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SUM MARY 

1. Cells of the unincubated as well as those of primitive streak chick blasto- 
derm, which are preparing for or are involved in morphogenetic movements, are 
agglutinated by wheat germ agglutinin, Ricinus cornmunis agglutinin and concanavalin 
A, but not by fucose-binding protein. 

2. Agglutination of these cells with soybean agglutinin occurs only after 
neuraminidase treatment, while that induced by concanavalin A, wheat germ and 
Ricinus communis agglutinins is not affected. 

3. Trypsin treatment of blastoderm cells had no effect on lectin-mediated 
agglutination. 

4. In contrast, cells derived from 10- and 12-day differentiating chick liver were 
agglutinated by wheat germ agglutinin only after trypsinization. 

5. Mechanically dissociated embryonic liver cells, which are not agglutinated, 
bind more all-labelled wheat germ agglutinin per cell than trypsinized cells, suggesting 
that during differentiation there may be a spatial reorganization of  wheat germ 
agglutinin receptors within the plasma membrane. 

6. Membranes isolated from the above cell types were examined by analytical 
polyacrylamide gel isoelectric focusing and, in combination with affinity chromato- 
graphy using wheat germ agglutinin conjugated to agarose, membrane material in 
the differentiating liver membrane, which binds to this lectin, was identified. 

INTRODUCTION 

Lectins have been used to detect cell surface changes undergone during differ- 
entiation [1-3] and neoplastic transformation [4, 5]. In this paper we have used a 
range of these substances as probes in a comparative study of early chick blastoderm 
cells and those from differentiating embryonic tissue. The purpose of these studies 
was to attempt to characterize changes taking place at the cell surface during the 
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initial stages of morphogenesis. We report on the differential agglutinability by 
wheat germ agglutinin of cells from unincubated and primitive streak chick blasto- 
derms, as compared to those from differentiating liver, in addition, we describe the 
isolation of plasma membranes from early embryonic and differentiating cells and an 
examination of these membranes by analytical isoelectric focusing. Using the latter 
technique in conjunction with affinity chromatography, we have attempted to identify 
those membrane glycoproteins in the differentiating cell membrane which bind to 
wheat germ agglutinin. The results obtained so far suggest that the inability of wheat 
germ agglutinin to agglutinate 12-day liver cells is not due to the absence of appro- 
priate receptors in the differentiating cell surface. Rather, a reorganization of membrane 
material may be taking place during subsequent stages of embryonic development. 

MATERIALS AND METHODS 

Chemicals 
All the solutions were prepared in water which had been distilled once in a 

metal still followed by two distillations in glassware; all distilled water was used 
within 24 h of the final distillation. Chemicals were "AnalaR" grade obtained from 
BDH Chemicals Ltd., Poole, Dorset, U.K., or analytical reagent grade from Fisons 
Scientific Apparatus Ltd., Loughborough, Leicestershire, U.K., unless otherwise 
stated. Hydroxyapatite (Bio-Gel HT Control No. 10255) and agarose beads (Bio-Gel 
A 0.5 m 200-400 mesh Control Nos. 11607 and 11990) were purchased from Bio-Rad 
Laboratories Ltd., Bromley, Kent, U.K. Superbrite 150 glass beads were obtained 
from 3M Company, St. Paul, Minnesota, U.S.A. Bovine serum albumin prepared as a 
protein standard was obtained from Armour Pharmaceutical Company Ltd., East- 
bourne, Sussex, U.K., and Carbowax (Mr -- 15 000-20 000) from Searle Diagnostic, 
High Wycombe, Bucks, U.K. For the purposes of polyacrylamide gel isoelectric 
focusing, acrylamide (BDH Chemicals Ltd.) was recrystallized once from chloroform 
before use. Triton X-100 obtained from BDH Chemicals Ltd. or Sigma London 
Chemical Company Ltd., Surrey, U.K., suitably diluted (10-15 '~.,~, v/v) with distilled 
water, was passed through a mixed bed of Amberlite analytical grade resins IR-120 
(H form), IR-45 (OH) to give a stock solution with a conductivity 8/~mho • c m - t  at 
20 °C, pH 6.5. The actual concentration of detergent present in this solution (usually 
7-10 ~ ,  v/v) following resin treatment was determined optically at 278 nm as well as 
chemically by a modification of the method of Stevenson [6] by Wright and Plummer 
[7]; the two methods were in excellent agreement. 

Cells and enzyme treatments 
Eggs of either white Leghorn or Rhodes light Sussex strain chickens were used. 

Blastoderms were obtained from unincubated as well as from 22-23 h incubated eggs. 
For the agglutination experiments blastoderms were staged according to Hamburger 
and Hamilton [8]. For experiments for plasma membrane isolation, 22-23 h blasto- 
derms were used; previous experience showed that most blastoderms ranged between 
stages 4 and 5. 

Early chick blastoderms were removed under sterile conditions as reported 
previously [9], placed in Panet and Compton saline, and either used immediately or 
left overnight at 15-18 °C in Panet and Compton saline with 200 #g/ml of Crystamycin 
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(Glaxo Laboratories, Greenford, U.K.). For experiments of membrane isolation as 
well as for binding of radioactive lectin, blastoderms were kept overnight in L-15 
Medium (BioCult Laboratories, Glasgow, U.K.) with 200/tg/ml of Crystamycin. 
Blastoderms were placed in Ca 2+- and MgZ+-free Panet and Compton Saline, pH 
7.8, with 2 mM EDTA and dissociated by gentle pipetting at room temperature. 
Alternatively they were dissociated by gentle pipetting in the Ca a+- and MgZ+-free 
Panet and Compton saline for 10 min at the temperature of melting ice. Cells (epiblast 
and hypoblast cells in the case of Stage 1, while in Stage 4-5 primitive streak mesoder- 
mal cells will also be present) were then washed twice and suspended in Panet and 
Compton saline. Blastoderm cells dissociated in this manner aggregate and sort out 
[I0] and readily incorporate glucosamine into glycoprotein when incubated at 37 °C 
(Zalik, S. E. and Cook, G. M. W., unpublished). 

