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SUMMARY 

We have studied the interaction of five lectins differing in their sugar specificity, 
with the surface of clonal cell lines derived from transplantable murine teratocarcino- 
ma. The results show that the differentiation from primitive embryonal carcinoma 
cells into parietal yolk sac cells is accompanied by changes in cell surface saccharides. 
These changes consist of a marked decrease in the total number of binding sites for 
the L-fucose-specific lectin of Lotus tetragonolobus and a large increase in the total 
number of binding sites for wax bean agglutinin. It is suggested that these differences 
can be used as markers in the study of this early embryonic differentiation. No 
agglutination of primitive embryonal carcinoma cells or of parietal yolk sac cells by 
low concentrations (10 #g/ml) of concanavalin A, soybean agglutinin or the fucose 
binding proteins was observed. 

INTRODUCTION 

Murine testicular teratomas are tumors of the 129 mice, defined by the prolifer- 
ation of malignant primitive stem cells (known as embryonal carcinoma and re- 
sembling early embryonic cells) and of differentiated cell types deriving from these 
same stem cells (reviewed in ref. 1). Various cell lines have been established in vitro 
from transplantable teratomas. Some of them, the primitive teratocarcinoma cell 
lines (PTC), have retained the capacity of the original embryonal carcinoma to 
differentiate into most types of embryonic tissues, either in vivo or in vitro. These cell 
lines of embryonal carcinoma are thus a convenient alternative to early normal 
embryos in the study of the processes of early differentiation (reviewed in refs. 2 and 
3). On the other hand, several differentiated cell lines derived from teratomas have 
also been established, and have been histologically defined as myoblasts [4], parietal 
yolk sac [5] and embryonal endoderm lines [6]. Up until now, the emphasis has been 
placed on the immunological similarities between cells of these primitive and differen- 
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tiated lines, and cells of normal embryos. Antisera were prepared in syngeneic 129 
mice against several primitive and differentiated cell types. The use of these antisera 
has led to the description of several cell surface antigens of restricted distribution that 
are also expressed on embryonic cells at certain stages of their normal development 
(refs. 6 and 7, and reviewed in refs. 2, 3 and 8). 

In addition to these immunologically defined cell surface markers, there musl 
exist at the surface of embryonic cells other molecules recognized as "self" by the 
immunized syngeneic animals, which could be used as markers in the description of 
the cell surface properties of both teratocarcinoma and embryonic cells. The present 
experiments were undertaken to examine the interaction of various lectins with the 
surface of three clonal cell lines derived from teratocarcinoma, in an attempt to 
identify such additional markers. The cell lines used in this study were F9-41 [9] a 
clonal line of embryonal carcinoma which has lost the ability to differentiate; PCC3, a 
clonal line of embryonal carcinoma capable of differentiating in vitro and in vivo 
[10, 11 ] Pys-2, a differentiated clonal line which resembles parietal yolk sac cells and 
thus corresponds to one of the first differentiations seen in the embryo [5]. 

Five purified lectins with different sugar specificities were used: concanavalin A 
(specific for o-glucose and D-mannose), fucose binding protein (L-fUcose), soybean 
agglutinin (N-acetyl-D-galactosamine and D-galactose), wax bean agglutinin (fetuin 
glycopeptides) and wheat germ agglutinin (ill --+ 4 linked oligosaccharides of N- 
acetyl-o-glucosamine, reviewed in ref. 12). The number of sites on the cell surface 
interacting with each of these lectins has been determined and some properties of the 
lectins-receptor interaction described. Agglutination of these cells by the lectins was 
also examined. 

MATERIALS AND METHODS 

Cell lines. (a) F9 was isolated from embryoid bodies of the teratocarcinoma 
O T T  6050 [9]. Clone F9-41 used here is a PPLO-free line reisolated from a tumor 
issued of F9 [13]; it is propagated as a culture of embryonal carcinoma cells; it is 
unable to differentiate in vivo. 

(b) PCC3 was established from embryoid bodies of the same tumor [10]. As 
for all the PCC lines, this cell line has retained the ability to differentiate in vivo [10] 
and even in vitro [11 ]. 

(c) Pys-2 is a line derived from the transplantable teratocarcinoma OTT 6050 
and consists of non-malignant parietal yolk sac cells. It produces in vitro large 
amounts o f a  polysaccharide material resembling the Reichert's membrane [5]. 

