬁkin‘avp
tiséug—specific manner. - These APﬁs'werébfbynd"to bind to specific
~terminal reﬁidues on the cei]‘sqrface.' Thé.effeet“of'this Bfndfng
* was to-inhibit the redistribution of fectfh‘récéptdrs_into caps.
McDonough‘and Lilien (1975b5 suégested that control of ce]i-surfébé
topography of 1igénds épecificffor tissue typé'may be of fundamehtil
importante to thé‘proces§es.of ée]] recogniiion and adhesion. The-
digtribution of surface components iﬁpoftant in fecognition_énd(
vadhesion,may at 1east'partially’déterminé if stable cell contacts -
form,betweeh hefghbouring cells. ‘Thése 1igénds may then.sefve |
'.througﬁ their action at the‘tejl surface to mainfajn the surface -

-cdmponehts in an appropriate cohfiguration, allowing for the

A\
o
/

/
/

maintenance of stable cell contacts.
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MATERIALS AND METHODS )
‘1. Preparation of Embryos.
Ch1ck embryos were obtained from fert111zed Leghorn and

Hubbards' eggs in the fo]]owing manner. The top of the egg was broken
w1th forceps and the a]bumen drained. After cutting through the
vitelline membrane the b]astoderm was removed to a dish of Panett
and Compton S sa11ne The embryo was floated of f the egg :spoon and
separated from the v1te]11ne membrane and’ under]ylng yo]k with fine
_ forceps It was then transferred to a second qgsh of fresh Panett
| and Compton's sa11ne with a wide- mouthed p1pette and stored at 4 C
until fixation Panett and Compton's sa11ne was made up as fo]]ows
48.4 g NaCl, 6. 2 9 KC] 3.1 g caClz, 5. 1 g MgCl2.6H20 and 2.42 g‘,of
Tr1s (S1gma, reagent grade Trizma, pH 7.5) were d1sso1ved in 1 11ter -
of d1stj11ed water The pH of this concentrate was adjusted to 7.5 /
at room temperature and stored.at 4°C.. A ten fo]d dilution was made
and used as a final solution. | |

| ' Incubat1on was carr1ed out in a Brower 1ncubator at 37 C.
-Stag1ng was in accordance w1th Hamburger and’ Ham11ton (1951) and was: -
performed under a b1n0cu1ar d1ssect1ng m1croscope Incubat1on per1ods

of 6 hours yielded blastoderms of stage 1 to stage 2 and 1ncubat1on

~ periods of 22 hours y1e1ded a -majority of b1astoderms of s tages 4-5.

Un1ncubated embryos will not be referred to as “stage 1" but as
“un1ncubated" The anter1or reg1on of the blastoderm was marked by o
remov1ng a wedge of tlssue to fac1]1tate or1entat10n at the time of

Ee3

~ embedding.

40
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.é. Electron Mickoscopy
a)  , Transmt sion Electron Microscopy
ffer systems were used: a 0.1 M phosphate buffer .
(Sﬁrensen s), pH 7.4, and a 0. 1 M cacodylate buffer, pH 7.4. It was
found that the cacodylate buffer was more stable-and'was therefore
routinely used in later preparations. The ehbryos were hinsed well .
w%hh buffer after storagevin‘Panettfand Compton's saline and- then
- fixed in 3.5% glutaraldehyde (Ladd) forIZ'hours at'4°C. They were
then rinsed four times with a buffer for a tofaf of 40 minutes. _PostFAF
fixation was carriéd out for 1 hour at 4°C in 1% osmium tetroxide ahd.
afterha thorpugh buffer rinse, fhe émbryos were dehydrated in a graded
series of ethanol solutions, followed by‘propy1ene oxide and embédded
‘in araldite.(Po]y'Sciences)f A
| | Stage l,embhyos were routinely sectioned'invtwd»areas:'
antéfior]y and'hostefior1y; Unfncubated embryos coh]d nqt be oriented
~ with any assurance as to-an antéﬁiér4poster105 axis and_weré'sectfonéd
“in fWo areas at random. | Stage & embryos were séctionéd in an anterior
region, either anterior to:Hensen's node or through Hensen s node, and
' “then through the anter1or th1rd of the pr1m1t1ve streak As we]], some ..
_’embryos were sectioned 1n a third region, in the poster1or two-thirds
. of thé'primitive streak (Fig. 2). Nor@alty_most b]o;ks were tr1mmed in
'the midline region of the embryo. During the trimmiﬁg process, thiék :
‘17ﬁ sections were cut and sfainéd‘with‘mgthy]ené h]Ue‘ahd azure blue.
(a 1:1 mixtuhe of 1% azure blue in disti]]ed water and 1% methylene
h1ue in 1% borax so]utibn) for~1ight'm1croscopyL» This gnsured thaf

appropriate areas of the embryo were sectioned.



Fig. 2. Scanning electron micrograph of stége»415 embryo, seen from
the dorsal surface of the epiblast.- Sections were rQutine]y

taken through the‘anteridr region, anterior one-third of the

/

primitive streak. HN, Hensen's Node; PS, primitije_streak.

L]

Arrows indicate from where the set¢tions were taken.

- x420
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Sjlver coloured sections were picked up‘on formvar-coated
‘copper grids and stained with 5% aqueous uranyl acetate-and lead
citrate. All prids uith sections taken from cytochemical experiments
" were observed unstained. The grids were examined with a Philips 300

électron microscope.

' b)e Scanntng Electron Microscopy
B Embryos were r1nsed with 0.1 M cacodylate buffer, pH 7.4,
and'fixed for.z hours in 2.5% glutaraidehyde in cacody]ate buffer, ‘pPH
,‘:'7 4, at 22°c They were then rinsed in distilled water and dehydrated
ina graded series of acetone so]ut1ons ,The embryos were dried in a
Ecr1t1ca1’po1nt~dry1ng apparatus (Po]aron Equipment Ltd.), mouv.ﬁf

R A J
Tstubs, coated w1th a gold conduct1ng 1ayer and examined in a_s

>S4 e]ectron m1crOSCOpe (Kentq?!\?r1dge Ltd. )

3. Experzmental Procedureug

hE]

_ Four cytochemica] techn1ques were used to. 1abe1 Concanavalin

“‘A b1n3§ngs 51tes 9CABS) The f1rst three rendered the CABS electron

dense - - o '
o A mod1f1cat1on of the method of Bernhard and Avrameas

".;'(1971) us1ng Graham and Karnovsky s (1966) horseradlsh perox1dase and

tvid1aminobenz1d1ne technlque o f'ﬁd],"” E

. A -, ' p.b; Ferr1t1n conqugated covalent]y to Concanava]1n A by the

o method of N1colson and S1nger (1971) (purchased from Ca1b1ochem)

' c) The techn1que of Mart1n and Sp1cer (1974) us1ng 1ron'

-dextran to b1nd to Concanava11n A
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'.:d FIuoresce1n 1soth1ocyanate IabeI]ed Concanava11n A was

used in con3unct1on w1th light m1croscopy

: a)‘; '_C_onc_'a'navalin A-Horseradish Pelroxidase'—Di'cUninobenzidinev
_ Embr}osjwere thOrougth rinsed foh 0.1 M cacodyIéte buffer,
pH 7.4, after §torége‘in-Péneft %nq CohpionIs saline and”fixed forI.A
2 hours in 2. Si-cacodylefe buffereo‘91utara1dehyde. The tissue‘was
Ithen 1ncubated in 100 ug/m] Concanava11n A (Con A, Sigma) in cacodylate _T
buffer, pH 7 2, for 2-5 hours. .ContrOI embryos were inCubated in
,5Con A?pIu§'0-5 M“a -methyl-D-mannos ide (uMM Sigma Grade III) The =
h”bIastoderms were then rinsed three t1mes for a tota] of 1 hour with
‘ouffer and 1ncubated in 50 ug/m] horseradish peroxidase (HRP Sigma
Type VI) in cacodyIate buffer for 30 minutes to 2 hours Controd
’embryos were incubated in HRP solution which conta1ned 0.5 ¥ aMM.
theinguwas carried out six times for a tofa] of 2 hours and e bryos
,*were then incubated in a saturated aoueous'sqution of 3,3"' diamino-
benz1d1ne hydroch10r1de (DAB, J.T. Baker analyzed reagent) ahd 0.01z
hydrogen perox1de in 0.5 M Tris-HC1 buffer pH 7. 6 for 15-30 minutes.
ThIS wasvf0110wed~by a thorough rinsing in buffer. A1l of the above
uas Carried‘outvaf 22°C The embryos were pcst- f1xed in 1% cacodyIate
.buffered osmium tetroxide for 1 hour at 4°C. After a thorough rinse,
the material was dehydrated andfembedded in araldite. ’.
| “ ,'This cytoChemic§I~procedure was used on unihcubafeo,rstage 1
_énd stage 4-5 embryos as well as stage 1 embryos which had been » |
: dissected‘into hypobIast and epibIast fragments. SThis dissectioh uos