For the preparation of embryonic liver cells, 10- and 12-day embryos were 
removed in ice-cold Tyrode saline and the liver was perfused with cold Ca z +- and 
Mg z +-free Tyrode saline. Tissues were then minced in this saline and placed in the 
same medium containing 2 mM EDTA, pH 7.8, or 0.2 ~ trypsin (EC 3.4.4.4) (ETAB, 
CF Boehringer and Soehne, Mannheim, G. F. R.) at 37 °C for 30 min. The tissues 
were then washed and placed in Tyrode saline with 24 units of DNAase (EC 3.1.4.5) 
(Sigma DN-EP, an electrophoretically purified preparation substantially free of 
RNAase). Cell dissociation was accomplished by pipetting; cells (principally hepato- 
cytes, the majority of blood cells being removed by perfusion) were then washed in 
Tyrode saline and suspended in the latter until used. 

For neuraminidase (EC 3.2.1.18) treatment of blastoderm cell suspensions, 5 
units of neuraminidase (from Vibrio comma, Behringwerke AG, Marburg, G.F.R.) 
were added to a cell suspension containing 0.5 • 1 0  6 cells in 2 ml Panet and Compton 
saline. The neuraminidase preparation used here is stated by the manufacturer to be 
free of protease, lecithinase C and aldolase activity. Using Azocoll (Calbiochem) as a 
general substrate for proteolytic activity, under the incubation conditions described 
here we were unable to detect proteolytic activity in 50 units of the neuraminidase 
preparation. Cells were incubated at 37 °C for 30 min and controls consisted of cells 
kept under the same conditions with the enzyme omitted. After treatment cells were 
washed twice in Panet and Compton saline and used directly for agglutination 
experiments. For trypsin treatment of mechanically dissociated blastoderm and 
embryonic tissue cells, a 0.05 or 0.025 ~/o enzyme concentration in a 2 ml cell suspen- 
sion was used. Cells were incubated at 37 °C for 20 min, washed in their respective 
DNAase-containing salines and used for the agglutination experiments. 

Preparation of  lectins 
Concanavalin A, (3 times crystallized, carbohydrate-free, lyophilized, desalinat- 

ed powder) wheat germ agglutinin (Triticum vulgaris) (Lot WG17) and wheat germ 
agglutinin conjugated to agarose were purchased from Miles Laboratories Ltd., 
Stoke Poges, Bucks, U.K. Samples of fucose-binding protein from Lotus tetragonol- 
obus and wheat germ agglutinin, both as a native lectin and as an agarose conjugate, 
prepared by Miles-Yeda Ltd., Kiryat Weizmann, Rehovot, Israel, were also kindly 
provided by Dr. M. Rashi. 

Soybean (Glycine max) haemagglutinin was prepared by the method of Lis et 
al. [11 ] from soybean meal (BDH Chemicals Ltd.). Ricinus communis agglutinin was 
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prepared from castor beans (Thompson and Morgan (Ipswich) Ltd., Ipswich, U.K.) 
using the combined affinity chromatography and gel filtration procedure of Nicolson 
and Blaustein [12]: the larger molecular weight fraction (designated RC,~j2o: :~/~ 
approx. 120 000) was used exclusively in the present work. 

Preparation of 3H-labelled wheat germ agglutinin 
Wheat germ agglutinin was labelled with tritium using [~H] acetic anhydride 

in benzene (Radiochemical Centre, Amersham, U.K., Batch 16, 500 Ci/mol), using a 
similar technique to that employed by Ostrouski et al. [13] for tritium labelling ol" 
proteins. The labelled wheat germ agglutinin (1.33 • l 0  6 dpm/mg protein) was found 
by us to be equally effective at agglutinating embryonic cells as equivalent amounts of  
the native lectin. 

Agglutination assays and binding of radioactive wheat germ agglutinin 
Agglutination assays were performed at room temperature using a l0 × 15 cm 

perspex titration tray with round bottom wells of 15 mm diameter placed in a gyratory 
shaker at 90-100 rev./min for 30 min at room temperature. Approximately 1 • l0 s 
blastoderm cells or 2 .  106 liver cells were added to the wells in which the desired 
lectin, with or without the appropriate sugar inhibitors, was present in a total volume 
varying from 200 to 300 ~tl. Agglutination was observed under the dissecting micro- 
scope and scored from slight ( + )  to massive ( ~-i !- ) depending on the proportion 
of  single cells present in the suspension. Some additional assays were performed 
using excavated slides. Cell suspensions were used with the appropriate lectin solution 
and the slides were gently swirled at 5-rain intervals for 30 rain. Agglutination scores 
using the latter method were similar to the ones obtained using the titration tray and 
were used for photographic purposes. 

Attempts were made to quantify agglutination of blastoderm cells with the 
celloscope 401 particle counter (Lenson Instruments, Stockholm, Sweden). However, 
due to massive lectin-induced agglutination and the presence of yolk granules of  
variable sizes released by some cells, presumably as a secondary effect of lectins on 
the cell surface, results using this method were difficult to interpret: therefore the 
visual method of scoring was selected. 