Cell cultures. Cells were grown on tissue culture dishes (Falcon, coated with 
gelatin in the case of F9) in Dulbecco's modified Eagle's medium supplemented with 
15 ~ fetal calf serum (Gibco) [10]. Cells in their log-phase were removed from the 
plates with EDTA as previously described [I0] and collected by centrifugation. The 
glycocalyx is removed by this EDTA treatment (Monneron, unpublished results). 
The cells were washed twice with phosphate-buffered saline containing 0.2 ~ bovine 
serum albumin, pH 7.2 (25 °C, 300 × g, 5 min). The washed pellet was resuspended in 
the same medium at a concentration of 2" 10 v cells/ml. The cells were found to be 
more than 85 O//o viable by trypan blue exclusion. 

Lectins. Mixture of iso-fucose binding proteins [14], soybean agglutinin [15], 
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wax bean agglutinin [16] and wheat germ agglutinin [17] were prepared according to 
methods described in the literature. Concanavalin A was purchased from Sigma. All 
lectins were stored in lyophilized form at room temperature. 

Radioactive labelling of  leetins. Lectins were labelled enzymatically with 125I. 
The lectin (5 rag) was dissolved in 1 ml of sodium phosphate buffer (0.05 M, pH 6.5). 
To the solution were added 2 pg lactoperoxidase (Sigma), 1 /~g glucose oxidase 
(B6hringer), 1.5 • 10 -4 M KI and 30 • 106 cpm Na125I (C.E.N. Saclay, France). The 
reaction was initiated by the addition of glucose (100 pg) and allowed to proceed for 
30 rain at room temperature. It was stopped by the addition of sodium metabisulfite. 
Radioiodinated lectins were then dialysed against three changes of 1 1 of phosphate- 
buffered saline. The radiolabelled lectins were kept frozen until used. They were 
centrifuged before use in a Beckman microfuge (maximum speed, 2 °C, 10 min). 
Radioactivity measurements were performed in an Intertechnique SL 30 scintillation 
spectrometer, using Triton-toluene scintillant (5.5g 2.5-diphenyloxazole, 0.1 g 
1,4-bis-(5-phenyloxazole-2)-benzene, 667mi toluene and 333ml Triton X-100). 
Specific radioactivities were: concanavalin A: 4.1.106 cpm/mg: fucose binding 
agglutinin: 5.5.106 cpm/mg; soybean agglutinin: 5.5-10 s cpm/mg; wax bean 
agglutinin: 5.0 • 106 cpm/mg; wheat germ agglutinin: 5.3 • 106 cpm/mg. 

Protein concentrations were determined according to Lowry et al. [18]. 
Homogeneity of the labelled proteins was checked by polyacrylamide gel electro- 
phoresis at pH 8.9 [19]. In all cases, protein and radioactivity co-migrated on the gels. 

Binding of lectins to the cells. The cell suspension (10 6 cells in 50/~1) was 
pipetted into a Beckman plastic microfuge tube and centrifuged (room temperature, 
3 rain, 450 × g). The pellet was suspended in 100 #I of lectin solution (0.1-500/~g/ml) 
in phosphate-buffered saline containing 0.2 ~ bovine serum albumin in the presence 
or absence of competing sugar (for fucose binding proteins, L-fucose, 10 -2 M; 
soybean agglutinin, N-acetyl-D-galactosamine, 5 • 10-3 M; wax bean agglutinin, fetal 
calf serum, 4 ~;  wheat germ agglutinin, N-acetyl-D-glucosamine, 5 • 10 -2 M and for 
concanavalin A, ~-methyl-D-mannoside, 5 .10 -3 M). The suspension was incubated 
for 30 rain at 25 °C with occasional shaking. After incubation, the cells were washed 
three times in the same tube with phosphate-buffered saline containing 0.2 ~o bovine 
serum albumin. The washed pellet was resuspended in 50 ~tl of phosphate-buffered 
saline and the resulting suspension transferred quantitatively into a counting vial. The 
microfuge tube was washed again with the same volume of phosphate-buffered. 
saline and this solution added to the same counting vial. 

The amount of specifically bound lectin is the difference between the amount 
bound in the absence and presence of the competing sugar. 