' . ! & .
~ -performed by securing each blastoderm in agar plates and gently teasing
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off the hypoblast with tungsten needles. fVery smaT] fragments of»
hypoblast were obtained and- material was poo]edland spun down in a
microfuge (Bechman) Large pieces of epib]ast were carried'through
the cytochem1ca1 procedure 1nd1v1dua11y | i
.As a contro] against subJect1ve error, gr1ds from several’

of

different cytochem1ca] procedures were coded and g1ven to an' unbjased
observer. The grids were scored/as either exper1menta1 or. contro]
_tissue according to the interisity of the react1on product.
o Additionaf'COntro1 experiments were carried out as follows.
A second sugar, a—methy14D—g1ucoside'(aMG) was used instead of'aMM to
determ]ne the relative effectiveness of each as a hapten 1nh1b1tor
A0.5M concentrat1on of aMG was added to the Con A and HRP contro]
‘so1ut1ons m the same manner as o.MM %

Further controls were done in-the absence of Con A to
eliminate the poss1b111ty of non- spec1f1c b1nd1ng of react1on to
vproduct to the cell surface. The first set of g1utara1dehyde fixed
b]astoderms-uas incubated-direct]y with 50u9/ﬂﬂ‘HRP for 30 minutes,
rinsed and placed in a saturated solution of DAB with 0.01% hydrogen
_peroxide in Tris- HC] buffer for 15 minutes. A second set of embryos‘
was 1ncubated in saturated 'DAB in Tr1s HC1 buffer for 15 m1nutes and
fthen 1ncubated w1th 3x10 3 M potass1um ferr1cyan1de for 5 m1nutes
S1nce potass1um ferr1cyan1de read11y ox1d1zes DAB and thus mimics. the

-effect of. hydrogén peroxide,  this contro] was to determ1ne whether

: art1f1c1a1 adsorpt1on 'of DAB or its oxidation product occurred A

;ﬁ;,th1rd set of bTastoderms was 1ncubated in saturated DAB and O. 01%

i

hydrogen perox1de in Tris-HCI buffer A]1 of the embryos in these
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experiments were post-fixed for 1 hour in 1% osmium tetroxide.

b) - Ferrztzn Concanavaltn A
Embryos wh1ch were stored -in Panett and Compton s saline werer
vrinsed well with 0.1 M phosphate buffer, pH 7.4, and fixed for 2 hours
in 2.5% phosphate buffered qutareIdehyde (Ladd) at 22°C. After a
‘ thorough rihse With phosphate.buffer, the;material was incubabed in
epproximater 100 pg/ml Con'A-ferkitin (Ca]bidchem, A grade) ih
phosphate buffer, pH 6.8, for 1 hour Contro]'ehbryos hehe incubated
: -1n.ConvAwferr1f1n plus 0.5 M oMM (S1gma Grade III) The tissue was
"then’rinsedhsix times for a bota] of 2 hours with phosphate buffer.
Thfs was foIIowed by’post—fixation;jh 1% ospium tetroxidebfor 1 hour
atb4°g.' The bIastoderms were dehydfated in an ethanol series and

embedded in araldite. - ¢

c) . Iron Deitran-ConCaﬁaquiﬁ A

| Embryos were rinsed with 0.1 M cacodyIate boffer; pH’7.4,
and fixed for:g hours in 235% g]utaraIdehyde at 22°C. After a thorough
rinse thelexperimehtaI embryos were fncubated for 5 hours in 100 ug/mi
Con.A, pH 7.2,‘and the control enbryos were jncubated in Con A and
0.5 M oMM F’oﬂ'éwing three rinses for a t\ptal of 60 mjnutes, the
‘embryos were incubated for 2 hours in 10 mg/m] 1ron dextran (Imferon,
”F1sons Canada Ltd.) in 0. 1 M cacodylate buffer, pH 7.4, at 22°C.
After'three r1nsesqfor a total of 60 minutes the embryos were post-
fixed in 1% osmium'tetroxide, dehydrdted,ahd embedded in araIdite;

.
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d) Fluorescein ISothipcycmatq—C'onca:n;zvalin A (FITC-Con A)
AStage 5 embnyo$ were rinsed thoroughly with 0.1:M phosphate

-‘bUffer, pH 7.4,.and fi*ed for 30 minutes in 2.5% phosphate buffered
g]utafa]déhyde it 22°C. The b]astoderms were then incubated for 15-30
_ minutes in 500 ug/ml FITC- Con A (M11es Yeda) in 0.1 M phosphate buffer,
" pH 7. 2 Contro] embryos were 1ncubated in FITC- Con A and 1M oMM. The
t1ssue was dehydrated in an ethano] series, cleared in creosote and
’observed with UV transm1tted light (Zeiss photom1croscope) Two

~ exciter f11ters, a UGl and a BG38, were used



RESULTS

1. ‘Liéht and écanﬁing EZectroanicrOBcéyy: Description of Areas |
Sectibned‘ l’ |
"The ‘dorsal surface of the épib]ast is éharactefized by
~ Jjunctional complexes between the epiblast ce]]s!.composedlof fdéa]
tight junctions and iﬁcipient desmdsqmés (Fig. 32). This allowed
- orientationof surfaces with‘réspect to dorsal or venfra] aépects as
‘hb comparable complex exiéted at other surfaces.. In anterior’regibns
of unincubated or stage 1 embryos, the epiblast consiéted of columnar-
vsHaped cells with the hypob]aét»Tayér_beneath it. The.extentto which
the hypoblast formed a éomp1efe éoherent layer vaffed from a feQ _
apparently isolated,;eils_(Fig;i7)>fo larger groups. of adhering cells™
(Fig. 8). ‘Ihipdstériéf regiohs, the hypoblast generally formed a :
complete coherent single layer of flattené&.celks (F1g.-8);‘ When viéwed
with'the scanning electron microscope; thé dorsé] surféce of the
epib]ést is seen to be chapactefized by the.presence‘of,micrOvi]]i !
"(Fig. 4). The surface of ﬁhé epibfast is also chafacteri;ed by
'depressions, which"gTve‘the-surfa@e’an’hnduiatfng appearance (Fig. . 3). A
Stage 4-5 embryoé sécfidned in qnter%%; regions'usua11y ;, : o \
displayed é éomp]ete hyppb]ast']éyer oVer]éid by the columnar epibfést
(Fig. 9). The hyp051§5t in some'afeés'éppeared to be_ﬁomposed of more
than a single layer of ce]ls.“Sections taken frdmlHénSen's node region
dispTéyed'a fused thickened 1ayef‘cdmposed of both epiblast and hypo-
blﬁst (ng; 10), butvimmgdiaté1y to the periphEhy the two~1ayer§ '
_ separated into -distinct epiblast and hypoblaSt.. The dorsal surféce 6f

el

19 o ‘ )



'Fig; 3 Scanning.e1ectroh miCFOQraph of'é Stagé 1 embryo;:view-of
B  'dorsa1'surface of,the'epib]ast,_lxlo,SOO -

Figg‘4. Same as Fig. 3 showing microvilli, MV. x105,000
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Fig. 5 Scanning electron micrograph of a stage 4-5 embryo in the
anterior one-third of the primitive streak region.. These
cells were found in ‘the wall of the primitfve groove. GP,

globular projections. xlOS,OOO'