For the binding assays 1" 105 blastoderm cells (23 h) were treated with 
various concentrations (10-100/~g) of-~H-labelled wheat germ agglutinin in 100/~1 
Panet and Compton saline; to control for non-specific adsorption parallel assays 
were performed in the presence of 100 mM GIcNAc. Similar experiments were 
performed with I • l 0  6 liver cells (EDTA- and trypsin-dissociated) from 12-day chick 
embryos in 100 ~tl Tyrode saline. Tubes were shaken as in the agglutination assays for 
30 min at room temperature. 4 ml of ice-cold saline was then added, cells were 
collected by centrifugation at 500 ×g  and 40/~1 of 3 o/ (w/v) bovine serum albumin 
were added to each tube. The mixture was precipitated by the addition of I '),i dodeca- 
tungstophosphoric acid in 0.5 o/j,,, HCI (5 ml) and collected by centrifugation. The 
precipitates were washed three times with 5 o/o (w/v) trichloroacetic acid (8 ml), dried 
and dissolved at 70 °C in 300 pl of 0.l M NaOH.  They were plated onto glass fiber 
filters and protein-bound radioactivity was determined in a Packard scintillation 
counter, standardized as reported previously [14]. Care was taken to control for 
background counts. 
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Preparation of  plasma membranes 
Plasma membranes were prepared from cell suspensions of 22-23 h incubated 

blastoderms and 12-day chick embryo livers (both EDTA-dissociated) by a modifica- 
tion of the method of Warley and Cook [15]. The membrane isolation procedure 
used differed from the published method [15] in only two respects. A modified 
harvesting solution containing 101 mM NaC1, 50 mM borate, 2.0 mM MgClz and 
2.0 mM CaCI2, pH 7.2, which is isotonic for early embryonic cells [16], was used. The 
membrane-enriched fraction was passed through a column composed of Superbrite 
150/Ballotini No. 12 beads (1 : 1, v/v) as a means of economy since the former beads 
are no longer manufactured. 

In a few experiments brain plasma membranes from 12-day chick embryos were 
prepared. The tissues used included the cerebral hemispheres, the diencephalon with 
the exception of the optic cups, the mesencephalon and cerebellum. Cell suspensions 
were obtained and plasma membranes were prepared by the same procedure used for 
embryonic liver cells. 

For comparative purposes plasma membranes were obtained from trypsin- 
dissociated 12-day liver cells. Dissociation by this method was similar to that reported 
for the agglutination experiments. After dissociation, cells were washed twice with 
Tyrode saline containing DNAase (24 units), as well as N-~-p-tosyl-L-lysine chloro- 
methylketone (Beichen Feinchemikalen Leistat, Switzerland) 1 • 10 -a M, in order to 
inhibit further trypsin activity. Cells were further washed with Tyrode saline before 
being used for membrane preparation. 

Estimation of 5'-nucleotidase activity (5'-ribonucleotide phosphohydrolase, 
EC 3.1.3.5) was performed in cell lysates and membrane preparations of blastoderm 
and 12-day chick embryo livers by the method of Persijn et al. [17]. Protein was 
determined by the Lowry [18] procedure. 

Isoelectric focusing in thin polyacrylamide gels 
Analytical isoelectric focusing of membrane preparations solubilized in Triton 

X-100 was performed in thin layers of polyacrylamide gel over a pH gradient 3.5-8.0 
using a Multiphor apparatus (LKB Produkter AB, Sweden). Preparation of the gel 
layer used here and the construction of the pH gradient using the appropriate pH 
range ampholines (LKB Produkter AB, Sweden) together with the focusing and 
development of the gels was as described in detail by Cook [19]. The polyacrylamide 
slab, characterized according to the definition by Hjert6n [20], has T = 6.8 ~ and C 
---- 2.4 ~ and is similar (T ~ 7.4 ~,  C = 2.6 ~)  to the gel described by Wrigley [21] 
for gel isoelectric focusing. 

Samples of biological material were mixed at room temperature with Triton 
X-100 solution (concentrations between 0.5 and 1.0 ~,  v/v, examined). In some 
experiments this was followed by centrifugation at 100000×g for 1 h at 4 °C; 
material present in the supernatant was regarded as representing solubilized mem- 
brane constituents. Material thus solubilized was east into polyacrylamide-ampholine 
sample gel blocks as described by Cook [19] and then subjected to isoelectric focusing. 

Characterization of wheat germ agglutinin receptors 
Isolated plasma membranes were suspended in 50 mM Tris • HC1 buffer, pH 

7.6, containing 1.0 ~ (v/v) Triton X-100, and incubated for 30 min at room tempera- 
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ture. This material was then centrifuged at 100000×9 for 1 h at 4 C. The clear 
supernatant fluid was passed through a small column (0.65 cm internal diameter, 
Cambridge Bio Lab, Cambridge, England) containing wheat germ agglutinin-agarose 
packed to a height of at least 1.5 cm. This column was eluted with 50 mM Tris • HCI 
buffer, pH 7.6, containing 1.0',',~i (v/v) Triton X-100 collecting 2 ml fi-actions until 
the absorbance of the eluate at 260 nm was reduced to the original level obtained 
when using the eluting buffer. The column was then developed with 50 mM Tris .  
HCI buffer, pH 7.6, containing 0. l M GIcNAc and 1.0 '~i (v/v)Tri ton X-100. Although 
insufficient material was eluted to show any appreciable change in absorbance at 
260 nm, a wavelength at which Triton X-100 shows minimum absorption, the first 
six GlcNAc-containing fractions were pooled and dialysed exhaustively at 4 C 
against 1.0 ~',~, (v/v) Triton X-100. The material remaining in the dialysis sac was 
reduced to a small volume ( <  I ml )and  the same sac was packed in Carbowax (a 
preparation of polyethylene glycol, Mr 15 000-20 000) followed by dialysis for 4 h 
against 1 o~ (v/v) Triton X-100. Finally this fraction (L2) was cast into polyacryl- 
amide-ampholine sample gel blocks and examined in thin gel slabs as described above. 