Data processing. Binding data were analyzed according to Scatchard [20]. The 
amount of free lectin was measured on aliquots of the supernatant following removal 
of cells by centrifugation. Total lectin was estimated by counting an aliquot of the 
cell suspension before centrifugation and washing. The maximum number of bound 
lectin molecules was extrapolated from the Scatchard's plot. The molecular weights 
used for calculation were: fucose binding proteins, 120 000; soybean agglutinin, 
120 000; wax bean agglutinin, 110 000; wheat germ agglutinin, 36 000; concanavalin 
A, 110 000. The mean surface area of the cells was estimated from their mean diame- 
ter, measured with a micrometric ocular at 400 x magnification. It was, respectively, 
530/~m 2 for F9 cells, 315 #m 2 for PCC3 cells and 855 ~tm 2 for Pys-2 cells. 
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RESULTS AND DISCUSSION 

In a series of preliminary experiments, the time course of binding of the lectins 
to F9 and to Pys-2 cells was examined. At 25 °C, about 85-95 °~,i of the maximal 
binding for a given lectin, at concentrations ranging from 1 to 100 itg/ml, was attained 
after 1 min. Binding was nearly complete after 15 rain. However, all subsequent 
experiments were performed using 30-rain incubations, conditions which allow 
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Fig.  I. Scatchard's plots of  binding of  ~ 2SI-label led lectins to  F9-41 ceils. The binding ofconcanavalin 
A, fucose binding proteins, soybean agglutinin, wax bean agglutinin and wheat germ agglutinin to 
F9-41 cells was performed as described in Materials and Methods, except in B: the washed F9 cells 
were resuspended in phosphate-buffered saline-bovine serum albumin, pH 6.5, at a density of 5 • 107- 
7.107 cells/ml. To 800 ttl  of cell suspension were added 70/~1 of  neuraminidase (Influenza virus 
neuraminidase, 5.77 l.U./ml, Calbiochem). After 30 min at 37 °C, the cells were washed twice by 
centrifugation, suspended in phosphate-buffered saline-bovine serum albumin, pH 7.0, counted and 
used  in b i n d i n g  exper imen t s .  In  F, - -  • - -  cor re sponds  to  the  a m o u n t  of  wheat g e r m  agglu t in in  which 
is not removed by the proper competing sugars. 
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comparison with the antibody binding experiments performed on the same cells. 
The association constants (Ka) and the total number of molecules bound were 

derived from the Scatchard's plots (see typical examples in Fig. 1). The values obtain- 
ed for F9, PCC3 and Pys-2 are listed in Tables I, II and III, and summarized in Table 
IV. Examination of the results shows that the binding constants vary from 0.5 • 106 to 
17 • 106, and are within the range commonly found with different lectins for many 
other cell types (reviewed in ref. 21). No consistent pattern can be seen for these 
values. In several cases, the labelled lectins could not be entirely removed from the cell 
surface by high concentrations of the competing monosaccharide. This binding is a 
specific one, since it obeys saturation kinetics; it is likely reflecting heterogeneities in 

T A B L E  I 

B I N D I N G  O F  L E C T I N S  T O  F9-41 C E L L S  

Lect in tested Ka (" 10 -6)  M a x i m u m  n u m b e r  o f  mole-  
cules b o u n d  per  cell 

Removab le  by No t  removable  
compet ing  by  compet ing  
sugars  sugars  

Cooperat ivi ty  at  Agglut ina-  
low lectin con-  bility (at 
cent ra t ion  10 pg /ml  

o f  lectin) 

Concanava l in  A 5 1.1 • 10 7 n,d. 
Fucose  b inding  0.8 7.8 • 10 6 n.d. 

proteins  
Soybean  agglut inin 12 9.5 • 10 6 n.d. 
W a x  bean  agglut inin (a) 5.5 • 10 6 n.d. 
W h e a t  ge rm 2,6 8.7 • 10 6 5.5 • 10 6 

agglut inin 

+ 0 
0 0 

0 + / -  
? + + +  

0 + + + +  

(a) N o t  measurab le  due to the  heterogenei ty o f  the popula t ion  o f  b inding  sites. 
n.d. ,  no t  detectable. 

T A B L E  lI  

B I N D I N G  O F  L E C T I N S  T O  PCC3 CELLS 

Lectin tested K~ (. 10 -6)  M a x i m u m  n u m b e r  o f  mole-  
cules b o u n d  per cell 

Removab le  by N o t  removable  
compet ing  by compet ing  
sugars  sugars  

Cooperat ivi ty at Agglut ina-  
low lectin con-  bility (at 
cent ra t ion  10/zg/ml 

o f  lectin) 

Concanava l in  A 17 7.7 • 106 n.d. 
Fucose  b ind ing  (a) 2.2 • 106 1 • 106 

prote ins  
Soybean aggltt t inin (a) 2 .  l0 s n.d.  
W a x  bean  agglut inin 11 2.1 • 107 - 
W h e a t  ge rm (a) 6 - 106 4.8 • 106 

agglutinin 

0 0 
0 0 

o + / -  
+ + + + +  
+ + + + +  

(a) N o t  measurab le  due to the  heterogenei ty  o f  the popula t ion  o f  b inding sites. 
n.d. ,  no t  detectable. 
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TABLE III 