- ! ' SRR ' - . :
. Fig. 6 Scanning electron micrograph of stage 4-5 approximately in
| the midpoint of the primitive streak.. GP, globular

projections; C, cilium. x210;000 o



53




Fig. 7 Light micfograph of a sfage 1 embryo Eectioned in the
anterior portion of the gﬁbryo showing incomplete hypb-

blast (H). x540

Fig. Lighf;microgr h of a stage 1 embryo sectioned in the 3

jon with complete hypoblast (H). x330



55




Fig. 9 Light micrograph of akstage'4ﬂ5 embryo- sectioned in the

anterior region. x330

FigJ_lO Light -micrograph of a stage 4-5 embryo  sectioned thhough

Hensen's node showing fused thickened layer. x330 -

 Fig: 11 Light micrograph of a stage 4-5 embryo sectioned through
.theiprimitive streak. x330 | |

L
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Hensen s node was referred to as the dorsa] surface of the ep1b1ast and ‘
'_the ventra1 surface as the ventral surface of the hypoblast. Three |
dist1nct layers again become evident as one moves from the midpoint of « |
the embryo towards the per]phery Immed1ate1y posterior to the node, .-
<the primitive streak is seen (Fig. 11). 1In this’ region, thebepiblast |
forms a groove, the base of which is- continuous with the hypobiast. '
; As one moves per1phera11y, three separate layers become ev1dent
epiblast (presumptive ectoderm) mesob]ast (presumpt1ve mesoderm) and
.‘hypoblast_(presumptlve endoderm). |

| in stage 4-5 embryos, some changes ﬁn’surface morpho]ogy have
occurred. On the dorsal surface of the ep1b1ast at the junction of
ctwo cells, a cell process is usua]]y seen proaect1ng from one ce]] to

. the other (F1gs 56 and 57). Microvilli are much 1ess common,
‘part1cu1ar1y 1n areas 1mmed1ate]y adJacent to the pr1m1t1ve streak, and
‘ _1nstead g]obu]ar prOJect1ons are seen (F1gs 5 and 6). As wel], each
;ep1b1ast ce]] is now equ1pped with a c111um (Figs. 6 and 50) and in"

: the reg1on of the pr1m1t1ve streak the groove itself contained cell:

.;fdebr1s (F1g 29) (for a complete study of surface morpho]ogy by.

j'scann1ng and transmlss1on electron m1croscopy see Bancroft and Be]]alrs,
1974 Jacob et aZ ,»1974) e |

”d2.; Cbhcaﬁavalin A-Horgeradish: Peroxi&ase Didn@nobenzidine‘

| Th1s cytochemical procedure was performed on un1ncubated
-renbryos, stage (1ncubated 6 hours) and stage 4- 5 embryos (1ncubated
"22 hours) A tota] of f1ve un1ncubated embryos, eleven stage 1 and

' twenty one tage 4-5 embryos were used.. It was. found that un1ncubated':° -
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, embryos cou]d not’be oriented with any assurance as to an anterior-'

’poster1or ax1s, so an 1ncubat1on per1od of 6 hours was used no

fac1]1tate or1entat1on by means of the embryon1c shield.

C.n A-HRP-DAB produced a diffuse dense react1on product

,Awhwch d1d not penetrate the plasma membrane This cytochem1ca1 method

is not eas11y quantitated, and react1on product was eva]uated arb1trar11y
on the ‘basis of dens1ty or th1ckness of the Tayer of react1on product |
and whethér it d1sp1ayed a clumped or even pattern of binding. Results
are summarized in Iab1e 1. The écorihg‘of the reaotion product was

as fo]]ows 0, no reaction%product; + {for example see Fig. 14), a

2]

A sparse]y scattered thin 1ayer, ++ (for example see Fig. 15), a more -

dense layer'in'which most of the membrane has reactioh'prOQuct; and

“+++ (for example see ‘Fig. 13), a very thick deposit over the entire

_ membrane. - ‘In some sections, the membraneidisbiayed regions which

: » : S - : :
could possibly fit into two categories, so some overlap occurred, but

an'attempt was made to assign, as objectfve]y as oossib1e, a‘category

which represen;edﬂthe majority”ofgthe area of cell surface soanned.A

‘1t was found.thay penetration by the reactiomvoroduct fhrough'the

junctional complexes to stain lateral surfaces of epib]ast cells did
not occur.‘_HOWeVer, if the hypob]ast was 1ncomp]ete or damaged, some

reaction‘product was found penetrat1ng from the ventral surface of the

sbepiblast towards,the dorsal surface of the epiblast (Fig. 13). No

penetration of reaction product was found in stage 4-5 into the cavity

between the“epiblast ahd'hypob1as£. The symbo] P is used in Table 1 to

" indicate that although no reaction product is seen on these surfaces,

‘this may ref]ect the inaccessibility of the surfaces to the cytochemical
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Tab]e 1
Summary of Resu]ts of Incubatlon W1th

Conconava]1n A- Horseradlsh Peroxidase- D1am1noben21d1ne

~ Unincybated and Stage 1 ~ Stage 4-5
| Anterior _ Posterior i Primitive Streak| ¢
DE ++ | ++. DE ++, either
HE Y o = or
VE ++ | p o VE 4 o p /
DH 0+ +*x | p | bH .| p
VH = +x to4 | VH | 0 0

‘ See text for eva]uat1on procedure and exp]anat\gQ of symbo]s
*”(::} - pattern observed on s1ng]e hypoblast cel
. - ] . /
.DE
VE

dorsal surface of the epiblast

ventral surface of the epiblast
. DH - dorsal surface of the hypoblast

" VH

‘ventral surface of the hypob1a$tnf
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l_proCedure. Fof fhe same reason; sections thrgygh the posterior of
“stage 1 embryos (which have a comp]ete}hypobla?‘? Were scored as "@"
fer~the dorsal.surface of the’hypoblast'and ventral surface of the
Aepiblast : St d$§»l ‘_

Cytochem1ca] contro]s were performedﬁwh1ch emp]oyed aMM as a
hapten 1nh1b1tor The majority of the embryos treated in this way o
showed no reaction product (ngs. 32,‘33, 34 and 35). However,'ip all
experiqents ;one of‘these cbntro]'embry?s‘displayed a thin uneven pattern->
of reaction product, usually on the dor;al surface of the'epiblaSt. In.
fhe series of control experiments done fn_thé_aesence of Con A, nd_.
bfnd{ng of HRP or DAB was found. Early experimen£; had determined that
by decreasing the coneentration7of Con A and the intubation time with
Con Avahd by increasihg fhe rinsing time after incubatioh with HRP, a
ggreater number bf control embryos showed no biﬁd{ng of reaction product.
Therefore, the occasional b1nd1ng seen in some contro]s was considered
non-specific.

Although within each expefiment~some'variability exfsted
between embryos-w%th respect to cerresponding surfaces, the following
pattern resulted (Table 1) In' stage 1 and in unincubated embryps’a]]

; surfaces showed sta1n1ng except wher%ka comp]ete 1ayer of hypobTast was ..
found in the posterlor reg1ons of the embryo. “In these areas no
‘reaction product was fohnd on the ventra] s&%;ace of the epiblast

~(Fig. 18) or the dorsal ‘surface of»the hxpob]ast'(F1g. 19). Except"
for_this, no differences were found‘between embryos“sectigned in

anterjorand posterior regions. In most cases the dorsal surface of the

epiblast showed a thick’£1umped pattern (++) (Figs}f12 and 17),
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although some embryas showed a light even pattern; The ventral surface
of the epib]ast;'if stained, showed a very dense c]umped'pattern (+++)
which fn compariSOn to the dorsal surface of the epiblast was much more
dense (Figs;'12 and 13). Ifbthevhypoblast was not complete, individual -
;hypob]ast ce]]s showed a non-uniform distributfon SO that the ventra] |
surface of 1nd1v1dua1 ce]Ts pOSSessed denser deposits than the dorsal.
surface of the same cell (F1g.'16). If the hypoblast was complete,
the dorsa] Surface was unstained (9) (Fig 19), and'the ventral surface N
was a]ways sta1ned but the pattern varied from a dense c]umped layer (+f) :
to a thin more: even pattern (+) (Figs. 20 and 21).