RESULTS 

Agglutination of embryonic cells by different lecthls 
Cells obtained from chick blastoderm at stages 1 and 4-5 readily agglutinated 

in the presence of concanavalin A, wheat germ agglutinin and R. communis agglutinin 
(Figs 1 and 2). Agglutination was not evident when soybean agglutinin or fucose- 
binding protein was used (Table I). Under our conditions cells from the unincubated 
(stage 1) as well as 22-23 h incubated blastoderm agglutinated to the same extent. 
The degree of lectin induced agglutination was similar when blastoderms were dissoci- 
ated in Ca 2+- and MgZ+-free media or in EDTA containing Ca z+- and Mg2+-free 
Panet and Compton saline. Agglutination occurred at lectin concentrations as low 
as 10 jlg/ml for concanavalin A, wheat germ agglutinin and R. communis agglutinin. 
Lectin induced agglutination was inhibited by the corresponding sugar haptens with 
the exception of that induced by wheat germ agglutinin, where a very slight agglutina- 
tion was still present in 100 mM GlcNAc. Complete inhibition of wheat germ induced 
agglutination by this sugar occurred after cells were treated with neuraminidase 
(Table II); these results were similar in the two blastoderm stages examined herein. 

The effect of  neuraminidase on the agglutination of chick blastoderm cells 
by soybean and wheat germ agglutinins can be observed in Table lI and Fig. 2. 
While normal dissociated blastoderm cells do not agglutinate with soybean agglutinin, 
they are readily agglutinated by this lectin after they have been treated with neuramini- 
dase. This suggests that neuraminidase treatment may uncover receptors containing 
N-acetyl galactosaminyl groups. Wheat germ agglutinin-induced agglutination was 
increased slightly after neuraminidase treatment; in this case agglutination was 

Fig. 1. Effect of several lectins on cells obtained from dissociated unincubated (stage I ) blastoderms: 
(1) saline control; (2) wheat germ agglutinin 125/tg/ml; (3) wheat germ agglutinin 125/~g/ml 
and GIcNAc 0.l M; (4) soybean agglutinin 100 #g/ml; (5) neuraminidase-treated cells (30 min, 
37 "C) plus soybean agglutinin 100/~g/ml; (6) neuraminidase-treated cells, soybean agglutiniu 100 
/tg/ml and GalNAc 0.1 M. Conditions for agglutination are described in Materials and Methods. 
Magnification × 120. 
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TABLE I 

AGGLUTINATION OF BLASTODERM CELLS BY DIFFERENT LECTINS 

The method of assaying agglutination is described in Materials and Methods. Results shown here 
were obtained with 33/zg/ml of each lectin and the final concentration of haptenic inhibitors present 
in the assay was 0.1 M. The figures given in parentheses indicate the number of separate experiments 
performed. In the absence of lectin cells are not agglutinated and have a score = 0 in the assay (see 
also Fig. 1 (1) and Fig. 2 (1)). 

Concanavalin A Wheat germ R. communis Soybean Fucose- 
agglutinin agglutinin agglutinin binding 

protein 

Stage 1 
Saline + + + + (4) 
s-Methyl 

mannopyranoside + (1) 0 (3) 
N-Acetyl-n- 

glucosamine 
N-Acetyl-D- 

galactosamine 
B lactose 

Stages 4-5 
Saline + + + + (2) 
c~-Methyl 

mannopyranoside 0 (2) 
N-Acetyl-o- 

glucosamine + + + (l) 
N-Acetyl-D- 

galactosamine 
B lactose 

+ + + +  (6) + + + +  (6) 0 (6) 0 (1) 

+ (5) 0 (1) 

+ + +  (1) 
0 (6) 

+ + +  (7) + + + +  (3) 0 (4) 0 (2) 

+ (4) 0 (3) 

+ + + (2) 
+ + +  (1) 0 (3) 

completely inhibi ted by GlcNAc.  The latter suggests that  some sialic acid residues may 
be involved directly or indirectly in wheat germ agglut inin- induced agglutinat ion.  In  
neuraminidase- t reated cells, soybean agglut inin induced agglut inat ion occurred at 
lectin concentra t ions  as low as 25 pg/ml and  was completely inhibi ted by 100 m M  
GalNAc.  Similar results were observed in the un incuba ted  as well as 24 h incubated 
blas toderm cells. Neuraminidase  t reatment  had no effect on concanaval in  A and 
R .  c o m m u n i s  agglut inin- induced agglut inat ion and  did not  induce agglut inat ion by 
fucose-binding protein.  

Trypsinizat ion has been reported to induce agglut inat ion by wheat germ 
agglut inin in differentiating embryonic  chick liver cells [1 ]. A series of experiments 
was performed to corroborate  these data and also to determine whether trypsin 
t reatment  affected the agglut inat ion of very early embryonic  cells. The results from 
these experiments are presented in Table III.  It  can be observed that  t rypsin t rea tment  

Fig. 2. Effect of several lectins on cells from dissociated 24 h incubated chick blastoderms (stages 
4-5): (1) saline control; (2) concanavalin A 100/~g/ml and GlcNAc 0.I M; (3) concanavalin A 100 
#g/ml and D-mannose 0.1 M; (4) R. communis agglutinin 100 #g/ml; (5) neuraminidase-treated cells 
(30 min; 37 °C) and wheat germ agglutinin 100/~g/ml; (6) neuraminidase-treated cells, wheat germ 
agglutinin 100/~g/ml and GlcNAc 0.1 M. Microscope optics are not the same as those in Fig. 1. 
Conditions for agglutination are described in Materials and Methods. Magnification × 120. 
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TABLE II 