BINDING OF LECTINS TO Pys-2CELLS 

Lectin tested Ka (. 10 -6) 

Concanavalin A 4.1 
Fucose binding 

proteins 
Soybean agglutinin 8.5 
Wax bean ta 

agglutinin 
Wheat germ 1.6 

agglutinin 

Maximum number of mole- Cooperativity at Agglutina- 
cules bound per cell low lectin con- bility tat 

centration 10/tg/ml 
Removable by Not removable of lectin) 
competing by competing 
sugars sugars 

4 .10 v n.d. 0 0 
0 3. 10 s~' 0 

4.1 • 10 7 n . d .  + /  
7.5. 107 0 ~ i : 

2.4- 10 v 0 . 9 '  10 7 ! :-,' 

(a) Not measurable due to the heterogeneity of the population of binding sites 
(b) Presumably not specific background; increases linearly with lectin concentrations. 
n.d., not detectable. 

TABLE IV 

SUMMARIZED C H A R A C T E R I S T I C S  OF LECTINS BlNDING TO F9, PCC3 AND Pys-2 
CELLS 

Lectins K~ (. 10 - 6 )  Number of molecules bound/itm z (. 10 z) 

F9-41 PCC3 Pys-2 F9-41 PCC3 Pys-2 

Concanavalin A 5 17 4. I 21 25 47 
Fucose binding 0.8 (a) 14 7.4 (T : 10) 0 

proteins 
Soybean agglutinin 12 (a) 8.5 17 6.4 48 
Wax bean agglutinin (a) 11 (a) 10 67 88 
Wheat germ 2.6 (a) 1.6 16 (T ~ 26) 19 (T - 35) 28 (T : 38) 

agglutinin 

(a) Not measurable due to the heterogeneity of the population of binding sites. 
T, specifically + non-specifically bound molecules. 

the structure of lectin b inding  sites. However, examinat ion  of the number  of lectin 
b ind ing  sites per unit  of  surface area (which takes into account  the marked differences 
in cell size) revealed several impor tan t  points:  (a) the total number  of wheat germ 
agglut inin and  concanaval in  A b inding  sites for the three cell lines is very similar 
( ranging from 21 000 to 47 000 molecules/#m2); (b) the number  of soybean agglut inin 
b inding  sites is markedly lower on the PCC3 cells than on the other cell lines; (c) 
PCC3 and  Pys-2 cells have a similar n u m b e r  of wax bean agglutinin b inding  sites on 
F9 cells; (d) fucose b ind ing  proteins b inding  sites are absent  on Pys-2 cells. 

The last f inding is of part icular  interest, since it indicates that differentiation of 
early embryonic  cells, of  which F9 is a model,  into early endodermal  derivatives, such 
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as Pys-2, is accompanied by large changes of cell surface carbohydrates. The absence 
of binding of fucose binding proteins to Pys-2 cells strongly suggests that in these cells 
the surface saccharides are devoid of terminal L-fucose residues. This absence may be 
due to several causes, such as a loss of a fucosyltransferase, loss of the proper receptor 
for the transferase or increased fucosidase activity. Another possibility is the loss of a 
complete glycoprotein. Whatever the cause of this change is, it may be one of the 
events accompanying the differentiation into this specific cell type and thus might be 
used as a marker in the study of early differentiation. 

In some cases (concanavalin A with F9 cells; wheat germ agglutinin and wax 
bean agglutinin with PCC3 cells, etc.) clear evidence for cooperativity of binding at 
low lectin concentrations has been obtained. For the binding of concanavalin A to F9 
cells this effect was abolished by treatment of the cells with neuraminidase, although 
the total number of concanavalin A molecules bound was not affected by such treat- 
ment. Cooperativity has been noted previously in the binding of soybean agglutinin to 
erythrocytes [22] and of concanavalin A to rat lymphocytes [23], but the biological 
meaning of this phenomenon is still not clear. 