| Stage 4-5 embryos d1sp1ayed b1nd1ng on the dorsal surface of
the epiblast in the anterior regions (++) (Fig. 22). The pattern'was
heavy and c]umped, a]though there was some var1at1on with some embryos
' shdw1ng_a npre even contlnugus pattern.' In some anterior regions the
hypoblast‘was not:yet ccmpiete,'however no reaction»product nas found
on the ventral surface of the epiblast or the dorsa1 surface of the
'hypogjast, regard]ess of whether or not the hypob]ast was a complete
layer (ﬂ) (F1gs. 23 and 24). The ventral surface of the hypoblast:in
anterior regions Qenera11y'dﬁd not bind reaction product (fig. 25),
aTthoughgout of eleven embryosbtwo embryos did show a patchy pattern
of_reactionaprdduct on this surface. In areas taken from the regiqn nfet |
.the primitive streak, two distinct patterns of reaction product were a
found on the dorsa1 surface of the epfb]ast. In one experiment, fiye.:
experimental embryos displayed one pattern, and in a second exberiment
all six experihental'embryos disp1ayed a second pattern:- In_the ffrst'

v

pattern a dense clumped reaction product (++) was found on the dorsal
N Iik , -b-v;v’"ﬁl -



surface oF the epiblast (fig. 30) except as one approached the primitive
stréak No reactijon product was found on the wa]]s nor through the base

»og'the groove (”:;‘) (F)gs. 26 and 27). This loss of react1d; product
in the'primitive groove;was not seen in the second series of embryos

“and a dense cTumped 1ayer of reaction product.was‘observed Qith no
discontinuity (++>;\f') (ngs. 287and 29).. No reaction product was
observed in either the ventral-surface of the epiblast or the dorsal
surface of the hypoblast (p). The ventral surface of the hypoblast
was genera]]y free of reaction product (Figt;31), although a‘few.
5embryos‘did stain in a variable fashion from a light even to a patchyb“

_densetoattern. | - o_ . A

Since in this cytochemical'orocedure some prob1ems/dn

'penetration‘into the cavity between the‘epib1ast and hjpob]ast occurréd
when a comp]ete hypob1ast was formed, an exper1ment was, des1gned in
‘wh1ch the comp]ete hypoblast layer was str1pped off. Both epiblast
and hypoblust f?agments were subjected to ‘the cytochem1ca1 technique.’
The extreme]y sma]] fragments of hypoblast necessitated pelleting,

“and it was found that or1entat1on as to a dorsal or a ventral surface
proved 1mposs1b1e, so no results are ava11ab1e for the hypoblast. The
epiblast. fragments showed a h1gh1y variable occurrence of react1on
product on both surfaces, i.e., no reaction product on e1ther surface,i

.react1on product on on]y one of the two surfaces, reaction product on
both~surfaces. An example,of no react1on product on the dorsal surface
of the eoiblast-(o) with a dense c]umped reaction’1ayer (++) on the
ventralfsurface of the epiblast is.shown in Figs. 36 and 37. Control

,'fragmentskdemonstrated no binding of reaction product (Figs. 38 and 39).



Figs. 12 to 39 Transmission eiettron micrographs of embryos treated

with Con A-HRP-DAB. Figs. 12 to 21 - stage 1 embryos.

Figs. 22 to 31 - stage 4-5 embryoé.

Fig. 12  Anterior region of the blastoderm, dorsal surface of the
| . s . . -

epiblast, ++; arrows indicate microvilli. x37,100

Fng 13  Anterior region_of,the blastoderm, ventral surface.of the
epiblast, +4++; reaction product penetrates towards the

dorsal surface, hypoblast is incomplete.  x37,100
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Fig. 14 "Anterior region of the blastoderm, dorsal surféte of the |

.hypoblast cell, + x37,100°

Fig. 15 Anterior region of the blastoderm, ventral surface of the

‘hypoblast cell, ++ x37,100
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"Fig. 16. Hypoblast cell from a r‘egi"on of “incomplete hypoblast
showing @ pattern of staining. See text.
x6 ,600






l

Fig. 17 Posterior regions of blastoderm, dorsal surface of the

epiblast, ++; arrows indiCaRe microvilli. x37,100

‘Fig. 18 ‘Posterior'regiOn of the blastoderm, ventral surface of

,  the epiblast with'compléteﬂhypoblast,.ﬂ _x37,idO’ :






i

Fig. 19 Posterior region of the blastoderm, dorsal surface of the

complete layer ofithe hypoblast, § x37,100
R A AN

&
ng, 20 Posterior region of the blastoderm, ventral surface of the’
~complete hypoblast layer, ++, with clumped appearance.

x37,100

Y

 Fig. 21 As in Figﬁ*ZO,‘+,fwith even éppéarance. x37,100
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Figs. 22 to 31 Stage 4-5 embryos. -

Q‘?‘.,#
Fig. 22 Anterior region, dorsal surface of the epiblast, ++

|
A

 x37,100

£ - ¢

3

Fig. 23 Anterior region, ventral surface of the epiblast,
PO ’ : ‘ ‘
incomplete hypoblast, 0 or.@; BL, basal lamina.

o v
x37,100 o
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Fig.” 24 Anterior region, dorsal surface of the complete hypoblast

~~layer, D or @ ~ x37,100

Tayer, 0 x37,100 ™%

7 - . ,
.
) et
- h — §
B R v/






Fig. 26 Primitive streak region, dorsal surface of the epiblast in °
‘the primitive groove; ;afﬂpaﬁtern, with no binding in the"
\s . .

_grooVe region. x37,100

b .
| ®

N

“Fig. 27  As 1n F1g 26 but_ in the base of the pr1m1t1ve groove,-

Sy - 5 severa] epiblast ce115 are seen at the base of

1nvag1nat1ng.

‘the primitive groove in the proceSS‘o

'x37,100




o
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Fig. 28 Wall ofﬁthe primitive groove, dorsal surface of the epib]ast'
_ i o

displays no dﬁscontinuity U with even staining ++ on entire

surface, ++ x37,100

" Fig. 29 As in Fig. 28, through base 6% the primitive groove, ~TVU_
++, several epiblast cells are seen at the base of the ‘

~ primitive groove in the procgss.of invaginating;:D#Cell

debris. x37,100

o
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Fig. 30 Dorsal surface of epiblast in a region lTocated towards the
. periphery of the embryo, i.e., lateral to the primitive
streak, representétive of both " and T\J patterns; see

text, ++  x37,100

Py
(’f".\b;
. 1y

Fig. 31 Ventral surface of the hypoblast in sections of the
| primitive streak, representative of ahy part of the
ventral hypoblast in’both - and T\~ patterns, 0 |
. . x18,200 * , j B
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S , '
Figs. 32 to 35 are representative of Con A-HRP-DAB reaction done in the

presence of aMM -.control embryos. _

Fig. 32 Dorsal surface of the epiblast in thé‘anterior region of

stage 4-5; ‘junctional complex. x37,100

¢ : ' ‘ .
.

A Fig. 33 Ventral gurface of the epib]ast in the anterior region of

stage 4-5; BL, basal lamina. x37,100

.\5“]

L
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/

Fig. 34 Dorsal surface of the hypoblast in the anterior region‘éf

stage 4-5.  x37,100

Fig. 35 - Ventral surface of the'hypob1ast in the anterior region

" of stage 4-5. x37,100






| J
Figs 36 to 39, stage 1 embryos separated 1nto ep1b]ast fragments/and

treated w1th Con A HRP DAB.

"'\
.