EFFECT OF N E U R A M I N I D A S E  T R E A T M E N T  O N  A G G L U T I N A T I O N  t ) F C H I C K  
BLASTODERM CELLS 

The method of  assaying agglutination is described ill Materials and Methods. Rcsuhs sho~s,n in thi~ 
table were obtained with 33 /tg/ml of  each lectin and the final concentration of  haptenic inhibitors 
present in the assay was 0.1 M. Cells (0.5. 106-1 - 106) ~erc incubated at 37 C for 30 rain with 
neuraminidase. Further information on enzyme treatment is described in Materials and Methods. 
Figures quoted in parentheses represent the number of  separate experiments performed. In the 
absence of lec t in  the cells are not agglutinated and have a score 0 in the assay lsee also Fig. 1 (I I 
and Fig. 2 (1)). 

Control  Neuraminidase 

Wheat germ Soybean Wheat germ Soybean 
agglutinin agglutinin agglutinin agglutinin 

Stage I 

Saline . ~ i (2) 0 (2) , • (21 12) 
N-AcetyI-D- 

glucosamine 12) 0 (2) 
N-Acetyl-o- 

galactosamine 0 12) 

Stages 4-5 

Saline E " i (21 0 (3) i . i . (2) (3) 
N-Acetyl-o- 

glucosamine . (2) 0 (21 (I) 
N-AcetyI-D- 

galactosamine - ] -  t 11) • ~ . 11) 0 (3) 

h a d  n o  e f f e c t  o n  w h e a t  g e r m  a g g l u t i n i n - i n d u c e d  a g g l u t i n a t i o n  o f  ce l l s  f r o m  ear ly '  

c h i c k  b l a s t o d e r m s ,  b u t  i t  d r a s t i c a l l y  i n c r e a s e d  t h a t  u n d e r g o n e  b y  8 - d a y  c h i c k  e m b r y o  

l ive r  a n d  b r a i n  a n d  10- a n d  1 2 - d a y  c h i c k  e m b r y o  l ive r  ce l l s .  A s  r e p o r t e d  b y  M o s c o n a  

[1 ], r e s u l t s  w e r e  s i m i l a r  w h e n  ce l l s  w e r e  o b t a i n e d  b y  t r y p s i n i z a t i o n  o r  w h e n  ce l l s  w e r e  

p r e v i o u s l y  d i s s o c i a t e d  w i t h  E D T A  a n d  s u b s e q u e n t l y  t r y p s i n i z e d .  T r y p s i n  t r e a t m e n t  

h a d  n o  e f f e c t  o n  c o n c a n a v a l i n  A -  a n d  R. communis-induced a g g l u t i n a t i o n  o f  23 h 

i n c u b a t e d  c h i c k  b l a s t o d e r m  cel ls .  

TABLE I11 

E F F E C T  OF T R Y P S I N  T R E A T M E N T  ON W H E A T  G E R M  A G G L U T I N 1 N - I N D U C E D  
A G G L U T I N A T I O N  OF E M B R Y O N I C  CELLS 

The method of  assaying agglutination as well as the procedures for enzyme treatment are described 
in Materials and Methods.  In  this experiment results obtained with 50 #g/ml of  wheat germ agglutinin 
are portrayed. In the absence of  wheat germ agglutinin the cells examined are not agglutinated. 

Source Control  Trypsin Number  of  
experiments 

Chick blastoderm (stages 4-6) ~ + -F"  ~ 4 
8-day chick liver ! 4 + I ! 2 
8-day chick brain - -~ ~ !- i 2 
lO-day chick liver 0 ,'- ~ • 2 
12-day chick liver 0 ~ ~ ~ 2 
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Bindin9 of 3H-labelled wheat 9erm a991utinin 
Both EDTA and trypsinized 12-day chick embryo liver cells bind 3H-labelled 

wheat germ agglutinin. In the case of the trypsinized cells saturation of the available 
lectin receptor sites in our assay is achieved with 10pg wheat germ agglutinin, 
yielding 200 dpm of protein-bound radioactivity. Interestingly, EDTA-dissociated 
liver cells which are not agglutinated by wheat germ agglutinin bind more lectin 
(1240 dpm) when saturating quantities (100/~g) of  the agglutinin are used under the 
same conditions. In both cases, binding is inhibited by the addition of 100 mM 
GlcNAc. These data suggest that, in addition to the appearance of lectin-induced 
agglutination, removal of some lectin-binding sites at the cell surface may occur 
after trypsin treatment. The binding of radioactive wheat germ agglutinin by blasto- 
derm cells was very similar to that observed in trypsinized liver cells. 

Preparation of membrane fractions 
In an effort to study further the nature of  the surface lectin receptors in early 

embryonic and differentiated liver cells, the isolation of membranes f rom these cells 
was attempted. An electron micrograph of a thin section of the membrane fraction 
obtained f rom 23 h incubated chick blastoderms is presented in Fig. 3. The membrane 

Fig. 3. Electron micrograph of a thin section of material obtained from the plasma membrane 
fraction of 24 h incubated chick blastoderms. A glass column of Superbrite 150 glass beads was used 
to purify this fraction. Magnification x 36 000. 
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T A B L E  I V  

5 ' - N U C L E O T I D A S E  A C T I V I T Y  IN L Y S A T E S  A N D  M E M B R A N E  P R E P A R A T I O N S  F R O M  
E M B R Y O N I C  C E L L S  

Specific activities are repor ted  as nmol  • m g  protein - t . r a in -  ' and total activities as nmol  - rain '. 
Enzyme  activity was assayed at 37 C as described in the Materials  and Methods  section. 

