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SUMMARY 

Formation of clusters of Concanavalin A binding sites on the surface mem- 
brane of lymphoma cells is inhibited by aldehyde fixation of the fluid state of the 
membrane. Fixation also inhibits cell agglutination by soluble Concanavalin A 
and binding of cells to Sepharose-conjugated Concanavalin A beads, although there 
is a similar binding of radioactively labeled concanavatin A molecules to fixed 
and unfixed cells. Movement of concanavalin A sites on the surface membrane to 
form clusters is therefore required for cell agglutination. Different degrees of mem- 
brane fixation by aldehydes inhibit agglutination by the lectins from wheat germ 
and soybean. 

INTRODUCTION 

Lectins can bind specifically to carbohydrate-containing sites on the surface 
membrane of normal and malignant transformed cells. Among such molecules 
are Concanavalin A 1 and the lectins from wheat germ 2-5 and soybean 6. Interaction 
of these lectins with specific sites can be used as a probe to study structure and 
function of the cell membrane. Using this probe, differences between normal and 
malignant transformed cells have been shown in lectin agglutinability l-~°, the 
number and distribution of Concanavalin A binding sites H-15, the location of 
amino acid and carbohydrate transport sites ~6 and Concanavalin A-induced cell 
toxicity ~7'1s. Changes in the distribution of Concanavalin A sites as a result of 
movement of sites and the formation of Concanavalin A site complexes t9-21, and 
the movement of antigens 22-1s, have indicated that receptors can be mobile in the 
fluid surface membrane 16. The present experiments were undertaken to determine 
whether mobility of carbohydrate binding sites on the surface membrane is 
required for lectin-induced cell agglutination. 

MATERIALS AND METHODS 

The cells used in the present experiments were derived from the ascites form 
of a Moloney virus-induced lymphoma z7 grown in vivo. This is a T cell lymphoma. 
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l0 s lymphoma cells were inoculated intraperitoneally into adult A mice, and the 
cells used for experiments 10 days after cell inoculation. Cells obtained from 
animals were washed three times with phosphate buffered-saline (pH 7.2). For  
aldehyde fixation, 1 vol. of  cell suspension diluted in buffer at a concentration 
o f  10 7 cells/ml was mixed with one volume of either 5% glutaraldehyde or 20% 
formaldehyde at 4 °C. After the time for fixation, cells were centrifuged and resus- 
pended in a solution of 0.2 M glycine at a concentration of 10 7 cells/ml and incubated 
for 10 min at 4 °C. The cells were washed 3 times with phosphate-buffered saline 
and then incubated with Concanavalin A. For  fixation with LaC13, cells were 
suspended in 10 - 2  M LaCl3 in Tris buffer (pH 7) for 30 to 60 min. In contrast to 
fixation by aldehyde, fixation by LaC13 was reversible by washing with Tris buffer. 
To test for agglutination, 0.5 ml of  lectin at different concentrations diluted in 
phosphate-buffered saline was mixed with 0.5 ml cell suspension, at a concentration 
o f  l0  7 cells/ml in a 35-mm petri dish. The density and size of aggregates was scored 
in a scale from - to + + + + after 30 min incubation with shaking at 24 °C 1. 