Fig;,36 Dorsai’surfaee‘of epibiaet, 0 ‘X32;100;*

1, N
3 ¢

F1g 37 Ventral surface of ep1b1ast ce]]s” react1on penetrates"'

v e

between two ce?]s*to sta1n the 1atera1 surfacesyfarrowsw

”\f

1nd1cate ventra] surface. ++ f‘x37,100






;
Figs. 38 and 39. tage embryos separated tnto epiblast fragments and
; 1ncubated with Con A HRP= DAB and uMM, control embryos., ’

_.Fig.f38-uDorsa1'§dhfe¢e‘6f.the epfb]ast.e ‘x37,166"f‘ L

oot

« !
S

'i,fig. 39;'Ven£ra]'surface ofrthe epip]est; ﬁix3z,109e






: 3 Ferrtttn-Cbn A . |
This Cytochemicai procedure was perfOrmed on a total of nine
't; tagg and twenty-two tage 4-5 embryos. Each ferritin nolecuie was ’
”7hseen as. a particulate dense deposit. iimited to the outer surfad! of
lifthe p]asma membrane. Generaliy, these particies dispiayed a dis—
g continuous pa?tern. appearing singiy or in c]umps separated by ‘areas
R of membrane with no noiecules bound The amount of reaction product
’ ;~was scored by the amount of space between these c1umps. A score of 0
w(for exampie Fig 51) was given if no reaction product was. found,
A(for 'eis@mpie Fig 53) if oniy -a few c'lumps of ierritin were found
f“~wide1y spaced ‘on the membrane; - (for examp]e Fig 40) if ferritin
| particles were separated by short distances, and +++ (for examp]e
4‘,Fig 41) if all of the nenbrane was covered by ferritin partic]es
Q ‘f None of{the controi embryos dispiayed any ferr-Con A binding |
| in the presence o{ uMM (Figs 59 and 60) In this respect controls _
| with ferritin were much more consistent than Controls with HRPEBAB y4L’?
' "[blind experiment in which a tota1 of twenty specimen grids were scored
- by an unbiased observed as either contro] or experimenta] materia] Was S
trun, and ail nine controi grids were correctly identified, as were all
- e]even experimentai grids., ,} “’ _' ‘ f{f,“ |
| e Ferr-Con A resu]ts are summarized in Table 2. Sectionsv
'taken from anterior regions“of tage did not usua]]y have a comp]ete
'i;fihypobiast. but there was no differencé between anterior regions and
}'ﬂposterior regions in the pattern of ferr-Con A binding, despite the _‘77
"s”‘dfference in the compietion of the hypobiast The patterns shown

by ferr-Con A did not display the same range of variability as found

.". BRI RN ." >

Ly
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Tablé 2

. , . . e . v L . . - . , \/ .
Summary of Results of Incubation With Ferritin-Concanavalin A

. Abbrevafions._ ’n-Tablé 1.

for eéa1uétion’pr6cedure,."

e »Stage'l _ ‘ ~ Stage 4-?¢ -
-Antegior Posterior ol Anterior . | Posterior
E | ¥ w | DE.| ,wE .
{VE - PPN HE "v;"~ 'f? % OF& g+ +'or ¢
DH | +>++ RN ol R DI 0+ + or p
VH + o+ + - +ﬁ‘ VH 0+ 04
o

93
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in Con A- HRP DAB experiments 'That'is.'there was greater consistency
in the density of deposits on the corresponding surfaces of different
'\enbryos.v The ventrai surface of the epibiast showed a denser deposit .
};'(+++) (Figs 41 and 46) than the dorsal . surface of the epibiast (++9
| (F\SS 40 and 45). 51653; hypobiast cells showed a 1ighter deposit on :

:'a s rface with no striking changes in binding intensity from dorsai to

lateral to ventral surfaces (+ + ++) (Figs 42, 43 and 44) In sections

1'1taken from posterior regions. no binding was found op iaterai surfd%%s
of hypobiast 1ayer, Qgt dorsal and ventrai surfaces of the hypobiast

“had the same ferritin binding of simiiar intensity as in anterior

-fﬁregions (+ + ++) (Figs. 47 and 48) Lo ' f?ﬁ‘"*}‘ Y,
| ' tage 4—5 embryos showed a heavier binding on the fﬁ“»*fﬂ;
r-surface of the epibiast than that found*on the dorsa] surface\b{\the |
epibiast ins stage 1 (+++) {Figs. 50, 54, 55, 55 and 57)... ‘No differences}l
in the binding were found in either anterior regions or areas through

‘-the primitive streak with respect to the dorsa] surface of the epibiast .
As well the dorsai surface of the epibiaét in regions of the primitive dg

o groove dispiayed no difference in binding with respect to- areas more

- peripherai to the primitive streak In bOth areas sectioned the

; ventral surface of the epibiast (Fig 51) and the dorsai surface of the -

hypob]ast (Fig 52) displayed virtuaiiy no reaction product except fbr
a very few isoiated ciumps or no reaction product at aii (0 + + or p). ‘
_”This variation may be due\to the presence of undifferentiated junctions j;b
‘;(Fig 49) found in the hypobiast of s _tggg_;, which may impede ,if'
‘Vpenetratiop to varying degrees. the ventral surface of the hypobiast
| "in the anterior region (Fig. 53) and beneath the primitive streak



Figs. 40.to(60; Transmission electron micrographs of embryos treated
with Ferritin-Con:ﬁ; ,Figé.,40 fo @9, stage 1 embryos.
Figs. 50 tq. 58, stage 4-5 embryos. - - - |

: .
-

Fig. 40 .;Aﬁteﬁiorwhegiod of the blastoderm, dorsal surface of the

epiblast, + - x64,500

| oo S o o S ,
~ Fig. .41 - Anterior region of the blastoderm, ventral surface of the -

f

- vepfbidkt,rhypdeQStvincompletg.layér,H+f+ ‘x64,500

f".






Fig 42

~ Fig. 43

Anterior region of the blastoderm. dorsal surface of the . 3”
hypoblast cel1 AL“ annu]ate Iamellae. + x64.50Q o

I oo

:iAnterior region of the blastoderm. IateraI surface of the o

‘g_’hypobIast cell ++ x64 500

Flg. 44

;-' Anterior re91°" of the b‘GSdeE?m, ventral surface of the. :i*

B vhypoblast. x6A500 o

N R DU






! 0

‘Ziii 45 Posterior regioh of the blastéderm. dorsal surface of the
W epiblast, ++ 64,500 R

qe

g

" Fig. 46 'Postefidr:regioh of the blastodetm, ventral surface of -
" the epiblast, +++; hypoblast complete Tayer.  x64,500

. o
o






. Fig. 47 Postgrjor region of the blastoderm, dorsal surface of the

complete hypoblast layer, ++  x64,5007

7

*

Fig. 48'1P05terior regiqn of the b1astodérm;'ventra1 surface of the

c@mp]ete hypoblast layer, ++ x64,500






49 Und1fferent1ated Junct1on found 1n a complete hypob]ast 1ayer

. of stage 1 embryo in the poster1or reg1on of the blastoderm.
x77,900 . . o o



P

A




{

‘j’Figs. SOYtO'SO. Stage 4-5,émbryositfeatgd with“ferritin-Con A

sy

'fFig,-SO Anteribr region of the blastoderm; dorsal surface of the “/

‘ epib]ast e c, ci]ium. N x64 5oo

| ’ | | . . *ﬂ‘
'jFigﬁ_Sl._ Anterior reg1on of the b]astoderm, ventral Surface of the

N o epiblast 0 or ﬂ, hypoblast 1s a comp]ete 1ayer x64,500.r ,

-4






/o

f191'52 ‘Anterior region of the blaStoderm;'dbrs&l'Sqrfaée of the
-_éOmplete'hyqulast'iayer.,Q - x64,500 ) | '

. e

<
N

e
" e

: Fig. 53'.Anterior regfbn Qf'thé bTastoderm,_ventkai.Surfaée'ofl '

e the compTéte'hypoblast ]ayer;‘++.i-xs4;500 v

.1’\\\ O RN : S

. ‘_‘}H \
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Fig 54 Section through the priqktive streak dorsa1 surface of the

. epibiast in. a primitive groove, ++  x64, 500 A~

Fig. 55 As in Fig.'52 base of the primitive/groove, EaT Ty severai

epibiast cel]s are seen at the base of the primitive ‘groove

—in the process of invaginating ' x64 500

T






VFigs.'SG and 57. Dorsal surface of the epiblast in a region located

towards the periphery of the embryo. 4+, .CP.‘celi‘pr%iess._‘
X64,500 - |

"Fig.'58 Ventral surface of- the hypoblast in sections of the o

primitive streak, representative of any part of this “

surface in this region, ' x64 500
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Figs. 59 and 60 are representative of Ferritin-Con A reaction done in

~ the presence of oMM control émbryos;" x64,500

)

u | ' i . v

L .
o - R

Fig. 59  Dorsal.surface of the éb1bl§st in the anferior region of the
stage 4-5 embryo:’  x64,500 .,

Fig. 60 VentraJ surface of the hypob]ast beneath the primitive

A
streak regfon. x64, 500 :

e
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(Fig. 58) d1sp1ayed a pattern with a few isolated clumps or no -
react1onlpr0duct (0 + +). This region was variable in that three

embryos out of eleven Showed a,densér\staining (+4).