Lysate 
M e m b r a n e  

22 h b las toderm cells 12-day chick liver cells 

Prepara t ion  I Prepara t ion  I 

Specific Total  Specific Total  
activity activity activity activity 

1.24 9.86 26.24 I 133.6 
[5.75 2.13 29.17 15.7 

Prepara t ion  I I 

Specific Total  
activity activity 

25.66 431.4 
27.86 19.3 

ghosts from blastoderm cells were heavily concentrated after passage through the 
glass bead column, although slight contamination with fragments of cytoplasm and 
mitochondria was also evident. Electron micrographs of thin sections of membrane 
pellets from EDTA-dissociated liver and brain cells were also examined. Cell mem- 
brane preparations from these tissues showed a lower degree of contamination by 
cytoplasmic fractions and mitochondria, as assessed morphologically. 

The relative distribution of 5'-nucleotidase activity in cell lysates as well 
as in membrane preparations of chick blastoderm and 12-day chick embryo liver 
is presented in Table IV. Cells were lysed in distilled water and the enzymatic activi- 
ties of cell lysates were compared with those of the membrane preparation. Under 
our conditions, between 1.3 ~ and 4.4 ~ of the total enzyme activity was recovered in 
the membrane fractions from 12-day chick embryo livers, while about 21 o/,, of enzyme 
activity was recovered in those of chick blastoderms. While the specific activity of 
membrane preparations from chick blastoderms was increased as compared to 
lysate, which indicates that 5'-nucleotidase may be associated with the plasma mem- 
brane at these early developmental stages, similar levels were found in lysates and 
membrane preparations of embryonic liver cells. This latter result is in agreement 
with that of Sanford and Rosenberg [22], who found no significant 5'-nucleotidase 
activity in 15-day embryonic chick liver. 

Polyacrvlamide gel isoelectrie focusing 
The components of purified plasma membranes from 22-23 h incubated 

blastoderms, as well as 12-day liver and brain cells solubilized in 1 o (v/v) Triton 
X-100, were separated by electrofocusing in thin polyacrylamide ampholine gels and 
stained for protein with Coomassie brilliant blue. In several experiments in which 
different plasma membrane preparations derived from blastoderms were employed, 
it was possible to detect from 10 to 17 Coomassie brilliant blue staining bands (Fig. 
4). In each separation the band patterns obtained corresponded to an average concen- 
tration of 240 pg of blastoderm cell membrane proteins obtained from 300 blasto- 
derms. The majority of staining components had pl  values between 4.3 and 5.2, as 
well as between 5.5 and 5.8. A similar picture of the distribution of the major com- 
ponents was obtained in the case of plasma membranes derived from EDTA-dissoci- 
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Fig. 4. Isoelectric focusing of membrane fractions from embryonic tissue and embryonic chick 
serum. Membrane fractions were solubilized in 1.0 ~ Triton X-100, mixed with the appropriate gel 
solution and cast in sample gel blocks according to the procedures outlined in Materials and Methods. 
This figure is a map of the Coomassie brilliant blue staining bands in the analytical gel slab after 
isoelectric focusing. The rectangles show the location of the sample blocks containing the various 
solubilized membrane and serum preparations. E, membrane fraction from 24 h incubated blasto- 
derm; L, membrane fraction from 12-day chick embryo liver; L-C, same as L, centrifuged at 100 000 
• g for 1 h at 4 °C; S, serum obtained from 12-day chick embryo, note absence (see arrow) of ma- 

terial cf pl  5.5. The pI-l: gradient formed in the gel is shown on the left of the figure. A, position of 
anode wick; C, position of cathode wick. 

a t ed  liver cells, though  in the case of  these cells, with a relat ively larger  quant i ty  o f  
s tar t ing mater ia l  being available,  it was possible to use heavier  loadings  and thus 
detect  minor  componen t s  (Fig. 4). When  five separa te  liver p lasma  membrane  
p repara t ions  were examined,  between 32 and  40 different componen t s  were discerni-  
ble. Add i t i ona l  bands  to those detectable  in the b l a s tode rm prepara t ions  were present  
with p I  values between 3.5 and 4.3, as well as componen t s  focusing in the p H  range 
5.8-6.5. Cent r i fugat ion  o f  Tr i ton  X-100-solubi l ized membranes  did  not  al ter  the band  
pa t t e rn  ob ta ined  using isoelectric focusing (Fig.  4, L - C ) .  

P lasma membranes  derived f rom t ryps in-dissocia ted  liver cells gave very 
var ied  results f rom one p repa ra t ion  to ano ther  and  many  fewer bands  were present  in 
t rypsin-  than  in EDTA- t r ea t ed  material .  Those  bands  that  were detectable  focussed 
at p H  4.9-6.2, and  in some cases in the range 6.6-6.8, and  co r respond  to componen t s  
present  in p l a sma  membranes  der ived f rom EDTA-d i s soc ia t ed  liver. These bands  
may  represent  those componen t s  which are more  resis tant  to t rypsin  degrada t ion .  
However ,  band  pat terns  ob ta ined  f rom membranes  of  t ryps in ized  liver cells were 
ext remely  variable  b~tween experiments .  In  the one case examined  of  cell membranes  
der ived f rom EDTA-d i s soc ia t ed  12-day brain,  19 Coomass ie  br i l l iant  b lue-s ta in ing 
componen t s  over p H  range 4.5-6.5 were detected,  16 of  which co r re spond  to bands  
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present in a sample of plasma membranes prepared from 12-day EDTA-dissociated 
liver examined on the same gel block. 