Purified soluble Concanavalin A, Sepharose-conjugeted Concanavalin A 
(2.6 mg Concanavalin A per 1 ml beads), fluorescein isothiocyanate-conjugated 
Concanavalin A, and the purified lectin from wheat germ were obtained from 
Miles-Yeda. The lectin from soybean was prepared as described 2s. Soluble Con- 
canavalin A was radioactively labeled with [3H]acetic anhydride by the method 
of  Miller and Great 29 to give a specific activity of 10 6 cpm/mg. For binding of 
radioactive Concanavalin A to cells, 0.5 ml labeled Concanavalin A diluted at 
different concentrations in either phosphate-buffered saline or in the same buffer 
containing 0.1 M ~-methyl-o-mannopyranoside was mixed with 0.5 ml cell sus- 
pension (2.107 cells/ml) in a centrifuge tube and incubated for 30 min at 24 °C. 
The cells were then washed 3 times with phosphate-buffered saline, the pellet dissolved 
and the radioactivity counted in Triton scintillation fluid. Similar results were 
obtained in the presence or absence of 10 -3 M sodium azide. To calculate the amount  
of  labeled Concanavalin A bound specifically, the amount bound in the presence 
of ~-methyl-D-mannopyranoside was subtracted from the amount bound in the 
absence of this carbohydrate 1°. The results on binding in the present experiments 
are given as specific binding in cpm/107 cells. Soluble Concanavalin A was conjugated 
to fluorescein isothyocyanate at a ratio of 1.86 fluorescein to protein, 0.5 ml cell 
suspension was mixed with 0.5 ml fluorescent Concanavalin A, incubated for 15 min 
at 24 °C or 37 °C, washed and tested for fluorescent with a Leitz Ortholux micro- 
scope with a transmitted ultraviolet light ~9. To test for binding of the lymphoma 
cells to Sepharose-conjugated concanavalin A beads, 0.5 ml cell suspension was 
mixed with 0.5 ml of  the bead suspension. The number of  cells bound to the beads 
and bead aggregation was scored after 30 rain incubation at 24 °C ~9. 

RESULTS 

Agglutinability by soluble Concanavalin A and binding to Sepharose conjugated 
Concanavalin A beads. 

Fixation of lymphoma cells with 2.5% glutaraldehyde or 10% formaldehyde 
for 4 h and 20 h, respectively, completely abolished agglutination with 10/~g Con- 
canavalin A/ml. With 50 or 100/~g Concanavalin A/ml, the high degree of agglutina- 
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tion (+  + + +)  in the unfixed cells was reduced to fixation to ( + )  (Fig. 1). This 
low degree of agglutination of the fixed cells was not increased even with 500 #g 
Concanavalin A/ml (Fig. 2B). Agglutination was also inhibited by cell fixation 
with 10 -2 M LaCI 3 for 60 min. This inhibition by LaCI 3 was reversed by washing 
the cells. Unfixed cells with a high degree of agglutinability by soluble Concanavalin 
A (Fig. 2A) bound to the Sepharose conjugated beads and induced bead aggregation 
(Fig. 2C). However, most of the fixed cells, with a low degree of agglutinability 
(Fig. 2B) did not bind to the beads (Fig. 2D). Binding of cells to beads and bead 
aggregation were specific, since they were completely abolished when the beads 
were preincubated with 0.1 M ~-methyl-o-mannopyranoside. 

c +. 

< 

/ -  
/ 

j' 

1' 215 

J 
,'o '* s'o ,oo 

Concentrqtion of Con A(~g/m[) 

Fig. 1. Cell agglutinability after fixation with aldehydes. Fixation with 2.5% glutaraldehyde 
for 4 h (A); and with 10% formaldehyde for 20 h (A). Unfixed cells incubated for 4 h (0) and 
for 20 h (0). Agglutinability with soluble Concanavalin A after 30 min incubation at 24 °C. 
Agglutination was also inhibited by cell fixation with 10 -2 M LaC13 for 60 min. 

Binding of  radioactive and fluorescent Concanavalin A 
Binding experiments with radioactively labeled soluble concanavalin A have 

shown, that the same number of molecules were bound to the surface membrane 
with or without 20 h fixation by 10% formaldehyde (Fig. 3) and that a similar number 
of molecules were bound with or without 4 h fixation by 2.5% glutaraldehyde 
(Fig. 4). In order to determine the distribution of Concanavalin A-binding sites 
on the surface membrane, we examined the interaction of fluorescent Concanavalin 
A with unfixed and fixed cells. 95-100% of the cells were stained at concentrations 
of 5 to 100 #g/ml and the staining in both unfixed and fixed cells was completely 
inhibited when 0.1 M ~-methyl-D-mannopyranoside was added as a hapten inhibitor. 
In 99% of the unfixed cells, the fluorescence was in small or large clusters on the 
cell surface, whereas the fixed cells gave a diffuse fluorescence without clusters. 
The diffuse fluorescence obtained after aldehyde fixation was also obtained after 
fixation with LaC13. Washing of the LaCI3 fixed cells after binding of fluorescent 
Concanavalin A, which removed the LaC13 but not the Concanavalin A, reversed 
the diffuse to a clustered distribution. 
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Fig. 2. Binding to Sepharose-conjugated Concanavalin A beads and agglutinability by soluble 
Concanavalin A of unfixed cells, and after 4 and 20 h fixation with 2.5~ glutaraldehyde and 
10% formaldehyde, respectively. Agglutination by 500 /~g soluble Concanavalin A/ml. (A) 
Unfixed cells. (B) Fixed cells. Binding of cells to beads (100/zg Concanavalin A/ml). (C) Unfixed 
cells. (D) Fixed cells, x 200. Agglutination and binding to beads was scored after 30 rain incu- 
bation at 24 °C. 