4, Iron Dextran—ConcanavaZtn A

A total of six stage 1 embryos was used w1th this cyto-
chemical technique. Control-embryos showed no binding and part1c1es
of e]ectron‘dense.material wehe scattered sparsely a]ong.sorfaces of
experimental embryos (Figs. 61 and 62). Very high megniffeation was
requ1red to v1ew these . part1c1es and no further exper1ments were
carried out w1th th1s technique since it was considered that

evaluation would be unfeasible. ' , L

5. FITC-Con A ,

 Eight - tage 5 embryos were 1ncubated in FITC Con A All.
contro] embryos showed a diffuse, non-specific sta1n1ng over the
entire embryo which cou]d not be e]1m1nated by 1ncreas1ng the concen-
tration of hapten inhibitor or decreas1ng the incubatlon per1ods The
experimental and contro] embryos a]so d1sp1ayed two para1lel strlps

of dense]y stained tissue on either side of the pr1m1t1ve streak.



-

Figs. 61 and 62 are represéntativé,micrographs;of stage 1 embryos

incubated with iron dextran-Con A“

Fig. 61 Ventral surface of the epiblast in the %EZEF‘Q£Mr~
the'blastederm. x77,900

~

Fig. 62.'/Ventra1zsurfacetof the epiblast in the anterior region of .

the blastoderm. x77,900
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Thefquaternary strUCture’of'the Con A mdlecu]e changes‘from

) rdimer to tetramer under different pH and temperature conditions As .

each protomer has one saccharide binding Site, it is important to take‘ o
}1nto account the dimer tetramer transition state of the mo]ecu]e when .
: evaluating binding sites on the cell surface. . Huet et az (1975)
'reported that decreased binding of. radioactively-labelled ce]ls resu]ted
as temperature decreased from 37°C to 0°C and concomittently that the
‘tetrameric form predominated at 37°C and dissociated into dimers as the

. temperature 1owered In this study, the cytochenﬁca] reactions were o
Can. carried out at 22°C and a pH of 6.8 to 7. 2, conditions under which t
the Con A mo]ecu]e wou]d be predominantiy in. the tetramer configurationp
and therefore have four avaiiable saccharide binding 51tes (McKenZie '
' ~"et al., 1972; Reeke et al., 1975). e e

In this study, two cytochemica] techniques were used which

showed differences in the sensitiv1ty for detecting CABS on the cell ,
‘surface The HRP DAB technique is unquantitative in that liial differ—{
ences in the amount of cell bound Con A are not always ref]ected by
.1oca1 differences in the reaction product deposited._ There are several
»reasons for this As the HRP mo]ecu1e attaches to the cel] bound Con A .
| moﬁecuie via 1ts sugar residues. the lectin must have avaiiable free |
saccharide binding sites or that particular Con A molecu]e wi]l not be
‘.detected by this technique, as weli At is theoretical]y possibie for
_one 1ectin mo]ecule to be labelled by more than one. HRP. mo]ecu]e

'_Coliard and Temmink (1974) aiso suggested that factors such as membrane

18
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cOnfiguration'or distribution of CABS may govern the amount of HRP- DAB
reactlon produced For example. Con A bound very close together on the
: cell surface may not, for steric reasons, be able to bind HRP Collard

‘and Temm1nk (1974) also reported that HRP does not remove cell bound

(Jf:}

' Con A and concluded that the lectin has a greater affinlty for membrane
| sites. than for HRP | ' ' . '

Huet and Bernadac (1974) have also reported that the amount
of Con A bound to the cell surface and the amount of'HRP b0und to lectin
was not one -to- one.; They found that only a few lect1n molecules bound
enzyme and the ratio’ varied between cell types Huet and Bernadac -
(1974) suggested that structural mod1f1cat1on of Con A may occur upon .A
b1nd1ng to sugar 51tes on the cell surface and alter the b1nd1ng sites f'§
H~Afor the attachment of HRP Others have reported conformat1onal changes
..upon-sugar b1nd1ng.‘ For- example, Doyle et. aZ (1973) reported that .

‘ligand binding protected Con A aga1nst hydroly51s by pronase ‘and aga1nst
_-heat aggregation.' If Con A, 1s b1nd1ng to dlfferent types of receptors. '
: all. of which contain the spec1fic sugar, Huet and Bernadac argued that
‘1t was possible that each receptor may have dlfferent bind1ng constants
'whlch 1n turn produce different structural rearrangements alter1ng the
Con A HRP in a dlfferentlal fashlon _

Acting to offset these problems 1s the h1gh act1v1ty of HRP
ﬂat'room temperature. Temmink et aZ. (1975) reported that even a few
cell-bound HRP molecules yielded a saturated patch of DAB reactlon product} '
This amplif1cat1on process makes quantwtat1ve assessment of the number of flh

blnding s1tes more difficult for two reasons F1rstly, in a cluster of

'cell bound HRP, if a few. molecules react to produce a very dense react1on .
¢ . '
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Product then the expression of the remainder of the ceTT bound HRP
;.moTecuTescannotdhe seen. Secondly is the probTem of subjective error. d
if a few moTecuTeh give a very dense deposit, jt becomes difficuTt to
‘gassess the. kind of reaction product between areas That is, 1t s very
~easy to relate a medium dense reaction (++) product to a greater number
of binding sites than may actuaTTy be present. S ] o
| These problems ‘suggested that Con A TabeTTed covaTently in
vztro with a cytochemical marker (ferritin) wou]d be a better marker
_'than Con A TabeTTed tn Sttu with a marker (HRP) via 1ts sugar residues
‘and enzymatica]]y detected HoweVer, Temmink et al (1975) reported
that even these types of- markers do not detect 100% of the cell bound

- Con A These workers suggested that the covaTent bond between the

ferritin and Con A compTex may make the complex Jess pTiabTe and hence

Targe 51ze of the ferritin Con A compiex (approximateTy 120 R) might
prohibit the Tabe]ling of each CABS if receptors sites were packed very -

cTose]y together Huet and Garrido (1972) aTso suggested that as the

"coVaTentiTinkage between ferritin and Con-A is stabilized by gTutaraTdehyde,

Tthis reaction with g]utaraidehyde may make the Con A less reactive WTth

binding. sites on the ceTT surface Ferritin-Con A, a]though not

Tt]abel]ing 100% of the CABS 51tes avaiiabTe on a ceTT surface, does
rprovide a more stoichiometric reTationship between the number of '
_reactive sites and ‘the amount of ferritin v1sua112ed due to the particulate

: nature of the ferritin moTecuTe.- S _ |

” B Taking into account ‘the differences between these twoacyto-‘-

: Zchemical techniques. remarkab]y TittTe difference in the pattern of :

I

. :e”. .
: render some binding Sites on the ceTT surface inacce551b1e The relatively



‘binding was seen, despite the fact that two strains'of hens were’used
- The biggest problem in these techniques was the inability to stoichio- ‘
‘metrically relate binding of reaction product quantitatively to the _
B number of CABS on the cell surface. The HRP DAB technique was much moref' a
: difficult to interpret in an. obJective fashion than the ferritin experi- o
ments due to the. diffuse dense reaction product This technique also
_ seemed to be more susceptible to non- Specific binding. as in each
experiment a few controls would exhibit such binding Others (for
example Bernhard and Avrameas, 1971) have reported similar non-specific
'binding in the presence of . thelhapten inhibitor with this technique.
Ferritin experiments, however, did not show this non- speCific binding
'vof marker in the presence of the hapten inhibitor As well comparing
the experimental embryos, the variability between corresponding surfaces
'b was not as great with ‘the ferritin marker as with the HRP This may
ﬂreflect the greater senSitivity of HRP- DAB or the amplification proceSS' '
.in which only a few molecules of bound HRP will produce a very dense
reaction product. | R | o
' Variability was greatest in the separation experiment in- whichd-;
the epiblast fragments taken from stage 1 embryos displayed patterns not }
found in intact embryos For example the dorsal ‘surface of the epiblast
‘always displayed reaction product in intact embryos in the areas
, sectioned This may be. a result of inadvertently separating pieces of
epiblast from regions not normally sectioned in whole embryos. For.; :
,example, it is conceivable that~pieces of epiblast in extreme peripheral;}
1anterior or extreme posterior areas may be different from the medial