Samples of serum obtained Dom 12-day embryos, as well as yolk material 
immediately underlying the blastoderm, were also examined. An examination of 
Coomassie brilliant blue staining bands in both cases indicated components of 
identical p I  to those present in the plasma membrane fractions. However, the overall 
band pattern, as well as the relative amounts of stained material within each sample. 
differed from those present in the membrane fractions. 

Under the conditions used here, 86 7~; of the protein present in a 12-day 
liver plasma membrane fraction was found by experiment to be solubilized by the 
non-ionic detergent, Triton X-100. The total protein, being determined on a portion 
of the same membrane sample, solubilized in 1 M NaOH at 70 :C for 5 min, under 
which conditions no pellet was recoverable after centrifuging the digest at 100 000 ~ ,? 
for 1 h. A preparation of human erythrocyte stroma was mixed with a preparation of 
plasma membranes isolated from 12-day EDTA-dissociated liver cells and then 
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Fig. 5. lsoelectric focusing o f  liver p lasma m e m b r a n e  material  (64 embryos)  eluted f rom wheat  germ 
agglut in in-agarose  co lumns  with GIcNAc (L-2). Non-specific fract ions (L-I)  were initially eluted 
f rom the co lumn with buffer conta in ing  no hap ten  inhibitor.  This  figure is a map  of  the Coomass i e  
brilliant blue-s ta ining bands  present  in the analytical gel slab after isoelectric focusing.  The  figure 
shows tha t  a l iquots  o f  the non-specific fract ions gave rise to identical band pat terns  irrespective o f  
their posi t ion o f  applicat ion to the acrylamide gel. The  specific and non-specific fract ions are com-  
pared with a sample  o f  unfrac t ionated  liver p lasma  m e m b r a n e  (L) preparat ion.  The  p H  gradient  is 
shown to the left o f  the band pattern and  the arrow on the right hand  side indicates the region where 
componen t s  o f  p l  5.5 would focus. A, posit ion o f  anode wick: C, position of  cathode wick. 
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solubilized in 1 ~ (v/v) Triton X-100. This mixture was then examined in an analytical 
isoelectric focusing gel. The Coomassie brilliant blue-stained band pattern correspon- 
ded to a combination of the banding pattern for each sample when solubilized and 
analyzed separately. A number of the human and chicken membrane components had 
identical pI  values at pH 4.9, 5.0, 5.05, 5.4 and 6.2 and were, therefore, indistinguish- 
able in the mixed sample. However, a "doublet" in the human erythrocyte stroma 
sample not present in the chick material, banding at pH 4.8, was clearly reproduced in 
the mixed solubilization sample. Also, a minor component of the stroma of pI  5.1 
was still clearly present in the mixed sample. Under the above conditions of Triton 
X-100 extraction, in excess of 40 ~ of the total protein, containing glycoproteins of  
the erythrocyte stroma, and approaching 100 ~ of the sialic acid would be solubilized 
(Pratt, R. S., personal communication). 

An examination of liver plasma membrane-derived material, eluted by GlcNAc 
from the wheat germ agarose column, was possible with two separate batches. In 
one experiment, material isolated from 24 livers was examined and an analysis of the 
GlcNAc-containing eluate showed the presence of a faint Coomassie brilliant blue- 
stained band at pH 5.5 and a trace of material at pH 5.6. When this experiment was 
repeated with membranes obtained from 64 chick embryo livers, material with pI  
values of 5.4-5.5 was clearly demonstrable as well as a faint band at pH 5.6. Traces of  
stain were also seen at pI4.0,  5.1 and 5.3 (Fig. 5). 

DISCUSSION 

In the experiments described in this paper, the agglutination technique has 
been used to test for the presence of a number of lectin receptor sites at the surface of  
early chick blastoderm cells. In common with other authors [1, 2], we conclude that 
the clumping of the blastoderm cells we observe following treatment with lectins is a 
result of an agglutination reaction rather than a simple measure of flocculation. It 
is well known that freshly dissociated embryonic tissue cells will reaggregate under 
appropriate conditions; therefore, in all our experiments we established that in the 
absence of the lectin under examination no appreciable clustering of cells occurred. 
Additionally, we have demonstrated that the presence of the appropriate haptenic 
inhibitor prevents or greatly reduces the degree of lectin-induced clumping, and we 
conclude that the results of our agglutination studies provide information as to the 
presence in such a configuration, as to render the cells susceptible to agglutination, of  
various saccharide residues at the periphery of the embryonic chick blastoderm cell. 

A suspension of EDTA-dissociated blastoderm cells is rapidly agglutinated by 
concanavalin A, wheat germ and R. communis agglutinins, reactions which are 
inhibited by the appropriate haptens, suggesting that ~-D-glucosyl or ~-D-mannosyl, 
N-acetyl-D-glucosaminyl and fl-D-galactosyl-like residues are present at the cell 
surface. The fact that wheat germ agglutinin-induced agglutination is inhibited 
completely with GIcNAc only after neuraminidase treatment suggests that some 
sialic acid residues may also be involved in wheat germ agglutinin-mediated agglutina- 
tion as reported by others [23], though the possibility that the removal of sialosyl 
residues causes steric reorientation of membrane-associated material cannot be 
overlooked. On visual observation it would appear that the majority of the chick 
blastoderm cells undergo lectin-induced agglutination. However, the possibility 
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exists that a small number of cells which do not agglutinate and react difl}rentiall\ 
with these lectins are present and not detectable under our experimental conditions. 
Earlier experiments using cell electrophoresis [9] had suggested that sialic acid 
residues were absent at the surfaces of cells from the unincubated chick blastoderm 
and contributed to a very small extent to the surface charge density of cells from 24 h 
incubated blastoderms. The finding that blastoderm cells at stages 1 4 are agglutinated 
by soybean agglutinin after neuraminidase treatment suggests that this enzyme 
uncovers lectin-binding sites at the cell surface which were previously masked by 
sialic acid residues. The fact that soybean agglutinin-induced agglutination is inhibited 
by GalNAc suggests that these binding sites are presumably N-acetylgalactosaminyl 
groups occurring subterminally to sialic acid. However, subsequent reorientation of 
soybean agglutinin-binding sites previously present in a condition precluding agglu- 
tination, due to rearrangement of cell surface components after neuraminidase treat- 
ment, cannot be ruled out by these experiments. 