Agglutinability by lectins from wheat germ and soybean 
The lymphoma cells are highly agglutinable by the lectins from wheat germ 

and soybean and this agglutination was inhibited by aldehyde fixation. The 
inhibition of agglutination with 100/~g lectin/ml by fixation with 2.5% glutaraldehyde, 
required 45 min for wheat germ 3 h for Concanavalin A and 6 h for soybean (Fig. 5). 

DISCUSSION 

Our results have shown that formaldehyde fixation of lymphoma cells inhi- 
bited cell agglutination by soluble concanavalin A and binding to Sepharose 
conjugated concanavalin A beads, without changing the binding capacity of soluble 
radioactively labeled Concanavalin A molecules. Similar results were obtained 
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Fig. 3. Specific binding of soluble radioactively labeled Concanavalin A molecules to the surface 
membrane after formaldehyde fixation. O, unfixed cells; o, cells fixed with 10% formaldehyde 
for 20 h. The specific binding in this figure and in Fig. 4 was 75 to 90% of the total binding in 
the absence of c~-methyl-D-mannopyranoside. 

Fig. 4. Specific binding of soluble radioactively labeled Concanavalin A molecules to the surface 
membrane after glutaraldehyde fixation. Q, unfixed cells; o, cells fixed with 2.5 ~ glutaraldehyde 
for4 h. 
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Fig. 5. Agglutinability by different lectins, 100 yg/ml, of cells fixed with 2.5% glutaraldehyde. 
0 ,  wheat germ; o, Concanavalin A; A, soybean. Agglutinability was scored after 30 rain incu- 
bation at 24 °C. 

with fixation of  cells by glutaraldehyde. Inhibit ion of  agglutination by aldehyde 
which inhibits membrane fluidity and site mobi l i ty  19'z°, suggests that movement  
of  concanaval in A binding sites on the surface membrane is required ['or cell 
agglutination.  Direct evidence for this assumption was obtained from the experiments 
which showed the fixation that inhibited agglutination also inhibited formation 
o f  clusters. These results support our suggestion that binding sites for Concanaval in  
A are floating in the fluid membrane in a random distribution, and that this distri- 



INHIBITION OF LECTIN AGGLUTINABILITY 599 

bu t ion  is changed  by in te rac t ion  with Concanava l in  A molecules  to form clusters 
of  Concanava l in  A m e m b r a n e  site complexes  19'2°. 

A ldehyde  fixation also inhibi ted agglu t ina t ion  by the lectins f rom wheat  
germ and soybean.  Inh ib i t ion  o f  agglu t ina t ion  by the three lectins required different 
degrees o f  a ldehyde  f ixat ion in the order :  soybean > Concanaval in  A > wheat  germ. 
A similar  o rder  for  these three lectins has been found  for  the  gain o f  agglu t inabi l i ty  
of  no rma l  hamster  cells af ter  t rypsin  t rea tment  6. 

We have suggested tha t  differences between norma l  and mal ignan t  t r ans formed  
cells in Concanava l in  A agglu t inabi l i ty  1'7-9, the d is t r ibut ion  of  concanaval in  
A-b ind ing  sites 9-1s, the loca t ion  o f  amino  acid and ca rbohydra t e  t r anspor t  sites 16 
and  Concanava l in  A- induced  cell toxici ty  17'18 are associa ted with differences in 
m e m b r a n e  f luidity ~9'2°. I t  will be of  interest  to de termine  the mobi l i ty  of  different 
lect in-binding sites on the surface membrane ,  and  the associa t ion  between move-  
ment  o f  b inding  sites and the ac t iva t ion  of  no rma l  lymphocytes  by  lectins 3°. 