' fanterior or medial central regions normally sectioned transversally in -

NS
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- who1e embryos.' Either serial transverse sections or techniques in which ‘

“the whoie dorsai surface of the epibiast cou]d be examined perhaps by .
"scanning eiectron microscopy and the use of hemocyanin, could be used to
investigate this possibility. As the cytochemicai procedUre was the y
same as that used with whole embryos, an alternative expianation may be
that the separation procedurefmay in-some Way‘aTter'the membrane
g eceptor sites. - " | | .‘ o

| Differences were seen between corresponding surfaces of s tage |

.embryos with respéct to cytochemica] techniques. For exampie, the main

'discrepancy was that of the pattern seen on individuai hypobiast celis

- with the HRP—DAB which, if present with ferritin Was not perceived.4

This pattern, of a very much denser readtion product on the ventrai
surface than on the dorsai surface, is probabiy the result of the very
.high activ1ty of HRP and a, consequent amp]ification effect which occurred
’during oxidation of the DAB. The other major difference was the - '
penetration of ferritin between cei]s to iabei the ventrai surface of
.'dthe epiblast and the dorsal surface of the hypobiast when the hypob]ast
-formed a coherent iayer in the posterior regions of the embryo. fThe' '
"simpier cytochemicai procedure, ferritin-Con A, in which iabeiiing was
"dependent-oniy-on the penetration of one soiution rather than three.
(as with Con A-HRP DAB) seemed to label these surfaces more con51stentiy

~than with the: HRP DAB technique. In this regard these surfaces show

e simiiar binding characteristics ‘in sections taken from regions with and

‘Without a coherent hypobiast when ferritin was used Thus, intense (+++)
B ferritin binding of the ventrai surface of the epibiast and light to )
B medium (+ > ++) ferritin binding on the dorsai surface of the hypob]ast :
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. T ‘ o - ,
was in agreement with the binding shown on material stained with HRP-DAB
in anterior regions where the hypobiast did not hinder penetration ’

‘Also 1in agreement was the medium (++) binding on the dorsal surface of

the epiblast and the iight to medium (+ + ++) binding on: the ventrai

" surface of the hypobiast. Neither of these surfaces was inaccessible

'to the cytochemicai procedure

Penetration of reaction product between ceiis at the ‘ventral
surface of the epib]ast and the dorsal surface of the hypob]ast was
*a]so a problem in tage 5 embryos. HRP-DAB did not penetrate to stain
these surfaces but ferritin did S0, iabeiiing them, §if at all, with a
few scattered particies This very iight reaction may be due to the ‘
Zinaccessibiiity of these surfaces to even ferritin at this stage In:

this connection. the appearance of an. undifferentiated Junction in the o

o hypobiast found in a tage embryo may be reievant. Such Junctions in

_the hypobiast have not previousiy been reported and, in fact this was
A'the oniy one found in this study. However, if these 1nc1p1ent Junctions
are forming at these eariy stages, they may impede the penetration of
fieither Con A and its marker mo]ecu]es and.this may-account for the uif
hinabiiity of these markers to penetrate through the. hypobiast., Thus,
' information gathered in this study about these potentia]iy inaccessibie
surfaces shouid be considered incompiete. . 5
The dorsai surface of the epibiast in tage was stained

h with a simiiar intensity with HRP in comparison to tage 1, but was
'"-more heaviiy stained with ferritin in comparison to s tage 1 The two

'patterns (i e., no iabeiitng in the groove vs iabeiiing in. the groove)

found}with HRP in the region of.the primitive streak were not found with |
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ferritin.} That is, ferritin binding displayed avfairly heavy, even

' _pattern with no discontinuity seen in the region of the primitive groove.
In one’ experiment the HRP-DAB reaction dispiayed a. discontinuity with

no binding of reaction product in the primitive groove and heavy binding '
on the epib]ast immediateiy periphera] toithe groove “This discrepancy .
might have resulted from staging differences. in which the differentiai
'affinity for the lectin occurred in the primitive groove at a critical

. point in development, or the étoup of embryos removed may have had
hdifferent surface binding characteristics due to. inherent seasonai

differences, or the deposition of reaction product may have been affected

"_'by some undetected change in the iectin s affinity, perhaps due to

storage Efforts to repeat these experiments and find 51miiar binding |
.patterns were unsuccessfu] The ventrai surface of the hypoblast in both
icytochemicai procedures showed virtuaily no binding of reaction product. :
o In comparing the overail binding patterns expressed by both
cytochemicai techniques between tage 1 and tage 5 the most immediate |
~,difference was that of the staining pattern found on the ventra] surface
of the hypobiast He reaction product disappeared from tage 1 to
_tggg_g' Differences were aiso seen in the ventral surface of the epi-:
| : biast However, the abrupt change ins tage 1 embryos from the very dense
staining pattern on the ventrai surface of the. epibiast to\no staining in .
v }_tggg_§.may aiso resuit from 1naccessiBility to even ‘ferritin. As weii .
"“the reduction in binding to the dorsa] surface of the hypob]ast may aiso
- resuit from this 1nacce551bility of these surfaces.

oa

During stage 1, a basement 1amina (Fig 33) is iaid down on the

2

ventrai surfaoe of the epibTast which can be seen-as a diffuse amorphous
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‘deposit (Martinez-PaTomo, 1970) Martfnez-Paiomo reported that this

- structure was positive to ruthenium red at the primitive streak stage.

Ruthenium red is specific for acid mucopolysaccharides. This s tudy con-' f
,firmed the presence of mannose and/or giucose residues in this structure o
as eariy as stage 1. Although no comparable staining qf this structure
’occurred in _tggg_g_ this may be due to penetration probiems. aithough
j-the disappearance or masking of these residues in the: basement iamina/
Lby some other component cannot be ruied out by this study |

| The heavier staining on’ the dorsa] surface of-the epibiast in
_tggg_§,embryos with ferritin but not HRP-DAB may indicate the unmasking
or produetion of more receptor sites on this surface in preparation for o
movement through the primitive streak as ferritin is a more stoichio-
' metric method than HRP-DAB. - o
B ‘ The most abrupt and ciear—cut alteration in the binding patterns :,}
;“*was with respect to the ventra] surface‘of the hypobiast. _I _tggg_l _
'”:_this surface showed a positive reaction and in\§tage 5 this surface no R

‘"',Tonger showed a similar affinity for binding This may refiect sub- ff‘;

x!popuiations present in the hypobTast.‘ In tagg embryos,\the hypobiast
"'consists of ceTis 1nvag1pated from the epiblast and this iayer fqrms as
t a gradua] coaiescence of these invaginated grOups of ce]Ts (Eya] GiTadi,

L

‘ 1976).. At tage 5, these ceils have now moved in a peripheral fashion f;‘\\i

' Land have been repiaced by the secondary hypobiast It is this secondary ..f
'-contribution to the: hypobiast which forms presumptive embryonic endoderm B

'>;(Rosenquist. 1966) This study provided evidence t'at the hypobiast ’
: ceTis which are found beneath the primitive streak and’ which con51sts

»_of ceTTs from the primitive streak do not have recep or sites for COn A,. o
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while the ceils forming the primary hypoblast 1n tage do have these

receptor sites. As .[ 1 ndary hypoblastvresults from the movement of

cells from the epibiast. which also stained positive]y. the. receptor sites
are either masked. removed from the cell surface or made inaccessibie to
the lectin, perhaps by configurationa] changes in the receptors or by - |
structurai modifications of the cell surface. =~ : o N
' In a study’using immunofiuorescent techniques it was found that
the primary hypob]ast cel]s dispiayed antigenic speCificity (Wolk et al ’
1974) This antigenic specificity was used to trace the formation and
'migration of primary hypobTast It was found that in: unincubated stages’_ ;i
all celis stained but the 1ower part of the biastoderm stained with the":
‘most intensity. i. e., the ventral surface of the epib]ast and a very

gintense staining on the hypobiast ceils A simi]ar pattern was found in

L embryos with a. compiete hypobiast. but in primitive streak stages the

'fiuorescence was- heaviest in presumptive extraTembryonic endoderm cells;

o that is, hypobiast celis 1ocated in the iateral regions of the biasto-

' .;derms No fluorescence was found in celis in various embryonic layers.
f,inciuding the hypoblast underlying the primitive streak '

" : This study confirmed the: differences in celi surface groups ’
in the two popu]ations of hypob]ast ce]]s, and it seems evident that

|

7gthis criterion may be’ used to {ndicate ear]y signs of biochemical

- differentiation At the same time, these receptor sites may be involved )

R in processes controlidng morphogenetic movement. ‘For exampie, the
distribution of sites which may be aiteré/ by ceTluiar control via < -

"‘ membrane associated mdcrotubuies or microfiiaments and the chemical
elcomposition of receptor sites can both be important factors reiating to
BNEIERN : . : .