Our results on agglutination induced by concanavalin A and R. communis 

agglutinin are in agreement with those of  Moscona [1] and Kleinschuster and 
Moscona [2] for late embryonic and fetal embryonic chick tissue and those of Krach et 
al. [24] for the developing sea urchin embryo. However, in addition to agglutinating 
with the above-mentioned lectins, we have shown that during early development of 
the chick embryo, when cells are involved in extensive migratory movements of 
gastrulation, wheat germ agglutinin receptors available for agglutination are also 
present at the surfaces of mechanically dissociated cells. Moscona [1] and Klein- 
schuster and Moscona [2] have demonstrated that with progressive differentiation of 
the developing liver and retina, concanavalin A receptors become masked or sheltered 
by trypsin-sensitive materials, while wheat germ agglutinin receptors were present in a 
condition which precluded agglutination. It appears from our work and that of the 
above mentioned investigators [I 3] that as cell differentiation is taking place, wheat 
germ agglutinin receptors are the first to change over to a non-agglutinable condition 
due to the appearance of trypsin-sensitive material at the cell surface. Whether wheat 
germ agglutinin-induced agglutination in blastoderm and differentiating embryonic 
tissues involves the same receptors remains to be established. 

That differentiating cells obtained by mechanical dissociation of liver and 
brain are not agglutinated by wheat germ agglutinin should not necessarily be inter- 
preted as being due to the absence of an appropriate receptor at the surfaces of these 
cells. In agreement with the results of other investigators [1-3], we lind that such cells 
following treatment with trypsin are then agglutinable by wheat germ agglutinin, a 
finding which these authors attribute to the wheat germ agglutinin receptor sites 
being sheltered or masked by a trypsin-sensitive material. Alternatively a proteolysis- 
induced change in the distribution of surface agglutinin-binding sites favouring 
agglutination [25] would be in accord with our finding that appreciable quantities of 
haptenic specific wheat germ agglutinin are bound to embryonic liver cells, even 
though they remain inagglutinable. 

To investigate the nature of the wheat germ receptor on the cells under investi- 
gation, we isolated quantities of  plasma membrane from both early blastoderm and 
differentiating embryonic cells in order to examine this material by a combination of 
analytical isoelectric focusing and affinity chromatography procedures. That the gel 
support  used in the isoelectric focusing does not exert any molecular sieving effect 
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on the separation of the detergent-solubilized membrane components was confirmed 
by showing that the resulting band pattern obtained with embryonic liver was the 
same irrespective of the point of application of the sample to the block. The latter 
experiment would also indicate that no localized pH-induced alteration of the com- 
ponents of the mixture under examination is taking place. 

Though the band patterns obtained on isoelectric focusing of blastoderm and 
liver membranes show striking similarities it is not possible in the present work to 
distinguish between different proteins of identical pI. It is unlikely, however, that the 
bands visualized by Coomassie brilliant blue are artefacts of the solubilization 
procedure, representing a micelle composed of detergent and a mixture of different 
proteins. If the latter were the case it would be expected that the mixture of human 
erythrocyte stroma and embryonic liver membranes, when examined in the analytical 
isoelectric focusing system, would have yielded an entirely new band pattern bearing 
no resemblance to that produced by either membrane: such is not the case. In the case 
of embryonic liver it was possible to obtain sufficient isolated membranes to attempt 
an isoelectric focusing examination O f Triton X-100 solubilized material fractionated 
on a column of wheat germ agarose. Examination of material (L2) eluted from the 
column with GIcNAc showed a number of Coomassie brilliant blue-staining bands of 
pI 5.4-5.6 not present in serum from 12-day chick embryo or the actual wheat 
germ agglutinin preparation. As regards wheat germ receptors, this experiment 
demonstrates that glycoproteins are present in the non-trypsin-treated differentiated 
liver cells with the appropriate receptor specificity. It is interesting that membranes 
isolated from trypsin-dissociated liver cells though possessing many fewer components 
as judged by analytical electrofocusing than EDTA-treated material, nonetheless 
still possess a protein component of identical pl  (5.5) to material eluted by GlcNAc 
from liver membrane material adsorbed onto wheat germ agarose. The significance 
of  this finding will no doubt await further experimentation, though it is tempting to 
speculate that this may be the component present in the native liver plasma membrane 
with which the lectin binds and that, following trypsin treatment, it is still available 
and in such a configuration within the cell periphery that wheat germ agglutinin- 
induced agglutination may take place. 

Whether the wheat germ agglutinin receptors in the blastoderm and differentia- 
ting cells are identical is as yet unknown, though the methodology described here 
may well help answer some of these questions. Nevertheless, the results reported in 
this paper show that differentiation-related changes in lectin-binding sites at the cell 
surfaces, resulting in agglutination, are not just confined to concanavalin A receptors 
[1-3, 26, 27] but also apply to wheat germ agglutinin receptors, albeit at much 
earlier stages in embryogenesis. 
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