ACKNOWLEDGEMENT 

This s tudy was suppo r t ed  by Con t rac t  No.  69-2014 with the Special  Virus 
Cancer  P rog ram of  the Na t iona l  Cancer  Inst i tute ,  Na t iona l  Inst i tutes  o f  Hea l th ,  
Publ ic  Hea l th  Service. 

REFERENCES 

1 Inbar, M. and Sachs, L. (1969) Proc. Natl. Acad. Sei. U.S. 63, 1418-1425 
2 Aub, J. C., Sanford, K. H. and Cote, M. N. (1965) Proc. Natl. Aead. Sci. U.S. 54, 396-399 
3 Burger, M. M. and Goldberg, A. R. (1967) Proc. Natl. Acad. Sci. U.S. 57, 359-366 
4 Burger, M. M. (1969) Proc. Natl. Acad. Sci. U.S. 62, 994-1001 
5 Burger, M. M. and Martin, G. S. (1972) Nat. New Biol. 237, 9-12 
6 Sela, B., Lis, H., Sharon, N. and Sachs, L. (1970) J. Membrane Biol. 3 ,267-279 
7 Ben-Bassat, H., Inbar, M. and Sachs, L. (1970) Virology 40, 854-859 
8 Inbar, M., Ben-Bassat, H. and Sachs, L. (1971) Proc. Natl. Acad. Sci. U.S. 68, 2748-2751 
9 Inbar, M., Ben-Bassat, H. and Sachs, L. (1972) Nat. New Biol. 236, 3 4 .  

10 Inbar, M., Ben-Bassat, H. and Sachs, L. (1972) Nat. New Biol. 236, 16 
11 Inbar, M. and Sachs, L. (1969) Nature 233,710-712. 
12 Ben-Bassat, H., Inbar, M. and Sachs, L. (1971) J. Membrane Biol. 6, 183-194 
13 Nicolson, G. L. (1972) Nat. New Biol. 239, 193-197 
14 Shoharn, J. and Sachs, L. (1972) Proc. NatL Acad. Sci. U.S. 69, 2479-2482 
15 Martinez-Palomo, A., Wicker, R. and Bernhard, W. (1972) Int. J. Cancer 9, 676-684 
16 lnbar, M., Ben-Bassat, H. and Sachs, L. (1971) J. Membrane Biol. 6, 195-209 
17 Shoham, J., Inbar, M. and Sachs, L. (1970) Nature 227, 1244-1246 
18 Inbar, M., Ben-Bassat, H. and Sachs, L. (1972) Int. J. Cancer 9, 143-149 
19 Inbar, M. Ben-Bassat, H. and Sachs, L. (1973) Int. J. Cancer in the press 
20 Inbar, M. and Sachs, L, (1973) FEBSLe t t .  32, 124-128 
21 Unanue, E. R., Perkins, W. D. and Karnovsky, M. J. (1972) J. Exp. Med. 136, 885-906 
22 Taylor, R. B., Duffus, W. P. H., Raft, M. C. and de Petris, S. (1971) Nat. New BioL 233 

225-229 
23 Yahara, J. and Edelman, G. M. (1972) Proc. Natl. Acad. Sci. U.S. 69, 608-612 
24 Edidin, M. and Weiss, A. (1972) Proc. Natl. Acad. Sci. U.S. 69, 2456-2459 
25 Loor, F., Formi, F. and Pernis, B. (1972) Eur. J. Immunol. 2,203-212 
26 Singer, S. J. and Nicolson, G. L. (1972) Science 175, 720-731 
27 Klein, E. and Klein, G. (1964) J. Natl. Cancer Inst. 32, 547-568 
28 Lis, H., Sharon, N. and Katchalksi, E. (1966) J. Biol. Chem. 241,684-689 
29 Miller, 1. R. and Great, H. (1972) Biopolymers 11, 2533-2536 
30 Inbar, M., Ben-Bassat, H. and Sachs, L. (1973) Exp. Cell. Res. 76, 143-151 