We have also studied the patterns of agglutination of the teratocarcinoma 
cells by lectins (Tables I, II, III). A low concentration was used (10 #g/ml), since 
many, if not all, biological effects of the lectins are expressed at low occupancy of 
sites [21-23]. It can be seen that early embryonic cells, although highly tumorigenic 
are not agglutinated by low concentrations of concanavalin A, soybean agglutinin and 
fucose binding proteins; by contrast, they are strongly and specifically agglutinated by 
wax bean agglutinin and wheat germ agglutinin. Pys-2 cells behave in a very similar 
way, except that it is poorly agglutinated by wheat germ agglutinin. Thus, the PTC 
cells and their derivatives do not behave like "typical" tumor cells. This is note- 
worthy, especially in view of the fact that the highly malignant embryonal carcinoma 
cells possess the unusual property to be able to become somewhat "normalized", in a 
quasi normal differentiation process [24, 25], a property which makes them very 
similar to normal embryonic cells. 

ACKNOWLEDGEMENTS 

We wish to thank Dr. J. Paumier for labelling the lectins used in this study. 
This work was supported in part by contracts No. 747 and P906 from D.G.R.S.T., 
from the "Centre National de la Recherche Scientifique", the Andr6 Meyer Founda- 
tion and the "Fondat ion Del Duca". 

REFERENCES 

1 Steverts, L. C. (1967) Adv. Morphol. 6, 1-31 
2 Jacob, F. (1975) in The Early Development of Mammals, pp. 233-241, Cambridge University 

Press, Cambridge 
3 Martin, G. R. (1975) Cell 5, 229-243 
4 Boon, T., Buckingham, M. E., Dexter, D. L., Jakob, H. and Jacob, F. (1974) Ann. Microbiol. 

(Inst. Pasteur) 125B, 13-28 
5 Lehmann, J. M., Speers, W. C., Swartzendruber, D. E. and Pierce, G. P. (1974) J. Cell. Physiol. 

84, 13-28 
6 Artzt, K., Harburger, L., Jakob, H. and Jacob, F. (1976) Dev. Biol., in the press 



832 

7 Artzt, K., Dubois, P., Bennett, D., Condamine, H., Babinet, C. and Jacob, F. (19731 Proc. Nail. 
Acad. Sci. U.S. 70, 2988-2992 

8 Gachelin, G. (1976) Bull. Cancer (Paris), in the press 
9 Bernstine, E. G., Hooper, M. L., Grandchamp, S. and Ephrussi, B. (1973) Proc. Natl. Acad. Sci. 

U.S. 70, 3899-3903 
I0 Jakob, H., Boon, T., Gaillard, J., Nicolas, J. F. and Jacob, F. (1973) Ann. Microbiol. (Inst. 

Pasteur) 124B, 269-282 
11 Nicolas, J. F., Dubois, P., Jakob, H., Gaillard, J. and Jacob, F. (19751 Ann. Microbiol. (Inst. 

Pasteur) 126A, 1-20 
12 Sharon, N. and Lis, H. (1972) Science 177, 949-959 
13 Dexter, D. L., Buc-Caron, M. H., Jakob, H., Nicolas, J. F. and Gachelin, G. (1974) Ann. Micro- 

biol. (Inst. Pasteur) 125B, 347-356 
14 Blumberg, S., Hildesheim, J., Yariv, J. and Wilson, K. (1972) Biochim. Biophys. Acta 264, 171- 

176 
15 Gordon, J., Blumberg, S., Lis, H. and Sharon, N. (1972) FEBS Lett. 24, 193-196 
16 Sela, B. A., Lis, H., Sharon, N. and Sachs, L. (1973) Biochim. Biophys. Acta 310, 273-277 
17 Lotan, R., Gussin, A. E. S., Lis, H. and Sharon, N. (1973) Biochem. Biophys. Res. Commun. 52, 

656-662 
18 Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R. J. (1951) J. Biol. Chem. 193,265- 

281 
19 Davis, B. J. (1964) Ann. N.Y. Acad. Sci. 121,404-4.27 
20 Scatchard, G. (1949) Ann. N.Y. Acad. Sci. 51,660-672 
21 Sharon, N. and Lis, H. (1975) in Methods in Membrane Biology (Korn, E. D., ed.), Vol. 3. 

pp. 147-200, Plenum Press,New York 
22 Reisner, Y., Lis, H. and Sharon, N. (1976) Exp. Cell Res. 97, 445~148 
23 Bornens, M., Karsenti, E. and Avrameas, S. (1975) in Membrane Receptors of Lymphocytes 

(Seligmann, M., Preud'homme, J. L. and Kourilsky, F., eds.), pp. 377-388, North Holland Publ. 
Co., Amsterdam 

24 Mintz, B. and Illmensee, (1975) Proc. Natl. Acad. Sci. U.S. 72, 3585-3589 
25 Papaioannou, V. E., McBurney, M. W. and Gardner, R. L. (1975) Nature 258, 70-73 