S
KA



! - ' -z

: selectlve adhesion and cellular movement. Or this could relate‘to
cellular recoghltlon or a form of cellular communication which allows
‘groups of cells to move orwnot move in a coordinated fashion Thus. |
: these‘receptor sites could conceivably function in both senses to
' coordlnate morphogenetic movement lt should.also be.polnted out that
‘1t is. possible for reglonal speciallzatlon of cell surfaces to occur
For example. the dorsal and ventral surfaces of the ep1blast are both :
located on the same cel and yet these two surfaces can display | .
entirely dlfferent patterns of bindlng. perhaps in response ‘to local |
‘condltions - | o |
The current concept of cellular movement in the primltive
‘streak is one. of a c00rd1nated movement of sheets of . epiblast cells
_moving towards the primithe groOVe and then upon reaching. the base: of
the groove, the movement of cells slngly downward to: jo1n either the
"1hypoblast or mesoblast and then subsequent lateral movement The
alterations in surface morpholqu would seem 'to suggest that the new

' structures seen are somehow 1nvolved in’ this process The funct1oh of

. the cllia. found one per cell. and the loop-llke processes found over-

_ lapping the eplblast cellular junctions on the dorsal surface, are
unknown The reason for the change from a cell surface enriched with
; microvilli to one with globular projections also has .no-known functioni_'““
Bancroft and Bellairs (1974) correlated the appearance of microvilli with
presumptlve ectodermal coverlng of the embryo. These authors also :
djreported that cells which are destined to invaglnate possessed fewerlv. {f‘

- nﬁcrov1lli but more gldbular proaections Although;these globular

| P"°39°tl°"s may be associated wlth qgi:;movement, Bard et al. (1975)'fg'2

s .
e . M

ELe
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‘have suggested that they ney be due to %ixation artefacts. ;As well,
the fate of the junctional complexes found in epiblast cells is unknown,
g but it would be expected that reorgan1zat1on=must occur as epiblast
cells 1nvaginate through_the primitive streak. .

, Thts study provided evidence of a redzctiOn in,statning in
_ ce]1s which composed the hypobTastlin stage 4>5 as coupared to stage 1
A1though cells dissociated from blastoderms of the same stages did not
show any d1fference w1th respect to Con A- med1ated agg]ut1nat1on (zalik
| and Cook, }976) this type of pattern may not be detected by agg1ut1nat1on
stud1es for severa] reasons. Firstly, the dissociated blastoderms were
 not sepatrated into ep1b1ast, mesoblast and hypoh]ast populations. If
fthese~Ce11,popu1ations couid be separated, ’each'population may show a
differentfal aoglutinability Second]y, the d1ssoc1at1on procedures may
change the cell surface arch1tecture and abolish ,any d1fferences wh1ch
were detected by the y]trastructura] procedures used in this study.

The effectskof preparing §ingle-cell suspensions on the

" structure of the membrane and comoonents invoTved in recognition and
adhesion are unknown. VﬁMcDonough andetlien-(197Sa) reported that
' tryps1n-d1ssoc1ated ce]]s were able to red1str1bute thelr CABS - 1nto caps .
with or w1thout Con A but if these ce]]s were a]]owed to recover from
tryp51n treatment they 105t'th15 ab111ty to redistr1bute receptor's1tes.
Therefore agg]ut1nat1on stud1es which employ tryps1n dissociation
procedures may ‘be mon1t0r1ng changes in the 1atera] mob111ty of receptor
sites as much as the availability of these sites for agglut1nat10n.
. Other studies (for e;amp]e 0'Dell et el., 1974;_Johnson, 1975;

Roberson et al., 1975) have used FITC-Con A to 1abe] receptor sites in
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different deve]opmenta] systemf Although caution must. be exerc1sed in

' comparing embryonic systems, a pattern has emerged Genera]iy, cells
which are under901ng morphogenetic movement bind more FITC Con A or
display a greater 1atera1 mobility of CABS in the plane of the membrane.
A clustering of CABS into one area of the ce]] is taken to mean that

that particular cell type exhibits a greater mobiiity of- receptor sﬁtes :
than a ce11 w1th CABS randomly distributed over the ceil surface This
capped appearance is abo]ished if the cells are fixed prior to exposure
to Con A For examp]e, the migratory cell type in sea'urchin embryos,
the m1cromeres were found to have a greater mobility of CABS than non;
migrating celt types. Johnson (1975) reported that ce]]s taken from
.d155001ated gastrulas of Rana displayed a higher mobility of receptor
Sites than on dissoc1ated b]astula cells. In the present study, differ-
ences in lateral mobility of" receptor 51tes were not seen, but the lectin
. was attached to fixed tissue and‘therefore this protocol woqu_not detect
such differences. 0'De11 ét al. (1974) studied the distribution of

FITC Con A over the surface of fixed Xenopus embryos ~ These authors
conc]uded that the binding of FITC Con A correlated with cells under-

- going morphogenetic movement Attempts to evaiuate FITC- Con A binding

on the cell surface of -chick embryos in this study met w1th failure due
to a high background of non- spec1f1c FITC- Con A binding The Tow
resoiving power of the 1ight microscope also limited the abi]ity to
detect differences in binding to particuiar cell popuiations. Howeyer,
as most of the ce11s)are undergoing migratory‘movements dUring primitiye.
'streak formation in the chick, 1t was shown by this study that all ce]]s,

' except for those forming the secondary hypoblast dispiayed binding
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Although these secondary hypoblast celts would be undergoing migratory
. movement, receptor sites other than those which bind Con A may become
ulmportant in contro]llng the movement of- these ce]]s at this p01nt in
‘development | | _

This study prov1ded ev1dence for alterat1ons in surface
morphology and chemical groups on the cell surface occurr1ng from stage 1
to tage 5. A1though Con A labels spec1fica]1y the mannose and glucose

| residues plus ster1ca11y-re1ated groups, the 1abe]11ng found’ on the cell.
surface may not be specific 1n 1abe111ng d1fferent types or classes of
receptors. If structural dlfferences in the receptor sites were res-
ponsible for the1r respectlve functions, th1s 1abe]11ng procedure could
‘not be expected to detect these dlfferences The poss1b111ty of very |
‘subtle d1fferences 1n receptors on the cell surface ex1st1ng and not
being detected by the 1ect1n probe cannot be ruled out. by this study

'As well, these receptors may exh1b1t d1fferent bind1ng aff1n1t1es for
the lectin, and these differences are- not easx]y access1b1e 1n ultra-
structural studies. The advantage of this study was in the use of .
receptors_in situ, und1sturbed by d1ssociation_procedures or culturing
technigues. By'modifiCations of-the procedure deve]oped.in this'study,
.additiona]‘information'regarding>the mobility of_thelreceptor‘sites as‘,‘:,
‘uamonitored by susceptibility for.the‘Con7A moleCuTe'to 1nduCevc1ustering»
in ‘unfixed tissue cou]d be gatheréd;' It would be expected-that if
d1fferences 1n relat1ve mobility existed with respect to ce]l popu]atIOns.
then these cells would display their CABS in c]umped or perhaps capped
configurations, rather than the random d1§g§pbut1on seen in this study

'However, as. it has been shown that cells w1th1n intact retina tissue
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are not able to redistrlbute their receptors into caps (McDonough and
Li11en. 1975a), this re]ationship between mob1lity of receptor s1tes

and capped CABS 1n intact tissue may be difficult to 1nterpret. As‘
we]] by emp1qy1ng the use of var1ous enzymat1c procedures, it may be
possible to study the apparent d1sappearance of the CABS on- the hypo-
“blast 1n stage 5 The present study provided ev1dence for the ex1stence
of these receptors and showed an a]teratlon in these structures with

increasing embryonic age, but the funct1on of these receptor sites

rema1ns to be_e1uc1dated.
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